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Subject: Environmental Management Plans 


Purpose 
The purpose of the Environmental Management Plans Technical Memo is to describe the development 
of Environmental Management Plans (EMPs) for the Project. 


1.0 Environmental Management in the EIS 
The environmental management framework for the Project is described in Section 35 of the EIS. EMPs 
will be developed according to the following outline: 
 
Objectives – Each management plan would outline the objectives specific to that plan. The objectives 
of each proposed management plan are described in the subsections that follow.  
 
Statutory Requirements – Each management plan would describe the relevant statutory policy 
requirements, including:  


• The applicable conditions upon which an Environmental Assessment Certificate may be issued or 
upon which a decision under Section 53 of the Canadian Environmental Assessment Act is made  


• Any applicable conditions of permits and authorizations  


• Other applicable legislation  


Applicable guidelines adopted by the Canadian Council of Ministers of the Environment (CCME) would 
also be taken into account.  
 
BC Hydro Policies – Each management plan would describe the relevant BC Hydro policy 
requirements. Corporate policies are subject to change from time to time. Any particular management 
plan would be developed in consideration of the relevant corporate policy in effect at the particular time.  
 
Voluntary Commitments – Each management plan would describe the relevant standard practices 
and voluntary commitments. 
 
Project Effects, Mitigation, and Environmental Protection Measures – Each management plan 
would describe the applicable potential Project effects and clearly document all measures to be 
implemented and actions to be taken to mitigate those potential effects. Documentation would include: 


• Relevant Restricted Activity Zones (areas of the project where construction activities are restricted 
to a specified list) and Environmental Protection Zones (areas of the project where no construction 
activities are allowed)  


• Standard codes of practice and management practices applicable to the plan 


 
Training and Human Resource Planning – Each management plan would describe the worker 
qualifications and training requirements pertaining to the plan. 
 
Monitoring and Reporting – Each management plan would describe the requirements for tracking, 
monitoring and reporting pertaining to the plan. 
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2.0 Roles and Responsibilities 


BC Hydro’s roles and responsibilities would include: 


• Preparing and maintaining Environmental Management Plans 


• Reviewing and assessing draft contractor work plans, worker training programs, and supervision 
plans 


• Monitoring contractor performance and compliance with requirements 


• Conducting environmental monitoring as required 


• Reviewing and assessing contractor monitoring reports 


• Reporting monitoring results as required 


• Reporting and investigating incidents, and ensuring corrective actions are implemented. 


 
Contractor roles and responsibilities would include: 


• Preparing and maintaining work plans 


• Ensuring workers are trained, competent, and adequately supervised 


• Retaining qualified environmental monitor(s) with the authority to stop work in the event of non-
compliance with conditions and requirements of commitments, regulatory approvals, management 
plans, or applicable legislative requirements 


• Conducting environmental monitoring and reporting of the results as required 


• Reporting and investigating incidents, and implementing corrective actions. 


 
The reporting structure identified in the EMPs is described in Section 36 of the EIS.  
 
BC Hydro expects that implementation of the EMPs as outlined in Section 35 of the EIS, and of the 
follow-up programs described in Table 39.2 of the EIS, will be conditions of approval of the Project. 


3.0 EMP Development 
BC Hydro expects that detailed construction phase EMPs will be required by regulators when permit 
applications are submitted and construction phase EMPs will be submitted as required to support 
permit applications. Operations phase EMPs will be developed during Project construction and be 
complete prior to commissioning. 
 
EMPs will be developed by professionals with relevant expertise. Federal and BC government 
agencies, local governments in the vicinity of the Project and Aboriginal groups will have the 
opportunity to review and comment on the draft EMPs as appropriate. Comments received during 
consultation and the EIS comment period will be considered in the development of EMPs. 
 
It is common for major capital projects to provide EMP outlines during an environmental assessment 
process followed by development of the detailed plans themselves during the regulatory or permitting 
process. This allows for the inclusion of the outcomes of the environmental assessment to be 
incorporated into the EMPs. Two examples are BC Hydro’s Interior to Lower Mainland Transmission 
Project and Nalcor Energy’s Lower Churchill Hydroelectric Project. 
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EMPs that BC Hydro has proposed are shown in the table below.  
 


Construction Safety 
Emergency Response Traffic 
Fire Hazard and Abatement Worker Safety and Health 
Public Safety  


Construction Environment 
Acid Rock Drainage Hazardous Waste 
Air Quality, incl. dust Heritage Resources 
Blasting Ice 
Clearing and Debris Management Noise and Vibration 
Communications Soil, Site Restoration and Re-Vegetation 
Contaminated Sites Smoke 
Erosion Prevention and Sediment Control Vegetation and Invasive Plant 
Fisheries and Aquatic Habitat Waste, incl. reduction and recycling 
Fuel Handling and Storage Wildlife (incl. human-bear conflict) 
Groundwater Protection  


Operations Safety 
Emergency Response Worker Safety and Health 
Public Safety (incl. reservoir shoreline monitoring)  


Operations Environment 
Hazardous Waste Waste 
Ice Water 
Vegetation and Invasive Plant  


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


gov_0004-032 gov_0004-036 gov_0004-037 gov_0005-032 gov_0006-002 
gov_0006-003 gov_0006-019 gov_0006-039 gov_0008-136 gov_0008-137 
gov_0010-055 gov_0010-190 gov_0010-217 gov_0010-225 gov_0010-622 
gov_0010-687 gov_0010-870 gov_0010-871 gov_0010-887 gov_0010-894 
gov_0010-896 gov_0010-897 gov_0012-048 gov_0012-049 gov_0012-050 
gov_0012-051 gov_0012-053 gov_0012-054 gov_0012-055 gov_0012-060 
gov_0013-042 gov_0014-033 gov_0014-034 gov_0014-036 gov_0017-001 
gov_0017-002 gov_0017-003 gov_0018_233 gov_0018_247 gov_0018_249 
gov_0018_250 gov_0018_251 gov_0018_253 gov_0018_254 gov_0018_255 
gov_0018_257 pub_0448-ag-075 pub_0448-ag-078 pub_0448-ag-105 pub_0448-ag-107 
pub_0465-006 pub_0476-010 pub_0478-014 pub_0544-003 pub_0598-001 
pub_0601-019 ab_0001-282 ab_0001-730 ab_0001-723 ab_0001-725 
ab_0001-726 ab_0001-727 ab_0001-730 ab_0003-302  
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Subject: Archaeology 


 


Purpose 


This technical memo has the following purposes: 


1. To provide a chronology of the development and implementation of the archaeological component 
of the heritage resources assessment. 


2. To address questions raised during the comment period on the EIS about the archaeological 
component of the heritage resources assessment, and to clarify the requirements for an effects 
assessment and the separate requirements for an Archaeological Impact Assessment prior to 
construction activities and receipt of heritage permits for the construction phase under the Heritage 
Conservation Act (HCA). 


3. To provide supplemental information in response to questions from the BC Archaeology Branch. 


4. To provide supplementation information in response to comments from the Treaty 8 Tribal 
Associations. 
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Chronology of Archaeological Component of the Heritage Resources Assessment 


1974 – 1981  Archaeological surveys are completed to support hydroelectric assessment 
studies in the Peace River valley. 


2008 – 2009  A literature review and gap analysis, and a review of existing archaeological 
site GIS and location data.  


 Heritage Technical Advisory Committee (TAC), key government agencies and 
Aboriginal groups participate. Workshop is held with regional archaeologists. 


 Archaeology Branch recommends BC Hydro commission a GIS-based 
archaeological potential model to guide field work for a future Archaeological 
Impact Assessment. 


2010  LiDAR-based archaeological potential model developed (spring). 


 Application for HCA Inspection Permit submitted to Archaeology Branch in July 
2010, Archaeology Branch consults with affected First Nations. 


 HCA Inspection Permit issued (HCA 2010-0378) restricted to field testing to 
support evaluation of the potential model (fall). Field work completed (fall). 


2011  Report on model testing, including description of model revisions, provided to 
Archaeology Branch and First Nations for review and comment (January). 


 Application to amend HCA 2010-0378 submitted to Archaeology Branch, 
Archaeology Branch consults with affected First Nations; BC Hydro, heritage 
consultant and Archaeology Branch meet and exchange correspondence with 
T8TA to address concerns; T8TA submits written comments to Archaeology 
Branch (spring). 


 BC Hydro submits Draft EIS Guidelines, followed by public and agency working 
group comment periods. BC Hydro responds to public comments (spring). 


 HCA 2010-0378 issued for full program by the Archaeology Branch with 
conditions to address T8TA’s concerns (May). 


 Field work completed in accordance with methodology described in HCA 2010-
0378 (summer / fall).  


 EIS Guidelines issued. Heritage consultant prepares EIS materials in 
accordance with EIS Guidelines (September).  
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2012  Report on 2011 field work submitted to Archaeology Branch and First Nations 
for review (January).  


 Application to expand the study area for HCA 2010-0378 submitted to 
Archaeology Branch, Archaeology Branch refers application to First Nations. 


 Archaeology Branch issues amended HCA 2010-0378 (April). 


 Field work completed in accordance with methodology described in HCA 2010-
0378 (summer / fall). 


2013  Heritage Resources effects assessment completed and submitted in EIS, 
section 32 and Volume 4 Appendix C. 


Requirements for Archaeology for the Environmental Impact Statement 


Background 


An extensive research program has been completed for the heritage resources effects assessment for 
the EIS. The archaeological component of the program was comprised of data compilation, background 
research, development and testing of an archaeological potential model and an intensive field program. 
Furthermore, as described in Volume 4, Appendix C, the results of this program have been shared with 
Blueberry River First Nations, Doig River First Nation, Fort Nelson First Nelson, Halfway River First 
Nation, Kelly Lake Cree Nation, McLeod Lake Indian Band, Prophet River First Nation, Saulteau First 
Nations, Treaty 8 Tribal Association, West Moberly First Nations and Dene Tha. 


Requirements for the Environmental Impact Statement 


EIS Guidelines, s. 18 Heritage Resources Effects Assessment, states that the “EIS will summarize the 
potential adverse effects of the Project on heritage resources, including physical and cultural heritage 
resources, and any structure, site or thing that is of historical, archaeological, palaeontological or 
architectural significance” (p. 98) and the “EIS will describe [the] location and nature of known heritage 
resources that could be impacted by the project.” (EIS Guidelines, s. 18.2.3 Heritage Resources 
Baseline). 


The heritage field program describes the location and characterizes the nature of heritage resources 
within the LAA , allowing the potential Project effects on those resources to be assessed. Building upon 
existing baseline information, including extensive field studies undertaken by archaeologists from 
Simon Fraser University between 1974 and 1987, a heritage resources field inventory was undertaken 
during 2010, 2011 and 2012. The additional heritage baseline included inventories of palaeontological 
and historical sites, which had not been specifically assessed in previous work, as well as a substantial 
archaeological inventory, recognizing that undetected heritage resources may be also encountered 
during the life of the Project. Such resources, if found, would  be managed in a manner consistent with 
applicable legislation and policies.  
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As described in Section 32.2.2 of the EIS, additional inventory and assessment will be completed in the 
areas described in that section as detailed design proceeds.. Reports on future heritage assessment 
work would be submitted to relevant Provincial agencies and Aboriginal groups in accordance with 
legislative and permit requirements. 


The archaeological component of the program, which entailed digging approximately 60,000 
subsurface tests and is likely the largest such investigation undertaken in British Columbia, is complete 
for the purposes of the environmental assessment. The information presented in Section 32 and 
Volume 4 Appendix C of the EIS meets the requirements of Section 18 in the EIS Guidelines for the 
Heritage Resources Effects Assessment.  


 


Regulatory Framework for Archaeology in British Columbia 


As stated in Section 32.1.1.4, Heritage Resources Effects Assessment in the EIS, archaeological sites 
on non-federal lands in British Columbia are administered by the B.C. Archaeology Branch (“Branch”) in 
accordance with the Heritage Conservation Act (“HCA”). Authorization of impacts to archaeological 
resources are administered through a permit system issued under the HCA. For archaeological work 
that involves subsurface testing to locate or better understand archaeological resources, the Branch 
issues Section 14 Inspection and Section 14 Investigations permits. To authorize alteration or removal 
of archaeological sites, the Branch issues Section 12 Site Alteration permits. All permit applications are 
referred to potentially affected First Nations for comments prior to issuance.  


The requirements and procedures for heritage resource studies undertaken for development projects, 
such as the Site C Clean Energy Project, are described in the British Columbia AIA Guidelines 
(“Guidelines”) (BCMNRO 1998:13). The archaeological field inventory completed to date was 
undertaken in accordance with the Guidelines and HCA Inspection Permit 2010-0378 (“HCA 2010-
0378”), which the Branch issued following consultation with First Nations (EIS section 32.2.2.). Prior to 
commencing construction activities in particular areas, BC Hydro will need to complete the 
requirements of the AIA as described in the Guidelines and in HCA 2010-0378.  


Additional Field Inventory Prior to Construction 


The substantial archaeological field program undertaken to date will comprise the majority of the AIA, 
however, as  noted in EIS s. 32.2.2 the field inventory will need to be completed prior to construction, 
and prior to application for archaeological Site Alteration Permits under the Heritage Conservation Act. 
It is not uncommon to have AIAs completed following issuance of an Environmental Assessment 
Certificate and a “course of action decision” under CEAA. This has been the case with several projects 
in recent years, including the South Fraser Perimeter Road, Port Mann/ Highway 1 Project, the Interior-
Lower Mainland Transmission Project, and the Northwest Transmission Line Project. In each case the 
proponent committed to completing the AIA in all potentially affected areas prior to construction in those 
areas. For the Project, there are three general reasons why particular areas within the Project activity 
zone have not yet been inventoried: 
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1) Areas where, for the EIS, a corridor or area was identified within the Project activity zone, but a 
specific footprint was not yet confirmed for defined construction activities.  


For these areas information on previously known heritage sites was used for the effects assessment, 
as well as information from the Archaeological Overview Assessment (which identifies the high, 
moderate or low potential for archaeological resources using a model). These areas include:  


 Construction of access roads 
 Off-site and one potential on-site construction materials area 
 Transmission line to Peace Canyon Dam 
 Existing infrastructure that may require relocation (buried services and pipelines) 


2) Areas that may contain a human burial. 


Further investigative activity would proceed as appropriate, once the Project was approved to proceed, 
with confirmation that the location cannot be avoided by the Project. 


3) Private land where owners have not granted access to BC Hydro for the purpose of undertaking 
archaeoligcal field work. 


Field inventory in these areas would be undertaken prior to construction activites, when BC Hydro 
acquires access rights to these properties. 


Additional field work will be completed in cultivated fields as part of the AIA. Although numerous fields 
have been inspected, and archaeological sites discovered, exposure was generally poor except during 
a short interval between tilling and seeding. In several fields, surface inspection was completed, but 
subsurface testing had to be deferred to post harvest due to a restricted seeding schedule. However, 
after crops were harvested the ground was covered with plant debris and surface exposure was limited. 
Field crews will return to cultivated fields that have been subject to surface inspection to complete 
subsurface testing. BC Hydro is also attempting to identify further opportunities to disc and plow 
additional fields to conduct additional surface and subsurface inspections. 


Future mitigation work for archaeological sites would be completed under Investigation Permits or Site 
Alteration Permits, in advance of construction activities (EIS section 32.6). 


Responses to Questions from the BC Natural Resources Agencies 


In the following section, BC Hydro provides answers to comments and questions received from the BC 
Natural Resources Agencies during the EIS comment period. The BC Natural Resources Agency 
comments are differentiated by italics. This information is not required for the purpose of environmental 
assessment. 


Request (gov_0010-846): 


a) Please provide estimates of the areal extent of the Archaeological deposits that would be 
impacted by the project based on the data obtained during the archeological impact assessment 
fieldwork. 
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b) Request the proponent address the question of "How much archaeological deposit would be 
impacted by the Project?” 


 
Request (gov_0010-850) that the proponent define archaeological sites in a consistent manner, 
based on the observed distribution of archaeological materials, so as to facilitate estimation of the 
quantity of archaeological deposit that would be impacted by the Project. 
 
Request (gov_0010-857) that the proponent compare different parts of the LAA (e.g., the north and 
south banks of the Peace River) in terms of the areal extent of identified archaeological deposits, 
rather than the number of identified sites. This will require that sites be consistently defined with 
reference to the observed distributions of archaeological materials. Comparison in terms of the 
numbers of reported sites is less meaningful, due to the considerable variability in the size and 
density of reported sites. 


Response (gov_0010-846, 850, 857) 


Table 1 shows the total area (hectares of land) for all known archaeological site deposits contained 
within the LAA. There are 88.73 hectares of known archaeological site deposits in the LAA. It does not 
include: portions of sites located outside the LAA; previously recorded sites that were not examined by 
the Golder team due to access restrictions at the time of the study; and sites in Project components that 
have not yet been assessed by the field program.  


In comment gov_0010-850, the phrase “define archaeological sites in a consistent manner” is 
interpreted to refer to methods used to establish the boundaries of archaeological sites, but note that 
the comment could also refer to size based on artifact counts (Volume 4 Appendix C, section 5.2.5.5), 
artifact density or classes of archaeological sites (Volume 4, section 32.2.2.2). The methods for defining 
site boundaries have been consistently applied throughout the study and are described in Volume 4, 
Appendix C,section 5.1.5.14.  


 
Table 1 Areal Extent of Known Site Deposits (in Hectares) within the LAA 
 


  Valley Plateau Total 


  Hectares Percentage Hectares Percentage Hectares Percentage 


North Bank 72.91 90.80% 2.65 31.39% 75.56 85.16%


South Bank 7.39 9.20% 5.78 68.61% 13.17 14.84%


Total 80.30 100 8.43 100 88.73 100 


Evidence indicates comparisons based on site counts produce similar results to those based on site 
area. Based on site area, 85.16% of the known site deposits in the LAA are located on the north bank 
of the Peace River. Site counts, as reported in section 5.2.5.5, indicate 88% of the sites in the LAA are 
located on the north side of the river. Similarly, based on site area, 90.50% of the site deposits are 
located in the valley portion of the LAA, while site counts indicate that 77.93% of the sites are in the 
valley. The higher percentage based on site area may be due to a general tendency for valley sites to 
be larger (as discussed in section 5.2.5.5, Volume 4 Appendix C) than Plateau sites. 
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Request (gov_0010-848) that the proponent explain the derivation of the estimated numbers of 
archaeological sites in different parts of the LAA that were generated by earlier studies, and 
reconcile these estimates with the data obtained during the archaeological impact assessment 
fieldwork reported in the EIS. Analysis of the limited data presented in the EIS suggests that the 
earlier estimates significantly under-represent the number of archaeological sites in the LAA. 


 
Response (gov_0010-848) 


The “earlier studies” referred to in comment gov_0010-848 are interpreted to mean Spurling’s 1977-78 
study (Spurling 1980a, 1980b). Similar methods were used to define site area in both the earlier study 
and the current study, but Spurling’s study used randomly placed 1 m2 shovel tests with a 50 m testing 
interval rather than the 12 m testing interval used for the systematic testing in the current sudy. If a 
smaller testing interval had been used in the earlier study, more sites would have been located. Most of 
these additional sites would have been small sites (see response gov_0010-849). The range of 360 to 
1,166 sites estimated for the project area provided by the earlier study may have been greater if a 
smaller test interval had been used. It is not possible to directly compare the results of the two studies 
because the sampling strata, sampling methods, and study area are not the same. Using random 
sampling methods, the early study (Spurling 1980b:Table1) sampled approximately 11% of a 150 km2 
(15,000 ha) study area (approximately 16.5 km2 or 1,650 ha) using 50 m test intervals and located 250 
sites in the sample area.  


In the current study, a different sampling methodology was utilized as required by the permit granted by 
the Archaelogy Branch. First, the entire Project area was divided into areas of high, moderate and low 
archaeological potential using an archaeological predictive model, as advised by the BC Archaeology 
Branch (see Section 5.1.2 in Volume 4 Appendix C of the EIS). As summarized in Tables 5.12 and 5.13 
in Volume 4 Appendix C of the EIS, the current study then used a 12 m testing interval to systematically 
sample 573 ha of the Project area that was modeled as having high archaeological potential, and found 
a total of 185 known and previously unknown archaeological sites at least partially contained within 
these lands. 


 
Request (gov_0010-849) that the proponent clarify the statement that “based on statistical tests, 
few large sites (often the most significant sites) have been missed”, by identifying the statistical 
tests employed, and quantitatively defining the terms “few” and “large.” 


 
Response (gov_0010-849) 


Using the Site ID Confidence Calculator created by the Archaeology Branch, a large site covering more 
than 2,500 m2 (ca. 50 m x 50 m) with an average density of 6.7 artifacts/ test (see response to 
gov_0010-852) has a 0% probability that it will be missed using 12 m shovel testing interval (16 tests). 
The artifact density would need to be less than 1 artifact/ test, before the probability would change. 
More than 40 sites of this size exist in the LAA.  


 
Request (gov_0010-852) the proponent calculate the density of identified archaeological deposits 
as the number of artifacts identified in subsurface tests, divided by the total excavated area within 
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the site boundary, rather than the number of identified artifacts divided by the total area within the 
defined site boundary. 


 
Response (gov_0010-852) 


Artifact densities were calculated for each site in the LAA by dividing the total number of artifacts found 
in subsurface tests at the site by the total excavated area within the site boundary. Table 2 provides the 
mean densities found in different parts of the LAA based on these calculations. The 186 sites used in 
these calculations do not include: previously recorded sites that were not examined by the heritage 
consultant due to access restrictions at the time of the study; sites in Project components that have not 
yet been assessed by the field program; and sites that could not be found again. 


Using this methodology, artifact densities range from 0 (no artifacts in the heritage consultant’s tests) to 
158.8 artifacts/m2. The mean is 6.7 artifacts/m2 for the LAA, with the some of the highest densities 
found in the archaeology site complexes (described in Section 5.2.5.5) that have a mean of 11.7 
artifacts/m2. 


Table 2 Mean Artifact Density based on Area of All Subsurface Tests at a Site 
 


Location Mean Artifact Density 
Artifacts/m² 


North Side 7.4 


South Side 4.6 


Valley  7.3 


Plateau 4.5 


LAA 6.7 
 


 
Request (gov_0010-853) that the proponent individually report the areas subjected to surface 
inspection in: 1) fallow fields; 2) cultivated fields; and 3) vegetated lands “when proceeding to and 
from targeted testing locations.”  
 
Request (gov_0010-854) that the proponent address the reported failure to employ “Prescribed 
tillage with a plough, cultivator, or harrow to increase visibility in previously cultivated fields.” 
Request that BC Hydro provide for completion of this prescribed program. 
 
Request (gov_0010-855) that the proponent estimate the extent of archaeological deposits on 
lands modeled as having low or moderate archaeological potential, with reference to the data 
recorded during systematic survey of cultivated and fallow fields. 


Response (gov_0010-853, 854, 855) 


Table 3 shows the area of cultivated fields examined by the surface inspections during the study. 
Exposure was generally poor on cultivated fields, except during a short interval at locations where the 
Golder team was allowed to inspect a field between tilling and seeding. Most fields were either 
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overgrown pasture, in crop that could not be disturbed, or covered by post-harvest debris. The few tilled 
fields that were subject to surface inspection could not be collected or tested before the fields were 
seeded, after which, access was denied. Harrowing and plowing was started soon after the snow had 
gone, providing few opportunities to survey the fields prior to seeding. After the crops were harvested, 
the ground was covered with plant debris from the harvest, again preventing good surface exposure. 


The best method for locating sites where the site densities and artifact frequencies are low (as is typical 
of the low and moderate potential lands) is through use of systematic surface inspections where the soil 
has been exposed by cultivation. Discovery rates are low when shovel testing is used to locate sites 
with such artifact distributions, whereas cultivation exposes large areas where even low density sites 
can be identified.  


Systematic surface inspection of tilled fields, followed by surface collection and testing of any 
archaeological sites would provide data that willconfirm the distribution of cultural material in the large 
areas of low and moderate potential not subject to intensive testing program used in high potential 
areas. 


Given the knowledge that could be gained from inspections of freshly tilled fields and the challenges 
experienced in implementing this component of the archaeological resources field program, the current 
plan is to have cultivated fields disced and plowed solely for the purpose of archaeological surface 
inspections. Data obtained through such inspections will contribute to the final AIA. 


Table 3 Number of Hectares Examined Through Surface Inspection of Cultivated Fields 
 


Potential Area (m²) Area (ha) Area (%) 


High 679360.3  67.9 12.7% 


Low 3873483.4 387.3 72.3% 


Moderate  801760.3  80.2 15.0% 


Total 5354604.0 535.5   


Responses to Questions from Treaty 8 Tribal Association 


In the following section, BC Hydro provides information related to comments and questions received 
from the Treaty 8 Tribal Association (T8TA) during the EIS comment period about the heritage program 
methodology with respect to the archaeological program undertaken in accordance with an Inspection 
Permit issued under the Heritage Conservation Act. 


Background on Permits for the Archaeology Field Inventory Program 


The heritage resources effects assessment presented in s. 32 of the EIS meets the requirements set 
out in s. 18 of the EIS Guidelines.The archaeological field inventory, presented in s. 32 and Volume 4 
Appendix C of the EIS, was completed in accordance with B.C.’s Archaeological Impact Assessment 
(AIA) Guidelines and Heritage Conservation Act Inspection Permit 2010-0378 (HCA 2010-0378), which 
the Branch issued following consultation with First Nations.  
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In spring 2010, BC Hydro hired archaeological consultants (the heritage consultant) to undertake the 
heritage resource effects assessment for the Project, including developing and implementing the 
methods and related field program for the archaeological impact assessment (AIA) component. The 
AIA provided information necessary for the assessment of Project effects on heritage resources.  


The methodology for the AIA is described in detail in HCA 2010-0378, which was issued by the BC 
Archaeology Branch following consultation with affected First Nations on the permit applicationin fall 
2010 and spring 2011. The Archaeology Branch also approved an amendment to the study area for 
HCA 2010-0378 following consultation with affected First Nations in spring 2012. During the permit 
application process the Archaeology Branch referred the application to First Nations for their review. 
First Nations provided comments in writing and during in-person meetings that included the 
Archaeology Branch, BC Hydro and the heritage consultant. BC Hydro offered funding to First Nations 
on two occasions to support them in their review of the initial permit application and the amendment: in 
June 2010 for the initial permit application and in January 2011 for the application to amend HCA 2010-
0378. T8TA accepted the offered funds.  


During the review of the application to amend HCA 2010-0378, both BC Hydro and the Archaeology 
Branch responded to comments and concerns raised by T8TA with respect to the proposed methods, 
including the use of the predictive model, consideration of traditional information in the predictive 
model, field sampling in areas of archaeological potential. On May 24, 2011, the Branch issued HCA 
2010-0378 including the methodology for the program, which had been revised during the application 
process, with addition of several conditions to address T8TA’s outstanding concerns. 


Annual reports on work completed in 2010 and 2011 have been provided to First Nations and the 
Branch in accordance with HCA 2010-0378, and the heritage resources effects assessment presented 
in s. 32 and Volume 4 Appendix C of the EIS meets the requirements for an annual report for work 
completed in 2012. The appendix report was also filed with the Archaeology Branch directly, and 
included sensitive heritage information redacted from the EIS appendix, and these are available to First 
Nations consulted on HCA 2010-0378 upon request. Presentations on all three years of field work have 
also been provided to First Nations, including T8TA. 


Comments on Methodology 


The archaeological program methodology is set out in detail in HCA 2010-0378. The following 
discussion provides a summary of those methods as they relate to questions and comments submitted 
by T8TA during the EIS review period.   


During Site C Heritage TAC meetings held in fall 2008 and spring 2009, the Branch recommended that 
BC Hydro commission an archaeological predictive model (model) using GIS to guide field work for an 
AIA that would be required before the Project could be built. First Nations were invited to participate in 
the TAC process, and T8TA and BC Hydro held a similar, separate process. Early in 2010, BC Hydro 
commissioned Millennia Research Ltd. to develop a GIS predictive model (see s. 5.1.2 of Volume 4 
Appendix C Heritage Resource Assessment Report of the EIS). Millennia Research had developed a 
similar model in the Peace region for the Ministry of Forests and Range, which continues to be 
referenced for use in the archaeology process guidelines issued by the Oil and Gas Commission. 
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In mid 2010 the heritage consultant applied for HCA 2010-0378, proposing use of the predictive model. 
T8TA expressed concerns about the methodology presented in the permit application for HCA 2010-
0378. In particular, T8TA stated that the model was not sufficient and should include Traditional Land 
Use Study (TLUS) data. To address the T8TA concerns, the Archaeology Branch issued the permit in 
2010 restricted to the purpose of evaluation of the model, and asked the heritage consultant to 
incorporate TLUS data into the model if T8TA made existing data available to the heritage consultant in 
time to inform the model and the field program, for example TLUS data from studies funded by the 
Province. BC Hydro and the heritage consultant asked for TLUS data on several more occasions and 
T8TA did not share these data. The heritage consultant did not receive TLUS data from T8TA until the 
Site C commissioned TLUS was received in March 2012. 


In 2010, a field program was undertaken for the purpose of model evaluation, followed by analysis to 
evaluate the model. This program resulted in some revisions to the model, which were outlined in the 
field report for that year. The heritage consultant updated the methodology outlined in HCA 2010-0378 
and applied for a permit amendment in March 2011 for the full program. In late May, the Branch issued 
the permit authorizing the full program with the following additional conditions to address concerns 
raised by T8TA: 


1. Identified human remains would not be disturbed until consultation with the Branch and 
appropriate cultural group(s) were concluded; 


2. If the Branch is not satisfied with the samples obtained using methodologies outlined in the 
permit application to allow reasonably precise and accurate estimates of the number of sites 
across all aspects of the Project area, the Branch could require that additional studies be 
undertaken prior to completion of the AIA; 


3. The heritage consultant would allot 25 person-days to inspection of areas, within the Project 
area, that may be selected by T8TA. 


4. T8TA would be notified of any discovery of human remains, regardless of their apparent age; 
and 


5. When T8TA has identified specific sites as spiritually significant, or have defined the identifying 
characteristics of spiritually significant sites in a manner that allows them to be recognized in the 
field, protocols for the removal of artifacts from such sites will be determined in consultation 
between the Branch and T8TA. 


Although requested by the heritage consultant and BC Hydro, T8TA did not select areas for field 
inspection and they did not provide information about specific locations considered spiritually 
significant. In addition, BC Hydro offered in May 2011 to fund a session with T8TA to discuss 
collaboration on all aspects of the heritage program, but T8TA did not take up the offer. 


In early 2011 T8TA raised concerns about the quality of the field program in relation to permit 
requirements. In response to concerns about the quality of field work being completed by the heritage 
consultant, BC Hydro offered to support an independent field audit by the Branch. This audit was 
undertaken in July 2011and the results were provided and presented to T8TA, BC Hydro and the 
heritage consultant in December 2011. The Branch found no evidence of defective tests and that 
quality control measures were considered effective, and made no subsequent amendments to the 
permit methodology. 
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When T8TA submitted the TLUS report funded by BC Hydro in March 2012, BC Hydro and the heritage 
consultant reviewed the report and maps for information that could be incorporated into the field 
program for 2012, the assessment, or subsequent analysis. However, the information provided did not 
provide enough detail or spatial specificity to develop a new archaeological predictive model or to 
modify the existing model. 


In February 2012, the heritage consultant submitted an application to the Archaeology Branch to 
amend the study area for HCA 2010-0378 to include additional Project components. The Archaeology 
Branch referred the application to affected First Nations for a 30 day review. The Archaeology Branch 
issued the amended HCA 2010-0378 on April 10, 2012. 


Comments on Selection of Key Indicators and Key Issues for the EIS 


Questions and comments from Aboriginal groups about the heritage resources VC were received and 
responded to by BC Hydro through the information request process for the Draft EIS Guidelines.  


As set out in s. 18 of the EIS Guidelines, the heritage resources effects assessment was to consider 
the effects of the Project on physical and cultural heritage resources, and any structure, site or thing of 
historical, archaeological, palaeontological or architectural significance, with the exception of intangible 
heritage resources which would be considered as part of the effects assessment on the exercise of 
asserted or established Aboriginal rights and treaty rights (s. 20 of the EIS Guidelines). As noted in s. 
18 of the EIS Guidelines, the heritage resources VC is comprised of palaeontological, archaeological, 
and historical sites. 


As described in s. 32.1.2 and s. 32.1.3 of the EIS, starting in 2008, BC Hydro consulted with the public, 
key government agencies, Aboriginal groups and archaeologists to develop an archaeology program to 
support the environmental assessment of the Project. Starting in 2010 the heritage consultant joined 
consultation efforts and information was gathered from Aboriginal groups, research institutions, local 
citizens or associations, and government agencies to support identification of the Heritage Resources 
valued component and to guide the development of the scope of the heritage assessment proposed by 
BC Hydro in the Draft EIS Guidelines. Key issues raised included: 


 the treatment of human burials,  
 the excavation and housing of artifacts and palaeontological specimens,  
 participation in the archaeological field program,  
 the incorporation of traditional use information in the archaeological program, and  
 the potential effects of the Project on heritage sites, such as Rocky Mountain Fort.  


Where information was available, these key issues informed the literature research program, the field 
program and the effects assessment. As noted in the previous section, traditional land use information 
was reviewed, however information was not provided at the level of detail required to be incorporated 
into the heritage resources effects assessment. Other sources were used to inform ethnohistory 
relevant to the heritage resources assessment, as described in Volume 4, Appendix C. 


Comments on Selection of Spatial Boundaries 


The Local Assessment Area (LAA) and the Regional Assessment Area (RAA) were defined as the 
Project activity zone in the Draft EIS Guidelines and the EIS Guidelines. In response to questions and 
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comments received through the information request process for the Draft EIS Guidelines, BC Hydro 
provided the following rationale: 


“With respect to the RAA for the heritage effects assessment, as heritage sites are fixed in 
space, the Project will have no significant effects on heritage sites beyond the limits of the 
project activity zone, which includes all project components except existing infrastructure that 
will be used without modification. Within the LAA, effects assessments will be completed for 
each specific heritage site, therefore heritage sites located outside of the project activity zone 
are not relevant for the site-specific assessment. In addition, the province designates heritage 
sites using site-specific boundaries.” (Comment ID # EISG_r2_ACFN-MCFNDTFN_013) 


As stated in s. 32.1.6.1 of the EIS, the rationale for the spatial boundaries is consistant with the 
response to the above-noted response:  


“Given the site-specific and stationary nature of heritage resources, this is the maximum area 
where potential direct and indirect Project effects on heritage resources are reasonably 
expected to occur. The Regional Assessment Area (RAA) is also defined as the Project activity 
zone as other projects are not expected to have residual effects on heritage sites within the 
LAA.” 


No interaction of the Project with heritage resources downstream of the dam site is anticipated during 
construction or operations. This change would be negligible within 2 km downstream of the construction 
site. During diversion of the Peace River (see section 11.4.3.2.3 in the EIS), both the extreme 
maximum and minimum water levels as well as the rate of change of water levels would be less than 
under existing conditions downstream of the diversion tunnel outlets. Hydraulic changes would be 
negligible at Taylor and further downstream. During operations the surface water regime would have no 
interaction with heritage resources downstream of the Project activity zone. As stated in Section 
11.4.5.2.1 of the EIS, the limited amount of active storage in the Site C reservoir would limit the degree 
to which the Project could change the downstream flow regime. The predicted changes in low and high 
water levels on the Peace River as a result of the Project [shown in the flow duration curves included in 
Appendix D of Volume 2 Appendix D, Part 2 Downstream Flow Modelling (1D)] would have no influence 
on heritage resources. 


Please also see the Spatial Boundary Selection Technical Memo.  


Peace River Region as a Cultural and Rural Historical Landscape 
 
The Peace River Valley and its associated uplands, which include the rural landscape characterized by 
farms within the valley, will remain as a landscape feature should the Project proceed. The Project will 
not result in a change to the context of the cultural landscape as described in Section 32.2.2.3; 
therefore, it was not added as a key aspect in the heritage resources assessment. 
 
The heritage resources assessment was completed in accordance with the factors specified in EIS 
Guidelines Section 18.2.4. As noted in EIS Guidelines Section 18, the interests of aboriginal groups, 
including intangible heritage resources were to be considered in the EIS. Intangible heritage resources, 
including potential changes to the cultural landscape, were considered in accordance with the EIS 
Guidelines Section 15 (Traditional Lands and Resource Use) and Section 20 (Asserted or Established 
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Aboriginal Rights and Treaty Rights, Aboriginal Interests and Information Requirements), Sections 19 
and 34 in the EIS respectively. Potential effects of the Project on physical heritage sites were 
considered in Section 32 of the EIS.  
 
Volume 1 Appendix H presents a summary of the issues, concerns, and interests identified by 
Aboriginal groups in consultation activities with BC Hydro between November 1, 2007 and November 
30, 2012. Those related to changes to the cultural landscape are summarized in Table 4 below. Volume 
3 Appendix F Current Use of Lands and Resources for Traditional Purposes Summary presents a 
summary of the current use of lands and resources for traditional purposes for the 29 Aboriginal groups 
identified in Volume 1 Section 9 Information Distribution and Consultation. Specific references to 
cultural landscapes in Volume 3 Appendix F are summarized in Table 5. Further detail on the current 
use of lands and resources for traditional purposes for those Aboriginal groups with which BC Hydro 
entered into agreement for a TLUS or other submissions related to traditional land use and where those 
reports have been approved to be included in the EIS, are included in Volume 5 Appendix A, Part 5. 
 
Table 4  Summary of Specific Concerns from Aboriginal Groups Regarding Changes to 
Cultural Landscape (summarised from Volume 1 Section 9 Appendix H Aboriginal Information, 
Distribution and Consultation Supporting Documentation) 
 
Issue, Concern or Interest Source of Input BCH Consideration in the EIS 


 
Loss of visual cultural referents in the 
form of the visual landscape, which 
people use to communicate history, 
knowledge, and elements of culture to 
next generations. 


Treaty 8 Tribal 
Association  
 


Volume 3 Section 27 Visual 
Resources considered any 
information provided by First Nations 
regarding specific locations that 
should be assessed for visual 
changes. 


Significant changes to the landscape 
are expected to have both short-term 
and long-term health effects, including 
both physical well-being and 
psychological and spiritual health. 
Saulteau members rely on the land to 
collect medicinal plants, and for 
spiritual and ceremonial purposes, and 
other plants for sustenance. 


Saulteau First 
Nations  
 


Volume 3 Section 19 Current Use of 
Land and Resources for Traditional 
Purposes Issues considered 
changes to landscape and the use of 
land for cultural purposes. 


Potential impacts on cultural 
fragmentation, loss of cultural identity, 
and destruction of traditional way of 
life. 


Blueberry River First 
Nations  
 
Treaty 8 Tribal 
Association  
 
Saulteau First 
Nations  


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes. 
The assessment also considered 
changes in the use of and access to 
culturally important places and 
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Issue, Concern or Interest Source of Input BCH Consideration in the EIS 
 
valued landscapes are also 
considered in the assessment. 


Potential impacts on future generations 
and families, including:  
 Ability for youth to sustain 


themselves and practice traditional 
activities  


 Inter-generational respect and loss 
of time together for youth and 
elders  


 Loss of educational areas for 
transfer of knowledge to the young  


 Loss of land used for cultural 
camps to maintain the heritage of 
our relationship between elders and 
youth  


 Impacts to opportunities for the 
transmission of Aboriginal 
languages  


 Loss of opportunity for inter-band 
and family socialization and cultural 
exchange  


 Loss of capacity to pass on and 
receive traditional knowledge  


 Lack of control or voice in future 
land use 


Athabasca 
Chipewyan First 
Nation  
 
Blueberry River First 
Nations  
 
Dene Tha’ First 
Nation  
 
Fort Chipewyan 
Métis Association  
 
Métis Nation British 
Columbia  
 
Mikisew Cree First 
Nation  
 
Saulteau First 
Nations  
 
Treaty 8 Tribal 
Association  


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes. 
The assessment also considered 
changes in the use of and access to 
culturally important places and 
valued landscapes are also 
considered in the assessment, 
including teaching sites. 


Reduced time on the land and sense of 
connectedness with the natural 
landscape.  
 
Reduced ability to travel on the land 
freely and in quiet enjoyment.  
 
Psycho-social dysfunction associated 
with loss of understanding of and 
connection to the land base, loss of 
faith in the health of traditional 
resources, and loss of control over 
changes occurring on the land.  
 
Increased land alienation may lead to 
sedentary trend; lack of ability/desire to 
go out on land.  


Treaty 8 Tribal 
Association  
 
Saulteau First 
Nations  


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes. 
The assessment also considered 
changes in the use of and access to 
culturally important places and 
valued landscapes are also 
considered in the assessment, 
including teaching sites. 
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Issue, Concern or Interest Source of Input BCH Consideration in the EIS 
 


Maintenance of, or impacts to, 
opportunities for the transmission of 
customary law.  
 
Loss of the Peace River islands, which 
have specific histories, some 
associated with particular dreamers 
and spiritual power. 


Athabasca 
Chipewyan First 
Nation  
 
Dene Tha’ First 
Nation  
 
Mikisew Cree First 
Nation  
 
Treaty 8 Tribal 
Association  


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes. 
The assessment also considered 
changes in the use of and access to 
culturally important places and 
valued landscapes are also 
considered in the assessment, 
including teaching sites.  


Flooding would create a loss of 
identity, values, cultural connectedness 
(individually and collectively) 


Expressed by 
participants attending 
BC Hydro-led First 
Nations Integrated 
Resource Plan 
Workshops held in 
Prince George or 
Fort St. John in 2011 
and 2012. Comments 
were not attributed 
unless requested by 
the participant.  
 


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes. 
The assessment also considered 
changes in the use of and access to 
culturally important places and 
valued landscapes are also 
considered in the assessment, 
including teaching sites.  


 
Table 5  Summary of Specific Concerns from Aboriginal Groups Regarding Changes to 
Cultural Landscape (summarized from Volume 3 Appendix F Current Use of Lands and 
Resources for Traditional Purposes Summary) 
 
Issue, Concern or Interest Source of Input BCH Consideration in the EIS 


 
Most families still practice traditional 
lifestyles – hunting, trapping, 
harvesting, and fishing – making at 
least some part of our living off the land 
and harvesting in all seasons and 
across a wide cultural landscape.  


Fort Nelson First 
Nation 
 


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes. 
The assessment also considered 
changes in the use of and access to 
culturally important places and 
valued landscapes are also 
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Issue, Concern or Interest Source of Input BCH Consideration in the EIS 
 
considered in the assessment, 
including teaching sites.  
 


SFN trapper #5 … noted that 
thousands of ceremonial flags have 
been placed in the traditional territory, 
and these are culturally important and 
used for traditional practices. 


Saulteau First 
Nations 


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes, 
including changes in the use of and 
access to culturally important places 
and valued landscapes.  
 


Peace River valley’s importance for: 
 Gathering places 
 Cultural/spirituality 
 Heritage/burial sites 
 Memories/stories/histories 


Treaty 8 Tribal 
Association 


Volume 3 Section 19 Current Use of 
Lands and Resources for Traditional 
Purposes provides an assessment of 
the potential effects of the Project on 
the current and reasonably 
anticipated future use of lands and 
resources for traditional purposes, 
including changes in the use of and 
access to culturally important places 
and valued landscapes.  
 


 
The historical resources program described in Section 6 of Volume 4 Appendix C of the EIS included 
documentary research, a historical resources overview assessment, stakeholder interviews, and field 
investigations. Interviews with stakeholders were conducted to provide an understanding of what 
historical resources are valued within the LAA, the rural historical landscape, and why they are 
important. As well, participants were asked to identify sites, places, buildings, or other resources of 
historical or heritage importance in the LAA that reflect their values and ideas of heritage. Stakeholders 
comprised: (1) groups and organizations that have a potential interest in the historical sites and 
heritage values of the LAA such as local and regional historical societies, museums, an archives 
committee, and a committee dedicated to documenting locations of local cemeteries, and (2) property 
owners or lessees in the LAA, as well as individuals whose families were former residents of the LAA. A 
summary of the results of the stakeholder interviews is provided in Section 6.2.3, providing 
documentation of stakeholder values and ideas of heritage in the LAA of Volume 4 Appendix C of the 
EIS, which can be considered in the planning for appropriate mitigation measures as described in 
Section 32.3.3 of the EIS.  
 
With respect to the continuation of the rural landscape should the Project proceed, BC Hydro 
acknowledges that a number of land holdings will be impacted by the Project; however, the majority of 
the farms identified as being affected by the Project would have only part of their farm area affected, 
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and would be able to continue farm operations, as described in Sections 20.3.5.2 and 20.3.5.3 of the 
EIS. Further information related to landowners are addressed in the EIS in Section 9.1.2.3.3 
(Consultation Activities), Section 11.3 (Land Status, Tenure, and Project Requirements), and in the 
Technical Memo on Private Property – Project Requirements and Tenure, including the section on 
Property Owner Liaison and Consultation. 
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Subject: Caribou 


Purpose 


A number of comments received during the Comment Period raise the question of whether the Project 
has the potential to affect caribou. The EIS for the Site C Project demonstrates that the Project will not 
have direct or indirect interactions with caribou. The purpose of this Technical Memo is to explain how 
caribou were considered in the EIS and provide a list of the data used to support this consideration. 


Caribou and the Site C Clean Energy Project  


Caribou in northern BC are considered to belong to the northern ecotype based on their ecology and 
seasonal movement patterns. Members of this ecotype generally migrate twice each year. Depending 
on snowfall patterns in fall or early winter, they use low elevations where limited snowfall 
allows them to feed on terrestrial and some arboreal lichens. However, sometimes they winter on 
higher elevation windswept ridges feeding on exposed terrestrial lichens, before descending again in 
spring to low elevations to feed on early-growing plants. In late spring and summer, they return to 
higher elevations. Most females move to high elevations for the calving period, while males may remain 
at low elevations longer.1 


Caribou populations in northeast British Columbia are listed as “Threatened” (a species that is likely to 
become an endangered species if nothing is done to reverse the factors leading to its extirpation or 
extinction) nationally and are on the Schedule 1 of the Species at Risk Act. Provincially, these caribou 
populations are blue listed. Blue-listed species are an indigenous species and subspecies considered 
to be of special concern (formerly referred to as vulnerable) in British Columbia because of 
characteristics that make them particularly sensitive to human activities or natural events. Blue-listed 
species are at risk, but are not extirpated, endangered or threatened.  


As a result of this concern, considerable monitoring of caribou and their patterns of movements have 
been undertaken over the last decade by the BC Ministry of Environment. This monitoring provides 
useful information for understanding the distribution of caribou in northeastern BC, in particular, the 
potential for interactions with the Project activity zone for the Project (Attachment 1). Long term studies 
conducted by the B.C. Ministry of Environment have found:  


1)  caribou do not use habitats along the Peace River between the Peace Canyon Dam and Alberta 
border, including  tributaries and upland areas  


2)  the Project activity zone potentially intersects caribou herd ranges at only one location: the West 
Pine Quarry 


The West Pine Quarry is an existing quarry that has been operating since 2001 by the BC Ministry of 
Transportation and Infrastructure (MOTI). That operating period spans the time when monitoring of 
patterns of movement of caribou has taken place. The monitoring data infer the existing West Pine 
Quarry is within current caribou ranges but it is not within designated caribou winter ranges, which are 
critical winter habitat identified and protected by the B.C. Ministry of Environment.   


                                                 
1  Goddard, A. 2009. Boreal Caribou in Northeastern British Columbia: Biological Rationale, Data Summary, and Literature 


Review. British Columbia Ministry of Environment, Ecosystems Section, Fort St. John, B.C. Peace Region Technical 
Report, 21 p. 
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Map 1 illustrates the location of Wildlife Habitat Areas.  Map 2 illustrates the location of core caribou 
habitat in the South Peace.  A definition of core caribou habitats can be found at: 
http://www.env.gov.bc.ca/wld/speciesconservation/nc.  A comparision of the two maps indicates that 
the Wildlife Habitat Areas have been included in the identified core caribou habitats.  Management of 
caribou by the province is being developed based on the mapping and definition of core caribou 
habitats.    


 
Map 1.  Wildlife Habitat Areas in the vicinity of the proposed Pine Pass Quarry. 
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Map 2.  Core Caribou Habitat in the South Peace.   
 
(Source: http://www.env.gov.bc.ca/wld/speciesconservation/nc/) 


 


 


A review and analysis of the B.C. Ministry of Environment data on seasonal movement patterns of 
caribou conducted for BC Hydro at these locations has inferred that there will be no direct interaction 
with caribou, and that the existing West Pine Quarry can be operated in such a way as to have no 
indirect interactions with caribou.  


This conclusion was reached for two reasons: 1) due to the nature of operations and activities that will 
be undertaken at the quarry for the Project , and, 2) limitations on the the timing of the operation 
quarrying activities.   


The West Pine Quarry is currently operated by MOTI to produce aggregates which are used to produce 
concrete or are used as base rock for roads.  Production of base rock road aggregate involves blasting 
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the rock into small sized aggregate using frequent high intensity blasts. The Project plans to use the 
quarry to produce rip rap.  Production of rip rap involves blasting the rock to release large sized 
boulders which requires less intense and less frequent blasts.  Blasting for rip rap production will 
require less explosive material (approximately 1/3) for each blast than is currently used to produce 
aggregate.  Blasts used by the Project to produce rip rap will not exceed the current levels of blasting 
being carried out by the MOTI.  The Project will not operate in the quarry during January through 
March, thereby avoiding any potential for interaction with caribou during the critical ore winter months. 


The following paragraph extracted from the EIS outlines the considerations for caribou:   


“Caribou are not found in the Peace River valley, so they will not be directly affected 
by the proposed reservoir or dam. Where Project components do occur in recognized 
caribou herd ranges (e.g., West Pine Quarry), a review of existing data has 
determined that there will be no direct Project interactions on caribou, and that sites 
can be operated in such a way as to have no indirect interactions on caribou. The 
West Pine Quarry has been in operation by the B.C. Ministry of Transportation and 
Infrastructure since 2001. Operations will expand the existing quarry, but will not 
encroach upon important habitats noted in recovery planning and activities will 
continue to follow practices currently used by the B.C. Ministry of Transportation and 
Infrastructure.”2 


Conclusion 


1) Caribou do not occur along or adjacent to the Peace River between the Peace Canyon Dam and 
the Alberta border. Construction of the dam, reservoir, transmission line and upgrades to Highway 
29 will not directly affect the existing caribou population, nor will these project components affect 
connectivity (the ability of individuals to move between populations and or move between habitats in 
their ranges) between or within existing populations.  


2) There is a potential for the Project to interact with caribou using habitats near the existing West 
Pine quarry currently operated by MOTI. BC Hydro has committed to operate the quarry in a 
manner that does not exceed current operations (i.e. blast intensity and frequency) and in doing so 
will avoid incremental direct and indirect interactions with caribou. 


Based on this information BC Hydro concluded that the Project will not have direct or indirect 
interactions with caribou. 
 
 
 


                                                 
2  EIS Volume 2, Section 14: Wildlife Resources, page 14-8, line 5, Table 14.2. 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO SITE C CLEAN ENERGY PROJECT


 


TECHNICAL MEMO – CARIBOU                                     REVISION 1 – JULY 19, 2013 Page 6


 


 
Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


gov_0010-577 gov_0018_033 gov_0018_034 gov_0018_035 pub_0056-001 


pub_0246-001 pub_0293-001 pub_0474-001 pub_0597-001 pub_0603-001 


pub_0641-001 pub_0709-001 pub_0739-001 pub_0742-001 pub_0783-001 


pub_0795-001 pub_0796-001 pub_0863-001 pub_0897-001 pub_0910-001 


pub_0952-001 pub_0980-001 ab_0001-328 ab_0001-332 ab_0009-017 
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Attachment 1 
 


Data Used to InformedInform the Assessment of Interactions Between Caribou and the Project. 
 
 
 
Designated Caribou Wildlife Habitat Areas 


 
- The dataset contains approved legal boundaries for wildlife habitat areas and specified areas for 


species at risk and regionally important wildlife. 
- BC Government – Environment – Ecosystems Branch (obtained through DataBC) 
- https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?recordUID=36172&recordSet=ISO191


15 
 
Caribou Herd Locations for BC 


 
- This data identifies northern, boreal and mountain herds as well as herd status and risk 
- BC Government – Environment – Ecosystems Branch (obtained through DataBC) 
- https://apps.gov.bc.ca/pub/geometadata/metadataDetail.do?recordUID=42953&recordSet=ISO191


15 
 
Specific Caribou Locations 
 
Data (Data supplied by BC Government – Ministry of Environment): 
- Quinette Caribou May 2002 – March 2008 
- Burnt Pine Caribou March 2003 – March 2008 
- Kennedy Siding Caribou May 2002 – March 2008 
- Moberly Caribou May 2002 – June 2008 
- Graham Caribou February 1988 – May 1994  
 
Maps provided by BC Government: 


o Caribou Locations 2002-2011 Burnt Pine, Graham, Kennedy Siding, Moberly Herds. BC 
Ministry of Forests, Lands and Natural Resource Operations. 12 June 2012. 


o Burnt Pine Caribou Telemetry Locations, 2003-2010. BC Ministry of Forests, Lands and 
Natural Resource Operations. 12 June 2012. 


o Graham Caribou Telemetry Locations, 2008-2010. BC Ministry of Forests, Lands and 
Natural Resource Operations. 12 June 2012. 


o Kennedy Siding Caribou Telemetry Locations, 2002-2011. BC Ministry of Forests, Lands 
and Natural Resource Operations. 12 June 2012. 


o Moberly Caribou Telemetry Locations, 2002-2011. BC Ministry of Forests, Lands and 
Natural Resource Operations. 12 June 2012. 


  
Quarry Areas 
- Quarry areas as outlined in BC Hydro Site C Clean Energy Project EISG & EIS 
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Subject: Aboriginal Consultation 


Purpose 
The purposes of this Technical Memo are to outline: 


• the consultation undertaken by BC Hydro with respect to the Project 


• BC Hydro’s understanding of consultation undertaken by Crown agencies in the environmental 
assessment process for the Project 


Review of Consultation Undertaken by BC Hydro with Aboriginal Groups 
Information regarding BC Hydro’s consultation with Aboriginal groups is provided in the EIS, as follows:  


• Volume 1, Section 9.2 of the EIS describes the approach, methods and activities that BC Hydro 
used to inform and consult with Aboriginal groups, as required under Section 7.2 of the EIS 
Guidelines. Table 9.1 provides a list of the 29 Aboriginal groups that have the potential to be 
adversely affected by the Project, as identified in Section 20.1 of the EIS Guidelines. 


• Volume 1, Appendix H, consists of an issues tracking table that presents the issues, concerns, and 
interests identified by Aboriginal groups listed in Table 9.1 of the EIS, as required under Section 
7.2.1 of the EIS Guidelines 


• Volume 3, Appendix B, describes BC Hydro’s engagement with Aboriginal groups to gather social, 
economic, land use and human health baseline information specific to Aboriginal communities 


• Volume 5, Section 34.4, describes mitigation measures, and other accommodation options, 
proposed by BC Hydro with respect potential impacts on the exercise of asserted of asserted or 
established Aboriginal and treaty rights, as well as mitigation measures suggested by Aboriginal 
groups, as required under Section 20.4 of the EIS Guidelines 


• Volume 5, Section 34.7, describes BC Hydro’s activities with respect to negotiating Impact Benefit 
Agreements, as required under Section 20.7 of the EIS Guidelines 


• Volume 5 Appendices A1-A29, Part 2, provide a summary of consultation activities undertaken by 
BC Hydro with each of the 29 Aboriginal groups listed in Table 9.1 of the EIS, as required under 
Section 7.2.1 of the EIS Guidelines 


 
BC Hydro began consultation with Aboriginal groups in late 2007, prior to any decision to advance the 
Project to an environmental assessment.1 BC Hydro’s approach to consultation has taken into account 
the potential impacts of the Project on a particular Aboriginal group and the degree of interest 
expressed by that group in participating in consultation. As stated in the EIS: 
 


“The extent (or level) of consultation has been guided by the potential for impacts on 
the exercise of asserted treaty and Aboriginal rights, as well as the level of interest 
expressed. In keeping with this adaptive and flexible approach, BC Hydro has 
engaged in consultation that has ranged from notification of key Project milestones 
for those Aboriginal groups where BC Hydro anticipated little to no potential adverse 
change in the environment from the Project, to structured consultations aimed at 
identifying and assessing potential effects of the Project on those groups located in 


                                                 
1 EIS, Volume 1, Section 9.2, page 9-20, lines 17-18. 
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and around the Project activity zone that may experience those effects, and seeking 
to address them.  
 
[...] BC Hydro has consulted in greater depth with Treaty 8 First Nations that are in 
close proximity to the Project and whose members may experience direct effects that 
may result from the Project. For the purposes of this EIS, Blueberry River First 
Nations, McLeod Lake Indian Band, Saulteau First Nations, and the Treaty 8 Tribal 
Association (representing Doig River, Halfway River, Prophet River, and West 
Moberly First Nations), are considered by BC Hydro to be “Project Area Aboriginal 
Groups”. With these groups, BC Hydro has engaged in extensive consultations 
regarding project components and activities, and the potential effects of the Project. 
[…] 
 
BC Hydro has also consulted with other Treaty 8 First Nations who are located in B.C. 
or downstream of the Project. This includes those Aboriginal groups located in 
Alberta and the Northwest Territories, in proximity to the Peace River watershed, and 
along the Slave River. Consultations with Aboriginal groups located away from the 
immediate Project activity zone have focused on the potential downstream changes 
resulting from the Project. 
 
BC Hydro has also consulted with the Tsay Keh Dene Band and Kwadacha First 
Nation to fulfill commitments in formal agreements with these First Nations to identify 
and attempt to address any potential effects and to identify project opportunities 
associated with any new BC Hydro projects within the area of the mainstem of the 
Peace River between Peace Canyon Dam and the Alberta border.  
 
Métis groups have been engaged to varying degrees, dependent upon jurisdiction, 
level of interest expressed, and proximity to the Project or the Peace River 
watershed, consistent with the approach described above. The CEA Agency has also 
directed BC Hydro to consult with select Métis organizations in B.C., as outlined in 
Table 9.1.” 2 


 
Key consultation activities undertaken by BC Hydro, as described in the EIS, include the following: 


• BC Hydro pursued consultation agreements with Aboriginal groups, which were “designed to 
provide a framework for dialogue and a structured process for distributing and exchanging 
information about the Project.”3 In general, consultation agreements call for joint community 
meetings, joint technical briefings and, in some cases, consultation regarding permit applications as 
well as input from Aboriginal groups on key regulatory submissions. All consultation agreements 
provide funding to facilitate Aboriginal participation in the consultation process. Later agreements 
included capacity funding to support consultations with Aboriginal groups throughout the 
environmental assessment process, including the review of both the EIS Guidelines and the EIS.4 
Lists of concluded consultation agreements are provided in Sections 9.2.3.3.1 and 9.2.3.3.2 of the 
EIS. 


                                                 
2  EIS, Volume 1, Section 9.2, page 9-21, lines 1-38. 
3  EIS, Volume 1, Section 9.2, page 9-26, lines 14-21. 
4  EIS, Volume 1, Section 9.2, page 9-39, lines 30-32. 
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• As of the end of March 2013, and dating back to 2008, BC Hydro had provided approximately $9.2 
million in capacity funding to Aboriginal groups, including $1.5 million to support traditional land use 
studies.5 


• BC Hydro also negotiated Traditional Land Use Study agreements with Aboriginal groups located 
immediately downstream of the Project or who may exercise rights within the area that is now 
defined as the Project activity zone. Completed TLUS reports (listed in Section 9.2.3.3.2 of the EIS) 
were provided to technical staff responsible for conducting the Wildlife Resources, Vegetation and 
Ecological Communities, Fish and Fish Habitat and Heritage Resources effects assessments. 
BC Hydro also reached agreements with several other Aboriginal groups, including one B.C. Treaty 
8 First Nation, two Métis groups and three downstream Treaty 8 First Nations, to provide funding to 
allow for existing traditional land use information that is applicable to the Project to be assembled 
and shared with BC Hydro.6 


• Beginning in 2008, BC Hydro consulted with Project Area Aboriginal Groups on the permits required 
from the Province for BC Hydro to complete geotechnical investigations for the Project. Such 
consultations were generally led by relevant provincial agencies, with support from BC Hydro 
technical staff and consultants.7 


• BC Hydro provided Project Area Aboriginal Groups with regular information on the Project’s 
environmental program. Information provided included proposed study outlines for planned work, 
status updates for ongoing work, and study summaries for completed work. In each case, Project 
Area Aboriginal groups were invited to review the information and provide input.8 


• Beginning in 2008, BC Hydro consulted with interested Aboriginal groups (primarily those located 
downstream of the Project) regarding potential changes to downstream conditions, including the 
surface water regime, thermal and ice regime, fluvial geomorphology, and sediment transport. In 
2011 and 2012, consultations focused on reports prepared by BC Hydro which summarized results 
of studies on expected changes in flows and water levels, ice regime, and sediment movement in 
the Peace River.9  


• In 2011 and 2012, BC Hydro consulted with Project Area Aboriginal Groups and other interested 
Aboriginal groups with respect to the specific components of the Project. BC Hydro facilitated 
meetings regarding project components and prepared the relevant technical experts responsible for 
each component to present the materials directly to the various Aboriginal groups. This approach 
ensured that issues and concerns brought forward by Aboriginal groups would be heard first-hand 
by the subject matter experts within the project team responsible for considering the issue.10 


• Beginning in 2011, BC Hydro worked with Aboriginal groups that have reserves located in proximity 
to the Project activity zone, and/or were understood to be exercising treaty rights within the Project 
activity zone, to gather social, economic, land use and human health baseline information specific 
to their communities. BC Hydro provided capacity funding and training to support the preparation of 
community baseline reports to support the assessment of potential social and economic effects of 
the Project.11 The completed reports, as well as review tables prepared by BC Hydro, were 


                                                 
5  EIS, Volume 1, Section 9.2, page 9-31, lines 11-13. 
6  EIS, Volume 1, Section 9.2, pages 9-32 and 9-33. 
7  EIS, Volume 1, Section 9.2, page 9-33. 
8  EIS, Volume 1, Section 9.2, page 9-33.  
9  EIS, Volume 1, Section 9.2, pages 9-38 and 9-39. 
10  EIS, Volume 1, Section 9.2, pages 9-34 and 9-35. 
11  EIS, Volume 3, Appendix B, page B-1. 
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provided to the Fish and Fish Habitat, Wildlife Resources, Vegetation, Land and Resource Use, 
Social, Economic and Human Health Technical Leads for review and integration into baseline 
information and their assessments as appropriate.12 


• As directed by the BCEAO and CEA Agency and in accordance with the BC/Canada Agreement, 
BC Hydro prepared the first draft of the EIS Guidelines. This first draft was based in part on a 
consideration of issues, concerns, and interests raised by Aboriginal groups. BC Hydro participated 
in agency-led consultation as part of the environmental assessment process, including six open 
houses during the comment period on the draft EIS Guidelines in May 2012. BC Hydro responded 
to over 800 comments, suggestions, and requests submitted by Aboriginal groups with respect to 
the draft EIS Guidelines.  


• In 2012, BC Hydro initiated consultation regarding potential effects of the Project on the following 
topics: fish and fish habitat; vegetation and ecological communities; wildlife resources; and, heritage 
resources. Consultations with Aboriginal groups on potential effects of the Project focused on the 
following: reviewing the results of baseline studies; seeking to integrate traditional knowledge as 
made available to BC Hydro, including through the traditional land use studies; reviewing and 
seeking input from Aboriginal groups into BC Hydro’s preliminary effects assessment; requesting 
input from Aboriginal groups regarding potential impacts to the exercise of Aboriginal and treaty 
rights; and, requesting input from Aboriginal groups on potential mitigation strategies.13 


• In the Spring of 2012, BC Hydro secured a mandate to enter into impact benefit agreement (IBA) 
negotiations with First Nations that, in BC Hydro’s view, are likely to be adversely affected or 
impacted by the Project and where BC Hydro considers that accommodation beyond the mitigations 
listed in the EIS is necessary. BC Hydro advised seven First Nations that it had secured a mandate 
to negotiate an IBA, and that it was prepared to engage in initial discussions with those First 
Nations that were interested. Three First Nations (Blueberry River First Nations, Saulteau First 
Nations, and McLeod Lake Indian Band) accepted BC Hydro’s offer to enter into initial discussions 
toward an IBA. As of the filing of the EIS, impact benefit agreement offers have been made to the 
three First Nations. BC Hydro remains prepared to enter into discussions with the four remaining 
First Nations.14 


• BC Hydro has tracked the issues, concerns, and interests identified by Aboriginal group through the 
consultations described above. A summary of these issues, concerns, and interests, and 
BC Hydro’s corresponding consideration and response are provided in in Volume 1 Appendix H of 
the EIS. BC Hydro’s approach to resolving outstanding issues raised by Aboriginal groups is 
described in Volume 1, Section 9.2.4 of the EIS.  


BC Hydro’s Understanding of Consultation Undertaken by Crown Agencies in the 
Environmental Assessment Process 


BC Hydro’s understanding of consultation undertaken directly by the BCEAO and CEA Agency is based 
on copies of correspondence the BCEAO and CEA Agency sent to Aboriginal groups that the agencies 
provided to BC Hydro.  BC Hydro’s knowledge of the full extent of consultation between Aboriginal 
groups and the BCEAO and CEA Agency may not be complete.  


                                                 
12  EIS, Volume 3, Appendix B, page B-5. 
13  EIS, Volume 1, Section 9.2, pages 9-37 and 9-38. 
14  EIS, Volume 5, Section 34.7, pages 34-27 and 34-28. 
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In March and April 2012, the BCEAO and the CEA Agency wrote to Aboriginal groups to explain their 
respective roles and engage in a dialogue with respect to the consultation process for the 
environmental process. The letters included an outline of a proposed approach to Aboriginal 
consultation, focusing on opportunities where consultation could be integrated into the environmental 
assessment.  


The BCEAO letters included a list of consultation opportunities being offered to Aboriginal groups 
during the three stages (Pre-Panel, Panel Review, Post-Panel) of the environmental assessment 
process.  Opportunities included participation in the Working Group, review the procedures and 
methods for conducting the environmental assessment, the BC/Canada Agreement, the EIS Guidelines 
and the EIS. 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


gov_0010-620 pub_0246-002 pub_0535-005 pub_0599-001 pub_0600-002 


pub_0626-001 pub_0641-001 pub_0850-001 pub_0861-001 pub_0862-001 


pub_0894-001 ab_0003-322 ab_0004-005 ab_0006-039 ab_0006-041 


ab_0006-042 ab_0010-002 ab_0012-005   
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Subject: Flood Reserve 


Purpose 


The purpose of this technical memo is to a provide background and summary of Order-in-Council 2452 
(OIC 2452) Reserve, commonly referred to as the “Flood Reserve”, held by the government of British 
Columbia, and to address questions raised during the comment period on the EIS about how the Flood 
Reserve was considered with respect to the future agricultural land use in the agriculture assessment. 


Please also refer to the Cumulative Effects Assessment Technical Memo for information on the scope 
of the assessment with respect to past projects, and the Agriculture Technical Memo for a summary of 
the agriculture assessment approach and results presented in the EIS. 


Background1 


The first steps to develop the hydroelectric potential of the Peace River in British Columbia were 
undertaken in the 1950s. The government of British Columbia reserved Crown land under the Land Act 
within the Peace River watershed for the purposes of hydroelectric development through 
Orders-in-Council issued by the Executive Council as described below.  


Order-in-Council 2452 (OIC 2452) dated October 11, 1957 reserved an area of Crown land from 
alienation, pursuant to Section 94 of the Land Act, R.S.B.C., 1948, c. 175. OIC 2452 included the 
following portions of the watershed and tributaries of the Peace River:  


• All the portion downstream from the 121°55’ meridian of West longitude to the British Columbia-
Alberta border and situated below the 1,700 ft. (518.2 m) contour of elevation  


• All the portion upstream from the 121°55’ meridian of West longitude and situated below the 
2,450 ft. (746.8 m) contour of elevation 


Since OIC 2452 was first issued a number of amendments have been issued. Some of the key 
amendments that substantively changed the reserve area are summarised below.  


Order-in-Council 369 dated February 15, 1963 amended OIC 2452 by changing the contour elevations 
to 1,525 ft. (464.8 m) in the downstream portion and to 2,250 ft. (685.8 m) in the upstream portion.  


Order-in-Council 1995 dated August 5, 1963 amended Order-in-Council 369 by changing the contour 
elevation to 2,225 ft. (678.2 m) in the upstream portion.  


Order-in-Council 1079 dated May 30, 1985 amended Order-in-Council 369 by cancelling the portion 
from the easterly border of Township 83, Range 19, West of the 6th Meridian, Peace River District, 
downstream to the British Columbia-Alberta boundary, and situated below the 1,525 ft. (464.8 m) 
contour of elevation (G.S.C. datum).  


The current scope of OIC 2452 is shown as the flood reserve on Figure 4.7 in Volume 1 Section 4 
Project Description of the EIS. The portion of the reserve between Peace Canyon Dam and the easterly 


                                                 
1  EIS, Section 6.2, pages 6.1 – 6.2 , lines 25 – 37 and 1 – 13. 
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border of Township 83, Range 19, West of the 6th Meridian, Peace River District is referred to herein as 
the Flood Reserve. 


Land and Resource Management Plans2 


Provincial Crown land management in the vicinity of the Project activity zone is guided by the objectives 
and recommendations of land and resource management plans (LRMPs). The Project activity zone 
overlaps portions of both the Dawson Creek and Fort St. John Land and Resource Management Plan 
areas. Together the two plans cover 7.5 million hectares. The Fort St. John LRMP was approved in 
1997 and the Dawson Creek LRMP was approved in 1999. The southern bank of the Peace River is 
roughly the boundary between the two plans, with the Dawson Creek LRMP area extending to the 
south and the Fort St. John LRMP area to the north. With respect to the proposal for protected areas 
near the Peace River boundary the Fort St. John LRMP deferred the recommendation to the Dawson 
Creek LRMP. 


The plans set out land and resource strategy for Crown lands, andprovide guidance for the 
management and use of resources, within the planning areas. The issuance of tenures for the use of 
Crown land or resources is informed by the resource management objectives of the Resource 
Management Zone within which the activity is proposed. 


The various Resource Management Zones recommended in the two LRMPs are summarized in 
Volume 3, Appendix C, Table 1. Both LRMPs recommend establishment of the Peace River- Boudreau 
Lake protected area. To date the area has not been designated.  


In section 5.2.1 of the Dawson Creek LRMP, the application of the Flood Reserve to a portion of the 
Dawson Creek planning area is discussed in the context of the protected area recommendation. The 
LRMP committee contemplated the Flood Reserve and the future development of a hydroelectric 
reservoir, as well as oil and gas activity within the planning area, and recommends establishment of the 
Peace River/Boudreau Lake protected area under the Environment and Land Use Act because 
designation under that Act would not preclude those activities. In section 5.2.1. the Dawson Creek 
LRMP acknowledges the priority of the development of a hydroelectric dam at Site C: 


“Designate Crown lands within the Peace River-Boudreau Lake protected area under 
the Environment and Land Use Act to accommodate the Site C flood reserve and 
opportunities for directional drilling.” 


Current and Future Land Use  


The Flood Reserve has guided Crown land and resource use within the Project activity zone, and has 
been maintained by the government of British Columbia continuously since 1957.  


As discussed above, the Dawson Creek LRMP recommends designation of the Peace River- Boudreau 
Lakes protected area, in the absence of the Project. This recommendation was also supported by 
recommendations in the earlier Fort St. John LRMP. The Dawson Creek LRMP assessed the socio-
economic and environmental implications of the designation of this area on other land uses 


                                                 
2  EIS, Volume 3, Appendix C, Part 2, Section 2, page 2 - 3, lines 15 – 24 and lines 14 – 19. 
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(Appendix B of the LRMP), and identified the compatibility of other selected land uses with the 
proposed protected area (Appendix F).  


The Dawson Creek LRMP addressed the overlap of the areas within the Flood Reserve and the area 
proposed as a protected area, in recommending: 


“If government endorses the Site C Project, the Dawson Creek LRMP recommends that the 
timber be harvested within the flood reserve, prior to flooding. If the Site C flood reserve is 
cancelled, the areas designated under the Environment and Land Use Act (ELUA) should be 
reviewed.” 


Therefore, for the assessment of Project effects on likely future land and resource use, the LRMP 
recommendation for protection of the area overlapping with the flood reserve can reasonably be used 
to define likely future land use in absence of the Project. 


Agriculture Assessment 


The assessment of potential Project effects on agriculture takes into account all land potentially 
affected by the Project. This includes land both currently developed and undeveloped for agricultural 
uses, and land regardless of ownership including Crown land, privately owned land, and land owned 
directly by BC Hdyro. The assessment was required to take into account changes to agricultural land, 
changes to individual farm operations, changes to agricultural economies (including future land use), 
and changes to local food production and consumption. These are described further in the EIS 
Section 20 and the Agriculture Technical Memo. This document discusses the relevance of the Flood 
Reserve, and associated provincial land use planning, to the estimates of both lost agricultural land, 
and lost future agricultural production on those lands. 


Agricultural land loss was estimated using the estimate of agricultural land, by agricultural capability. 
These ratings consider the physical characteristics of the land, especially topographical, soil and 
climate conditions relevant to agricultural use3. As such, neither the Site C Flood Reserve or 
BC Hydro’s land ownership has affected the evaluation of land capability for agriculture.  


Agricultural crop suitability considers the agricultural capability ratings, and uses these to determine the 
suitability of each class of land for growing various ranges of crops. Neither the Flood Reserve or 
BC Hydro’s land ownership has affected the evaluation of crop suitability. 


Future Agricultural Land Use 


Lost future agricultural production was used as a measure of the change to the agricultural economy. 
Agricultural utility ratings were developed to estimate likely future land use for agriculture (including 
cultivation and grazing), in absence of the Project, within the Project activity zone. This takes into 
account the capability of the land, and its suitability for a range of crops, as well as potential constraints 
to future use of the land. 


To make reasonable assumptions about potential constraints to future use of the land for agriculture, 
the LRMPs were referred to for guidance on the likelihood, and nature of, future constraints to 
agricultural land use on Crown land, and in particular within the area proposed as a protected area in 


                                                 
3  EIS, Section 20.1.2, page 22.2, Table 20.1, line 1. 
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absence of the Project. This is an appropriate consideration as the LRMP recommends that, in absence 
of the Project, the islands and much of the south bank land that would have been within the reservoir 
area be included within the larger proposed protected area.  


The development of future agricultural land use scenarios further reference the LRMP in that, if the 
protected area is established, agricultural land use would be limited to existing grazing tenures or some 
expanded grazing use. Therefore it is appropriate to assume that cultivated agriculture use would be 
unlikely in the future within the proposed protected area, regardless of agricultural capability ratings. 
For these reasons, land within the proposed protected area were assigned a low to nil agricultural utility 
rating. Apart from this, likely future agricultural use, and therefore agricultural utility ratings, were not 
constrained by current or expected future ownership, tenure, including by Agricultural Land Reserve 
status. Please refer to Section 20.2.4.1 of the EIS and the Agriculture Technical Memo for more 
information on the approach to developing agricultural utility ratings. 


The future agricultural development scenarios considered expanded land use from current conditions to 
full agricultural development as defined in each of three scenarios. As described above full agricultural 
development was informed by the agricultural land capability and agricultural utility. Current agricultural 
land use is described in section 20.2.5 of the EIS. Wherever possible agricultural land acquired by 
BC Hydro is available for productive use, either by leasing back the property to the original owner or to 
another tenant. The majority of agricultural land under lease is being used by adjacent landowners or 
other farm operators in the area. BC Hydro supports leaseholders in their land use and management by 
providing long-term, low-cost leases, an invasive plant management program, and a property 
maintenance program. 


Summary 


Order-In-Council 2452 was established by the province of British Columbia in 1957 to reserve land 
under the Land Act, and has been maintained continuously since that time within the area currently 
known as the Flood Reserve.  


The province’s most recent approved land use plans within the Project activity zone are the Dawson 
Creek LRMP (1999) and the Fort St. John LRMP (1997). These plans included consideration of the 
Flood Reserve in their development, and made recommendations about future allowable land uses with 
the Project activity zone. 


The Flood Reserve did not affect the evaluation of land capability for agriculture, or crop suitability.The 
estimation of future agricultural land use, without the Project, was appropriately guided by the 
province’s Land and Resource Management Plans in development of the future agricultural land use 
scenarios.  
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement

		Technical Memo

		Flood Reserve

		(Order – in – Council 2452)

		MAY 8, 2013

		Purpose

		The purpose of this technical memo is to a provide background and summary of Order-in-Council 2452 (OIC 2452) Reserve, commonly referred to as the “Flood Reserve”, held by the government of British Columbia, and to address questions raised during the comment period on the EIS about how the Flood Reserve was considered with respect to the future agricultural land use in the agriculture assessment.

		Please also refer to the Cumulative Effects Assessment Technical Memo for information on the scope of the assessment with respect to past projects, and the Agriculture Technical Memo for a summary of the agriculture assessment approach and results presented in the EIS.



		Background

		The first steps to develop the hydroelectric potential of the Peace River in British Columbia were undertaken in the 1950s. The government of British Columbia reserved Crown land under the Land Act within the Peace River watershed for the purposes of hydroelectric development through OrdersinCouncil issued by the Executive Council as described below. 

		Order-in-Council 2452 (OIC 2452) dated October 11, 1957 reserved an area of Crown land from alienation, pursuant to Section 94 of the Land Act, R.S.B.C., 1948, c. 175. OIC 2452 included the following portions of the watershed and tributaries of the Peace River: 

		 All the portion downstream from the 121°55’ meridian of West longitude to the British Columbia-Alberta border and situated below the 1,700 ft. (518.2 m) contour of elevation 

		 All the portion upstream from the 121°55’ meridian of West longitude and situated below the 2,450 ft. (746.8 m) contour of elevation

		Since OIC 2452 was first issued a number of amendments have been issued. Some of the key amendments that substantively changed the reserve area are summarised below. 



		Order-in-Council 369 dated February 15, 1963 amended OIC 2452 by changing the contour elevations to 1,525 ft. (464.8 m) in the downstream portion and to 2,250 ft. (685.8 m) in the upstream portion. 

		Order-in-Council 1995 dated August 5, 1963 amended Order-in-Council 369 by changing the contour elevation to 2,225 ft. (678.2 m) in the upstream portion. 

		Order-in-Council 1079 dated May 30, 1985 amended Order-in-Council 369 by cancelling the portion from the easterly border of Township 83, Range 19, West of the 6th Meridian, Peace River District, downstream to the British Columbia-Alberta boundary, and situated below the 1,525 ft. (464.8 m) contour of elevation (G.S.C. datum). 

		The current scope of OIC 2452 is shown as the flood reserve on Figure 4.7 in Volume 1 Section 4 Project Description of the EIS. The portion of the reserve between Peace Canyon Dam and the easterly border of Township 83, Range 19, West of the 6th Meridian, Peace River District is referred to herein as the Flood Reserve.



		Land and Resource Management Plans

		Provincial Crown land management in the vicinity of the Project activity zone is guided by the objectives and recommendations of land and resource management plans (LRMPs). The Project activity zone overlaps portions of both the Dawson Creek and Fort St. John Land and Resource Management Plan areas. Together the two plans cover 7.5 million hectares. The Fort St. John LRMP was approved in 1997 and the Dawson Creek LRMP was approved in 1999. The southern bank of the Peace River is roughly the boundary between the two plans, with the Dawson Creek LRMP area extending to the south and the Fort St. John LRMP area to the north. With respect to the proposal for protected areas near the Peace River boundary the Fort St. John LRMP deferred the recommendation to the Dawson Creek LRMP.

		The plans set out land and resource strategy for Crown lands, andprovide guidance for the management and use of resources, within the planning areas. The issuance of tenures for the use of Crown land or resources is informed by the resource management objectives of the Resource Management Zone within which the activity is proposed.

		The various Resource Management Zones recommended in the two LRMPs are summarized in Volume 3, Appendix C, Table 1. Both LRMPs recommend establishment of the Peace River- Boudreau Lake protected area. To date the area has not been designated. 

		In section 5.2.1 of the Dawson Creek LRMP, the application of the Flood Reserve to a portion of the Dawson Creek planning area is discussed in the context of the protected area recommendation. The LRMP committee contemplated the Flood Reserve and the future development of a hydroelectric reservoir, as well as oil and gas activity within the planning area, and recommends establishment of the Peace River/Boudreau Lake protected area under the Environment and Land Use Act because designation under that Act would not preclude those activities. In section 5.2.1. the Dawson Creek LRMP acknowledges the priority of the development of a hydroelectric dam at Site C:

		“Designate Crown lands within the Peace River-Boudreau Lake protected area under the Environment and Land Use Act to accommodate the Site C flood reserve and opportunities for directional drilling.”



		Current and Future Land Use 

		The Flood Reserve has guided Crown land and resource use within the Project activity zone, and has been maintained by the government of British Columbia continuously since 1957. 

		As discussed above, the Dawson Creek LRMP recommends designation of the Peace River- Boudreau Lakes protected area, in the absence of the Project. This recommendation was also supported by recommendations in the earlier Fort St. John LRMP. The Dawson Creek LRMP assessed the socio-economic and environmental implications of the designation of this area on other land uses (Appendix B of the LRMP), and identified the compatibility of other selected land uses with the proposed protected area (Appendix F). 

		The Dawson Creek LRMP addressed the overlap of the areas within the Flood Reserve and the area proposed as a protected area, in recommending:

		“If government endorses the Site C Project, the Dawson Creek LRMP recommends that the timber be harvested within the flood reserve, prior to flooding. If the Site C flood reserve is cancelled, the areas designated under the Environment and Land Use Act (ELUA) should be reviewed.”

		Therefore, for the assessment of Project effects on likely future land and resource use, the LRMP recommendation for protection of the area overlapping with the flood reserve can reasonably be used to define likely future land use in absence of the Project.

		Agriculture Assessment

		The assessment of potential Project effects on agriculture takes into account all land potentially affected by the Project. This includes land both currently developed and undeveloped for agricultural uses, and land regardless of ownership including Crown land, privately owned land, and land owned directly by BC Hdyro. The assessment was required to take into account changes to agricultural land, changes to individual farm operations, changes to agricultural economies (including future land use), and changes to local food production and consumption. These are described further in the EIS Section 20 and the Agriculture Technical Memo. This document discusses the relevance of the Flood Reserve, and associated provincial land use planning, to the estimates of both lost agricultural land, and lost future agricultural production on those lands.

		Agricultural land loss was estimated using the estimate of agricultural land, by agricultural capability. These ratings consider the physical characteristics of the land, especially topographical, soil and climate conditions relevant to agricultural use. As such, neither the Site C Flood Reserve or BC Hydro’s land ownership has affected the evaluation of land capability for agriculture. 

		Agricultural crop suitability considers the agricultural capability ratings, and uses these to determine the suitability of each class of land for growing various ranges of crops. Neither the Flood Reserve or BC Hydro’s land ownership has affected the evaluation of crop suitability.

		Future Agricultural Land Use

		Lost future agricultural production was used as a measure of the change to the agricultural economy. Agricultural utility ratings were developed to estimate likely future land use for agriculture (including cultivation and grazing), in absence of the Project, within the Project activity zone. This takes into account the capability of the land, and its suitability for a range of crops, as well as potential constraints to future use of the land.

		To make reasonable assumptions about potential constraints to future use of the land for agriculture, the LRMPs were referred to for guidance on the likelihood, and nature of, future constraints to agricultural land use on Crown land, and in particular within the area proposed as a protected area in absence of the Project. This is an appropriate consideration as the LRMP recommends that, in absence of the Project, the islands and much of the south bank land that would have been within the reservoir area be included within the larger proposed protected area. 

		The development of future agricultural land use scenarios further reference the LRMP in that, if the protected area is established, agricultural land use would be limited to existing grazing tenures or some expanded grazing use. Therefore it is appropriate to assume that cultivated agriculture use would be unlikely in the future within the proposed protected area, regardless of agricultural capability ratings. For these reasons, land within the proposed protected area were assigned a low to nil agricultural utility rating. Apart from this, likely future agricultural use, and therefore agricultural utility ratings, were not constrained by current or expected future ownership, tenure, including by Agricultural Land Reserve status. Please refer to Section 20.2.4.1 of the EIS and the Agriculture Technical Memo for more information on the approach to developing agricultural utility ratings.

		The future agricultural development scenarios considered expanded land use from current conditions to full agricultural development as defined in each of three scenarios. As described above full agricultural development was informed by the agricultural land capability and agricultural utility. Current agricultural land use is described in section 20.2.5 of the EIS. Wherever possible agricultural land acquired by BC Hydro is available for productive use, either by leasing back the property to the original owner or to another tenant. The majority of agricultural land under lease is being used by adjacent landowners or other farm operators in the area. BC Hydro supports leaseholders in their land use and management by providing long-term, low-cost leases, an invasive plant management program, and a property maintenance program.



		Summary

		The Flood Reserve did not affect the evaluation of land capability for agriculture, or crop suitability.The estimation of future agricultural land use, without the Project, was appropriately guided by the province’s Land and Resource Management Plans in development of the future agricultural land use scenarios. 
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Subject: Greenhouse Gas Emission Merits of the Project 


Purpose and Key Findings 
This memorandum explains the merits of the Site C Clean Energy Project (Project) for the generation of 
electricity as this relates to greenhouse gas (GHG) emissions during all phases of the Project.  


Carbon emission intensity measures the average emissions based on the amount of electricity 
produced. Carbon intensity is an appropriate way to compare the greenhouse gas emissions of 
different electricity generating technologies, including fossil fuel electricity generation (e.g. coal, natural 
gas) and renewable electricity generation (e.g. hydroelectric, wind and solar).  


The carbon intensity over the life of the Project, is predicted to be low compared with that of fossil 
fueled electrical power generation. It is similar in magnitude to those reported for wind turbine facilities. 
The GHG emissions associated with the Project would be small when compared to provincial, national 
and global emissions, and on average over the life of the Project are considered low in the context of 
CEA Agency guidance.  


Background on Hydroelectric GHG Emissions 
In the context of increasing global energy demand and global climate change, evaluating generating 
facilities by their emissions (g CO2e) per unit of energy generated (kWh) is an important relative 
measure when evaluating the potential contribution of a project to climate change. 


With respect to electricity generating facilities, absolute emissions should not be directly compared 
among facilities because the output, or electricity production of each facility is different; some plants 
produce large amounts of electricity per year, and some plants produce much less. Therefore the most 
appropriate way to compare electricity generating facilities is to compare the relative emissions per unit 
energy produced (g CO2e/kWh). 


Hydroelectric development has been criticized1,2,3,4 as a potentially important net source of GHGs. 
These concerns may be justified in some circumstances, primarily in tropical environments where there 
is evidence that some hydroelectric reservoirs are large sources of methane (CH4) emissions. However, 
these concerns are not applicable to all hydroelectric facilities. Evidence has shown that hydroelectric 
reservoirs in northern (i.e., temperate and boreal) environments emit lower quantities of GHG (i.e., 
g CO2e/m2/yr) emissions than tropical reservoirs4.  


Furthermore, the physical characteristics of the area impounded by the reservoir influences the 
potential net emissions, and therefore the emission intensity of a hydroelectric facility. First, reservoirs 
that occupy relatively small areas in relation to their generating output typically emit fewer GHGs than 
                                                 
1  St. Louis, V.L., Kelly, C.A., Duchemin, E., Rudd, J.W., and Rosenberg, D.M. 2000. Reservoir surfaces as 


sources of greenhouse gases to the atmosphere: A global estimate. BioScience Vol. 50(9), pp. 66-775. 
2  Fernside, P.M. 2004. Greenhouse gas emissions from hydroelectric dams: controversies provide a 


springboard for rethinking a supposedly ‘clean’ energy source. An editorial comment. Climatic Change, ol. 66, 
pp. 1-8. 


3  International Rivers Network (IRN). 2006. Fizzy Science. Loosening the Hydro Industry’s Grip on Reservoir 
Greenhouse Gas Emissions Research. 24 pp. Accessed October 2008 from www.irn.org. 


4  Li, S. and Lu., X. X. 2012. Uncertainties of carbon emission from hydroelectric reservoirs. Nat. Hazards, 
Vol. 62, pp. 1343-1343, doi: 10.1007/s11069-012-0127-3. 



http://www.irn.org/�
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those that flood relatively large areas. Further, cold, deep and well oxygenated systems, such as is the 
case for the reservoir area for the Project, typically emit carbon primarily in the form of CO2 rather than 
CH4. 5 The ratio of these gases is approximately 100:1 for boreal reservoirs, whereas it may be closer 
to 20:1 for tropical reservoirs4.  


Estimate of Project GHG Emissions 
Construction phase GHG emissions were estimated by accounting for emissions from fuel combustion 
and electricity consumption associated with construction activities, and emissions associated with 
materials that would be used in the construction of the Project, for example, concrete, steel, stainless 
steel, aluminum and copper, also known as life cycle emissions.  


Operating phase GHG emissions were estimated by accounting for emissions from vegetation removed 
for the reservoir and land clearing activities, and for net emissions from the reservoir area over a 
100-year period. Following methods described by the Intergovernmental Panel on Climate Change 
(IPCC, 2003) a detailed carbon model was developed to account for the substantive carbon stocks, 
processes and fluxes relevant to the Project, for both current and Project conditions. Two Project 
scenarios were modeled, reflecting a conservative and likely scenario for the emissions associated with 
the removed vegetation. 


Results 
To calculate emission intensity the average annual GHG emissions (averaged over the 108-year 
construction and operation phase) is divided by the average annual electricity produced by the Project. 
As shown in Table 15.11, Section 15 in the EIS (table below), using the results of two Project model 
scenarios and including embedded carbon, the Project would produce between 10.5 and 14.3 grams of 
CO2e per kilowatt hour of electricity produced. Approximately 20% of total emissions would be 
associated with construction activities, and the remaining emissions would be associated with the 
operating phase emissions, including all land clearing. These emissions are low when compared to 
emission estimates for various fossil fuel generating options, such as modern coal plants (1,000 g 
CO2e/kWh), diesel (717 g CO2e/kWh), or natural gas combined cycle (545 g CO2e/kWh). Further, 
these values are also at the low end of the range for other Canadian boreal hydroelectric stations. 


As shown in Figure 10.2, Volume 2, Appendix S in the EIS (figure below), annual operating phase 
emissions would be highest in the early years, and would return to near current conditions within 
20 years. High early year emissions are due to the emissions from land clearing, and the initial flux of 
GHG from the reservoir itself. On an annual basis, values would range from 212g CO2e/kWh (year 1) in 
the conservative scenario, to 2g CO2e/kWh (years 35 to 100) in both the conservative and the likely 
scenario.  


                                                 
5  Tremblay, A., Bastien, J. Bonneville M., del Giorgio, P., Demarty, M., Garneau, M., Hélie, J., Pelltier, L., Prairie 


Y., Roulet, N., Stachan, I., and Teodoru, C. 2010. Émissions nettes de gaz à effet de serre au réservoir 
Eastmain 1 Québec, Canada. In: Congrès Mondial de l’Énergie, Montréal, Québec, September 12-16, 2010. 
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Table 1 Emissions Intensity – Project Compared with Other Generation 
Generating Facility Type Range (g CO2e/kWh) Average (g CO2e/kWh) 


Tropical Hydroelectric 1,750 – 2,700 2,150 
Modern Coal 959 – 1,042 1,000 
IGCC (coal) 763 – 833 798 
Diesel 555 – 880 717 
NGCC (Natural Gas) 469 – 622 545 
Photovoltaic 13 – 104 58 
Canada Boreal Hydroelectric 8 – 60 36 
Wind Turbines 7 – 22 14 
BC Hydro Site C (construction plus conservative 
operations estimate) — 14.3 a 


BC Hydro Site C (conservative operations 
estimate) 2 – 212 (annual range) b 11.4 c 


BC Hydro Site C (construction plus likely 
operations estimate) — 10.5 a 


BC Hydro Site C (likely operations estimate) 2 – 146 (annual range) 8.5 c 
NOTES:  
a  Average emission intensity over 8 year construction and 100 year operating period. 
b  Figure 1 shows annual operating phase emissions would be highest at the outset and decline to low annual 


emission rate within 20 years 
c Average emission intensity over 100 year operating period. 
Intensities for Modern Coal, IGCC (coal), Diesel, NGCC (Natural Gas), Photovoltaic, and Wind Turbines include 
life cycle emissions. See IRN 2006. Intensities for Boreal and Tropical Hydroelectric facilities include only 
reservoir emissions. 
— not available, however operating year 1 – 100 would be as shown for operations estimates 
Source: IRN 2006 
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Figure 1 Emissions Intensity, Conservative and Likely Model Scenarios with Sensitivity 
Analysis 


 


Significance of Project Emissions 
Overall, the Project will result in a net benefit from a GHG perspective, producing electricity with 
substantially lower GHG emissions compared to other forms of firm electricity generation, and by 
supporting the integration of other low emission, renewable intermittent resources into the BC Hydro 
system. GHG emissions from construction and operation of the Project would not be considered 
significant, as they would represent about 0.2% and 0.01% of provincial and national annual GHG 
emissions respectively. Furthermore, when compared to other electricity generation sources, Project 
emissions per unit of energy are as low as wind or solar electricity generation and are less than 2% of 
emissions from gas or diesel generation, and less than 1% of emissions from coal generation. 


While the construction and operation of the Site C reservoir and generating stations would result in a 
net increase in GHG emissions within the Project area itself, these would be considered “low” under the 
scoping considerations of the Canadian Environmental Assessment Agency Guidance6.  


                                                 
6  Canadian Environmental Assessment Agency. 2003. Incorporating climate change considerations in 


environmental assessment: general guidance for practitioners. Accessed December 2008 from 
http://www.ceaa.gc.ca/012/014/index_e.htm . 


 



http://www.ceaa.gc.ca/012/014/index_e.htm�
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Cumulative Significance of Project Emissions in the Context of Global Emissions 


Cumulative effects associated with releases of GHG emissons to the atmosphere are not limited to 
provincial or national borders, therefore it is appropriate to consider the Project emissions in 
combination with global emissions when assessing cumulative effects.  


The Project’s net GHG emission would be a tiny fraction of global GHG emissions, however the 
scientific community considers the existing and expected future global GHG emissions associated with 
other activities to already be significant. Therefore the cumulative effects of GHG emissions, because 
of global emissions, are considered significant. This rating reflects the existing emission context, 
globally, even in the absence of the Project. 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


pub_0202-001 pub_0203-001 pub_0577-001 pub_0706-001 pub_0714-001 
pub_0855-001 pub_0856-001 pub_0892-001 pub_0897-001 pub_0922-001 
pub_0985-001 ab_0007-003 ab_0007-004   
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		Purpose and Key Findings

		Background on Hydroelectric GHG Emissions

		Hydroelectric development has been criticized,,, as a potentially important net source of GHGs. These concerns may be justified in some circumstances, primarily in tropical environments where there is evidence that some hydroelectric reservoirs are large sources of methane (CH4) emissions. However, these concerns are not applicable to all hydroelectric facilities. Evidence has shown that hydroelectric reservoirs in northern (i.e., temperate and boreal) environments emit lower quantities of GHG (i.e., g CO2e/m2/yr) emissions than tropical reservoirs4. 

		Furthermore, the physical characteristics of the area impounded by the reservoir influences the potential net emissions, and therefore the emission intensity of a hydroelectric facility. First, reservoirs that occupy relatively small areas in relation to their generating output typically emit fewer GHGs than those that flood relatively large areas. Further, cold, deep and well oxygenated systems, such as is the case for the reservoir area for the Project, typically emit carbon primarily in the form of CO2 rather than CH4.  The ratio of these gases is approximately 100:1 for boreal reservoirs, whereas it may be closer to 20:1 for tropical reservoirs4. 

		Estimate of Project GHG Emissions

		Construction phase GHG emissions were estimated by accounting for emissions from fuel combustion and electricity consumption associated with construction activities, and emissions associated with materials that would be used in the construction of the Project, for example, concrete, steel, stainless steel, aluminum and copper, also known as life cycle emissions. 

		Operating phase GHG emissions were estimated by accounting for emissions from vegetation removed for the reservoir and land clearing activities, and for net emissions from the reservoir area over a 100year period. Following methods described by the Intergovernmental Panel on Climate Change (IPCC, 2003) a detailed carbon model was developed to account for the substantive carbon stocks, processes and fluxes relevant to the Project, for both current and Project conditions. Two Project scenarios were modeled, reflecting a conservative and likely scenario for the emissions associated with the removed vegetation.

		Results

		To calculate emission intensity the average annual GHG emissions (averaged over the 108year construction and operation phase) is divided by the average annual electricity produced by the Project. As shown in Table 15.11, Section 15 in the EIS (table below), using the results of two Project model scenarios and including embedded carbon, the Project would produce between 10.5 and 14.3 grams of CO2e per kilowatt hour of electricity produced. Approximately 20% of total emissions would be associated with construction activities, and the remaining emissions would be associated with the operating phase emissions, including all land clearing. These emissions are low when compared to emission estimates for various fossil fuel generating options, such as modern coal plants (1,000 g CO2e/kWh), diesel (717 g CO2e/kWh), or natural gas combined cycle (545 g CO2e/kWh). Further, these values are also at the low end of the range for other Canadian boreal hydroelectric stations.

		As shown in Figure 10.2, Volume 2, Appendix S in the EIS (figure below), annual operating phase emissions would be highest in the early years, and would return to near current conditions within 20 years. High early year emissions are due to the emissions from land clearing, and the initial flux of GHG from the reservoir itself. On an annual basis, values would range from 212g CO2e/kWh (year 1) in the conservative scenario, to 2g CO2e/kWh (years 35 to 100) in both the conservative and the likely scenario. 

		Table 1 Emissions Intensity – Project Compared with Other Generation



		Generating Facility Type

		Range (g CO2e/kWh)

		Average (g CO2e/kWh)

		Tropical Hydroelectric

		1,750 – 2,700

		2,150

		Modern Coal

		959 – 1,042

		1,000

		IGCC (coal)

		763 – 833

		798

		Diesel

		555 – 880

		717

		NGCC (Natural Gas)

		469 – 622

		545

		Photovoltaic

		13 – 104

		58

		Canada Boreal Hydroelectric

		8 – 60

		36

		Wind Turbines

		7 – 22

		14

		BC Hydro Site C (construction plus conservative operations estimate)

		—

		14.3 a

		BC Hydro Site C (conservative operations estimate)

		2 – 212 (annual range) b

		11.4 c

		BC Hydro Site C (construction plus likely operations estimate)

		—

		10.5 a

		BC Hydro Site C (likely operations estimate)

		2 – 146 (annual range)

		8.5 c

		NOTES: 

		a  Average emission intensity over 8 year construction and 100 year operating period.

		b  Figure 1 shows annual operating phase emissions would be highest at the outset and decline to low annual emission rate within 20 years

		c Average emission intensity over 100 year operating period.

		Intensities for Modern Coal, IGCC (coal), Diesel, NGCC (Natural Gas), Photovoltaic, and Wind Turbines include life cycle emissions. See IRN 2006. Intensities for Boreal and Tropical Hydroelectric facilities include only reservoir emissions.

		— not available, however operating year 1 – 100 would be as shown for operations estimates

		Source: IRN 2006

		Figure 1 Emissions Intensity, Conservative and Likely Model Scenarios with Sensitivity Analysis

		Significance of Project Emissions

		Overall, the Project will result in a net benefit from a GHG perspective, producing electricity with substantially lower GHG emissions compared to other forms of firm electricity generation, and by supporting the integration of other low emission, renewable intermittent resources into the BC Hydro system. GHG emissions from construction and operation of the Project would not be considered significant, as they would represent about 0.2% and 0.01% of provincial and national annual GHG emissions respectively. Furthermore, when compared to other electricity generation sources, Project emissions per unit of energy are as low as wind or solar electricity generation and are less than 2% of emissions from gas or diesel generation, and less than 1% of emissions from coal generation.

		While the construction and operation of the Site C reservoir and generating stations would result in a net increase in GHG emissions within the Project area itself, these would be considered “low” under the scoping considerations of the Canadian Environmental Assessment Agency Guidance. 

		Cumulative Significance of Project Emissions in the Context of Global Emissions

		Cumulative effects associated with releases of GHG emissons to the atmosphere are not limited to provincial or national borders, therefore it is appropriate to consider the Project emissions in combination with global emissions when assessing cumulative effects. 

		The Project’s net GHG emission would be a tiny fraction of global GHG emissions, however the scientific community considers the existing and expected future global GHG emissions associated with other activities to already be significant. Therefore the cumulative effects of GHG emissions, because of global emissions, are considered significant. This rating reflects the existing emission context, globally, even in the absence of the Project.
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Subject: Hydro-Electric Storage and Dispatchable Capacity 


Purpose 
The purpose of this Technical Memo is to summarize, for convenience, the information provided in the 
EIS on hydro-electric storage and dependable capacity.  


Hydroelectric Storage 
The water stored in BC Hydro’s major storage reservoirs – Williston reservoir and Kinbasket reservoir – 
enable BC Hydro to meet peak demand in the winter despite peak inflows occurring in the spring, by 
storing water in the spring and using it in the winter. The Project would add to the value of the water 
storage in Williston reservoir by enabling it to be used an additional time to generate electricity. As 
stated in Section 7.4.1 of the EIS: 


Electricity demand in British Columbia varies, with the highest seasonal demand in 
the winter, the highest weekly demand during the work week, and the highest daily 
demand during the daytime. As shown in Figure 7.3, water inflows to the BC Hydro 
reservoirs also vary, peaking in the spring with annual snowmelt and reaching a 
minimum in late winter. As part of normal operation of Williston Reservoir, water is 
stored during the high runoff and relatively low electricity price period from late 
April/May to early July, making water available to supplement the low runoff during 
the high demand and/or high price electricity period in summer and winter. 


BC Hydro System Load and Inflows1 
 
 
 
 
 
 
 


 


 
 


The Williston Reservoir can store three years of water inflow and enables BC Hydro to use water for 
generation when required for domestic demand. Flow from Williston Reservoir is regulated by the 
G.M. Shrum generating station. The regulated flow from G.M. Shrum and the natural flow enter Peace 
Canyon Dam’s Dinosaur Reservoir. Outflow from Peace Canyon Dam is regulated by the Peace 
Canyon generating station. The flow into the Project’s proposed reservoir would thus be regulated by 
the G.M. Shrum generating station and, to a lesser extent, the Peace Canyon generating station, to 
provide year-to-year shaping as well as seasonal and weekly shaping. In effect, this optimizes the value 


                                                 
1  Volume 1 Section 7 Project Benefits, Figure 7-3. 
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of the water stored behind W.A.C. Bennett Dam, as that water would be used for generation a third time 
after being run through turbines at the G.M. Shrum generating station and the Peace Canyon 
generating station. 


The Project reservoir, with a maximum normal operating range of 1.8m and an active storage volume of 
0.4% of the active storage volume of Williston Reservoir, does not have sufficient storage volumes to 
provide seasonal shaping of generation. However, the Project takes advantage of the storage in the 
Williston reservoir to allow for seasonal shaping of generation to match BC Hydro customer demand. 
As stated in Section 7.4.3 of the EIS: 


This upstream regulation allows the Project to generate electricity to match the timing 
of BC Hydro customer demand without the need to establish another large multi-year 
storage reservoir similar to Williston Reservoir. As a result, the Project is able to 
produce approximately 35% of the energy produced by the G.M. Shrum generating 
station with 5% of the reservoir area. 


Integration of Clean or Renewable Resources 
An additional benefit of hydro-electric storage is the ability to integrate energy projects with low 
dependable capacity such as wind and run-of-river hydro. As stated in Section 7.4.1 of the EIS: 


Many clean or renewable energy resources – such as wind or run-of-river hydro – are 
intermittent, as their generation varies with natural factors. In order to integrate these 
clean or renewable resources into the BC Hydro system and meet electricity demand, 
this variability must be backed up by dispatchable capacity. The Project provides 
additional clean and renewable dispatchable capacity to the BC Hydro system and 
increases the system’s capability to integrate renewable resources such as 
run-of-river hydro and wind. 


With respect to the variability of run-of-river hydroelectric projects, the EIS states: 


As described in Section Volume 1 Section 5.2, run-of-river hydroelectric projects do 
not have any material amounts of storage, meaning that their output varies with the 
natural flow in the river. Typically, run-of-river projects generate at full output during 
the spring and early summer when river flows are high as well as during periods of 
heavy rain. Generation drops during low flow periods. Refer to Figure 5.5 in Volume 1 
Section 5.5.2.1, which shows the annual power output of a typical run-of-river project 
in the coastal region of B.C. […] The output from run-of-river projects is less 
predictable outside of the spring freshet, which makes it difficult to operate to match 
demand. 
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Typical Annual Output from a Run-of-River IPP2  


 


The seasonal variability demonstrated in Figure 5.5 illustrates the potential benefits of hydro-electric 
storage in integration of run-of-river resources. Generation at run-of-river resources generally peaks in 
the spring and early summer when customer demand is lowest. Facilities, such as the Project which are 
downstream of large hydroelectric storage reservoirs, can be operated to have lower generation during 
the spring and early summer allowing the run-of-river generation to be used to serve load as much as 
possible and then have higher generation in the fall/winter when customer demand is highest (and run-
of-river generation is low). 


With respect to the variability of wind projects, the EIS states: 


As described in Volume 1 Section 5.2, due to natural variations in wind speed, wind 
power generation is highly variable in the short-term timescales of seconds to 
minutes, resulting in the need for additional highly responsive generation capacity 
reserves on the electric system to maintain system reliability and security. The natural 
variability in wind power generation also makes it difficult to forecast wind in the hour- 
to day-ahead time frame, resulting in the need to set aside system flexibility to 
address the potential for wind generation to either under- or over-generate in this time 
frame. Figures 5.6 and Figure 5.7 in Volume 1 Section 5 of this EIS show sample 
BC Hydro load and wind generation variability from a sample eight-day period in 
June 2011 and January 2012, respectively. 


                                                 
2  Volume 1 Section 5 Need for, Purpose of, and Alternatives to the Project, Figure 5-5. 
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Sample Wind Generation during Freshet Period (June 2011)3 


 
Sample Wind Generation during Wintertime (January 2012)4 


 


In order to evaluate the potential benefits of the storage provided by the Project to integrating 
intermittent resources, BC Hydro conducted analysis as described in Section 7.4.1: 


BC Hydro has reviewed many wind integration studies, utility practices, and 
regulatory agency proposals in the area of wind integration to inform the analysis of 
the effect of wind integration on the BC Hydro system. BC Hydro expects that the 
understanding of the issues surrounding the integration of wind resources will 
continue to evolve as BC Hydro gains more experience with the operation of wind 
resources in B.C. 


A preliminary analysis has been completed to determine the amount that the Project 
would increase the maximum amount of wind power that can be integrated into the 
BC Hydro system without affecting the reliability and security of the system. The 
results of the analysis show that the wind integration limit could increase by up to 
900 MW with the addition of the Project. 


                                                 
3  Volume 1 Section 5 Need for, Purpose of, and Alternatives to the Project, Figure 5-6. 
4  Volume 1 Section 5 Need for, Purpose of, and Alternatives to the Project, Figure 5-5. 
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Value of Economic Dispatch 
As discussed, generation from intermittent resources such as wind and run-of-river hydro is determined 
by environmental conditions such as river flows or wind speeds. As a result, intermittent resources 
cannot be economically dispatched in response to changes in market prices. 


In contrast, the EIS considers three sets of resources that are economically dispatchable – Pumped 
Storage, Natural Gas generation, and the Project. These projects can generate power when market 
pricing is high and stop generation when pricing is low, providing additional value to BC Hydro’s 
ratepayers. 


The difference in the capability of resources to dispatch based on market prices is largely captured in 
the portfolio analysis results shown in Table 5.41. However, the economic dispatch benefits are not 
addressed in the levelized unit energy cost and accompanying comparison shown in Table 5.42.  


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


pub_0191-001 pub_0525-001 pub_0591-001 pub_0604-001 pub_0605-013 
pub_0605-019 pub_0989-002 ab_0001-167   
 
 





		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Hydro-Electric Storage and Dispatchable Capacity

		MAY 8, 2013

		The purpose of this Technical Memo is to summarize, for convenience, the information provided in the EIS on hydro-electric storage and dependable capacity. 

		The water stored in BC Hydro’s major storage reservoirs – Williston reservoir and Kinbasket reservoir – enable BC Hydro to meet peak demand in the winter despite peak inflows occurring in the spring, by storing water in the spring and using it in the winter. The Project would add to the value of the water storage in Williston reservoir by enabling it to be used an additional time to generate electricity. As stated in Section 7.4.1 of the EIS:

		Electricity demand in British Columbia varies, with the highest seasonal demand in the winter, the highest weekly demand during the work week, and the highest daily demand during the daytime. As shown in Figure 7.3, water inflows to the BC Hydro reservoirs also vary, peaking in the spring with annual snowmelt and reaching a minimum in late winter. As part of normal operation of Williston Reservoir, water is stored during the high runoff and relatively low electricity price period from late April/May to early July, making water available to supplement the low runoff during the high demand and/or high price electricity period in summer and winter.

		BC Hydro System Load and Inflows

		The Williston Reservoir can store three years of water inflow and enables BC Hydro to use water for generation when required for domestic demand. Flow from Williston Reservoir is regulated by the G.M. Shrum generating station. The regulated flow from G.M. Shrum and the natural flow enter Peace Canyon Dam’s Dinosaur Reservoir. Outflow from Peace Canyon Dam is regulated by the Peace Canyon generating station. The flow into the Project’s proposed reservoir would thus be regulated by the G.M. Shrum generating station and, to a lesser extent, the Peace Canyon generating station, to provide yeartoyear shaping as well as seasonal and weekly shaping. In effect, this optimizes the value of the water stored behind W.A.C. Bennett Dam, as that water would be used for generation a third time after being run through turbines at the G.M. Shrum generating station and the Peace Canyon generating station.

		The Project reservoir, with a maximum normal operating range of 1.8m and an active storage volume of 0.4% of the active storage volume of Williston Reservoir, does not have sufficient storage volumes to provide seasonal shaping of generation. However, the Project takes advantage of the storage in the Williston reservoir to allow for seasonal shaping of generation to match BC Hydro customer demand. As stated in Section 7.4.3 of the EIS:

		This upstream regulation allows the Project to generate electricity to match the timing of BC Hydro customer demand without the need to establish another large multiyear storage reservoir similar to Williston Reservoir. As a result, the Project is able to produce approximately 35% of the energy produced by the G.M. Shrum generating station with 5% of the reservoir area.

		Integration of Clean or Renewable Resources

		An additional benefit of hydro-electric storage is the ability to integrate energy projects with low dependable capacity such as wind and run-of-river hydro. As stated in Section 7.4.1 of the EIS:

		Many clean or renewable energy resources – such as wind or runofriver hydro – are intermittent, as their generation varies with natural factors. In order to integrate these clean or renewable resources into the BC Hydro system and meet electricity demand, this variability must be backed up by dispatchable capacity. The Project provides additional clean and renewable dispatchable capacity to the BC Hydro system and increases the system’s capability to integrate renewable resources such as runofriver hydro and wind.

		With respect to the variability of run-of-river hydroelectric projects, the EIS states:

		As described in Section Volume 1 Section 5.2, runofriver hydroelectric projects do not have any material amounts of storage, meaning that their output varies with the natural flow in the river. Typically, runofriver projects generate at full output during the spring and early summer when river flows are high as well as during periods of heavy rain. Generation drops during low flow periods. Refer to Figure 5.5 in Volume 1 Section 5.5.2.1, which shows the annual power output of a typical runofriver project in the coastal region of B.C. […] The output from runofriver projects is less predictable outside of the spring freshet, which makes it difficult to operate to match demand.

		Typical Annual Output from a Run-of-River IPP 

		The seasonal variability demonstrated in Figure 5.5 illustrates the potential benefits of hydro-electric storage in integration of run-of-river resources. Generation at run-of-river resources generally peaks in the spring and early summer when customer demand is lowest. Facilities, such as the Project which are downstream of large hydroelectric storage reservoirs, can be operated to have lower generation during the spring and early summer allowing the run-of-river generation to be used to serve load as much as possible and then have higher generation in the fall/winter when customer demand is highest (and run-of-river generation is low).

		With respect to the variability of wind projects, the EIS states:

		As described in Volume 1 Section 5.2, due to natural variations in wind speed, wind power generation is highly variable in the shortterm timescales of seconds to minutes, resulting in the need for additional highly responsive generation capacity reserves on the electric system to maintain system reliability and security. The natural variability in wind power generation also makes it difficult to forecast wind in the hour to dayahead time frame, resulting in the need to set aside system flexibility to address the potential for wind generation to either under or overgenerate in this time frame. Figures 5.6 and Figure 5.7 in Volume 1 Section 5 of this EIS show sample BC Hydro load and wind generation variability from a sample eightday period in June 2011 and January 2012, respectively.

		Sample Wind Generation during Freshet Period (June 2011)

		Sample Wind Generation during Wintertime (January 2012)

		In order to evaluate the potential benefits of the storage provided by the Project to integrating intermittent resources, BC Hydro conducted analysis as described in Section 7.4.1:

		BC Hydro has reviewed many wind integration studies, utility practices, and regulatory agency proposals in the area of wind integration to inform the analysis of the effect of wind integration on the BC Hydro system. BC Hydro expects that the understanding of the issues surrounding the integration of wind resources will continue to evolve as BC Hydro gains more experience with the operation of wind resources in B.C.

		A preliminary analysis has been completed to determine the amount that the Project would increase the maximum amount of wind power that can be integrated into the BC Hydro system without affecting the reliability and security of the system. The results of the analysis show that the wind integration limit could increase by up to 900 MW with the addition of the Project.

		Value of Economic Dispatch

		As discussed, generation from intermittent resources such as wind and run-of-river hydro is determined by environmental conditions such as river flows or wind speeds. As a result, intermittent resources cannot be economically dispatched in response to changes in market prices.

		In contrast, the EIS considers three sets of resources that are economically dispatchable – Pumped Storage, Natural Gas generation, and the Project. These projects can generate power when market pricing is high and stop generation when pricing is low, providing additional value to BC Hydro’s ratepayers.

		The difference in the capability of resources to dispatch based on market prices is largely captured in the portfolio analysis results shown in Table 5.41. However, the economic dispatch benefits are not addressed in the levelized unit energy cost and accompanying comparison shown in Table 5.42. 
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Subject: Mercury  


Purpose 


A number of comments have been received during the Comment Period regarding the potential for the 
Project to change the bioaccumulation of methyl-mercury in environmental receptors, and to affect 
human health. The purpose of this technical memo is 1) to provide a summary of the relevant 
background technical information on mercury and reservoirs, including potential changes resulting from 
the creation of Site C reservoir, 2) to summarize conclusion of studies and human health risk analyses 
in support of the environmental assessment, 3) to introduce supplemental information, a wildlife risk 
assessment, that was requested by regulatory agencies because of concerns with potential wildlife and 
mercury interactions; and 4) supply additional information on mitigation details.  


The information discussed in this technical memo was derived from the following EIS sections and 
technical appendices:  


 EIS Section 11.9 Methylmercury 


 EIS Section 33 Human Health 


 Mercury Technical Synthesis Report (Part 1 of Volume 2 Appendix J, Mercury Technical Synthesis 
Report) 


 Human Health Risk Assessment of Methylmercury in Fish (Part 2 of Volume 2 Appendix J, Human 
Health Risk Assessment of Methylmercury in Fish) 


 Reservoir Modelling Report (Part 3 of Volume 2 Appendix J, Mercury Reservoir Modelling) 


Methylmercury Technical Synthesis 


This section on methylmercury briefly describes the 1) background information to understand mercury 
issues; 2) existing baseline levels of methylmercury in various environmental media in the technical 
study area; and 3) the approach and predictions of the changes in methylmercury levels for the 
environmental assessment.  


Methylmercury and Reservoir Creation  


Total mercury in the environment is the sum of all chemical forms of mercury including the inorganic or 
organic forms, primarily methylmercury. Both forms of mercury occur naturally in the environment, and 
their concentrations vary according to the media (e.g., water, sediment, aquatic insects, fish). 
Methyl-mercury is the chemical form of mercury that bioaccumulates in the food chain needs to be 
considered in reservoir creation. The typical percentage of methylmercury detected in total mercury in 
various environmental media is as follows:  


 In vegetation and soil, methylmercury makes up less than 2% of total mercury  


 In water, methylmercury usually comprises less than 5% of the total mercury  


 In vegetation and soil, methylmercury makes up less than 2% of the total Mercury measured  


 In benthic invertebrates, methylmercury comprises 30 – 50% of total mercury  
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 In fish, nearly all of the measured mercury is present as methylmercury1  


Under natural conditions, mercury is present in low concentrations in all environmental media including 
water, soil, sediment, and plants, and in all terrestrial and aquatic animals. As noted above, 
methylmercury occurs in far lower concentration than does inorganic mercury in all environmental 
media except fish. In soils, water, and sediment, inorganic mercury is the prevalent form and originates 
from atmospheric (natural or anthropogenic) and geologic sources. Over time, inorganic mercury 
captured from the atmosphere by vegetation and accumulates, being sequestered and concentrated 
into terrestrial soils. Under these conditions, the natural rate of mercury methylation is low. However, 
when soils are flooded, degradation of the organic material creates favourable and accelerated 
conditions for sulphate-reducing bacteria that transform or “methylate” some of the inorganic mercury 
into organic mercury, primarily methylmercury. The rate of bacterial activity and mercury methylation is 
governed by many chemical factors such as the amount and quality of organic carbon, pH, and 
sulphate, not necessarily the amount of inorganic Mercury available.  


Methylmercury is much more easily absorbed and accumulated by animals than inorganic mercury. 
Once methylmercury is incorporated by bacterial tissue, it becomes part of the food chain. 
Methylmercury accumulates at a greater rate than it degrades or is eliminated, accumulating over time 
within an organism (i.e., bioaccumulation), and becoming more concentrated through successive 
trophic levels (i.e., biomagnification). Thus, methylmercury concentrations are higher in large-bodied, 
longer-living animals, especially those at the top of the food chain such as predatory fish2. 


Flooding of terrestrial soil and vegetation to form new reservoirs creates conditions favourable for 
accelerating methylation rates. The degree to which this happens and how long these conditions persist 
varies among reservoirs. The rate and magnitude of methylmercury production is affected by many 
factors, and the response to inundation and reservoir creation differs among reservoirs. 
Reservoir-specific differences in these factors are responsible for the substantial variability in the 
number of years for fish to reach peak mercury concentrations, the magnitude of those peaks, and the 
return time to pre-flooding conditions that has been observed among reservoirs34. Data from Canadian 
reservoirs show general pattern of changes in fish mercury concentration over time. Mercury in adults 
of large, predatory species increases rapidly, with peak concentrations three to eight years after 
impoundment, after which levels decline to reach pre-impoundment (or baseline) concentrations within 
15 to 25 years5.  


Fish-eating species (e.g., lake trout, bull trout) have the highest peak mercury concentrations, take the 
longest to reach maximum levels, and take longer to return to a baseline level, although there is 
                                                 
1
  Bloom, N.S. 1992. On the chemical form of mercury in edible fish and marine invertebrate tissue. Canadian 


Journal of Fisheries and Aquatic Sciences. 49: 1010-1017. 
2  Bodaly, R.A, Hecky, R.E., and Fudge, R.J.P. 1984. Increases in fish mercury levels in lakes flooded by the 


Churchill River diversion, northern Manitoba. Canadian Journal of Fisheries and Aquatic Sciences 41: 
682-691. 


3  Bodaly, R. A., Jansen, W.A., Majewski, A.R., Fudge, R.J.P., Strange, N.E., Derksen, A.J., and D.J., and 
Green, A. 2007. Post-impoundment time course of increased mercury concentrations in fish in hydroelectric 
reservoirs of northern Manitoba, Canada. Arch. Environ. Contam. Toxicol. 53: 379-389. 


4  Schetagne, R., J. Therrien and R. Lalumiere. 2003. Environmental monitoring at the La Grande complex. 
Evolution of fish mercury levels. Summary report 1978-2000. Direction Barrages et Environnement, 
Hydro-Québec Production and Groupe conseil GENIVAR Inc., 185 pp. and Appendices. 


5  Munthe, J., Bodaly, R.A., Branfireun, B.A., Driscoll, C.T., Gilmour, C.C., Harris, R. Horvat, M., Lucotte, M., and 
Malm, O. 2007. Recovery of mercury-contaminated fisheries. Ambio 36: 33-44. 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO SITE C CLEAN ENERGY PROJECT


 


 
TECHNICAL MEMO – METHYLMERCURY


REVISION 1 – JULY 19, 2013
Page 4


 


variability in each of these endpoints6. These differences are related to many reservoir-specific 
conditions, especially water residence time, ratio of reservoir area to original wetted area, organic 
carbon in soils, water pH, amount of flooded wetland, and food web complexity. The physical, chemical, 
and ecological factors that contribute to this are explored in detail within the Canadian reservoirs 
comparison matrix of the Mercury Technical Synthesis Report in the EIS Volume 2 Appendix J Mercury 
Technical Reports, Part 1. 


Baseline Levels of Mercury in the Project Area  


Both terrestrial (soils and vegetation) and aquatic environments (water, sediment, invertebrates and 
fish) within the Peace River study area were sampled to provide a basis for determining how the Site C 
Project will alter methylmercury concentration. The focus of these technical studies was on fish as they 
are the top predators in aquatic food chains and they are the environmental media for which the 
potential for bioaccumulation is greatest. 


Mercury concentrations in terrestrial soils and vegetation, inventories or the mass of mercury and 
carbon in these environmental media are important drivers of mercury methylation. The most important 
component is the uppermost organic layer represented by the litter, fermentation, and humus horizons, 
within several centimetres (<5 cm) of the surface. Total mercury concentration in all plant tissues in the 
study area was low, in most cases just above the laboratory detection limit. Methylmercury was not 
measured, as methylmercury comprises a very low proportion (<2%) of total mercury concentration in 
plants. The average total mercury concentration of all organic soils within the upper 5 cm within the 
area forecast to be inundated by the Site C reservoir was found to be low. 


Key parameters in the aquatic environment that influence generation and bioaccumulation of 
methylmercury are hydrology, limnology, and specific water and sediment chemistry parameters. In the 
Peace River technical study area, exclusive of high TSS events during freshet, total mercury 
concentration seldom exceeded 1 parts per trillion. The low total mercury concentration is a reflection of 
low levels of mercury found in water discharged from Williston Reservoir. Similarly low concentrations 
were measured from Williston Reservoir in the early 2000s7 and these data suggest that conditions 
have not changed over the last nearly 15 years. 


Methylmercury concentration in Peace River and tributary stream water was consistently below the 
laboratory detection limit in nearly all samples. The only exceptions occurred during in samples from 
the Moberly River and Halfway River during a high flow and high sediment load event. Total mercury 
concentration in sediment along the Peace River was either below the laboratory detection limits or in 
low concentrations when detectable.  


The zooplankton total mercury concentrations are within the low range for plankton from remote lakes 
unaffected by anthropogenic or natural sources of mercury. These concentrations are comparable to or 
slightly lower than concentrations observed in reservoirs studies elsewhere in Canada, including La 


                                                 
6  Footnote 3 and 4. 
7  Baker, R.F., R.R. Turner and D. Gass. 2002. Mercury in environmental media of Finlay Reach, Williston 


Reservoir, 2000 – 2001 data summary. A report prepared by EVS Environment Consultants, North Vancouver 
for BC Hydro Burnaby BC. March 2002. 
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Grande, Quebec8 , Manitoba9 and Finland10. Methylmercury form various taxonomic groups of benthos 
was low with methylmercury concentrations ranging from 20 – 37% of the total mercury.These 
concentrations are similar or lower than studies elsewhere in Canadian rivers and lower than other 
reservoirs. 


Fish tissue mercury analysis has mainly focused on the dominant food web species observed in 
Dinosaur Reservoir, and downstream to the Site C dam site including bull trout, lake trout, Arctic 
grayling, burbot, lake whitefish, mountain whitefish, rainbow trout, longnose sucker, and redside shiner. 
Mercury concentration data have also been collected from fish species found downstream of Site C, as 
far downstream as Many Islands (northern pike, walleye, goldeye, burbot) and those whose habitat 
extends into Alberta. Mean mercury concentrations of all fish species in the Peace River between the 
Peace Canyon Dam and the Site C dam were less than 0.10 part per million, with concentrations in 
nearly all fish less than 0.20 parts per million. These are low concentrations, especially for the large 
piscivorous species like bull trout and lake trout. These concentrations are lower than for the same 
species of a similar size in all other B.C. lakes and reservoirs for which there are mercury data11 and 
among the lowest in Canada12.  


Predictions of Future Methylmercury Levels  


Several methods or lines of evidence were used to determine the most likely magnitude of change in 
methylmercury concentrations in environmental media resulting from the creation of the Site C 
reservoir. The three predictive tools were integrated together to derive a single, most likely estimate of 
change. The three tools employed and results include: 


 Harris-Hutchinson regression model – This is a linear regression model that uses simple input 
parameters including original and flooded area (ha) and hydraulic residence time (or flow) to predict 
the relative degree to which fish mercury concentrations will increase and peak, relative to baseline 
values. Fish mercury concentrations in the Site C reservoir were predicted to increase by 2.3 time 
above baseline at peak levels. The model does not provide information regarding the timing of the 
peak concentration, nor the duration of elevated fish mercury concentrations.  


 RESMERC – is a complex, quantitative, mechanistic model that includes the latest understanding 
from scientific studies on methylmercury dynamics in aquatic systems. RESMERC mimics the 
production, destruction, and bioaccumulation of MeHg in various environmental media in reservoirs 


                                                 
8  Tremblay, A., M. Lucotte and R. Schetagne. 1998. Total mercury and methylmercury accumulation in 


zooplankton of hydroelectric reservoirs in northern Québec (Canada). The Science of the Total Environment 
213 307-315. 


9  Jackson, T. A. 1988b. Accumulation of mercury by plankton and benthic invertebrates in riverine lakes of 
northern Manitoba (Canada): importance of regionally and seasonally varying environmental factors. Canadian 
Journal of Fisheries and Aquatic Sciences 45: 1744-1757. 


10  Sarkka, J. 1979. Mercury and chlorinated hydrocarbons in zooplankton of Lake Paijanne, Finland. Archives of 
Environmental Contamination and Toxicology 8:161–173. 


11  Rieberger, K. 1992. Metal concentrations in fish tissue from uncontaminated B.C. lakes. B.C. Water 
Management Division, Water Quality Branch Ministry of Environment Lands and Parks, B.C. August 1992. 


12  Depew, D., N.M. Burgess, M.R. Anderson, R.F. Baker, P.B. Satyendra, R.A. Bodaly, C.S. Eckley, M.S. Evans, 
N. Gantner, J.A. Graydon, K. Jacobs, J.E. LeBlanc, V.L. St. Louis and L.M. Campbell. 2012. An overview of 
mercury (Hg) concentrations in freshwater fish species: A national Hg fish data set for Canada. Canadian 
Journal of Fisheries and Aquatic Sciences. Accepted. 
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using mass balance calculations over time. The key outputs of this model are predictions of Hg and 
MeHg concentrations in water and biota (e.g., invertebrates, insects, fish) at any point in time, in 
this case, within the Site C reservoir. Fish mercury concentrations are predicted to increase by up to 
4 to 6 times above baseline at peak levels, depending on the species, five to eight years after 
impoundment. Following the peak, fish mercury concentrations are expected to decline to baseline 
levels over a 15 to >20-year period. The magnitude and duration of elevated mercury 
concentrations depends on fish species and fish size. Larger, older fish will achieve higher 
concentrations.  


 Canadian Reservoirs Comparison Matrix – a comprehensive review of many key physical, 
chemical, and ecological factors that are associated with creating conditions that enhance mercury 
methylation in reservoirs. Fifteen large reservoirs from Manitoba, Quebec, B.C. and Labrador were 
evaluated. Baseline and predicted values for these parameters from the Site C technical study area 
were contrasted against what has been observed elsewhere in Canada, to put the Project in 
perspective with other large Canadian hydroelectric projects, with a focus on changes in fish Hg 
concentrations over time. Fish mercury concentrations are predicted to increase by less than three 
times baseline concentrations, based on a large suite of physical, chemical, and ecological features 
assessed from 15 Canadian reservoirs. 


 
A wildlife risk assessment was undertaken to assess the implications to wildlife of incrementally higher 
exposure to dietary methylmercury as a result of the proposed Site C reservoir. The wildlife risk assessment 
was conducted in accordance to provincial and federal guidance on ecological risk assessment. 


Baseline methylmercury concentrations for all environmental media (water, sediment, invertebrates, fish) in It 
was conservatively assumed that the general fish population downstream of the Site C reservoir would 
double in concentration for key species (presented in the EIS Section 11.9 Table 11.9.4), this would 
result in mean mercury concentration for local populations of less than 0.10 part per million. The only 
exception is bull trout, with a mean of 0.16 parts per million. Despite this increase, these are very low 
concentrations relative to other fish populations in B.C13 and elsewhere in Canada14. 


The timing of a return of reservoir fish mercury concentrations to baseline can also be inferred from the 
Canadian reservoirs comparison matrix as well as from RESMERC. Given the above two estimates, a 
return to baseline is likely closer to 20 years after impoundment than >25, because of the weight of 
evidence presented by the Canadian reservoirs comparison matrix and the presence of a large, 
oligotrophic, low-mercury Williston reservoir upstream that will continue to dominate water chemistry in 
a post-Project environment. 


With respect to downstream fish, the return to baseline is much shorter. For example, lake whitefish in 
the Caniapisco River in northern Quebec returned to background levels within two to four years, while 
concentrations in lake trout remained high for four to eight years15. Downstream of the Smallwood 
Reservoir in Labrador, fish mercury concentrations had returned to baseline within seven to eight years 
after impoundment. Based on the weight of evidence from other Canadian reservoirs and the presence 
of a large, oligotrophic upstream reservoir, the return to baseline mercury concentrations in the 


                                                 
13  Footnote 7.  
14  Footnote 12. 
15  Schetagne, R. and R. Verdon. 1999b. Post-impoundment evolution of fish mercury levels at the La Grande 


Complex, Quebec, Canada (from 1978 to 1996). In M. Lucotte, R. Schetagne, N. Thérien, C. Langlois, and A. 
Tremblay (eds.). Mercury in the Biogeochemical Cycle. Springer-Verlag, Berlin. 235–258. 
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downstream area is predicted to be, approximately four to six years after impoundment of the Site C 
dam. 


Human Health Risk Assessment 


A human health risk assessment was conducted for the Project to assess the changes in 
methylmercury levels in fish and potential effects to fish consumers. The human health risk assessment 
focuses on fish consumption by receptor type and activity (for recreation, subsistence and traditional 
use purposes) from water bodies where changes in methylmercury in fish could potentially occur as a 
result of the Project. This section summarizes the findings of the human health risk assessment.  


All Canadians are exposed to methylmercury in their environment and the greatest source of exposure 
to methylmercury comes from eating fish. To protect consumers from an excess of dietary 
methylmercury, Health Canada has defined a ‘provisional tolerable daily intake’ or pTDI for 
methylmercury. The pTDI is the amount of methylmercury that a person can ingest without risk of 
adverse health effects. All fish contain methylmercury, with higher concentrations found in large, 
longer-lived predatory species such as bull trout and lake trout. Methylmercury exposure depends on 
how frequently fish are consumed, the serving size, species, age and size of fish consumed. Risk is 
also relative to the age and gender of the consumer because the developing nervous system of a child 
is more susceptible to the effects of methylmercury than that of an adult.  


While methylmercury concentrations in fish would temporarily increase within the proposed Site C 
reservoir, the potential health risks associated with Methylmercury exposure from fish consumption 
needs to be carefully weighed against the health benefits of fish consumption. Baseline fish 
methylmercury concentrations in the technical study area are sufficiently low that, even during the 
period of peak post-inundation mercury levels, the fish consumption rate recommended by Health 
Canada’s Food Guide for Healthy Eating of two servings of fish a week could be met by consuming 
popular species of fish, such as rainbow trout, from the Site C reservoir without exceeding Health 
Canada’s pTDI for methylmercury. 


The most commonly consumed type of freshwater fish reported by participants in the BC First Nations 
Food, Nutrition, and Environment Study and First Nations communities in closest proximity to the 
Project, and participants in the Duncan and Horse Lake First Nation’s Country Food Harvest 
Consumption Survey, was ‘trout’. Although not specifically broken down, the most commonly consumed 
species of trout are rainbow trout, bull trout and lake trout. Bull trout are emphasized in the HHRA 
because, of all trout species in the technical project area, bull trout have the highest current baseline 
mercury concentration.  


As discussed below, follow-up monitoring of methylmercury will be conducted to verify model 
predictions for the environmental media (e.g. water, invertebrates, fish) into Alberta and confirm levels 
of methylmercury in fish consumed by recreation, subsistence and traditional purposes users.  


Wildlife Risk Assessment 


A Wildlife Risk Assessment was undertaken to assess the implications to wildlife of changes in exposure to 
dietary methylmercury as a result of the proposed Site C reservoir.   The wildlife risk assessment was 
conducted in accordance with provincialand federal guidance on ecological risk assessment. 
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Baseline methylmercury concentrations for all environmental media (water, sediment,invertebrates, fish) in 
the  Peace River are amongst the lowest in Canada. It is well known that inundation of organic soils to create 
new reservoirs favors conditions that exacerbate the natural conversion of inorganic mercury into 
methylmercury. Methylmercury is easily absorbed by all aquatic organisms and concentrations at 
progressively higher concentrations in the aquatic food web, with highest concentrations in predatory fish. 
While the magnitude methylmercury concentrations associated with Project are expected to be much lower 
than what has been seen in eastern Canadian reservoirs, the general pattern of fish tissues peaking between 
five and 10 years before declining to near-baseline concentrations after 20 to 25 years, is expected to be 
similar. 


This wildlife risk assessment targeted six mammal, seven bird and one amphibian species (collectively called 
receptors of concern). The species chosen are representative of those receptors of concern that are most 
likely to be exposed to methylmercury and include top predatory species such as northern river otter, 
American mink, bald eagle, and belted kingfisher. It also included one species at risk listed species, the 
western toad. The selection of the WRA receptor of concern was based on the following criteria: 


 Presence of the species in the area and suitable habitat based on predictions regarding post-flooding 
habitat suitability made by project wildlife experts 


 Reliance on the future reservoir for feeding (e.g., aquatic or emergent insects, or fish) or drinking 


 Representation of the various feeding guilds likely present (e.g., herbivore, piscivore, omnivore) 


 Social, economic, or cultural importance (e.g., species of importance to First Nations, species of 
commercial or recreational importance, listed species under provincial or federal legislation, etc.) 


 
Toxicological literature was used to establish the relationship between dietary methylmercury exposure and 
adverse effects (e.g., to survival, growth and reproduction) for each receptors of concern group. 


A food chain model was constructed and used to estimate the dose of methylmercury to each receptors of 
concern for each of four scenarios: 


 Baseline (current conditions) 


 Site C – Peak (highest one-year average fish methylmercury) 


 Site C – Peak Average (highest 8-year average fish methylmercury) 


 Site C – Long Term (future conditions after reservoir has stabilized) 


 


These scenarios provide information to assess potential changes in key endpoints for each receptors of 
concern associated with the Project relative to current conditions. A key element was the use of RESMERC, 
a sophisticated mechanistic model that has the ability to predict methylmercury concentrations in a wide 
range of environmental media at any point in time following reservoir creation.  


Predicted doses were then compared to the dose-response information to estimate potential effects of 
methylmercury exposure for the receptors of concern for each of the three Site C scenarios, relative to the 
baseline scenario. Key results were as follows: 
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 Amphibians – Predicted changes to effects endpoints for the western toad were negligible16 for all Site C 
scenarios 


 Birds – Predicted changes to effects endpoints for avian receptors of concern were negligible to low for 
all Site C scenarios. Among the seven species considered, belted kingfisher had the highest estimated 
exposure to methylmercury. Predicted doses for beleted kingfisher under the Site C – while Peak and 
Peak Average scenarios were sufficient to potentially reduce offspring production (by approximately 10 to 
20%). Based on the life-history characteristics of the belted kingfisher, the predicted changes to offspring 
production were considered unlikely to result in changes at the population level. This is corroborated by 
comparisons of predicted fish tissue methylmercury concentrations to recently published tissue-based 
benchmarks for the protection of loons, a known sensitive species. Predicted changes for the other bird 
species considered in the assessment were negligible for the Site C – Peak and Peak Average 
scenarios. Long term changes for all receptors of concern were predicted to be negligible relative to 
baseline conditions. 


 Mammals – Predicted changes to effects endpoints for all mammal receptors of concern were negligible 
for all Site C scenarios 


In summary, notwithstanding exposure by receptors of concern to higher methylmercury doses compared to 
baseline conditions, predicted peak fish mercury concentrations in a post-Project environment are 
comparable to those seen in many remote and uncontaminated lakes in BC and are lower than most other 
Canadian lakes. 


Details of the wildlife risk assessment can be seen in the attached document – Effects of 
Methylmercury on Wildlife. 


Mitigation  


As a key dimension of mitigation, a monitoring program will be implemented to monitor mercury levels 
in commonly consumed fish species to identify any changes in mercury concentrations. Below is a 
summary description of the proposed methyl-mercury monitoring framework including: 1) parameters; 
2) locations; 3) time period; and 4) results and public communication. 


Monitoring Parameters 


Total and dissolved total mercury and total methylmercury from the surface water column within the 
lower reach of the proposed Site C reservoir will be monitored. Sampling will be stratified between the 
epilimnion and hypolimnion during mid to late summer, when the reservoir is predicted to be vertically 
thermally stratified. The frequency of water sampling will be monthly during the open water season as 
ice conditions permit safe access for sampling during winter. 


Sport fish species as well as key food chain species will be targeted for monitoring both within the 
proposed reservoir and downstream. The species mix targeted from both areas may be different 
because of the transition from a lotic to a lentic environment within the proposed Site C reservoir. This 
lotic environment may support different fish species than in the downstream riverine environment. Key 
species targeted within the proposed reservoir are the sport species bull trout and rainbow trout and the 
food web species longnose sucker and redside shiner. These species are predicted to be the most 
                                                 
16  Within a risk assessment context, magnitude of predicted response (i.e., ‘change’) is often characterized as 


‘negligible’ when the response is <10% and ‘low’ when 11 – 20%. 
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successful in the new reservoir during intermediate term (the first 10 to 15 years of reservoir operation) 
while the phenomenon of elevated mercury in environmental media is predicted to persist (Volume 2 
Appendix J Mercury Technical Data Reports Part 1 Mercury Technical Synthesis Report). 


Downstream of the proposed Site C dam site, the same species as above will be targeted as well as 
walleye and goldeye. These two species are more common downstream of the proposed dam site 
location and have been documented to move upstream from Alberta to the vicinity of Moberly River.  


In addition to fish, in order to fully understand the movement and accumulation of methylmercury 
through the aquatic food web, methylmercury concentrations in lower trophic level biota both within the 
reservoir and the Peace River downstream will be monitored. A subsample of benthic invertebrates 
from the above monitoring locations collected as part of the ecosystem change monitoring program will 
be submitted for chemical analysis. 


The key parameters to be monitored in all fish tissue samples are total mercury and stable carbon and 
nitrogen isotopes. The majority of mercury in fish tissue is in the form of methylmercury. Benthic 
invertebrate tissue samples will be measured for both inorganic and methylmercury as well as stable 
carbon and nitrogen isotopes. Stable isotopes are measured to determine the food web structure and 
dietary changes of fish that may occur after reservoir creation and will assist with interpreting possible 
changes in mercury concentrations in fish.  


Monitoring Locations 


Key monitoring locations will be identified within the proposed Site C reservoir, upstream within 
Dinosaur Reservoir and at strategic locations downstream of the proposed Site C dam site. The spatial 
extent of monitoring will extend as far downstream as the Smoky River in Alberta (the furthest 
downstream location that the most important sports species, bull trout, rainbow trout and possibly 
walleye may move from to access fish entrained or passed out of the Site C reservoir).  


The following five sampling locations are proposed: 


 Dinosaur Reservoir upstream of Peace Canyon dam 


 Middle reach of Site C reservoir downstream of Halfway River 


 Lower reach of Site C reservoir upstream of dam site 


 Peace River below Taylor Bridge, upstream of Kiskatinaw River  


 Peace River upstream of Smoky River, Alberta 


Monitoring Time Period  


Following inundation of soils to form the reservoir it may take one to two years before increased 
bacterial methylmercury production in newly flooded sediment may be accumulated and magnified 
through the aquatic food web and manifest within the tissue of predatory fish. Surveys for fish tissue 
mercury concentrations have typically been undertaken every three to five years in routine monitoring 
programs in new and existing reservoirs. This is due to a time lag between bacterial production and 
accumulation by fish and because the precision of surveys to detect significant changes over brief 
periods of time is relatively low. There is no precedent or prescribed timetable for monitoring of fish 
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mercury concentrations in key species in new reservoirs and every situation may be different. In the 
specific case of the Site C, because baseline fish mercury concentrations are low (e.g., approximately 
0.10 mg/kg), an increase of 20% would be difficult to distinguish from natural variability.  


The RESMERC model provides a modeled response to predicted changes in fish mercury 
concentrations over time within the proposed Site C reservoir. The proposed monitoring program is 
based on this predicted temporal response with the proposed monitoring conducted during the following 
time periods or years based on construction (i.e., during diversion of the Peace River and partial 
inundation) and operations (i.e., immediately following complete inundation and full reservoir level): 


Construction phase 


 the first year following diversion and partial  flooding 


 two years later, just prior to full inundation 


Operations phase 


 the first full operating year following inundation 


 three years following inundation 


 six years following inundation – this also corresponds to the predicted maximum fish mercury 
concentration in predatory fish 


 ten years following inundation  


 every five years thereafter until such time as fish mercury concentrations have stabilized at a 
new ‘baseline’ concentration. This is predicted to be approximately 25 years after full inundation.  


In addition to monitoring of fish mercury concentrations, a seasonal water quality monitoring program 
for mercury and methylmercury from multiple locations within the Site C reservoir, Dinosaur Reservoir 
upstream and downstream of Site C is proposed. Seasonal water quality data related to mercury will 
assist in tracking change in mercury in environmental media over time as the Site C reservoir evolves. 


The timing of monitoring is related to the timing of Project related activities, including the ‘construction’ 
phase when the Peace River is constricted, directed through a diversion tunnel and there is some 
inundation of terrestrial soils upstream. Several years may be required for fish tissue mercury 
concentrations to change as they transition from baseline to peak before slowly returning to baseline. 
Following are timelines for collection of mercury and methylmercury in environmental media (water, 
invertebrates, fish): 


 Construction year 0, immediately after closure of the Peace River to document construction-related 
changes in mercury in environmental media 


 Construction year 2 (1 to 2 years before the Peace River is constricted) 


 Operation year 3, to determine the magnitude of change in mercury in environmental media during 
the early operation period 
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 Operations year 6 near what is expected to be peak mercury concentrations in fish 


 Operations year 10 and every five years thereafter (i.e., operations year 15, Operations year 20, 
etc.) 


This monitoring schedule will document temporal trends in changes to mercury and methylmercury 
concentrations in environmental media within the Site C reservoir and the Peace River downstream. 
This information will be used to confirm predictions made by the mercury modeling reports (Volume 2 
Appendix J Part 3 Mercury Reservoir Modeling) and Section 11.9 Methylmercury.  


Monitoring Results and Public Communication 


If changes in mercury concentrations are higher than predicted, a human health risk analysis may be 
required (depending on actual mercury concentrations) to determine if changed mercury concentrations 
were to the level that would necessitate a fish consumption advisory to avoid exceedance of pTDI of 
mercury. If monitoring and risk analysis results indicate a potential health risk related consumption of 
fish obtained from the LAA, information will be provided to responsible regulatory authorities for 
supporting fish consumption advisories. This information will therefore assist in communications to the 
public and First Nations of the potential risk of methylmercury exposure at certain consumption levels of 
certain fish species for certain population groups. The advisories will also include information on the 
nutritional benefits of fish consumption, and types of fish that should be avoided or suggested. Any 
consumption advisories will be designed and implemented in accordance with federal and provincial 
procedures for issuing fish consumption advisories (Environment Canada, B.C. Ministry of Lands 
Natural Resource Operations, B.C. Ministry of Health) and in accordance with good practice, including: 


 Communications that are culturally appropriate to Aboriginal groups (including translation into local 
Aboriginal languages where required) 


 Supporting a collaborative methylmercury monitoring process with Aboriginal and other 
communities (e.g. communities providing tissue samples; participation in data collection and 
analysis) 


 Mechanisms to solicit and respond to comments and questions from local communities on fish 
consumption advisory information 


Conclusions 


1. Baseline levels of methyl-mercury in environmental media in the Project area are generally low. 
Concentrations in water are consistently below detection limits in water. Concentrations in 
zooplankton are in the low category for remote lakes unaffected by anthropogenic influence and 
comparable or lower than concentrations in zooplankton in other reservoirs observed in studies 
across Canada. Concentrations in fish are lower than the same or comparable spepcies in all other 
lakes and reservoirs in BC and amongst the lowest observed in Canada. 


2. Estimates of the increase in methyl mercury in the general community of fish associated with the 
creation of the Site C reservoir suggest that peak concentrations would increase by a factor of 3-4 
times baseline levels, and return to baseline levels after approximately 20 years. Downstream fish 
community concentrations are predicted to increase by a factor of 2 time baselines levels, and 
return to baseline in four to six years. 
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3. The magnitude of predicted changes in methyl-mercury in environmental media that would result 
from the creation of the Site C reservoir are sufficiently low that, even during the period of peak 
post-inundation mercury levels will not create risks to fish, wildlife or human health. 


4. As a result of the technical uncertainty associated with the prediction of changes in methyl-mercury, 
a follow up program is proposed to verify assessment of changes, and to assist in communicating 
results to the public and Aboriginal groups. 
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Related Comments / Information Requests: 


This technical memo provides information related to the following Information Requests: 


gov_0004-036 gov_0006-001 gov_0006-008 gov_0006-026 gov_0006-030 


gov_0006-033 gov_0006-046 gov_0010-875 gov_0012-012 gov_0016_009 


gov_0017-005 gov_0018_001 pub_0223-007 pub_0223-011 pub_0241-006 


pub_0244-001 pub_0252-001 pub_0376-001 pub_0380-002 pub_0476-002 


pub_0498-001 pub_0701-001 pub_0861-001 ab_0001-193 ab_0001-406 


ab_0001-410 ab_0001-669 ab_0001-713 ab_0003-022 ab_0003-254 


ab_0008-003 ab_0009-002 ab_0010-015 ab_0010-024 ab_0010-025 


ab_0010-131 ab_0010-132 ab_0010-160 ab_0001-533 ab_0001-535 
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EXECUTIVE SUMMARY 


This Wildlife Risk Assessment (WRA) was undertaken to assess the implications to wildlife of 


incrementally higher exposure to dietary methylmercury as a result of construction and 


operation of the proposed Site C Clean Energy Project. This WRA conforms to provincial and 


federal guidance on ecological risk assessment.  


Baseline methylmercury concentrations for key environmental media (e.g., water, sediment, 


invertebrates and fish) in the Peace River are amongst the lowest in Canada. It is well known 


that inundation of organic soils to create new reservoirs favors conditions that exacerbate the 


natural conversion of inorganic mercury into methylmercury. Methylmercury is easily absorbed 


by aquatic organisms and occurs at progressively higher concentrations up the aquatic food 


chain, with highest concentrations in predatory fish. While the magnitude of methylmercury 


concentrations associated with Site C are expected to be much lower than what has been seen 


in eastern Canadian reservoirs, the general pattern (i.e., methylmercury concentrations in fish 


tissues peaking between 5 and 10 years before declining to near-baseline concentrations after 


20 to 25 years) is expected to be similar. 


This WRA targeted six mammal, seven bird and one amphibian species (collectively called 


receptors of concern [ROCs]). The species chosen are representative of those ROCs that are 


most likely to be exposed to methylmercury and include top predatory species (e.g., northern 


river otter, American mink, bald eagle, and belted kingfisher). They also included one species at 


risk, the western toad.  


Toxicological literature was used to establish the relationship between dietary methylmercury 


exposure and adverse effects (e.g., to survival, growth and reproduction) for each ROC group. 


A food chain model was constructed and used to estimate the dose of methylmercury to each 


ROC for each of four scenarios: 1) baseline (current conditions); 2) Site C – Peak (highest one-


year average fish methylmercury); 3) Site C – Peak Average (highest 8-year average fish 


methylmercury); and 4) Site C – Long Term (future conditions after reservoir has stabilized). 


These scenarios provide information to assess potential changes in key endpoints for each 


ROC associated with Site C relative to current conditions. A key element was the use of 


RESMERC, a sophisticated mechanistic model that has the ability to predict methylmercury 
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concentrations in a wide range of environmental media at any point in time following reservoir 


creation.  


Predicted doses of methylmercury (mg/kg body weight/d) were then compared to the dose-


response information to estimate potential effects1 of methylmercury exposure for the ROCs for 


each of the three Site C scenarios, relative to the baseline scenario2. Key results were as 


follows: 


 Amphibians – Predicted changes to effects endpoints for the western toad were 


negligible for all Site C scenarios. 


 Birds – Predicted changes to effects endpoints for avian ROCs were negligible to low for 


all Site C scenarios. Among the seven species considered, belted kingfisher had the 


highest estimated exposure to methylmercury and predicted doses for the Site C – Peak 


and Peak Average scenarios were sufficient to potentially reduce offspring production 


(by approximately 10 to 20%); based on the life-history characteristics of the belted 


kingfisher, the predicted changes to offspring production were considered unlikely to 


result in changes at the population level. This is corroborated by comparisons of 


predicted fish tissue methylmercury concentrations to recently published tissue-based 


benchmarks for the protection of loons, a known sensitive species. Predicted changes 


for the other ROCs were generally negligible for the Site C – Peak and Peak Average 


scenarios. Long term changes for all ROCs were predicted to be negligible relative to 


baseline conditions. 


 Mammals – Predicted changes to effects endpoints for all mammal ROCs were 


negligible for all Site C scenarios. 


With respect to risk to wildlife feeding downstream of the Site C dam, Section 11.9 


Methylmercury of the EIS predicts that the net increase in mercury in downstream fish is no 


more than half of what may be observed within Site C reservoir and will persist for a shorter time 
                                                      


1  The percent reductions in effects endpoints reported herein should be considered a guide only; they represent our 
best guess based on the underlying dose-response data, but have moderate to high uncertainty. 


2  Within a risk assessment context, magnitude of predicted response (i.e., ‘change’) is often characterized as 
‘negligible’ when the response is <10% and ‘low’ when 11 – 20%. 
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period. Consequently, risks to wildlife feeding on fish or biota entrained out of the reservoir are 


expected to be lower than risks to wildlife feeding within reservoir, as described above. 


In summary, notwithstanding exposure by ROCs to higher methylmercury doses compared to 


baseline conditions, predicted peak fish mercury concentrations in a post-Site C environment 


are comparable to those seen in many remote and uncontaminated lakes in BC and are lower 


than most other Canadian lakes. 
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1.0 INTRODUCTION 


This report presents a Wildlife Risk Assessment (WRA) to assess potential ecological risks 


associated with increased exposure to methylmercury by key wildlife species following 


construction of the Site C Clean Energy Project. Creation of a new reservoir will change 


methylmercury concentrations in environmental media and result in increased exposure of 


terrestrial animals to methylmercury. Similar to the human health risk assessment carried out for 


Site C (Volume 2, Appendix J, Part 2), this WRA addresses the potential incremental risk of 


exposure of methylmercury to insectivorous birds and fish-eating birds and mammals. 


The approach used for this WRA was carried out in accordance with provincial and federal 


guidance on ecological risk assessment, as laid out by the BC Science Advisory Board (2008) 


and the Federal Contaminated Sites Action Plan (FCSAP 2012). This WRA was not undertaken 


as part of an environmental assessment of effects as part of the Environmental Impact 


Statement (EIS) for the Site C project.  


1.1 BACKGROUND 


This document has been prepared to support Site C Project environmental assessment. The 


Site C Project description can be found in the Site C EIS (CEAA website). Extensive baseline 


information and modelling future conditions has been conducted for the Site C Project. Detailed 


information on the dynamics of methylmercury in the environment and the influence of 


inundation of organic soils following reservoir creation can be found in: 


 Mercury Technical Reports, Volume 2 Appendix J, Part 1, Mercury Technical  Synthesis 


Report) 


 Mercury Technical Reports, Volume 2 Appendix J, Part 2, Mercury Human Health Risk 


Assessment of Methylmercury in Fish) 


 Mercury Technical Reports, Volume 2 Appendix J, Part 3, Mercury Reservoir Modeling 


(RESMERC) 


 Section 11.9 Methylmercury of the Site C Clean Energy Project EIS 


Other applicable documentation includes: 
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 EIS Section 12 Fish and Fish Habitat 


 Appendix E Water Quality Baseline Conditions in the Peace River 


 Appendix H  Reservoir Water Temperature and Ice Regime Report 


 Appendix P Aquatic Productivity Reports 


1.2 OBJECTIVES AND APPROACH 


The objectives of this WRA were to characterize potential risks of elevated methylmercury 


exposure associated with the proposed Site C Project to local wildlife species.  


The approach used for this WRA was in accordance with provincial and federal guidance on 


ecological risk assessment (Science Advisory Board 2008; FCSAP 2012) and followed a two-


step process: 


 Section 2 Problem Formulation – this section describes how reservoir creation will affect 


methylmercury concentrations in the aquatic environment, both within and downstream 


of the Site C reservoir, the selection of receptors of concern (ROCs) and key exposure 


pathways. Details are provided regarding the focus of the risk assessment and how its 


results will be interpreted. 


 Section 3 Risk Assessment – this section describes the methods (and results) for 


estimating methylmercury exposure for each ROC and for compiling toxicological data 


from literature sources to derive dose-response data sets for each ROC group (e.g., 


birds, mammals and amphibians). It also presents the integration of the exposure and 


effects assessments to estimate potential changes related to increased methylmercury 


exposure associated with Site C and discusses key uncertainties and their influence on 


the risk predictions.  
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Given the dynamic nature of expected changes in methylmercury concentrations associated 


with reservoir creation, four exposure scenarios were developed to provide a broad range of 


temporal context. The WRA relied on food chain modeling to quantify dietary methylmercury 


exposure for each ROC from water, sediment and food items. A key element of the exposure 


assessment was the use of RESMERC, a sophisticated mechanistic model, to predict 


methylmercury concentrations in water, sediment, lower trophic level biota and fish (output 


customized for the WRA) at any point in time during the evolution of changes to methylmercury 


concentrations in within the Site C reservoir (details provided in EIS Volume 2, Appendix J, Part 


3, Mercury Reservoir Modeling). Risks were characterized by comparing predicted exposure to 


a compilation of toxicological data compiled from the literature. 
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2.0 PROBLEM FORMULATION 


The elements of problem formulation included in this section are listed below: 


 Site characterization and scenario identification 


 Discussion of the environmental dynamics of mercury as they relate to hydroelectric 


reservoirs 


 Identification of the receptors of concern relevant to the site, including any provincially 


and federally listed species (i.e., rare and endangered species)  


 Analysis of exposure pathways and development of a conceptual model 


 Discussion of protection goals and adverse effect levels (AELs) 


 Identification of assessment and measurement endpoints, and lines of evidence (LOEs) 


2.1 SITE CHARACTERIZATION AND SCENARIO IDENTIFICATION 


2.1.1 Site Characterization – Expected Changes within the Reservoir 


Following the creation of the Site C reservoir, the aquatic environment of the Peace River 


upstream of the dam to the tailrace of Peace Canyon Dam would undergo a dynamic ecosystem 


transformation. This aquatic environment would be transformed from a riverine environment with 


shallow depth, uniform distribution of temperature, oxygen and nutrients, to a more lake-like 


environment with horizontal and vertical changes to limnological conditions, productivity, habitat 


features and structure of the food web and fish species community (Appendix P Aquatic 


Productivity Reports). There would be an initial surge of sediment, nutrients and productivity in 


the newly flooded reservoir over the short term, diminishing over time as the reservoir reaches a 


new equilibrium. Predicted changes to fish habitat during this transformation is presented in the 


EIS Volume 2 Appendix P Aquatic Productivity Reports, and Part 3 Future Conditions in the 


Peace River. Changes in fish habitat are based on calculations that quantify conversions of lotic 


habitats in the existing Peace River and its tributaries to lacustrine habitats in the Site C 


reservoir, divided among a predicted 9.4 km2 of littoral area and 83.6 km2 of pelagic area. Net 


productivity of the reservoir over the long-term is expected to be similar to current day 
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productivity, although the system will transform from a primarily periphyton driven community to 


a more pelagic, plankton driven community (Site C EIS Volume 2, Appendix P, Part 3).  


It is also anticipated that most fish species currently residing in the Peace River and its 


tributaries within the reservoir inundation zone would be present in the Site C reservoir after 


inundation. However, the relative abundance and biomass of fish species within the reservoir 


fish community would change during transition from a river to a reservoir. The short-term (10 


years), medium-term (10 to 25 years), and long-term fish communities (> 25 years) are 


summarized within Site C Environmental Impact Statement Volume 2: Section11.9. Note that 


from a fish mercury perspective, the timelines regarding the evolution of methylmercury in fish 


are different from the timelines for short, medium and long-term transition of the fish community 


within the Site C reservoir as purported in the EIS Section 12 Fish and Fish Habitat.   


Following reservoir creation, methylmercury concentrations will increase in all environmental 


media, particularly fish. Based on information provided in the EIS Section 11.9, fish tissue 


mercury concentrations are expected to peak during the first few years after inundation (e.g., 5 


to 8 years), followed by a gradual reduction to near-baseline conditions over the next 15 to 20 


years. Again, piscivorous species will have the highest peak concentrations, take the longest to 


reach maximum levels, and take longer to return to a baseline level, although there is variability 


in each of these endpoints (Bodaly et al. 1984; 2007; Schetagne et al. 2003). Note that the 


timelines for increases in methylmercury concentration are different for the water column, 


sediment, lower trophic level biota (zooplankton, benthos) and lower trophic level fish. 


Predictions of the timelines of each of these media are presented in the Appendix 2 Volume J 


Part 3, Mercury Reservoir Modeling report (RESMERC). 


This temporal change in methylmercury concentrations for a typical carnivorous fish species is 


illustrated in Figure 2.1.1. It shows the typical pattern of increase in body burden of 


methylmercury reflecting bioaccumulation of methylmercury over time in response to generation 


of methylmercury in the sediments. This pattern has been borne out in many studies (e.g., 


Bodaly et al. 2007; Schetagne et al. 2003). 
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2.1.2 Scenario Identification 


Characterizing methylmercury-related risks to wildlife requires an understanding of baseline 


(i.e., current conditions in the absence of Site C) and predicted future (i.e., assuming developing 


of Site C) risks. As discussed in Section 2.1.1, the expected pattern of methylmercury 


concentrations in fish is expected to vary temporally following reservoir construction. 


Consequently, in addition to the baseline scenario, three future scenarios were selected to 


provide insights into risks for different time frames rather than focusing on a single case. The 


food chain model considers four scenarios; the scenarios are intended to cover the time span 


from pre-reservoir conditions to 40 years post construction when methylmercury concentrations 


are expected to be stable. The scenarios are defined as the following and illustrated in Figure 
2.1.2:  


 Peace – Baseline – Evaluates current (i.e., pre-reservoir) exposure conditions in the 


Peace River. The baseline scenario allows for the estimation of the incremental 


methylmercury-related risks to wildlife relative to pre-reservoir conditions. 


 Site C – Peak – Evaluates the worst-case methylmercury concentrations (i.e., highest 


one-year average) within the Site C reservoir (post-construction). This scenario is 


intended to document the incremental risks for animals using the Site during worst-case 


concentrations.  


 Site C – Peak Average – Evaluates the average concentrations occurring from years 


five to 12 as methylmercury concentrations begin to decrease from peak concentrations. 


This scenario is intended to document the incremental risks for animals after peak 


concentrations but prior to stabilization of methylmercury concentrations.  


 Site C – Long Term – Evaluates average concentrations occurring during years 30 to 


403 when methylmercury concentrations in the reservoir are expect to remain stable. 


                                                      


3  RESMERC predictions for the timing of return to near-baseline methylmercury concentrations in fish is 20 to 25 or 
more years, depending on the species. However, based on the comparative assessment of physical, biological 
and chemical characteristics of the proposed Site C Project relative to other Canadian reservoirs, the EIS (Volume 
2, Section 11.9 Methylmercury) concluded that it would be closer to 20 years.   
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This long term scenario is intended to document the incremental risks for animals after 


concentrations have stabilized.  


2.2 ENVIRONMENTAL DYNAMICS OF MERCURY 


The purpose of this section is to review the environmental dynamics of inorganic mercury and 


organic or methylmercury in the environment and how reservoir creation alters this balance and 


causes methylmercury concentrations to increase throughout the food web. Key concepts 


presented include a summary of factors that influence methylation of inorganic mercury, and the 


dynamics of bioaccumulation and biomagnification of methylmercury at different levels of the 


aquatic food web. A more complete discussion of the environmental dynamics of mercury is 


presented in Volume 2 Appendix J Part 1 Mercury Technical Synthesis report.  


2.2.1 Mercury and Mercury Methylation 


Under natural conditions, mercury is present in low concentrations in all environmental media 


including water, soil, sediment, plants and in all terrestrial and aquatic animals. The proportion 


of methylmercury relative to ‘total’ mercury is far lower in concentration in all environmental 


media except fish, where it is primarily methylmercury (95%; Bloom 1992). In soils, water and 


sediment, inorganic mercury is the prevalent form and originates from atmospheric (natural or 


anthropogenic) and geologic sources. When soils are flooded, degradation of organic material 


creates favorable conditions for sulfate-reducing bacteria that transform or “methylate” some of 


the inorganic mercury into organic mercury, primarily methylmercury (although there are other 


forms). The rate of bacterial activity and mercury methylation is governed by many factors (e.g., 


organic carbon, pH and sulphate) rather than simply the inorganic mercury concentration.  


There are a large number of physical, chemical and ecological parameters that are either 


positively or negatively associated with increases in mercury methylation rates. These have 


been summarized within the Canadian reservoirs comparison matrix contained in Volume 2 


Appendix J, Part 1 Mercury Technical Synthesis Report.  


Among the large number of factors considered based on an extensive literature review, the 


most important physical factors associated with enhanced mercury methylation were:  
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 Total reservoir area – Larger reservoirs have fish with higher mercury concentrations 


and take longer to return to baseline or background (relative to nearby lakes)  


 Ratio of total reservoir area (original area) – The higher the ratio, the greater amount of 


methylmercury that is generated 


 Water residence time – Fish from longer residence time reservoirs have higher Hg 


concentrations that persist for a longer period 


The most important chemical factors were: 


 Slightly acidic pH (<6.5) water is associated with higher Hg concentrations in fish 


 Higher total or dissolved organic carbon (TOC/DOC) concentrations in water (> 5 mg/L) 


are weakly but positively correlated with the magnitude of increase in fish Hg 


 Labile or easily degradable carbon, best represented by the amount (% of total and/or 


hectares) of wetland within the reservoir has been found to be a key contributor to 


elevated mercury methylation rates. 


The most important ecological factors are: 


 Lower trophic level Hg concentration – Lakes / rivers with higher baseline methylmercury 


concentrations in benthos realize higher methylmercury increases post-flood and 


contribute to higher rates of bioaccumulation and biomagnification by fish. 


 Reservoir productivity – Larger reservoirs with more in situ nutrients, and nutrient inputs 


from upstream and/ or tributaries have greater biomass production and higher Hg 


methylation potential, and consequently, higher methylmercury concentrations in biota. 


When each of these factors were compared against the physical, chemical and ecological 


features forecast for the proposed Site C reservoir, none of the above parameters were 


associated with a strong positive influence on mercury methylation. Site C will have an 


upstream oligotrophic reservoir (Williston), low TOC and nutrients in water, alkaline pH, low 


temperature and high oxygen (i.e., primarily as a result of water received from Williston), small 


increase in reservoir area relative to original river area, small area of flooded wetland and short 
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hydraulic residence time. These factors combined with low baseline methylmercury 


concentrations in water, invertebrates and fish do not favour large increases (i.e., >4x above 


baseline) in methylmercury within the new reservoir. 


2.2.2 Bioaccumulation and Biomagnification 


Methylmercury is much more easily absorbed and accumulated by animals than inorganic 


mercury. Once methylmercury is generated within the sediments by bacteria, it is incorporated 


within the bacterial tissue and is now integrated within the base of the food web and is easily 


accumulated at a greater rate within the body of all organisms than it degrades or is eliminated. 


Thus there is a net accumulation of methylmercury over time with tissue concentrations being 


much higher than background sediment or water concentrations (i.e., bioaccumulation).  


The phenomenon of biomagnification refers to the process whereby methylmercury becomes 


increasingly concentrated at progressive steps up the trophic structure of the aquatic food web. 


In lakes, rivers and reservoirs that are at least 30 years old, there is a dynamic equilibrium that 


normally exists in the absence of an outside influence (e.g., atmospheric, point-source, logging, 


flooding) that may affect total input of inorganic mercury. In the absence of such factors, the 


ratio of total inorganic to methylmercury and the absolute concentration of methylmercury in 


biota is fairly constant. However, when an area is flooded, there is more methylmercury 


generated from the available pool of inorganic mercury that is reflected up the food web.  


In most environmental media (except fish), the concentration of methylmercury is small and 


difficult to measure, except by a small number of specialized laboratories. The typical 


percentage of the total mercury that is comprised of methylmercury in various environmental 


media is as follows:  


 In vegetation and soil, less than 2% of total mercury is methylmercury.  


 In water, usually comprises less than 5% of the total mercury is methylmercury.  


 In benthic invertebrates, between 30 – 50% of total mercury is methylmercury. This can 


differ substantially within taxa however, similar to fish. Herbivorous invertebrates will 
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have lower concentrations of methylmercury than omnivorous and carnivorous 


invertebrates, which have the highest concentrations, sometimes, similar to some fish. 


 In fish, nearly all measured mercury is in the methylmercury form with highest 


concentrations in fish relative to all other media. Fish is by far the greatest source of 


methylmercury exposure to wildlife species. 


Finally, the methylmercury concentration in fish can vary according to species, diet and fish 


size/age. Young, small bodied fish that feed on algae and invertebrates will have lower mercury 


concentrations than larger, older fish. Fish diet is a key element that dictates mercury 


concentration at all life history stages. Predatory fish that consume other fish (e.g., walleye, 


northern pike, lake trout, bull trout) will have higher mercury concentrations than fish that 


consume invertebrates (e.g., rainbow trout, whitefish) and/or algae and periphyton (e.g., 


suckers, minnows) (Potter et al. 1975; Abernathy and Cumbie 1977; Bodaly and Hecky 1979; 


Bodaly et al. 1984; Hall et al. 1997 and others). 


2.2.3 Potential Downstream Effects 


Monitoring programs for boreal reservoirs have demonstrated that mercury concentrations 


increased in some fish downstream of new reservoirs in Quebec (Schetagne and Verdon 


1999a, 1999b), Manitoba (Bodaly et al. 2007) and Labrador (Anderson 2011). The extent and 


duration of downstream changes to fish Hg levels vary from system to system, depending on 


the hydrological and biological characteristics of the rivers and reservoirs.  


The degree to which fish mercury concentrations may increase downstream of Site C was 


predicted within the EIS Section 11.9.4. Mercury may be exported from the Site C reservoir via 


water (i.e., inorganic Hg adhered to sediment particles or MeHg dissolved in water) or directly, 


in biota (e.g., tissue Hg in invertebrates or fish) through entrainment from the reservoir. While 


water-borne Hg may lead to low magnitude changes across a broad spatial extent the 


importance of this pathway was considered secondary relative to biota-related mercury exports, 


which may lead to higher magnitude changes in a more localized area, such as the tailrace area 


of a dam. 
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The degree to which mercury concentrations in individual fish may increase downstream of the 


Site C reservoir will also vary by species, fish size, the biomass and mercury concentration of 


fish entrained out of the reservoir, and the dietary preference of individual fish. Downstream of 


Site C, mercury concentration of normally non-piscivorous species is unlikely to change 


substantially relative to baseline. For normally piscivorous species feeding in the tailrace area, 


the magnitude of increase may match what is observed within Site C. For normally non-


piscivorous species that switch to a predominantly fish-based diet, their tissue mercury 


concentrations may increase more than what is seen for the same species within the Site C 


reservoir.  


From a population perspective however, only a small portion of fish may potentially be affected 


living in the Peace River downstream to Many Islands, Alberta. This is mainly because the mass 


of mercury contained within fish entrained out of Site C reservoir is not sufficient to result in a 


widespread increase in Hg in most fish, combined with the small number of fish within the 


greater population that may switch to a piscivorous diet. Changes of the magnitudes seen in 


other Canadian reservoirs would be limited largely to those few piscivorous fish feeding 


predominantly in the tailrace area. Nevertheless, if it is conservatively assumed that the general 


fish population downstream of the Site C reservoir was to double in concentration for key 


species relative to baseline, then concentrations would be at least half of what is predicted for 


within the Site C reservoir. 


2.3 RECEPTORS OF CONCERN (ROCS) 


In ecological risk assessment, specific individual organisms (e.g., individuals of listed species), 


populations or communities that are potentially exposed to contaminants of concern 


(methylmercury in this case) are defined as receptors of concern (ROCs)4. This WRA targets 


wildlife (birds, mammals, and amphibians). For practical reasons, not all wildlife species can be 


considered in a risk assessment, so surrogate, or representative, receptors were selected 


based on discussions with BC Hydro and Keystone Wildlife Research Ltd. (Keystone).  


                                                      


4  It is also possible to select communities or habitats as ROCs. 
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2.3.1 Selection Process 


As BC Hydro has assessed effects to wildlife in the Site C EIS Volume 2, Section 14, Wildlife 


Resources, ROC selection for the WRA was determined in consultation with project wildlife 


biologists. Starting the master list of wildlife species, a subset of ROCs was selected for the 


WRA based on the following criteria:  


(1) Presence of suitable habitat based on predictions regarding post-flooding habitat 


suitability made by wildlife experts  


(2) Reliance on the future reservoir for feeding (e.g., aquatic or emergent insects, or fish) or 


drinking. 


(3) Representation of the various feeding guilds likely present on the Site (e.g., herbivore, 


piscivore, omnivore) 


(4) Social, economic, or cultural importance (e.g., species of importance to First Nations, 


species of commercial or recreational importance, listed species under provincial or 


federal legislation, etc.) 


2.3.2 ROC Groups and Surrogates 


The surrogate ROCs developed with BC Hydro and Keystone (Table 2.3.1) represent various 


receptor group (e.g. mammals, birds, amphibians) feeding guilds likely present on site and 


includes the American beaver (Castor canadensis), moose (Alces alces), muskrat (Ondatra 


zibethicus), northern river otter (Lontra canadensis), American mink (Mustela vison), little brown 


myotis (Myotis lucifugus), Canada goose (Branta Canadensis), mallard (Anas platyrhynchos), 


bank swallow (Riparia riparia), spotted sandpiper (Actitis macularia), bald eagle (Haliaeetus 


leucocephalus), common merganser (Mergus merganser), belted kingfisher (Megaceryle 


alcyon), and the western toad (Bufo boreas). Western toad is the only species at risk in this 


WRA. 
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2.4 EXPOSURE PATHWAYS AND CONCEPTUAL MODEL 


Exposure pathways are generally defined as the route of exposure from environmental media 


(soil, water, air, or aquatic sediment) to the ROCs. Depending on the site and the nature of the 


potential contaminant, there can be multiple open pathways that must be evaluated in terms of 


their potential risk to receptors. The key is to identify the pathways which are most likely to drive 


risk during the problem formulation stage, so that uncertainties with respect to those pathways 


can be addressed to the extent possible. 


Contaminant effects on receptors can be direct or indirect. Direct effects are toxic effects to the 


organism that may arise from direct exposure to contaminated media, such as contact and 


absorption of contaminants in the water column, sediment, or soil, and ingestion of 


contaminated prey items. Indirect effects are effects that may arise from contaminant-related 


depletion or impairment of food sources or habitat, and are expected to be minimal for this site. 


Consequently, this WRA focused only on the direct effects of methylmercury on wildlife and 


from exposure to methylmercury in diet, which is the major pathway of exposure of biota (Hall et 


al. 1997). 


It is important to note here that our assessment of effects is independent of all other potential 


changes that may occur directly or indrectly to the particular ROCs and/or their habitats. 


Creation of a large new reservoir from a river will considerably alter water quality (e.g., turbidity, 


temperature) and many other factors that could affect ROC populations including prey 


community composition and distribution, nesting habitat, access, and other habitat/prey 


dependent parameters that will confound any contaminant-related changes. 


Table 2.4.1 summarizes the exposure pathways considered in the WRA and provides 


justifications for their inclusion or removal. Exposure pathways are only considered “open” and 


included if there is a route of exposure by which a ROC comes into contact with methylmercury.  


Methylmercury concentrations for aquatic exposure media (e.g., sediment, water, fish, aquatic 


invertebrates, and plants) are expected to differ for the four different scenarios modelled 


(Section 2.1.2; Appendix D [RESMERC predictions]), while media concentrations for terrestrial 


pathways (e.g., soils, plants, small mammals, and birds) are expected to remain the same for 
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current Peace River baseline and future (Site C) scenarios (see Section 3.2 for the exposure 


assessment).  


Several ROCs eat fish as large portion of their diet (greater than 30 percent), including the mink, 


northern river otter, bald eagle, belted kingfisher, and common merganser. Once the Site C 


reservoir is in place, the fish species composition is expected to change from existing 


conditions, within the short-term (less than five years post construction) and again within the 


medium to long-term (i.e., greater than 5 years and 20 years post construction). For example 


Section 11.9 (Methylmercury) and Section 12 (Fish and Fish Habitat) of the Site C EIS forecasts 


the most likely change in fish community in the short- to medium term (i.e., <10 years) during 


the period of time when exposure by ROCs to greatest methylmercury concentrations in fish is 


predicted to occur. Again, time frames discussed here are particular to the evolution of 


methylmercury concentration in fish, which are described more fully in Section 11.9 of the EIS. 


 Top Predators (fish eaters) – Bull trout (Salvelinus confluentus) are currently the 


dominant top predator within the Peace River and are expected to remain dominant 


within the reservoir in the short-term (< 10 y), but may be replaced by a more lacustrine 


adapted species such as lake trout (Salvelinus namaycush) in the long-term (> 15y).  


 Benthivores - Mountain whitefish (Prosopium williamsoni) are expected to decline 


immediately following reservoir formation. Lake whitefish (Coregonus clupeaformis) 


which are presently numerically scarce) may increase in the Site C reservoir, but not in 


the short term. 


 Planktivores – Kokanee (Oncorhynchus nerka) are the only true planktivores that 


currently reside in the Peace River area, but are currently numerically scarce. A kokanee 


population may become established and eventually dominate the reservoir in the long 


term, but this is uncertain pending spawning and rearing habitat. They are not expected 


to dominate in the short-term during the period of highest mercury concentrations. 


 Insectivores - Rainbow trout (Oncorhynchus mykiss) are expected to remain the 


dominant insectivore. 
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 Omnivores – Three sucker species currently reside in the Peace River area, longnose 


sucker (Catostomus catostomus), largescale sucker (Catostomus macrocheilus), and 


white sucker (Catostomus commersoni). The longnose sucker is predicted to be the 


dominant omnivore species in the Site C reservoir over the short-term (less than five 


years). 


 Forage - Redside shiner (Richardsonius balteatus) are currently the numerically 


dominant forage fish species in the Site C area and are predicted to be the dominant 


forage species in the Site C reservoir. 


For the purposes of this WRA, four fish species were chosen for model inclusion as 


representative fish species likely to compose the majority of wildlife fish dietary component 


based on the following criteria: 1) currently found in the Peace River within the future reservoir 


footprint; 2) expected to dominate the Site C reservoir in the short- to medium-term (less than 


ten years); and 3) represent major trophic levels expected to dominate the Site C reservoir. 


These include:  


 Bull trout (top predator) 


 Rainbow trout (insectivore) 


 Longnose sucker (omnivore) 


 Redside shiner (forage) 


Planktivorous and benthivorous species were not included as they are not expected to be 


present within the new reservoir in numerically large numbers during the time frame when 


mercury is elevated. Once the majority of methylmercury has worked its way through the 


system, kokanee (O. nerka) are expected to be one of the numerically dominant species. 


Dermal exposure and inhalation exposure pathways for methylmercury were not evaluated in 


this study, nor are they considered relevant. In British Columbia, there is currently no guidance 


on methods for assessing these pathways to ecological receptors and the Tier 1 ERA Policy 


Decision Summary (BC Ministry of Environment Lands and Parks 2000) excludes dermal and 


inhalation pathways for wildlife receptors.  
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To illustrate the relationship between the primary contamination sources, exposure pathways, 


and receptor groups, we developed a conceptual exposure model for the Site (Figure 2.4.1).  


2.5 PROTECTION GOALS AND ACCEPTABLE EFFECTS LEVELS 


Ecological risk assessment is a tool for decision-making, but ultimately, the acceptability of 


estimated risks and their associated uncertainty needs to be determined by the risk managers 


(Hope 2007). This means that frequent and clear communication is needed between risk 


assessors and risk managers to ensure that results of the risk assessment are understood and 


useful from a management perspective. 


For most ecological risk assessments, results are more easily interpreted if there are clearly 


articulated protection goals and adverse effect levels (AELs): 


 A protection goal is a narrative statement that defines the desirable level of protection for 


a receptor or receptor group.  


 An AEL operationalizes the protection goal by specifying the magnitude or rate of effects 


that would be acceptable for a specific measurement endpoint or a group of 


measurement endpoints5. 


This information is meant to provide a basis for “judging” results of the risk assessment and 


deciding whether predicted impacts are acceptable. There is considerable latitude at the federal 


level for interpreting results of ecological risk assessment. While more guidance is currently 


available at the provincial level, it is primarily intended for handling contaminated sites rather 


than supporting environmental impact assessments.  


For instance, under the British Columbia Contaminated Sites Regulation, it is BCMOE policy to 


use a 20 percent effect level as a benchmark for aquatic receptors (Science Advisory Board 


2008), though a lower, negligible effect level (e.g., 10 percent) may be appropriate for listed 


species (this is general practice in British Columbia and is alluded to in Science Advisory Board 


                                                      


5  Given the inter-linkages between AELs and endpoints, they are typically developed at the same time (see Section 
2.6). 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
17 
  
 


 


2008). For terrestrial environments, both federal and provincial regulations and guidance 


recognize that differing levels of ecological protection are afforded to different land uses, such 


as residential, commercial or agricultural. While these do not apply directly to Site C, they are 


informative of how other regulatory regimes are interpreting effect magnitude. 


Overall, there are still many challenges when attempting to reconcile the use of AELs with an 


interpretation of acceptable or unacceptable ecological impacts: 


 AEL benchmarks should not be used to generate oversimplified dichotomous 


categorizations – in reality, there is little difference between a 19 percent effect size and 


a 21 percent effect size, and our confidence in distinguishing such small differences will 


generally be very low. 


 The implications of a specific AEL on any given measurement endpoint for a population 


or community will vary widely depending on whether the measurement endpoint applies 


directly to a population (e.g., abundance), community (e.g., species richness), or to 


individual organisms within a population (e.g., growth or fecundity).  


 Derivation of ecologically meaningful AELs can be complex - there is not necessarily a 


“one size fits all” effect size – even among common wildlife species, different life history 


characteristics may require different effect sizes (e.g., r vs. K reproductive strategies: a 


specified AEL has different implications for a mouse than a moose).  


 AELs apply to individual lines of evidence (LOEs), which do not get interpreted in 


isolation when multiple LOEs are investigated. 


 Finally, while AELs are used to evaluate the magnitude of predicted impacts, risks also 


consider other factors such as the spatial extent of impacts and, most importantly, the 


evidence for causal linkages between the predicted effects and contaminant exposure 


estimates. 


Given some of these challenges, the approach adopted for this WRA focuses on characterizing 


risks (or “changes” in the context of environmental impact assessment) and their associated 
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uncertainties with all judgments of acceptability being made after the risk assessment is 


completed (FCSAP 2012).  


2.6  ENDPOINTS AND LINES OF EVIDENCE 


As shown in Table 2.6.1, the information presented in this section establishes the relationship 


between ROCs, assessment endpoints, measurement endpoints, and LOEs. This is a critical 


component of the problem formulation for the Site C Hydro Clean Energy Project as it lays out 


the foundation for developing the strategy and methods for the WRA. Key definitions are 


provided below (FCSAP 2012; Science Advisory Board 2008):  


 Assessment Endpoints – An assessment endpoint is an explicit expression of the 


environmental value to be protected. An assessment endpoint is operationally defined by 


an ecological entity (e.g., individual organism, local population6, specific community) and 


its attributes (e.g., abundance or diversity). The area for which the risk is estimated 


should also be defined (Suter et al. 2000; Suter et al. 2005). Implementation of the WRA 


should be sufficient to characterize risks at spatial scales that are: 1) ecologically 


meaningful; and 2) able to support risk management at a practical level of resolution. An 


ecological risk assessment may have one assessment endpoint per receptor group 


(particularly if the assessment endpoints are broadly worded) or multiple assessment 


endpoints per receptor group (if assessment endpoints are more specific).  


 Measurement Endpoints – Measures of exposure for, or effects on, a receptor, or to 


measure changes in attributes of assessment endpoints. Ideally measurement endpoints 


directly represent the assessment endpoint attributes – for example, benthic community 


abundance or richness can be measured directly. However, in many cases 


measurement endpoints serve as indirect measures that require some extrapolation to 


make inferences regarding the status of the assessment endpoints – for example, 


                                                      


6  The assessment population consists of a group of conspecific organisms occupying a defined area that has been 
selected to serve as an assessment endpoint entity for the ERA (Barnthouse et al 2008). The assessment 
population is operationally defined in this PF as the local population, which consists of all organisms exposed to, 
or indirectly affected by, contaminants originating from the Site. 
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effects on growth or reproduction of individual organisms in toxicity tests may need to be 


related to the assessment endpoint of population level attributes such as abundance or 


viability. While measurement endpoints may be formulated in various ways (see FCSAP 


2012 and Science Advisory Board 2008), for this WRA the measurement endpoints are 


simple measures of exposure or effects, and the interpretation (e.g., comparison to 


benchmarks) occurs when the measurement endpoints are used in LOEs. 


 LOEs – Pairings of exposure and effects measures provide evidence for the evaluation 


of a specific measurement endpoint. An LOE may have one or more measurement 


endpoints. In the case of this WRA (food chain model only), there is generally only one 


measurement endpoint (Table 2.6.1): comparison of estimated total dose (using a food 


chain model using) to a literature-derived dose-response dataset, to qualitatively 


determine the magnitude of potential risks. Other relevant information is discussed to 


help place the LOE results in context.  
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3.0 RISK ASSESSMENT 


As described in Table 2.6.1, the assessment endpoint for wildlife species is the viability7 of local 


populations8 for common species; survival, reproduction, growth, and deformities of individual 


organisms9 (for listed species). 


This assessment endpoint was evaluated using one line of evidence (LOE 1) for each ROC - 


the comparison of an estimated total methylmercury dose (calculated from a food chain model 


using measured and predicted methylmercury concentrations in dietary items collected from the 


Site) to dose-response information from the literature relevant for effects on survival, 


reproduction, and growth. Other information is considered where appropriate to put the results 


of LOE 1 into context. 


A total of 14 ROCs were evaluated (six mammals, seven birds and one amphibian; Table 
2.3.1). The only species at risk among the ROCs is the western toad.  


3.1 APPROACH 


Methylmercury-related risks to wildlife ROCs were estimated for the four scenarios described in 


Section 2.1.2: 


 Baseline Peace River 


 Site C – Peak 


 Site C – Peak Average  


 Site C – Long Term 


The scenarios differ largely on the basis of actual (baseline) or expected (Site C) methylmercury 


concentrations in environmental media. 


                                                      


7  We define viability as the ability of a population to sustain itself over the long term. We assume that assessing 
organism level attributes will be protective of population attributes. 


8  The assessment population consists of a group of conspecific organisms occupying a defined area that has been 
selected to serve as an assessment endpoint entity for the ERA (Barnthouse et al 2008). The assessment 
population is operationally defined in the ERA as the local population, which consists of all organisms exposed to, 
or indirectly affected by, contaminants at the Site. 


9  The measurement endpoint is based on an average individual within a test population. 
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Risk is characterized (Section 3.4) for each ROC/scenario combination by comparing the 


exposure estimate (Section 3.2) to the corresponding dose-response profile (derived from 


literature sources) for methylmercury from (Section 3.3). Key uncertainties, and their influence 


on the risk predictions, are discussed in Section 3.5.  


3.2 EXPOSURE ASSESSMENT 


This section presents the methods for and results of predicting methylmercury doses for each 


ROC. In general, methylmercury intake (i.e., daily dose) for each ROC for each of the four 


scenarios  was estimated using a food chain model that includes contributions to methylmercury 


intake from all relevant exposure pathways (i.e., consumption of food items and water, as well 


as the incidental ingestion of sediments and soils). 


3.2.1 Food Chain Model - Methods 


Modeling calculations followed provincial guidance for Tier 1 ecological risk assessment at 


contaminated sites (BCMOE 1998) and for detailed ecological risk assessment (Science 


Advisory Board 2008; FCSAP 2012). The food chain model was constructed using Microsoft 


Visual Basic for Applications (VBA) in Microsoft Excel (see Section B1 in Appendix B for 


model equations). Multiple Excel worksheets were used to organize model input parameters. All 


calculations (e.g., dose calculations, comparisons to benchmarks doses) were run in VBA, and 


model results were output to Excel worksheets.  


To quantify exposure for each ROC, the following input parameters were required for the food 


chain model: 


1. Exposure concentrations – measured or estimated methylmercury concentrations in 


prey, water, soil, and sediment were needed for each scenario. These are summarized 


in Table 3.2.1 (see Section B2.1 in Appendices B and D for details). 


2. Ingestion rates – measured or estimated ingestion rates for food, water, soil, and 


sediment were needed for each ROC. These were obtained from key secondary and 


primary literature sources and are summarized in Table 3.2.2 (see Section B2.2 in 


Appendix B for details). 
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3. Dietary preferences – dietary uptake of methylmercury is typically the most important 


exposure route for wildlife ROCs, and especially from fish. Secondary and primary 


literature sources where used to characterize the diet of each ROC. The results are 


summarized in Table 3.2.3 (see Section B2.3 in Appendix B for details). 


4. Foraging range – this parameter can be important for sites significantly smaller than a 


ROCs foraging range. In the case of Site C (a large site), we conservatively assumed 


that the ROCs were feeding exclusively within the development footprint and 


immediately adjacent terrestrial habitats (for ROCs with diets including terrestrial items). 


5. Methylmercury bioavailability (i.e., absorption efficiency in the gut) – while metals 


bioavailability can vary substantially across media and sites (e.g., due to chemical form 


present), methylmercury is generally considered highly bioavailable when ingested by 


wildlife. Wiener et al. (2007) reported that fish probably assimilate from 65 to 80% or 


more of methylmercury present in the food they eat. While no direct estimates of 


bioavailability were available for wildlife species, we conservatively assumed for each 


ROC that 100% of ingested methylmercury was assimilated.  


Given the complexity of the food chain model, several QA/QC procedures were followed to 


verify its accuracy: 


 Preparation and review of model checklists to ensure that: 


o All data sources were included, and assumptions were properly represented. 


o ROC-specific parameters were correct and updated. 


o Calculations and units were correct. 


 QA/QC check of all model input worksheets (e.g., diet concentrations, ingestion rates) by 


a separate Azimuth ERA practitioner. 


 A subset of the analyses was run independently outside of the VBA framework (i.e., 


using traditional Excel formulae) as a quality control check. Five of the ROCs (mink, 


mallard, Canada goose, belted kingfisher and northern river otter) were modeled using 
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Excel for each of the four scenarios. Essentially this provided two independent models: 


VBA and Excel versions, to cross-check results. The QA/QC check for the model 


calculations was only considered acceptable if the resulting estimates of total dose 


agreed exactly to several decimal places. 


3.2.2 Food Chain Model - Results 


Detailed food chain model outputs and QA/QC check results are presented in Appendix C and 


summarized in Table 3.2.4. Among ROCs, the highest estimated doses occurs for the belted 


kingfisher and the northern river otter under the Site C – Peak scenario – 0.041 mg/kg-day (wet 


weight) for the belted kingfisher and 0.013 mg/kg-day for the northern river otter; for both ROCs 


the source of methylmercury in the diet was 98% or more from fish. These doses are the focus 


for risk characterization as they represent worst-case modeled exposure. If these doses result in 


acceptable risks, all other doses (i.e., for other ROCs and scenarios) would also be acceptable. 


3.3 EFFECTS ASSESSMENT 


The term ‘effects assessment’ is a standardly used term in risk assessment and is not intended 


to represent effects per se as would be undertaken within the context of an EIS. The aim of 


effects assessment is to characterize the relationship between exposure (via dose) and effects. 


Typically, practitioners use point-estimate Toxicity Reference Values (TRVs) that have been 


derived from literature studies linking responses to exposure dose. Published TRVs are 


available for use in ERA. Some of the more commonly used include ORNL’s toxicological 


benchmarks for wildlife (Sample et al., 1996) and, more recently, the USEPA’s ecological soil 


screening levels (Eco-SSLs) documents. In both cases, the reported TRVs focus on defining no-


observed-adverse-effects-levels (NOAELs) and/or lowest-observed-adverse-effects-levels 


(LOAELs). These designations are typically determined based on statistical significance either 


within individual laboratory studies (ORNL) or among toxicity datasets (Eco-SSLs). While these 


studies are accepted as a default under current BCMOE policy (Technical Guidance 7), the 


estimated NOAELs and LOAELs are strongly influenced by study design and, by themselves, 


do not provide information about the actual magnitude of effects associated with the TRV (or 


with the exceedence of a TRV). In fact, they are no longer considered appropriate for use in 
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wildlife risk assessments by the scientific community (Landis and Chapman 2011). Allard et al. 


(2010) recently made a number of recommendations for the derivation and use of TRVs and 


options for moving beyond published TRVs. Given the disadvantages and uncertainties related 


to the use of published point estimate TRVs, they recommended that risk assessors compile 


available data and try to understand underlying dose-response relationships. 


Following these recommendations, the effects assessment for the Site C Clean Energy Project 


is based on explicit use of the dose-response data. 


3.3.1 Dose-Response Data – Methods 


Following recommendations of Allard et al. (2010) and Hill et al. (submitted), we compiled 


separate data sets for birds, mammals and amphibians and only considered endpoints related 


to survival, reproduction or growth – other endpoints (e.g., enzyme activity) that cannot be easily 


related to potential impacts were not considered. The criteria used for data selection are 


presented and discussed in Appendix E (birds) and Appendix F (mammals); few studies were 


available for amphibians, so the results are presented in Section 3.3.2. 


3.3.2 Dose-Response Data – Results 


Methylmercury dose-response data sets for birds and mammals are presented in Appendices 
E and F, respectively.  


Amphibian related dose-response toxicological data for methylmercury are limited and only one 


study (Unrine et al. 2004) was evaluated for relevant endpoints related to survival, growth and 


reproduction. Unrine et al. (2004) conducted a spiked mesocosm study using southern leopard 


frog larvae (Rana sphenocephala) exposed to a mercury-contaminated aufwuchs10 diet 


throughout the entire larval period (days 60 to 254). Endpoints investigated in the study included 


mortality, metamorphic success rate, malformation, and changes to growth and development. 


Four dietary test concentrations were included in the study (control, low, medium and high); 14, 


110, 366, and 858 mg total mercury/kg diet wet weight. These concentrations corresponded to 
                                                      


10  Aufwuchs was defined as the accumulation of periphyton and associated organisms, as well as dead and abiotic 
material on submerged surfaces. 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
25 
  
 


 


methylmercury concentrations of 3.1, 3.7, 6.9 and 12.9 mg methylmercury/kg diet wet weight 


(assuming 22, 3.4, 1.9 and 1.5% methylmercury, respectively). Corresponding effects were 


documented for all treatment concentrations. For comparison to the oral doses calculated for 


the western toad in the Site C food chain model, oral doses were calculated from the test 


concentrations presented in Unrine et al. (2004) using an average feeding rate of 180 mg/day 


(Unrine and Jagoe 2004) and an average body weight of 4.6 g (Lillywhite 1973). The calculated 


oral doses and effects data from Unrine et al. (2004) are presented in Table 3.3.1. 


3.4 RISK CHARACTERIZATION – RESULTS AND DISCUSSION 


Details related to risk characterization for bird and mammal ROCs are presented in 


Appendices E and F, respectively, and are summarized and discussed in Sections 3.4.1 and 
3.4.2, respectively. Results for the western toad are presented and discussed in Section 3.4.3. 


The intensity of information presented to place predicted risks into context is based on the need 


for context. Consequently, more risk characterization information was presented for birds than 


for mammals or amphibians because predicted doses for avian ROCs were within the lower end 


of the dose-response data set and warranted additional discussion. 


3.4.1 Birds 


As discussed above, this section presents the results of several complementary comparisons: 


 Predicted doses to laboratory-based dose-response data 


 Predicted doses to field-based dose-response data 


 Predicted fish tissue concentrations to field-based tissue benchmarks 


 Predicted fish tissue concentrations to fish from uncontaminated lakes in BC 


Finally, where the above suggests potential effects for individual ROCs, the available 


information is integrated to estimate potential for changes to be observed at the population 


level. 
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Comparison of Predicted Doses to Laboratory-based Dose-Response Data 


As discussed in Section 3.2.2, estimated doses of methylmercury (mg/kg bw/day) were highest 


for the belted kingfisher, more than double the next highest avian ROC (common merganser). 


When the maximum estimated dose (i.e., the Site C - Peak scenario) for the belted kingfisher is 


plotted against the dose-response data for birds (Appendix E), the dose is low enough that 


there is no indication of potential effects on survival or growth. However, results for reproduction 


qualitatively indicate a possible effects range of between 10% to 40% relative to a lab control for 


the Site C – Peak scenario (Figure 3.4.1). It is important to point out that the qualitative 


interpretation of potential effects to belted kingfisher reproduction for the Peace – Baseline 


scenario would only be marginally lower, despite prevailing low methylmercury concentrations in 


Peace River media (EIS Section 11.9). These results reflect the high uncertainty in the dose-


response data for avian reproduction in the low dose ranges11 (Figure 3.4.1). 


Effects estimates were quantified to facilitate comparisons between ROCs and scenarios by 


fitting a generalized logistic function (see Appendix E for details) to the dose-response data; 


the resulting response predictions, relative to the Peace – Baseline scenario, are an 


approximation of reductions in offspring production for each ROC/Site C scenario combination 


(Table 3.4.1). The Site C – Peak Average scenario results show that most ROCs are predicted 


to have less than a 10% reduction in offspring production; the exception is the belted kingfisher, 


which is predicted to have a 15% drop in offspring production. The implications of this change in 


reproductive output at the population level are discussed later in this section. Predicted changes 


associated with the Site C - Long Term scenario are considered negligible for all other ROCs.  


Comparison of Predicted Doses to Field-based Dose-Response Data 


Field data for birds are also available related to reproduction (Appendix E) – though sparse and 


uncertain, field data for the common loon are not inconsistent with the lab data. The results of 


                                                      


11  One of the main reasons for this is a single study on white ibis (Frederick and Jayasena 2011), which showed 
reduced fledgling production at dietary concentrations of 0.05, 0.1 and 0.3 mg methylmercury/kg ww compared to 
the study control over the three year exposure period. While the dose-response pattern was variable and lacked 
consistency across the three exposure treatments, the authors also reported a higher incidence of male-male 
pairing that could exacerbate the reproductive effects in the wild. 
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two field-based loon studies (Barr 1986 and Burgess and Meyer 2008) corroborate the potential 


for reduced offspring production at methylmercury doses estimated for the belted kingfisher in 


the two peak Site C scenarios. 


Comparison of Predicted Fish Tissue Concentrations to Field-based Tissue Benchmarks 


As a complementary analysis, we compared the predicted fish tissue concentrations of 


methylmercury for Site C with fish tissue concentration benchmarks (for 100 to 150 mm fish, 


near the target size; Appendix D) recently proposed to be protective of behavioural and 


reproductive effects in the loon (Depew et al. 2012): 0.1 mg/kg wet weight as a benchmark for 


behavioural effects, 0.18 mg/kg wet weight as a benchmark for significant reproductive 


impairment, and 0.40 mg/kg wet weight as a benchmark for complete reproductive failure. The 


predicted concentrations for Site C prey item mercury concentrations (0.09 mg/kg for Peak, 0.08 


mg/kg for Peak Average and 0.03 mg/kg for Long Term; for fish < 120 mm) are below all these 


benchmarks, suggesting that effects on loon would not be expected. 


Comparison of Predicted Site C Fish Tissue Concentrations to Uncontaminated Lakes in BC 


Current baseline fish mercury concentrations within the Peace River are among the lowest for 


their species in Canada (Depew et al., 2013). To put Site C predicted fish mercury 


concentrations into perspective within BC, data from uncontaminated BC lakes were compiled 


from two data sources:  Rieberger (1992) documents metals concentrations in fish collected 


from 54 lakes in BC collected between 1982 and 1987 by BC Ministry of Environment, and 


Baker (2002) compiled available fish mercury data sets in BC from reservoirs and lakes (no 


reservoirs and only data for lakes removed from anthropogenic input were included herein).  


Given the general influence of fish size on mercury concentrations, direct comparison of the fish 


mercury concentrations used in the WRA would be misleading as they are for smaller fish than 


generally measured in the compile BC lake data. Consequently, the highest RESMERC results 


for fish sizes that most closely matched the mean size of the compiled BC data were used to 


provide a more meaningful comparison. The results for 10 species are shown in Figure 3.4.2 


(note: Rieberger triangles; Baker circles). The horizontal lines across the figure depict predicted 


peak mercury concentrations from RESMERC for 400-mm bull trout (BLTR; 0.34 mg/kg), 300-
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mm rainbow trout (RNTR; 0.14 mg/kg), 300-mm mountain whitefish (MNWH; 0.13 mg/kg), 300 


mm longnose sucker (LNSC; 0.10 mg/kg) and 100 mm redside shiner (RDSH; 0.12 mg/kg). The 


Site C peak concentrations are well within the range of what is considered ‘background’ from a 


large number of lakes scattered throughout the province of British Columbia. Again, the data 


depicted for most fish in Figure 3.4.2 are for sizes that are generally larger than what typically 


would be targeted as a food source by most birds. 


Weight-of-Evidence Assessment of Population-level Effects to Belted Kingfisher 


Based on comparison of the food chain model results to laboratory-based dose-response data, 


estimated methylmercury doses for belted kingfisher in the Site C – Peak Average scenario 


were predicted to result in approximately 15% lower reproductive output relative to the Peak – 


Baseline scenario. While this is less than the 20% effect size commonly applied as the limit for 


acceptable change in ecological risk assessments in BC (see Section 2.5 for discussion), the 


results were explored further to provide further clarity in the extrapolation of individual effects to 


the local belted kingfisher population. 


Although the available information suggests no affects to growth or adult survival for any 


scenario; offspring production may be impaired over the 8-year period (Figure 2.1.2) when fish 


mercury concentrations are expected to peak in Site C (i.e., the Site C – Peak Average 


scenario), then are expected to return to near-normal levels some 15 to 20 years after the peak. 


For example, Gleason and Nacci (2001) conducted age-structured population modeling to 


explore how reproductive stressors affected birds with different life-history strategies. The study 


included the European kingfisher (Alcedo atthis; with higher offspring production, higher adult 


morality and a shorter life span) and the least tern (Sterna antillarum; with lower offspring 


production, lower adult mortality and a longer life span). The study results provide several 


insights relevant to belted kingfisher at Site C, whose life history strategy is more similar to the 


European kingfisher than the least tern. First of all, an elasticity analysis – the comparison of the 


proportional change in population growth for each species from the same proportional change in 


each vital rate (i.e., survival or reproduction) – showed that adult survival was a more important 


contributor to population growth than reproduction for both species (although reproduction was 
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more important for the European kingfisher than for the least tern), suggesting that some 


change to reproductive output could occur without adversely affecting the population. This result 


was similar to that found for Todiramphus kingfishers in the Pacific islands (Kesler and Haig 


2007). Secondly, although they projected minor (<10%) changes to European kingfisher 


populations with the application of 10% reproductive impairment sustained for 20 years, 


approximately 40% and 65% reductions in populations were seen for the 15 and 20% 


impairment levels, respectively. While these results confirm that reproductive impairment of this 


magnitude can affect population size, these results cannot be directly applied to Site C as the 


methylmercury concentrations in fish associated with reservoir creation are not constant over 


time (see Section 2.1.1). Furthermore, as discussed above, there are a multitude of other 


factors that will potentially influence each ROC at the population level that are associated with 


the transition from a river to a reservoir and may confound the influence of greater exposure to 


methylmercury. 


To explore the potential implications of temporally dynamic reproductive impairment on belted 


kingfishers at Site C, yearly population status was simulated using a simple density-independent 


population growth model (Nt = Ni*λt-I, where N is population size, t = end of year, i = beginning 


of year, and λ = projected population growth rate between time i and t). Assuming similar life 


histories between the European and belted kingfishers, the plotted relationship between 


population growth rate (λ) and reproductive impairment (%) for the European kingfisher from 


Gleason and Nacci (2001) was used to derive projected population growth rate estimates for the 


belted kingfisher for a range of effect sizes. RESMERC (Volume 2 Appendix J, Part 3) fish 


mercury results (e.g., Figure 2.1.2) were used to estimate annual reproductive impairment for 


the belted kingfisher for 50 years following reservoir creation; these were then matched to the 


closest population growth rates from Gleason and Nacci (2001). Starting with an initial 


population size of 100 birds (to facilitate interpretation of results, not to suggest a particular 


population size for Site C[1]), the predicted population size for Site C dropped as low as 87 in 


year 13 (i.e., just after the Site C – Peak Average period) and had fully recovered by year 20. 


These results indicate that exposure to elevated methylmercury concentrations at Site C, 


independent of other confounding variables, may result in a temporary reduction in the 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
30 
  
 


 


population size of belted kingfisher (assuming similar vital rates as the European kingfisher), but 


that full recovery would be expected. 


The population modelling results are consistent with the previously discussed comparisons of 


estimated fish tissue methylmercury concentrations at Site C to published benchmarks for the 


protection of loons and to uncontaminated lakes in BC. Thus, we conclude that risks to belted 


kingfisher reproductive output are most likely to be ‘negligible’ relative to baseline conditions. 


There is moderate uncertainty in this conclusion because effects data are limited, and there are 


no data specifically for the belted kingfisher. 


To put these results into perspective, habitat-related changes at Site C may be more important 


in affecting the dynamics of the local belted kingfisher population. Two key elements of habitat 


suitability for the belted kingfisher are: 1) availability of nesting sites and 2) water clarity. Belted 


kingfisher excavate nesting burrows in cut banks consisting of sandy clay, generally situated 


beyond 1 m from the bottom and top of the bank (Prose, 1985). Reservoir development will alter 


bank morphology, possibly limiting the availability (or at least stability) of these features at Site 


C. Belted kingfisher also require clear water to see their prey; kingfishers were virtually absent 


from turbid water in the maritime provinces (Prose, 1985). Sediment incursions from bank 


erosions will likely affect the suitability of Site C as habitat for the belted kingfisher until 


conditions stabilize.  


Because the belted kingfisher had the highest estimated dose among birds for all scenarios, 


risks for all other avian ROCs are therefore also considered negligible, with moderate 


uncertainty. Similarly, given that fish mercury concentrations downstream of Site C are expected 


to be less than half those seen within the reservoir (see Section 2.2.3), risks to wildlife feeding 


downstream of Site C are also considered negligible. 


3.4.2 Mammals 


When the estimated dose for the northern river otter (for the peak scenario) is plotted against 


the dose-response data for mammals (Appendix F), there is no indication of potential effects on 


survival, growth or reproduction. Thus, we conclude that risks to mammals are negligible. There 


is moderate uncertainty in this conclusion because there are limited data.  
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Because the northern river otter had the highest estimated dose among mammals and because 


the peak scenario had higher estimated doses than other scenarios, risks for all other mammals  


under other site C scenarios are therefore also considered negligible, with moderate 


uncertainty.  


3.4.3 Amphibians 


When the estimated dose for the western toad (0.00031 mg/kg wet day, Table 3.2.4) is 


compared to the dose-response data provided in Table 3.3.1 for the Site C – Peak scenario, 


there is no indication of potential effects on survival, growth or reproduction; the calculated oral 


dose for the western toad is 0.2% of the lowest oral dose in the dose-response data. Thus, we 


conclude that risks to amphibians are negligible; however, there is high uncertainty in this 


conclusion because data are limited for both exposure factors (e.g., water and food ingestion 


rates for amphibians) and effects data (i.e., dose-response data). 


3.5 UNCERTAINTIES 


This section outlines key uncertainties and assumptions relevant to the LOE for wildlife. Where 


uncertainties were considered greater than “low”, potential implications for risk predictions were 


also discussed (e.g., potential for under- or over-estimating risks). Uncertainties are organized 


by the following groups: 


 Conceptual Site Model – this refers to uncertainty in our understanding of the situation 


being assessed  


 Exposure – this refers to WRA methods or assumptions that affect exposure estimates  


 Effects – this refers to WRA methods or assumptions that affect compilation or 


interpretation of effects data 


 Risk Characterization – this refers to the integration of exposure/effects information for 


individual organisms and its extrapolation to populations  
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Conceptual Site Model (CSM) 


 Contaminant sources – Methylmercury-related changes in the aquatic environment 


associated with reservoir creation are reasonably well understood. The CSM was 


developed with these in mind to target this issue specifically, so uncertainty is low. 


 Environmental fate – This assessment relied heavily on RESMERC, a sophisticated 


mechanistic model that has the ability to predict methylmercury concentrations in a wide 


range of environmental media at any point in time following reservoir creation. 


RESMERC explicitly considered mercury methylation, accumulation and 


biomagnification, important drivers of methylmercury transport and fate in the 


environment. More details regarding RESMERC are discussed below under “exposure”.  


However, given that RESMERC is a model, uncertainty is considered moderate; based 


on an extensive review of many other Canadian reservoirs within the Mercury Technical 


Report (Volume 2, Appendix J, Part 1) RESMERC likely overestimates methylmercury 


concentrations in environmental media associated with Site C. 


 Exposure pathways – It is well known that methylmercury biomagnifies up the aquatic 


food chain, with the highest concentrations found in predatory fish. Consequently, while 


including a range of ROC group (see below), the CSM incorporated piscivorous birds 


and mammals to ensure that this pathway was explicitly addressed. Uncertainty is 


considered low. 


 Receptors of concern (ROCs) – ROCs included in this WRA represent a broad range of 


feeding types. ROCs are ultimately meant to conservatively represent the range of 


species found at a site. Wildlife biologists actively conducting field surveys related to Site 


C were consulted to select the most appropriate surrogate species for each feeding 


group. Consequently, uncertainty is considered low. 


Exposure 


 Seasonality and foraging range factors – These factors reflect temporal (seasonality) 


and spatial (foraging range) elements of contaminant exposure. Seasonality can be 


important if exposure occurs during non-breeding periods or for short durations (e.g., 
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during migration stops only) as it may the relevancy of certain effect endpoints (e.g., 


reproduction or early development). In cases where an ROC’s foraging range is much 


larger than the site, exposure may be diluted by the consumption of food items with 


lower contaminant concentrations. For Site C, exposure estimates were derived 


assuming no temporal or spatial constraints, which is considered realistic for this site 


and should not bias risk estimates. Consequently, uncertainty is considered low. 


 Predicted methylmercury concentrations – This WRA relies on RESMERC for estimates 


of methylmercury concentrations in water, sediment, aquatic invertebrates, and fish 


within the Site C reservoir (Appendix D). Given that fish is the predominant source of 


methylmercury (e.g., 98% for the belted kingfisher for the Site C – Peak scenario), risk 


predictions are highly sensitive to estimated concentrations in fish. As discussed in 


Section 11.9 of the EIS, the RESMERC model is considered to overestimate fish 


mercury concentrations for Site C by as much as 50% (e.g., RESMERC predicts peak 


concentrations to increase by up to 6 times relative to baseline, while two other lines of 


evidence indicate up to three fold changes). Consequently, uncertainty is considered 


moderate and the conservatism directly translates into over-estimation of 


methylmercury-related risks to ROCs. 


 Downstream of Site C – While risk predictions focus on wildlife feeding from biota within 


the Site C reservoir there will be exposure to increased methylmercury in wildlife feeding 


on fish that may be entrained to the Peace River downstream of Site C. As laid out in the 


EIS (Section 11.9) the net increase of mercury in downstream fish is expected to be no 


more than half of what is expected within the reservoir, and for a smaller area and 


shorter duration than within Site C. Consequently, risks to downstream wildlife will 


necessarily be less than from within Site C reservoir.  


 Bioavailability – Dietary uptake efficiency for methylmercury was assumed to be 100% of 


the ingested dose. This is considered a realistic assumption for methylmercury, so 


uncertainty is low.  
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 Exposure pathways – Food consumption, drinking water ingestion, and incidental 


ingestion of soil were assumed to represent 100% of the total COPC dose for a given 


wildlife receptor. This is likely realistic since exposure through inhalation and dermal 


contact are likely to be negligible, at least for birds and mammals; uncertainty is low. 


 Receptor-specific parameters – Exposure parameters were compiled using available 


data and best professional judgment. Species-specific data on ingestion rates were often 


limited, requiring the use of allometric equations; this is common in food chain modeling 


and is not expected to bias results. Dietary composition can vary substantially over 


space and time; available literature data was coupled with professional judgment to 


select a reasonably conservative dietary composition. Overall, uncertainty is considered 


moderate and bias low. 


Effects 


 Dose estimation – In the absence of reported doses in the toxicological studies, 


assumptions were needed for one or more of the following: body weights, ingestion 


rates, or moisture content of food. Dose estimation can be variable, particularly for 


longer-term studies that include younger animals and adults. Overall, uncertainties 


associated with this are considered moderate; no bias is expected, so implications to risk 


predictions would be variable.    


 Interspecies extrapolation of dose-response data – It was assumed that the dose-


response data used in the effects assessment were appropriate for ROCs found in the 


study area. Application of the data assumes that the ROCs are similar in sensitivity to a 


given dose of methylmercury. Uncertainty would be moderate, but without bias. 


 Data quantity, quality and consistency – Confidence in dose-response relationships 


increases with more, high-quality data that tell a consistent story. In the case of this 


WRA, confidence would differ for data sets generated for each ROC group. The degree 


to which confidence in the dose-response relationship results in meaningful uncertainty 


in a risk assessment depends on where predicted doses fall within the relationship. For 


birds, uncertainty is considered high because predicted doses (particularly for the belted 
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kingfisher) fall within the low end of the relationship for offspring reproduction, which 


happens to be quite variable. While data are more limited for mammals and highly 


limited for amphibians, uncertainty in each would be moderate as predicted doses fall 


below those associated with adverse effects. 


Risk Characterization 


 Risk characterization – Estimated exposure was compared to the available dose-


response data using plots. Quantitative models were not fit to the dose-response data 


(because of data limitations); therefore interpretation of likely effect sizes associated with 


estimated dose was through visual interpretation of the data. There is some imprecision 


associated with this approach.  


 Extrapolation to local populations – Results of the food chain model make predictions 


about potential effects to individual organisms. Individual organisms are relevant for 


listed species. However, for common species, the assessment endpoint usually focuses 


on local populations, which requires some extrapolation from organism-level 


measurement endpoints. Broadly speaking, if the magnitude of effects to organisms is 


considered negligible or low, potential risks to populations are unlikely to occur and 


uncertainty in this prediction may be considered low. However, if the magnitude of 


effects to organisms is moderate or high, potential implications for local populations are 


often unknown and require additional site-specific investigations to elucidate. Given that 


population modeling was used in this WRA to reduce uncertainties associated with the 


extrapolation of results, uncertainties would be considered low to moderate.  


 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
36 
  
 


 


4.0 REFERENCES 


Abernathy, A.R. and P.M. Cumbie. 1977. Mercury accumulation by largemouth bass 


(Mictropterus salmoides) in recently impounded reservoirs. Bull. Environmental 


Contamination and Toxicology 17: 595-602. 


Albano, D.J. 2000. A behavioral ecology of the Belted Kingfisher (Ceryle alcyon). Ph.D. Thesis, 


University of Massachusetts, Amhearst. 


Allard, P., A. Fairbrother, B.K. Hope, R.N. Hull, M.S. Johnson, L. Kapustka, G. Mann, B. 


McDonald, and B.E. Sample. 2010. Recommendations for the development and 


application of wildlife toxicity reference values. Integrated Environ Assessment and 


Management 6(1): 28-37. 


Azimuth. 2011. 2010 Status of Mercury in Environmental Media for Site C Planning-Peace River 


and Dinosaur Reservoir. Project no. BCH-10-01, Azimuth Consulting Group Inc., July 


2011. 


Azimuth Consulting Group Partnership (Azimuth). 2012. Human Health Risk Assessment 


Volume 2, Appendix J, Part 3, Site C Environmental Impact Assessment. Prepared by 


Azimuth for BC Hydro, Vancouver BC. December 2012. 


Baker, R.F. 2002. BC Fish mercury database – 2001. A report prepared by Aqualibrium 


Environmental, Vancouver BC for BC Hydro, Burnaby BC.  


Banfield, A.W.F. 1974. The Mammals of Canada. University of Toronto Press, Toronto, Canada. 


Barclay, R.M.R. 1991. Population structure of temperate zone insectivorous bats in relation to 


foraging behaviour and energy demand. The Journal of Animal Ecology 60(1): 165-178. 


Barnthouse, L.W., W.R. Munns Jr., and M.T. Sorensen. 2008. Population-level ecological risk 


assessment. SETAC Press and Taylor and Francis. 337 pp. 


Barr JE. 1986. Population dynamics of the Common Loon (Gavia immer) associated with 


mercury-contaminated waters in northwestern Ontario. (Occasional Paper Number 56). 


Ottawa, ON: Canadian Wildlife Service. 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
37 
  
 


 


BC MELP (BC Ministry of Environment, Lands and Parks). 1998. CSR Protocol 1: Guidance and 


checklist for tier 1 ecological risk assessment of contaminated sites in BC. 


http://www.env.gov.bc.ca/epd/remediation/policy_procedure_protocol/protocols/tier1/ind


ex.htm 


BC MELP. 2000. Tier 1 ecological risk assessment policy decision summary. 


http://www.env.gov.bc.ca/epd/remediation/standards_criteria/standards/tier1policy.htm 


Beal, F.E.L. 1900. Food of the bobolink, blackbirds, and grackles. U.S. Department of 


Agriculture Biological Survey Bulletin 13. 


Bellrose, F.C. 1976. Ducks, Geese and Swans of North America. 2nd ed. Stackpole Books, 


Harrisburg, Pennsylvania, 534 p.  


Bloom, N.S. 1992. On the chemical form of mercury in edible fish and marine invertebrate 


tissue. Canadian Journal of Fisheries and Aquatic Sciences. 49: 1010-1017. 


Bodaly, R. A., W.A., Jansen, A.R. Majewski, R.J.P. Fudge N.E. Strange, A.J. Derksen  and A. 


Green. 2007. Post-impoundment time course of increased mercury concentrations in fish 


in hydroelectric reservoirs of northern Manitoba, Canada. Arch. Environ. Contam. 


Toxicol. 53: 379-389. 


Bodaly, R.A, R.E. Hecky and R.J.P. Fudge. 1984. Increases in fish mercury levels in lakes 


flooded by the Churchill River diversion, northern Manitoba. Canadian Journal of 


Fisheries and Aquatic Sciences 41: 682-691. 


Bodaly, R.A., and R.E. Hecky. 1979. Post-impoundment increases in fish mercury levels in the 


Southern Indian Lake reservoir, Manitoba. Canadian Fisheries and Marine Service MS 


Rep. 1531: iv + 15 p.  


Bodaly, R.A., W.A. Jansen, A.R. Majewski, R.J.P. Fudge, N.E. Stragen, A.J. Derksen and D.J. 


Green. 2007. Postimpoundment time course of increased mercury in fish in hydroelectric 


reservoirs of Northern Manitoba, Canada. Archiv. Environ. Contam. Toxicol. 53: 379 – 


389. 



http://www.env.gov.bc.ca/epd/remediation/policy_procedure_protocol/protocols/tier1/index.htm

http://www.env.gov.bc.ca/epd/remediation/policy_procedure_protocol/protocols/tier1/index.htm

http://www.env.gov.bc.ca/epd/remediation/standards_criteria/standards/tier1policy.htm





 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
38 
  
 


 


Brooks, R.P. and W.J. Davis. 1987. Habitat selection by breeding Belted Kingfishers (Ceryle 


alcyon). American Midland Naturalist 117(1): 63-70. 


Campbell, K.L. and R.A. MacArthur. 1996. Seasonal Changes in Gut Mass, Forage Digestibility, 


and Nutrient Selection of Wild Muskrats (Ondatra zibethicus).Physiological Zoology 69 


(5):1215-1231. 


Campbell, R.W., N.K. Dawe, I. McTaggart-Cowan, J.M. Cooper, G.W. Kaiser, and M.C.E. 


McNall. 1990. The Birds of British Columbia, Volume 1: Introduction and loons through 


waterfowl. Royal British Columbia Museum, Victoria. 


Cramp, S. and K.E.L. Simmons. 1977. The Birds of the Western Palearctic, Vol. 1. Ostrich to 


Ducks. Oxford University Press, Oxford. 


Davis, H.G., R.J. Aulerich, S.J. Bursian, J.G. Sikarskie and J.N. Stuht. 1992. Feed consumption 


and food transit time in northern river otters (Lutra canadensis). Journal of Zoo and 


Wildlife Medicine 23(2): 241-244. 


Davis, T.M. 2000. Ecology of Western Toad (Bufo boreas) in forested areas on Vancouver 


Island. Final Report. Forest Renewal B.C. Ministry of Forests, Victoria, B.C. 


Davis, W.J. 1982. Territory size in Megaceryle alcyon along a stream habitat. Auk 99:353-362. 


Depew, D., N.M. Burgess, M.R. Anderson, R.F. Baker, P.B. Satyendra, R.A. Bodaly, C.S. 


Eckley, M.S. Evans, N. Gantner, J.A. Graydon, K. Jacobs, J.E. LeBlanc, V.L. St. Louis 


and L.M. Campbell. 2013. An overview of mercury (Hg) concentrations in freshwater fish 


species: A national Hg fish data set for Canada. Canadian Journal of Fisheries and 


Aquatic Sciences. Volume 70: 1 – 16. 


Eder, T. and D. Pattie. 2001. Mammals of British Columbia. Lone Pine Publishing, Edmonton, 


Canada.. 


Ehrlich, P.R., Dobkin, D.S., and D. Wheye. 1988. The birder’s handbook: a field guide to the 


natural history of North American Birds. Fireside Books, Simon and Schuster Inc. New 


York. 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
39 
  
 


 


Erskine, A.J. 1972. Buffleheads. Monograph Series No. 4, Canadian Wildlife Service. 


Federal Contaminated Sites Action Plan (FCSAP). 2012. Ecological Risk Assessment 


Guidance. Prepared by Azimuth Consulting Group, Vancouver, BC. Prepared for 


Environment Canada, Pacific Region. March 2012, 222 pgs. 


Fryxell, J.M. and C. M. Doucet. 1993. Diet Choice and the Functional Response of Beavers. 


Ecology 74(5):1297-1306. 


Garrison, B. A. 1998. Bank Swallow (Riparia riparia). In: The Riparian Bird Conservation Plan: a 


strategy for reversing the decline of riparian-associated birds in California. California 


Partners in Flight. http://www.prbo.org/calpif/htmldocs/riparian_v-2.html 


Gnamus, A. and M. Horvat. 1999. Mercury in terrestrial food webs of the Idrija mining area. 


Pp281-320 in Ebinghaus, R., R.R. Turner, L.D. Lacerda, O. Vasiliev, W. Salomons 


(Eds). 1999. Mercury Contaminated Sites: Characterisation, Risk Assessment and 


Remediation.  Springer-Verlag, New York, 538 p. 


Gnamus, A., A.R. Byrne and M. Horvat. 2000. Mercury in the soil-plant-deer-predator food chain 


of a temperate forest in Slovenia. Environ. Sci. Technol., 34:3337-3345 


Godfrey, E. 1986.  Birds of Canada.  Natural Museum of Natural Sciences. 


Golder Associates, Limnotek and ESSA. 2012. Aquatic Productivity Report, Part 3, Future 


Conditions Report. A report prepared by Golder Associates, Limnotek and ESSA, 


Vancouver BC for BC Hydro, Vancouver BC. November 2012. 


Hall, B.D., Bodaly, R.A., Fudge, R.J.P., Rudd, J.W.M. and Rosenberg, D.M. 1997. Food as the 


dominant pathway of methylmercury uptake by fish. Water Air Soil Pollution 100: 13-24.  


Hall, B.D., Rosenberg, D.M. and Wiens, A.P. 1998. Methylmercury in aquatic insects from an 


experimental reservoir. Canadian Journal of Fish and Aquatic Sciences  55: 2036-2047. 


Hall, J.G. 1960. Willow and aspen in the ecology of Beaver on Sagehen Creek, California. 


Ecology 41(3): 484-494. 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
40 
  
 


 


Hall, J.G. 1960. Willow and aspen in the ecology of beaver on Sagehen Creek, California. 


Ecology 41(3): 484-494. 


Hatler, D.F. 2002. Beaver colony dynamics in the upper Nechako River watershed, British 


Columbia, 1989-2001. Unpublished report for Alcan Primary Metal, Kitimat, British 


Columbia. 


Henning, M.H. and R.P. Brooks. 2002. Productivity and density of belted kingfishers on the 


Housatonic River. Prepared for General Electric Company by Arcadis G&M, Inc., 


Portland, Maine. 29 pp. + appendices.  


Hill, R.A., B.J. Pyper, G.S. Lawrence, G.S. Mann, P. Allard, C.E. Mackintosh, N. Healey, J. 


Dwyer and J. Trowell. Using sparse dose-response data for wildlife risk assessment. 


Submitted to Integr Environ Assess Manag 2013. 


Hope, B.K. 2007. What’s wrong with risk assessment? Editorial. Human and Ecological Risk 


Assessment, 13:1159-1163 


Imler, R. H. and E. R. Kalmbach. 1955. The Bald Eagle and its Economic Status. U.S. Fish and 


Wildlife Service. Circular 30, Washington, D.C. 


Irving, L. 1960. Birds of Anaktuvuk Pass Kobuk and Old Crow: A Study in Arctic Adaptation. 


Bulletin U.S. Natural Museum. 217: 1-409. 


Jones, M.S. and J.P. Goettl. 1998. Henderson/Urad boreal toad studies. In: Boreal toad 


research progress report 1995-1997. Colorado Division of Wildlife, Fort Collins,  


Kelly, J.F. 1996. Ecological response to variable resource distributions: effects of prey 


availability on Belted Kingfishers. Ph.D. Thesis, Colorado State University, Fort Collins. 


Kelly, J.F., E.S. Bridge and M.J. Hamas. 2009. Belted Kingfisher (Megaceryle alcyon), The 


Birds of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology; 


Retrieved from the Birds of North America Online: 


http://bna.birds.cornell.edu/bna/species/084. 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
41 
  
 


 


Kesler, Dylan C. and Haig, Susan M., "Conservation Biology for Suites of Species: 


Demographic Modeling for Pacific IslandKingfishers" (2007). USGS Staff -- Published 


Research.Paper 669. http://digitalcommons.unl.edu/usgsstaffpub/669. 


Larivière, S. and L.R. Walton. 1998. Lontra canadensis. Mammalian Species 587: 1-8.  


Lillywhite, H.B., P.Licht and P. Chelgren. 1973. The role of behavioral thermoregulation in the 


growth energetics of the toad, Bufo boreas. Ecology Vol. 54, No. 2, pp. 375-383. 


Matsuda, B.M., D.M. Green and P.T. Gregory. 2006. Amphibians and Reptiles of British 


Columbia. Royal BC Museum Handbook. 


McCabe, R. 1949. Notes on live-trapping mink. Journal of Mammalogy 30(4): 416-423.  


Moore, T.R., J.L. Bubier, A. Heyes, and R.J. Flett.  1995.  Methyl and total mercury in boreal 


wetland plants, Experimental Lakes Area, northwest Ontario. Journal of Environmental 


Quality 24(5):845-850. 


Mowbray, T.B., C.R. Ely, J.S. Sedinger and R.E. Trost. 2002. Canada Goose (Branta 


canadensis). In The Birds of North America, No. 682 (A. Poole and F. Gill, eds.). The 


Birds of North America, Inc., Philadelphia, PA. 


Nagorsen, D.W. 2005. Rodents & Lagomorphs of British Columbia. Volume 4, The Mammals of 


British Columbia. Royal BC Museum Handbook, Royal BC Museum, Victoria, Canada. 


Nagorsen, D.W. and R.M. Brigham. 1993. The Bats of British Columbia. Volume 1, The 


Mammals of British Columbia. Royal British Columbia Museum Handbook. 


Paterson, M.J., Rudd, J.W.M. and St. Louis, V.L. 1998. Increases in total and methylmercury in 


zooplankton following flooding of a peatland reservoir. Environ. Sci. Technol. 32: 3868-


3874. 


Peterson, A.J. 1955. The breeding cycle in the bank swallow.  The Wilson Bulletin, Vol. 67, No. 


4, pp. 235-286. 


Potter, L., C. Kidd and D. Standiford. 1975. Mercury levels in Lake Powell. Bioamplification of 


mercury a man-made desert reservoir. Environmental Science and Technology 9: 41-46. 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
42 
  
 


 


Prevett, J.P., I.F. Marshall and V.G. Thomas. 1985. Spring foods of Snow and Canada geese at 


James Bay. Journal of Wildlife Management 49: 558–563. 


Prose, B.L.. 1985. Habitat suitability index models: belted kingfishers. Biological Report 82 


(10.87). U.S. Fish and Wildlife Service 


Proulx, G. and F. Gilbert. 1983. The Ecology of the Muskrat, Ondatra zibethicus, at Luther 


Marsh, Ontario. Canadian Field-naturalist 97 (4): 377-390. 


Reed, A., R. Benoit, M. Julien and R. Lalumire. 1996. Goose use of the coastal habitats of 


Northeastern James Bay. Canadian Wildlife Service, Occasional Paper 92. 


Renecker, L.A. and R.J. Hudson. 1985. Estimation of Dry Matter Intake of Free-Ranging Moose. 


The Journal of Wildlife Management 49(3): 785-792 


Rieberger, K. 1992. Metal concentrations in fish tissue from uncontaminated B.C. lakes. BC 


Water Management Division, Water Quality Branch Ministry of Environment Lands and 


Parks, BC. August 1992. 


Sample, B., M.S. Alpin, R.A. Efroymson, G.W. Suter II, and C.J.E. Welsh. 1997. Methods and 


tools for estimation of the exposure of terrestrial wildlife to contaminants. Environmental 


Sciences Division Publication No. 4650. 


Science Advisory Board (SAB) for Contaminated Sites in British Columbia. 2008. Guidance for 


Detailed Ecological Risk Assessments (DERA) in British Columbia. British Columbia, 


Canada.  


Sedinger, J.S. and D.G. Raveling. 1984. Dietary selectivity in relation to availability and quality 


of food for goslings of Cackling Geese. Auk 101: 295–306. 


Unrine, J. M., C.H. Jagoe, W.H. Hopkins, H.A. Brant 2004. Adverse effects of ecologically 


relevant dietary mercury exposure in southern leopard frog (Rana sphenocephala) 


larvae. Environmental Toxicology and Chemistry 23(12): 2964-2970. 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 


 
43 
  
 


 


USEPA (United States Environmental Protection Agency). 1993. Wildlife Exposure Factors 


Handbook. Vol.1. EPA/600/R-93/187a. Office of Research and Development, 


Washington, DC. 


Wiener, J.G., R.A. Bodaly, S.S, Brown, M., Lucotte, M.C., Newman, D.B., Porcella, R.J., Reash, 


and E.B. Swain. 2007. Monitoring and evaluating trends in methylmercury accumulation 


in aquatic biota, pp. 87-122, In: Ecosystem responses to mercury contamination, Eds. 


Harris, R., Krabbenhoft, D.B., Mason, R., Murray, M.W., Reash, R., and Saltman, T. 


CRC Press, Boca Raton. 


Wheatley, M. 1997. Beaver, Castor canadensis, home range size and patterns of use in the 


taiga of southeastern Manitoba: II. Sex, age, and family status. 


Canadian Field-Naturalist 111(2): 211-216. 


White, H.C. 1953. The Eastern Belted Kingfisher in the maritime provinces. Bulletin of the 


Fisheries Research Board of Canada 97:1-44. 


Wind, E.L. and L.A. Dupuis. 2002. COSEWIC status report on the Western Toad Bufo boreas in 


Canada, in COSEWIC assessment and status report on the Western Toad Bufo boreas 


in Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa. 1-31 pp. 


Yasukawa, K. and W.A. Searcy. 1995. Red-winged Blackbird (Agelaius phoeniceus). In The 


Birds of North America, No. 184 (A. Poole and F. Gill, eds). The Academy of Natural 


Sciences, Philadelphia, and the American Ornithologists’ Union, Washington, D.C. 


 







 
Site C Clean Energy Project  


 
Effects of Methylmercury on 


Wildlife 


 


April 2013 
44 
  


 


TABLES 


 







 
Site C Clean Energy Project 


 Effects of Methylmercury on 
Wildlife


 


April 2013 
44 
 


 


Table 2.3.1 Wildlife ROC selection and rationale for the Peace River Site C Clean Energy Project 
 


Herbivore YES
Possible exposure to contaminants through ingestion of vegetation 
(aquatic and/or terrestrial), water and incidental ingestion of sediment 
and soil. 


muskrat, moose, American beaver 


Insectivore YES
Possible exposure to contaminants through ingestion of soil and/or 
aquatic invertebrates, water and incidental ingestion of sediment and 
soil. 


little brown myotis,


Piscivore/Carnivore YES
Possible exposure to contaminants through ingestion of fish and/or 
small mammals, water and incidental ingestion of sediment and soil. 


northern river otter, American mink


Omnivore YES
Possible exposure to contaminants through ingestion of food, water and 
incidental ingestion of sediment and soil. 


muskrat - (represents an omnivore for this food 
chain model, but none of the mammals chosen 
are true omnivores)


Herbivore YES
Possible exposure to contaminants through ingestion of vegetation 
(aquatic and/or terrestrial), water and incidental ingestion of sediment 
and soil


Canada goose


Insectivore YES
Possible exposure to contaminants through ingestion of soil and/or 
aquatic invertebrates, water and incidental ingestion of sediment and 
soil. 


spotted sandpiper, bank swallow


Piscivore/Carnivore YES
Possible exposure to contaminants through ingestion of fish and/or 
small mammals, water and incidental ingestion of sediment and soil. 


belted kingfisher, common merganser, bald 
eagle


Omnivore YES
Possible exposure to contaminants through ingestion of food, water and 
incidental ingestion of sediment and soil. 


mallard


Amphibian Carnivore YES
Exposure through direct contact with surface soil/sediment and water, 
ingestion of food (prey such as invertebrates), uptake of drinking water 
and inadvertent ingestion of soil and sediment. 


western toad


Rationale Surrogate ROC


Mammal


Bird


Aquatic Receptor 
Group


 Receptor Type
Included in ERA? 


(Yes/No)
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Table 2.4.1. Aquatic exposure pathway selection and rationale for the Site C Clean Energy Project 


 


Water consumption YES Mammals are expected to drink from Site water.


Food consumption YES
Mammals expected to use aquatic food sources on Site (e.g., 
plants, invertebrates,fish). 


Incidental sediment ingestion YES
Incidental sediment ingestion is expected, particularly for mammals 
that forage near the sediment/water interface (e.g.muskrat).


Water consumption YES Birds are  expected to drink from Site water.


Food consumption YES
Birds expected to use aquatic food sources (plants, invertebrates, 
fish, flying insects [which have an aquatic origin]) on site.


Incidental soil ingestion YES
Incidental sediment ingestion expected, particularly for birds that 
forage near the sediment/water interface (e.g., mallard).


Water consumption YES Amphibians may be exposed through water ingestion.


Food consumption YES Amphibians may be exposed to contaminants via diet.


Incidental sediment ingestion YES


Incidental soil ingestion YES


Direct contact with water, soils and 
sediments


YES
Amphibians are in contact with water, soils and sediments; 
amphibian skin is permeable.


Birds


Amphibians Amphibians may be exposed to contaminants in soil and sediment 
through incidental ingestion .


Receptor Group Aquatic Exposure Pathway
Included 
(yes/no)


Rationale


Mammals
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Table 2.6.1. Endpoints and lines of evidence for the Site C Clean Energy Project. 


 


NOTES:


Comparison of estimated total dose (from a 
food chain model using measured 


contaminant concentrations in dietary items) 
to a literature-derived dose-response dataset, 


to qualitatively determine the magnitude of 
potential risks. 


Receptor Groups Assessment Endpoint LOE #
LOE Category 


(Tool)
LOE Description and Measurement 


Endpoints


(a) We define viability as the ability of a population to sustain itself over the long term. We assume 
that assessing organism level attributes will be protective of population attributes.


(b) The assessment population consists of a group of conspecific organisms occupying a defined 
area that has been selected to serve as an assessment endpoint entity for the ecological risk 
assessment (Barnthouse et al. 2008). The assessment population is operationally defined in the 
risk assessment as the local population, which consists of all organisms exposed to, or indirectly 
affected by, contaminants at the Site. 


(c) The measurement endpoint is based on an average individual within a test population. 


Food chain model
Birds, Mammals and 
Amphibians


Viability(a) of local bird and mammal 


populations(b) (for common species); 
survival, reproduction, growth, and 


deformities of individual organisms(c) (for 
listed species);  entity assumed to be 
represented by the entire property (for 


both common and listed species)


1







Table 3.2.1. Methyl mercury exposure concentrations for each of four exposure scenarios


Exposure Media Parameters Peace - Baseline Site C - Peak Site C - Peak Average Site C - Long Term


Terrestrial Exposure Media


Value (mg/kg) 0.000245


Source Azimuth 2011


Description


Environmental Data - 95% UCLM of the baseline soil 
methyl mercury concentrations within reservoir footprint 
collected in 2010. Used only subset of data with methyl 
mercury  (12 samples) , currently without Watson Slough 
and Fire-impacted sample. The subset of data reflects the 
range of concentrations present in the entire soil dataset, 
with perhaps the exception of the lower range of mercury 
concentrations (see Figure 3.2.1).


Value (mg/kg ww) 0.00117


Source Azimuth 2011, Moore et al. 1995


Description


Environmental Data - 30% of the 95% UCLM for total 
mercury from 2010 shrub/tree data along Peace River 
(including sarsaparilla, rose, dogwood, willow, spruce and 
alder samples, total of 14 samples). 30% is estimated by 
Azimuth from data presented in Moore et al. 1995.


Value (mg/kg ww) 0.00192


Source Azimuth 2011, Moore et al. 1995


Description


Environmental Data -30% of the maximum total mercury 
concentrations of 2010 data for grasses/herbs along 
Peace River (including horsetails, sedges, reeds and 
cattails, total of 5 samples). The maximum was used 
instead of a 95% UCLM as the calculated 95% UCLM was 
greater than observed maximum. 30% is estimated by 
Azimuth from data presented in Moore et al. 1995.


Value (mg/kg ww) 0.0002548


Source Azimuth 2011, Gnamus and Horvat, 1999,USEPA 1993


Description


Predicted Data- Calculated using a Biaccumulation 
Factor (Uptake Factor of 3.25 from Gnamus and Horvat 
1999) and the Baseline Peace River soil methyl mercury 
concentration (see soil, above). Dry weight concentrations 
were converted to wet weight using a moisture content of 
68% (USEPA 1993).


Value (mg/kg ww) 0.0003136


Source Azimuth 2011, Allard et al. 2003, USEPA 1993


Description


Predicted Data - Calculated using a Biaccumulation 
Factor (Uptake Factor of 8 from Allard et al. 2003 ) and 
the Baseline Peace River soil methyl mercury 
concentration (see soil, above). Dry weight concentrations 
were converted to wet weight using a moisture content of 
84% (USEPA 1993).


Shrubs/Trees


Soil


Surrogate Data -Soils from Baseline Peace River  used as a surrogate, assumed that soils upland of the Site C Reservoir that will remain unflooded are similar.


0.000245


Azimuth 2011


Surrogate Data -Shrubs/trees from Baseline Peace River Scenario; assumed to be the same for future Site C Scenarios. 


Azimuth 2011


0.00117


Surrogate Data -Grasses/herbs from Baseline Peace River Scenario; assumed to be the same for future Site C Scenarios. 


Azimuth 2011


0.00192


Small animals


Predicted Data - Calculated as per Baseline Peace River. Baseline Peace River soil concentrations (surrogate soils, assumed that soils upland of the Site C Reservoir that will 
remain unflooded are similar). 


Azimuth 2011, Gnamus and Horvat, 1999,US EPA 1993


0.0002548


Grasses/Herbs


Predicted Data - Calculated as per Baseline Peace River. Baseline Peace River soil concentrations (surrogate soils, assumed that soils upland of the Site C Reservoir that will 
remain unflooded are similar). 


Azimuth 2011, Allard et al. 2003, US EPA 1993


0.0003136


Earthworms







Table 3.2.1. Methyl mercury exposure concentrations for each of four exposure scenarios


Exposure Media Parameters Peace - Baseline Site C - Peak Site C - Peak Average Site C - Long Term


Value (mg/kg ww) 0.000686


Source Azimuth 2011, Allard et al. 2003, USEPA 1993


Description


Predicted Data  - Calculated using a Biaccumulation 
Factor (Uptake Factor of 8 from Allard et al. 2003 ) and 
the Baseline Peace River soil methyl mercury 
concentration (see soil, above). Dry weight concentrations 
were converted to wet weight using a moisture content of 
65% (USEPA 1993).


Value (mg/kg ww) 0.0015 0.0070 0.0059 0.0017


Source


Description


Aquatic Exposure Media


Value (mg/L) 2.06E‐08 3.59E‐08 3.19E‐08 2.10E‐08


Source


Description


Value (mg/kg) 0.0011 0.0137 0.0098 0.0012


Source


Description


Value (mg/kg ww) 0.0019 0.0019 0.0019 0.0018


Source


Description


Value (mg/kg ww) 0.0023 0.0161 0.0133 0.0023


Source


Description


Azimuth 2011, Allard et al. 2003, US EPA 1993


Surrogate Data - Concentrations for all four scenarios assumed to be 50% ground insects (see above) and 50% aquatic invertebrates (see below).


Harris and Hutchinson 2013


BCF calculation - Based on: (1) bioaconcentration factors (BCF) for total mercury; (2) Baseline Peace River maximum total unfiltered mercury water concentrations obtained from RESMERC (concentrations were area-weighted for 
upstream and downstream reaches and only water from the epilimnion was used); and (3) the assumption that methyl mercury is approximately 36% of total mercury in aquatic plants (Moore et al. 1995).  A  BCF of 7000 was selected 


based on  unpublished field studies using Canadian macrophytes (unusually high and low BCFs were discounted). 


Haris and Hutchinson 2013, Moore 1995, unpublished field study data (Azimuth)


Harris and Hutchinson 2013


RESMERC– Sediment concentrations for all four scenarios were based on modelled predictions of sediment concentrations (Harris and Hutchinson 2013) for upstream and downstream reaches including original riverbed sediments, 
flooded uplands and flooded wetlands. Only concentrations predicted for the epilimnion were used, sediment from the hypolimnion was not considered accessible to wildlife. Methylmercury concentrations were area weighted for upstream 


and downstream reaches to provide one estimate for each scenario.


Harris and Hutchinson 2013


RESMERC – Invertebrate concentrations for all four scenarios were based on modelled predictions of invertebrate concentrations (RESMERC, Harris and Hutchinson 2013) for both benthos (sediment-associated invertebrates) and water-
column invertebrates. For benthos, concentrations used in the model were estimated based on upstream and downstream reaches, including original riverbed sediments, flooded upland and flooded wetlands. Only concentrations 
predicted for the epilimnion were used, invertebrates from the hypolimnion were not considered accessible to wildlife. Benthos and water-column invertebrate concentrations were each separately area weighted for upstream and 


downstream reaches and then combined using a 50/50 ratio to provide one estimate for each scenario. Where necessary, concentrations were converted from dry to weight wet using an 89% moisture concentration (to be consistent with 
RESMERC).


Sediment


Aquatic inverts 
(for receptors which feed from 
the water-column and/or 
sediments)


Ground Insects


Azimuth 2011, Allard et al. 2003, US EPA 1993


Predicted Data - Calculated as per Baseline Peace River. Baseline Peace River soil concentrations (surrogate soils, assumed that soils upland of the Site C Reservoir that will 
remain unflooded are similar). 


0.000686


Flying Insects


Aquatic plants 


Water


RESMERC– Water concentrations for all four scenarios were based on modelled predictions of water concentrations (Harris and Hutchinson 2013) for upstream and downstream reaches. Only concentrations predicted for the epilimnion 
were used, water from the hypolimnion was not considered accessible as drinking water to wildlife. Methylmercury concentrations were area weighted for upstream and downstream reaches to provide one estimate for each scenario.







Table 3.2.1. Methyl mercury exposure concentrations for each of four exposure scenarios


Exposure Media Parameters Peace - Baseline Site C - Peak Site C - Peak Average Site C - Long Term


Value (mg/kg ww) 0.0023 0.0134 0.0112 0.0027


Source


Description


Value (mg/kg ww) 0.018 0.084 0.072 0.020


Source


Description


Value (mg/kg ww) 0.021 0.093 0.082 0.026


Source


Description


Value (mg/kg ww) 0.027 0.116 0.105 0.033


Source


Description


Value (mg/kg ww) 0.027 0.117 0.106 0.033


Source


Description


NOTES:
RESMERC ‐ Reservoir mercury model


ww ‐ wet weight


UCLM ‐ Upper confidence limit of the mean


BCF ‐ Bioconcentration factor


BAF ‐ Bioaccumulation factor


USEPA ‐ United States Environmental Protection Agency


RESMERC - Fish methylmercury concentrations for all four scenarios was taken from the RESMERC model (Harris and Hutchinson) for four fish species expected to reside in the reservoir, including rainbow trout, bull trout, red side 
shiner and longnose sucker. Fish (any of the four species) in age classes with total lengths equal to or less than 120 mm were weighted by the predicted biomass for this size fish to obtain a methylmercury concentration for each 


scenario.


Harris and Hutchinson 2013


Harris and Hutchinson 2013


Harris and Hutchinson 2013


RESMERC - Fish methylmercury concentrations for all four scenarios was taken from the RESMERC model (Harris and Hutchinson) for four fish species expected to reside in the reservoir, including rainbow trout, bull trout, red side 
shiner and longnose sucker. Fish (any of the four species) in age classes with total lengths equal to or less than 120 mm were weighted by the predicted biomass for this size fish to obtain a methylmercury concentration for each 


scenario.


RESMERC - Fish methylmercury concentrations for all four scenarios was taken from the RESMERC model (Harris and Hutchinson) for four fish species expected to reside in the reservoir, including rainbow trout, bull trout, red side 
shiner and longnose sucker. Fish (any of the four species) in age classes with total lengths equal to or less than 120 mm were weighted by the predicted biomass for this size fish to obtain a methylmercury concentration for each 


scenario.


Amphibians


Fish (< 120 mm)


Fish (<300 mm)


Fish (<500 mm)


Aquatic inverts 
(for calculation of flying insect 
concentrations)


 Harris and Hutchinson 2013


RESMERC - Invertebrate concentrations for the estimation of flying insect concentrations were calculated as above; however, both epilimnion and hypolimnion benthos concentrations were used. A portion of the benthos from the 
hypolimnion is expected to emerge and take on a terrestrial flying insect phase.


Harris and Hutchinson 2013


Surrogate Data -   Tissue concentrations of amphibians were estimated to be similar to the smallest size rainbow trout modelled by RESMERC (0+)  due to: (1) lack of amphibian data, and (2) some potential similarities in diet (both eat 
some portion of terrestrial insects). 







Table 3.2.2.  Receptor Specific Parameters for Receptors of Concern


Species and Parameters Units Value Reference Notes (a)


American beaver


BW kg wet 19.000
Fryxell and Doucet (1993); Wheatley (1997); Hatler (2002); 


Nagorsen (2005)
Iwater L/kg wet/day 0.074 USEPA (1993) Based on allometric equation for all mammals (Iwater = 0.099*BW0.90)
Isoil kg dry/kg wet/day 0.001 na Assumed 2% of dry food ingestion rate


Isediment kg dry/kg wet/day 0.001 na Assumed 2% of dry food ingestion rate


Ifood kg wet/kg wet/day 0.149 Based on total dry food intake (see below), and a moisture content in food of 73% 


FI kg dry/kg wet/day 0.041 USEPA (1993) Based on allometric equation for total dry food ingestion rate  for all mammals (0.235*BW0.822)
moose
BW kg wet 400.0 FCSAP 2012b Based on average body weight of both sexes (Banfield 1974)
Iwater L/kg wet/day 0.050 FCSAP 2012b Based on allometric equation for all mammals (L/day) (Iwater = 0.099*BW0.90)
Isoil kg dry/kg wet/day 0.0004 FCSAP 2012b Assumed 2% of dry food ingestion rate


Isediment kg dry/kg wet/day 0.0004 na Assumed 2% of dry food ingestion rate


Ifood kg wet/kg wet/day 0.068 na Based on total dry food intake (see below), and a moisture content in food of 71%
FI kg dry/kg wet/day 0.020 FCSAP 2012b Based on a dry matter intake for two free-ranging female moose (Renecker and Hudson 1985)
muskrat
BW kg wet 1.000 FCSAP 2012b (Banfield 1974; Nagorsen 2005)
Iwater L/kg wet/day 0.100 FCSAP 2012b Based on allometric equation for all mammals (L/day) (Iwater = 0.099*BW0.90)
Isoil kg dry/kg wet/day 0.000 na Assumed negligible


Isediment kg dry/kg wet/day 0.001 na Assumed 2% of dry food ingestion rate


Ifood kg wet/kg wet/day 0.481 na Based on dry food intake (see below) and moisture content in food of 85%
FI kg dry/kg wet/day 0.070 FCSAP 2012b Based  on captured muskrats (both males and females, all age classes) fed a natural diet ( Campbell and MacArthur 1996).
northern river otter
BW kg wet 7.500 FCSAP 2012b Based on average body weight of both sexes (Lariviere and Walton 1998)
Iwater L/kg wet/day 0.080 FCSAP 2012b Based on allometric equation for all mammals (L/day) (Iwater = 0.099*BW0.90)


Isoil kg dry/kg wet/day 0.000 na Assumed negligible


Isediment kg dry/kg wet/day 0.001 na Assumed 2% of dry food ingestion rate


Ifood kg wet/kg wet/day 0.135 na Based on dry food intake (see below) and moisture content in food of 78%
FI kg dry/kg wet/day 0.030 FCSAP 2012b Based on farmed male river otters (Davis et al. 1992)
American mink
BW kg wet 0.820 FCSAP 2012b Based on average body weigt of both sexes (McCabe 1949) 
Iwater L/kg wet/day 0.030 FCSAP 2012b This rate is based on an adult farm raised female (in USEPA 1993) in g/g day (assumes water density of 1 g/ml).


Isoil kg dry/kg wet/day 0.0007 na Assumed 2% of dry food ingestion rate


Isediment kg dry/kg wet/day 0.0007 na Assumed 2% of dry food ingestion rate


Ifood kg wet/kg wet/day 0.140 FCSAP 2012b Based on ingestion rates for farm raised adults, both sexes as reported in the USEPA (1993)
FI kg dry/kg wet/day 0.034 na Based on wet food intake (see above) and moisture content in food of 76%
little brown bat
BW kg wet 0.007 Barclay (1991); Nagorsen and Brigham (1993)
Iwater L/kg wet/day 0.160 USEPA (1993) Based on allometric equation for all mammals (Iwater = 0.099*BW0.90)
Isoil kg dry/kg wet/day 0.000 na Assumed negligible


Isediment kg dry/kg wet/day 0.000 na Assumed negligible


Ifood kg wet/kg wet/day 1.120 Sample et al. (1997) Based on 1.12 g/g/day ingestion rate for adults in the field
FI kg dry/kg wet/day 0.392 USEPA (1993) Based on wet food intake (see above) and moisture content in food of 65%
Canada goose


BW kg wet 2.000
Sedinger and Raveling 1984; Prevett et al. 1985; Campbell et al. 
1990; Reed et al. 1996; Mowbray et al. 2002


Based on average weight of both sexes


Iwater L/kg wet/day 0.047 USEPA (1993) Based on allometric equation for all birds (L/day) (0.059(BW)0.67)
Isoil kg dry/kg wet/day 0.001 na Assumed 2% of dry food ingestion rate


Isediment kg dry/kg wet/day 0.000 na Assumed negligible


Ifood kg wet/kg wet/day 0.129 na Based on dry food intake (see below) for all birds and moisture content of food of 65%


FI kg dry/kg wet/day 0.046 USEPA (1993) Based on allometric equation for total dry food ingestion rate for all birds (g/day) (0.648*(BW)0.651)
mallard
BW kg wet 1.200 FCSAP 2012b Based on average body weight of both sexes (Bellrose 1976) 
Iwater L/kg wet/day 0.060 FCSAP 2012b Based on allometric equation for all birds (L/day) (0.059(BW)0.67)
Isoil kg dry/kg wet/day 0.000 na Assumed negligible


Isediment kg dry/kg wet/day 0.001 FCSAP 2012b Assumed 2% of dry food ingestion rate


Ifood kg wet/kg wet/day 0.278 na Based on dry food intake (see below) and moisture content in food of 82%


FI kg dry/kg wet/day 0.050 FCSAP 2012b Based on allometric equation for total dry food ingestion rate for all birds (g/day) (0.648*(BW)0.651)
bank swallow
BW kg wet 0.014 Peterson 1955 Based on average adult body weight of both sexes
Iwater L/kg wet/day 0.241 USEPA (1993) Based on allometric equation for all birds (Iwater = 0.059*BW0.67)
Isoil kg dry/kg wet/day 0.027 na Assumed 10% of dry food ingestion rate (to reflect increased exposure to soil/mud during nest building)


Isediment kg dry/kg wet/day 0.000 na Assumed negligible


Ifood kg wet/kg wet/day 0.765 na Based on dry food intake (see below) and moisture content of food of 65% 


FI kg dry/kg wet/day 0.268 USEPA (1993) Based on allometric equation for total dry food ingestion rate for passerine birds (g/day) (0.398(BW)0.850)







Table 3.2.2.  Receptor Specific Parameters for Receptors of Concern


Species and Parameters Units Value Reference Notes (a)


spotted sandpiper
BW kg wet 0.038 FCSAP 2012b Based on the average body weight of both sexes (Irving 1960)
Iwater L/kg wet/day 0.170 FCSAP 2012b Based on allometric equation for all birds (L/day) (0.059(BW)0.67)
Isoil kg dry/kg wet/day 0.004 na Assumed 2% of dry food ingestion rate


Isediment kg dry/kg wet/day 0.004 na Assumed negligible


Ifood kg wet/kg wet/day 0.757 na Based on dry food intake (see below) and moisture content in food of 76%


FI kg dry/kg wet/day 0.180 FCSAP 2012b Based on allometric equation for total dry food ingestion rate for all birds (g/day) (0.648*(BW)0.651)
bald eagle
BW kg wet 4.700 FCSAP 2012b Based on average body weight of both sexes (Imler and Kalmbach 1955)
Iwater L/kg wet/day 0.040 FCSAP 2012b Based on allometric equation for all birds (L/day) (0.059(BW)0.67)
Isoil kg dry/kg wet/day 0.000 na assumed negligible


Isediment kg dry/kg wet/day 0.000 na assumed negligible


Ifood kg wet/kg wet/day 0.120 FCSAP 2012b Based on 0.12 g/g day ingestion rate for adults, both sexes 
FI kg dry/kg wet/day 0.031 na Based on wet food intake (see above) and moisture content in food of 75%
common merganser
BW kg wet 1.500 FCSAP 2012b Based on the average body weight of both sexes (Erskine 1972; Cramp and Simmons 1977)
Iwater L/kg wet/day 0.050 FCSAP 2012b Based on allometric equation for all birds (L/day) (0.059(BW)0.67)
Isoil kg dry/kg wet/day 0.000 na Assumed negligible


Isediment kg dry/kg wet/day 0.001 na Assumed 2% of dry food ingestion rate


Ifood kg wet/kg wet/day 0.231 na Based on dry food intake and moisture content in food of 78%


FI kg dry/kg wet/day 0.050 FCSAP 2012b Based on allometric equation for total dry food ingestion rate for all birds (g/day) (0.648*(BW)0.651)
belted kingfisher
BW kg wet 0.147 USEPA (1993) Based on adults, both sexes
Iwater L/kg wet/day 0.111 USEPA (1993) Based on allometric equation for all birds (Iwater = 0.059*BW0.67)
Isoil kg dry/kg wet/day 0.000 na Assumed negligible


Isediment kg dry/kg wet/day 0.000 na Assumed negligible


Ifood kg wet/kg wet/day 0.509 USEPA (1993) Based on allometric equation for all birds and moisture content in food of 78% )


FI kg dry/kg wet/day 0.113 USEPA (1993) Based on allometric equation for total dry food ingestion rate  for all birds (g/day) (0.648(BW)0.651)
western toad
BW kg wet 0.005 Lillywhite et al. (1973) Based on juvenile life stage, since feeding rate is based on juvenile
Iwater L/kg wet/day 0.076 n/a Assumed equivalent to food intake


Isoil kg dry/kg wet/day 0.002 n/a Asssumed 10% of dry food intake


Isediment kg dry/kg wet/day 0.001 n/a Asssumed 5% of dry food intake


Ifood kg wet/kg wet/day 0.076 Lillywhite et al. (1973) Lillywhite (1973) + Unrine & Jagoe (2004) data for juvenile
FI kg dry/kg wet/day 0.020 Unrine & Jagoe (2004) Diet was 74% moisture


NOTES:


(a) Moisture content of foods was estimated using dietary preferences specified in Table 3.2.3, and moisture content of foods in USEPA 1993 or site-specific moisture where available.


USEPA - United States Environmental Protection Agency
EC - Environment Canada
BW - body weight
Iwater -water ingestion rate


Isoil -soil ingestion rate


Isediment -sediment ingestion rate


Ifood - food ingestion rate (wet)


FI - food ingestion rate (dry)
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Table 3.2.3. Dietary preferences and foraging range of Receptors of Concern 
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References


Medium  herbivorous mammals American beaver (Castor canadensis ) 70 30
Hall 1960; Banfield 1974; Fryxell and Doucet 1993; 
Wheatley 1997; Eder and Pattie 2001; Nagorsen 2005


Large herbivorous mammals moose (Alces alces) 80 20 FCSAP 2012b


Medium omnivorous mammals muskrat (Ondatra zibethicus ) 1 1 80 15 1 2 FCSAP 2012b


northern river otter (Lontra canadensis ) 5 15 80 FCSAP 2012b


American mink (Mustela Vison ) (d) 10 30 10 15 35 FCSAP 2012b


Insectivorous bat little brown myotis (Myotis lucifugus) 100 Barclay 1991; Nagorsen and Brigham 1993


Herbivorous birds Canada goose (Branta canadensis ) 75 (a) 5 20
Sedinger and Raveling 1984; Prevett et al. 1985; Campbell 
et al. 1990; Reed et al. 1996; Mowbray et al. 2002


Omnivorous birds mallard (Anas platyrhynchos ) 5 (b) 2 2 50 40 1 FCSAP 2012b


bank swallow (Riparia riparia ) 100 Garrison 1998


spotted sandpiper (Actitis macularia ) 50 10 5 30 3 2 FCSAP 2012b


Predatory birds bald eagle (Haliaeetus leucocephalus) 35 65 FCSAP 2012b


common merganser (Mergus merganser ) 2 8 90 FCSAP 2012b


belted kingfisher (Megaceryle alcyon ) 1 (c) 1 2 1 10 85
White 1953; Davis 1982; Brooks and Davis 1987; Ehrlich et 
al. 1988; Kelly 1996; Albano 2000; Kelly at al. 2009


Amphibians western toad (Bufo boreas) Species of Concern 70 15 15
Jones and Goettl 1998; Davis 2000; Wind and Dupuis 2002; 
Matsuda et al. 2006


NOTES:


EC - Environment Canada


ROC - Receptor of Concern


(a) 15% berries and seed included as herbs/grasses as berries and seeds were not sampled.


(b) 5% berries and seeds included as  herbs/grasses as berries and seeds were not sampled


(c) 1% berries and seeds included as herbs/grasses as berries and seeds were not sampled
(d) 25% crustacean dietary component evenly split between food items - crustaceans not expected to be present in reservor.


Dietary Preferences (%)


Insectivorous birds


Piscivorous birds


ROC Feeding Guild Species


Medium carnivorous mammals
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Table 3.2.4.  Summary of total methylmercury doses for Receptors of Concern (mg/kg wet weight per day) 


 


American beaver 2.070E-4 2.192E-4 2.134E-4 2.040E-4


moose 8.993E-5 9.555E-5 9.320E-5 8.902E-5


muskrat 1.181E-3 3.222E-3 2.833E-3 1.208E-3


northern river otter 2.948E-3 1.292E-2 1.160E-2 3.622E-3


American mink 1.751E-3 7.724E-3 6.863E-3 2.084E-3


little brown myotis 1.698E-3 7.890E-3 6.643E-3 1.918E-3


Canada goose 2.423E-4 2.435E-4 2.420E-4 2.406E-4


mallard 6.171E-4 2.401E-3 2.040E-3 6.199E-4


bank swallow 1.167E-3 5.399E-3 4.546E-3 1.317E-3


spotted sandpiper 1.639E-3 7.777E-3 6.627E-3 1.752E-3


bald eagle 2.119E-3 9.173E-3 8.250E-3 2.610E-3


common merganser 4.352E-3 1.965E-2 1.738E-2 5.407E-3


belted kingfisher 9.061E‐3 4.098E‐2 3.625E‐2 1.125E‐2
western toad 7.231E-5 3.053E-4 2.566E-4 7.428E-5


Peace - Baseline Site C - Peak Site C - Peak Average Site C - Long TermROC
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Table 3.3.1. Summary of amphibian dose-response data from Unrine et al. (2004) 
 


Control 0.121 88.2% 82.4% 5.9% 11.7


Low Dose 0.146 100.0% 100.0% 5.6% 13.0
No change in survival, metamorphic success rate, or malformation rate, but tail resorption time 
was approximately 10% slower. 


Medium Dose 0.272 72.2% 66.7% 11.1% 15.5 *
Survival was 16% lower, metamorphic success rate was 16% lower, malformation rate was 47% 
higher, and tail resorption time was 25% slower.


High Dose 0.504 72.2% 72.2% 27.8% 14 *
Survival was 16% lower, metamorphic success rate was 10% lower, malformation rate was 79% 
higher, and tail resorption time was 16% slower.


NOTES:


MeHg - methylmercury


(a) Oral dose calculated using dietary dose concentrations from Unrine et al. (2004), average feeding rate of 180 mg/day (Unrine and Jagoe 2004) and average body weight of 4.6 g (Lillywhite 1973).


(b) Log-likelihood ratio tests used to assess the relationship between survival of larve and mercury treatment; survival was found to be dependent on mercury treatment (G= 9.6576, p=0.0406, df=3).


(c) Log-likelihood ratio tests were to assess the relationship between metamorphic success rate and mercury treatment; rate was found to be dependent on mercury treatment (G=10.4703, p=0.0293, df=3).


(d) Log-logistic concentration response model used to assess the relationship between malformation rate and mercury treatment; rate was found to well explained by mercury treatment  (r2= 0.9945, p= 0.0475).


(e) Time between forelimb emergence and complete tail resorption. Estimated from Figure 5 of Unrine et al. (2004).* Significantly different at p < 0.05


> 10% negative effect relative to control


 > 20% negative effect relative to control


Survival Rate 


(%) (b)


Average Tail 


Resorpion Time (b) 


(days)


Oral Dose MeHg 


(mg/kg wet/day) (a) Summary of Effects Relative to Control
Metamorphic 


Success Rate (c)


Malformation 


Rate (d)
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Table 3.4.1 Dose and reproductive output for bird ROCs under the four Site C exposure scenarios. 


 
 


  
Dose 


(mg/kg/day)    
Relative Performance 
(% of Lab Control)    


Relative Response 
(% Less than Peace ‐ Baseline) 


Receptor of 
Concern 


Peace ‐ 
Baseline 


Site C ‐
Peak 


Site C ‐
Peak 
Av. 


Site C ‐ 
Long 
Term    


Peace ‐
Baseline 


Site C ‐ 
Peak 


Site C ‐
Peak 
Av. 


Site C ‐ 
Long 
Term    


Site C ‐
Peak 


Site C ‐
Peak 
Av. 


Site C ‐ 
Long 
Term 


Canada Goose  0.0002  0.0002  0.0002  0.0002  99  99  99  99  0  0  0 


Mallard  0.0006  0.0024  0.0020  0.0006  98  96  96  98  3  2  0 


Bank Swallow  0.0012  0.0054  0.0046  0.0013  97  93  93  97  5  4  0 


Spotted Sandpiper  0.0016  0.0078  0.0066  0.0018  97  91  92  97  6  5  0 


Bald Eagle  0.0021  0.0092  0.0083  0.0026  96  90  90  96  7  6  1 


Common Merganser  0.0044  0.020  0.017  0.0054  94  83  85  93  11  10  1 


Belted Kingfisher  0.0091  0.041  0.036  0.013     90  75  76  87     17  15  3 
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Figure 2.1.1. ‘Typical’ time course projection of methylmercury concentration 
(mg/kg) in a carnivorous fish following impoundment of a large 
reservoir. 
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Figure 2.1.2. Depiction of the four temporal scenario’s addressed to determine 
effects to ROCs from dietary methylmercury exposure  
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Figure 2.4.1. Conceptual exposure model 


Primary Sources
Fate and 


Transport
Exposure 
Pathways


Reservoir Sources
Sediments and 


porewater


Incidental ingestion ● ● ● ● ● ○ ● ● ○ ○ ● ○ ●


Note: Methyl mercury 
concentrations expected to 


vary in each scenario 
tested.


Surface water
Ingestion/Absorption 
through skin


● ● ● ● ● ● ● ● ● ● ● ● ● ●


Plant Tissues Ingestion ● ● ● ○ ○ ○ ● ● ○ ○ ● ○ ● ○


Invertebrate Tissues Ingestion ● ○ ○ ● ● ○ ○ ● ○ ● ● ○ ● ●


Flying Insects Ingestion ○ ○ ○ ○ ○ ● ○ ● ● ● ○ ○ ● ●


Fish Tissue (small) Ingestion ● ○ ○ ● ● ○ ○ ● * ○ ● ● ● ● * ○


Fish Tissue (300 mm) Ingestion ○ ○ ○ ● ● ○ ○ ○ ○ ○ ○ ● ○ ○


Amphibians Ingestion ● ○ ○ ○ ● ○ ○ ● ○ ○ ○ ○ ○ ○


Soil Incidental Ingestion ● ● ● ○ ● ○ ● ● ● ○ ○ ○ ○ ●


Plant Tissues Ingestion ○ ● ● ○ ○ ○ ● ○ ○ ● ○ ○ ● ○


Note: Methyl mercury 
concentrations are 
expected to remain 


constant in each scenario 
tested.


Small Mammals/
Birds


Ingestion ● ○ ○ ● ● ○ ○ ○ ○ ● ○ ● ○ ○


Soil Invertebrates Ingestion ● ○ ○ ○ ● ○ ○ ● ○ ● ○ ○ ● ●
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(Terrestrial)


Note: solid bullets indicate pathways that are likely to be operational; solid bullets with a star indicate an open 
pathway, but almost negliglible consumption.


Receptors of Potential Concern


Mammals Birds
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Figure 3.4.1 Comparison of dose and expected effect on bird offspring production 
for the Site C - Peak and Peace – Baseline scenarios. 


The left vertical solid red lines are equal to background dose, while the right dashed vertical lines are 
equal to estimated Site C - Peak dose. For Canada goose the lines are almost identical and are therefore 
indistinguishable. The blue solid line is an empirically fit dose-response curve. 
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Figure 3.4.2 Predicted peak mercury concentrations in Site C fish relative to 
measured mercury concentrations in fish from uncontaminated lakes 
in British Columbia (Rieberger 1992, Baker 2002). 


 


 







 
Site C Clean Energy Project 


 Effects of Methylmercury on 
Wildlife


 


April 2013 


 
A-1 


Printed copies not controlled 


 


APPENDIX A – Glossary of Terms 







 
Site C Clean Energy Project 


 Effects of Methylmercury on 
Wildlife


 


April 2013 


 
A-2 


Printed copies not controlled 


 


acceptable effect level (AEL) The magnitude (or rate) of effects that would be acceptable for 
a specific measurement endpoint or assessment endpoint. The 
AEL operationalizes a protection goal. 


assessment endpoint  An assessment endpoint is an explicit expression of the 
environmental value to be protected. An assessment endpoint 
must include an entity (typically a receptor or receptor group – 
i.e., a ‘thing’ to be protected) and a specific property of that 
receptor (an attribute). For example, if the entity is a fish 
community, attributes could include the number of species, the 
trophic structure, etc. An assessment endpoint may also have 
an explicit spatial or temporal component. 


background A single value representing the representative background 
concentration of a criteria air contaminant  


baseline Conditions, in terms of ambient concentrations, associated with 
existing sources in the study area, including all human-caused 
and natural sources  


benthos The collection of organisms that live on or in the bottom of a 
body of water  


bioaccumulation factor (BAF) The quotient obtained by dividing the concentration of a 
substance in an organism (or specified tissue) by its 
concentration in a specified exposure medium, for example, air, 
food, sediment, soil, water (definition from ASTM 2011). 


bioaccumulation The progressive accumulation of a substance in a living 
organism above a background concentration. This occurs as a 
result of its intake from food and also directly from the 
environment via water or sediment. Methylmercury is known as 
a bioaccumulative substance, whereas inorganic mercury is not.  


bioavailable Available for uptake by an aquatic organism  


bioconcentration factor (BCF)  Equivalent to an uptake factor, for the case where water (only) 
is the abiotic exposure medium. 


biomagnification The tendency of some chemicals to accumulate or biomagnify 
at higher concentrations at progressively greater levels or steps 
up the food web, usually through dietary accumulation  


biomass Weight of organic matter (i.e., plants and animals) in an 
ecosystem  
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concentration  A measure of a substance in air, water, soil, or living tissue (the 
medium), expressed as a mass of substance per volume of 
medium; amount of a material per unit volume  


conceptual site model (CSM) A narrative and graphical representation of the relationships 
between contaminant sources, fate, exposure pathways, and 
receptors. 


dose-response The relationship between an effects measure and exposure 
(measured as dose) across a range of dose values. 


ecological risk assessment (ERA)  The process of evaluating the potential adverse 
effects on non-human organisms, populations or communities in 
response to human-induced stressors. ERA entails the 
application of a formal framework, analytical process, or model 
to estimate the effects of human actions on natural organisms, 
populations or communities and interprets the significance of 
those effects in light of the uncertainties identified in each study 
component. 


effect size The absolute or relative magnitude of response to a stressor for 
a measurement endpoint.  


effects assessment For any line of evidence, the component of a risk assessment 
that characterizes the nature of effects elicited by each 
contaminant under an exposure condition that is relevant to 
each receptor of concern.  


exposure assessment For any line of evidence, the component of a risk assessment 
that quantifies the degree to which an organism encounters a 
stressor.  


exposure pathways The routes through which a receptor of concern encounters 
COCs in environmental media (e.g., soil, water, air, sediment). 
Examples of exposure pathways include ingestion and 
inhalation. 


exposure point concentration The value that represents a conservative estimate of the 
chemical concentration or dose available to an organism from a 
route of exposure. 


extrapolation Inference or estimation by extending or projecting known 
information to a domain (spatial, temporal, biological, or 
chemical) that has not yet been studied. In statistics, 
extrapolation entails estimation (of a value of a variable outside 
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a known range) from values within a known range, and requires 
an assumption that the estimated value follows logically from 
the known values. 


feeding guild A group of organisms that use the same ecological resource in 
a similar way for feeding (e.g., insectivores, granivores, 
detritivores, carnivores); or, a group of species that overlap 
significantly in their niche requirements.  


hazard quotient (HQ) A numerical ratio that divides an estimated environmental 
concentration or other exposure measure by a response 
benchmark. Typically the response benchmark is a value 
assumed to be protective of the receptor of concern. HQ values 
below one (1.0) indicate negligible potential for harm, whereas 
HQ values above one indicate that an adverse response is 
possible and that more precise or accurate evaluation of risks 
may be warranted to address uncertainty. 


inorganic mercury Mercury that is associated with other compounds or elements 
other than carbon, such as chlorine, sulphur, silver, gold, or 
oxygen. Elemental mercury is also a form of inorganic mercury  


likelihood In common usage, synonymous with the probability or 
frequency of an event. In statistical usage, likelihood is 
distinguished from probability, and refers to the estimation of 
unknown parameters based on known outcomes.  


line of evidence (LOE)  Any pairing of exposure and effects measures that provides 
evidence for the evaluation of a specific assessment endpoint. 
Typically a line of evidence requires use of one or more 
measurement endpoints. If the focus of the LOE is an effects 
measure (e.g., a toxicity test), the paired exposure measure 
may be quantitative (e.g., contaminant concentrations) or 
categorical (e.g., on-site versus a reference condition). 


littoral Inhabiting or being situated in shoreline aquatic habitat having a 
water depth generally <6 m  


lowest-observed-adverse-effect level (LOAEL) – Lowest amount, dose, or concentration of an 
agent, found by experiment or observation, that causes an 
adverse alteration of morphology, functional capacity, growth, 
development or life span in an organism, system, or 
(sub)population. Methods vary for identifying a LOAEL, but 
often apply statistical significance as a criterion.  
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measurement endpoint A measurement endpoint is a parameter that measures or 
describes exposure of, or an effect on, a receptor of concern. 
Alternatively, the term describes a change in an attribute of an 
assessment endpoint (or its surrogate) in response to a stressor 
to which it is exposed.  


mercury The general term used to describe the element mercury (Hg). 
Mercury can exist in many forms. In the context of the Site C 
EIS, mercury refers to any form of mercury that is found in 
water, sediment, soil, vegetation, and animal tissue, including 
invertebrates and fish, either as inorganic mercury bound to 
other elements (e.g., carbon, sulphur) or as methylmercury.  


methylation The process by which inorganic mercury is transformed into 
methylmercury, usually mediated by sulphur-reducing bacteria 
in sediments. This natural process is accelerated in new 
reservoirs or impoundments.  


methylmercury This is the ‘organic’ form of mercury or CH3-Hg+ whereby a 
mercury atom is attached to a carbon via a methyl group. This 
is the most toxic form of mercury and is the form that is easily 
absorbed and accumulated by aquatic organisms. 
Methylmercury typically comprises about 95% of the total 
mercury concentration that is present in fish.  


model A simplified description of a system, theory, or phenomenon 
that accounts for its known or inferred properties and that may 
be used for further study of its characteristics. In all cases, a 
model is a simplification of a more complex system, and the 
details not represented by the model structure are considered to 
be errors/variations not central to the problem at hand. Models 
include statistical models (numerical processes used to 
simulate or approximate complex processes) and conceptual 
models (graphical or schematic representation of key processes 
and pathways). 


omnivore An organism that has a varied diet, consuming a variety of food 
items including algae, invertebrates and, sometimes, fish to 
acquire energy; an example is a sucker or whitefish  


piscivore An organism that primarily consumes fish to acquire energy; an 
example is an adult lake trout or bull trout  







 
Site C Clean Energy Project 


 Effects of Methylmercury on 
Wildlife


 


June 2011 


 
A-6 


Printed copies not controlled 


 


 


point estimate A single numerical value used to represent the state of a 
random variable. A point estimate collapses (or ignores) all of 
the variability and incertitude regarding a parameter or variable.  


probability A mathematical way of expressing knowledge or belief that an 
event or outcome will occur or has occurred.  In statistical 
usage, probability is distinguished from likelihood, and refers to 
the prediction of unknown outcomes based on known 
parameters. 


protection goal A narrative statement that defines the desirable level of 
protection for a receptor or receptor group (see also acceptable 
effect level). 


qualitative Adjective describing an approach that is narrative, referring to 
the characteristics of something being described, rather than 
numerical measurement. 


quantitative Adjective describing an approach that is numerical (applies 
mathematical scores, probabilities, or parameters) in the 
derivation or analysis of risk estimates. 


receptor of concern (ROC)  In ERA, any non-human individual organism, species, 
population, community, habitat or ecosystem that is potentially 
exposed to contaminants of concern and that is considered in 
the ERA. Identification of an organism as an ROC does not 
mean that it is being harmed, only that a pathway exists such 
that there is potential for harm. 


reference (condition) A location, group of locations, or experimental treatment 
designed to reflect the ambient physical and chemical 
conditions of a contaminated medium or location in the absence 
of the stressors of concern in the risk assessment. For example, 
in a study of soil contamination, the reference condition should 
reflect the climate, substrate, and habitat factors relevant to the 
site but with no incremental contamination relative to 
background conditions  


regression A form of statistical modeling that attempts to evaluate the 
numerical relationship between one variable (termed the 
dependent variable) and one or more other variables (termed 
the independent variables). 


RESMERC The Reservoir Mercury model developed by Reed Harris 
Environmental Inc. of Oakville, Ontario. This is a mechanistic 
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model developed to predict concentrations of methylmercury in 
environmental media in newly formed reservoirs.  


response profile The relationship between COC concentrations and ecological 
effects.  


risk characterization The process of estimating the magnitude (and where relevant, 
the probability) of adverse ecological impacts based on the 
information obtained from the exposure and effects 
assessments. Risk characterization also translates complex 
scientific information into a format that is useful for risk 
managers, by conveying the ecological consequences of the 
risk estimates along with the associated uncertainties.  


sediment Material consisting of small particles (such as sand or mud), 
that are suspended in or settle to the bottom of a liquid; 
sediment input into a water body comes from natural sources 
(such as erosion of soils or rock), or as a result of 
anthropogenic activities (such as forestry, agriculture, or 
construction activities); certain types of contaminants will collect 
on and adhere to sediment particles  


sensitivity The quality of being able to reliably detect perturbations in a 
parameter.  


stressor any substance or process that may cause an undesirable 
response to the health or biological status of an organism. 


surrogate ROC a surrogate ROC that is representative of a receptor type (e.g., 
a shrew may be used as a surrogate ROC for insectivorous 
mammals). More than one surrogate ROC may be used to 
represent a particular receptor type. 


temporal Relating to time, particularly in terms of changes or variations 
observed over a time period of interest. 


total mercury The sum of all forms of mercury analysed in any environmental 
media, a combination of organic and inorganic mercury  


toxicity reference value (TRV) An exposure concentration or dose that is not expected to 
cause an unacceptable level of effect in receptor(s) exposed to 
the contaminant of potential concern. A TRV is a specific type of 
threshold, as defined above. 


toxicity The observation of a chemically-induced physiological or 
biological response that impairs the health of an organism. 
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uncertainty Uncertainty is a term used in subtly different ways in a number 
of scientific fields. Generally, it refers to imperfect knowledge 
regarding a given parameter, process, or condition. In risk 
assessment, uncertainty is the state of having limited 
knowledge where it is impossible to exactly describe an existing 
state or future outcome. Uncertainties come in many forms, 
including measurement uncertainty, random variations, 
conceptual uncertainty, and ignorance. 


uptake factor A factor used to extrapolate contaminant concentrations from a 
single abiotic exposure medium to a tissue concentration in an 
organism. Several types of uptake factors exist, including the 
BCF, BAF, and BSAF. 


watershed The entire geographical area drained by a river and its 
tributaries  


weight The degree of emphasis placed on a finding or line of evidence 
relative to others. The weight is a function of the overall value 
(information, reduction of uncertainty) in terms of addressing an 
assessment endpoint, and is determined by assessing the 
attributes relevant to the study. 


weight-of-evidence (WOE) A systematic procedure used to aggregate or synthesize a 
number of different types of evidence, with the objective of 
developing a single unified conclusion or explanation to an 
environmental characterization. WOE is one of the tools applied 
during the risk characterization stage of ERA. 


wetland An area of land where the water table is at, near or above the 
surface, or which is saturated for long enough periods of time to 
promote features such as water-tolerant vegetation  


wildlife In the context of ERA, the term is generally applied to birds and 
mammals, and sometimes defined to include reptiles and 
amphibians. Generally it excludes fish and invertebrates. 


zooplankton Invertebrates that live in the water column of lakes and 
reservoirs and large rivers and do not use bottom habitat  
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B1. Food Chain Model Equations 


This section summarizes the equations used in the food chain model. 


1. Food Ingestion Rates – In cases where primary literature values were not available, food 


ingestion rates (FI, kg dw/kg ww/day) are estimated using allometric equations described in 


Nagy (1987) based on individual feeding guilds, i.e., 


bBWaFI           (Eq. 1) 


Where:  


BW represents the organism’s mean body weight (g, ww) 


a and b are constants specific to various groups of terrestrial vertebrates  


These dry weight food ingestion rates were then converted into wet weights (IF, kg ww/kg 


ww/day) following equation 2: 


 dietmoist
FIIF _1         (Eq. 2) 


Where:  


moist_diet (unitless fraction) represents the weighted average moisture content in the diet 


of the animal, based on measured contents in tissues from the site or values from the 


literature in some cases.  


2. Soil Ingestion Rates – Soil and sediment ingestion rates (IS, kg dw/kg ww/day) are based 


on an estimated fraction of incidental ingestion during foraging activities.  They are derived 


from the food ingestion rate according to: 


 FII S          (Eq. 3) 


Where: 


FI (kg dw/kg ww/day) is the dry food ingestion rate  







 
Site C Clean Energy Project 


 Effects of Methylmercury on 
Wildlife


 


April 2013 
B-3 


 


 


 is the fraction of incidental soil or sediment ingested during feeding. 


3. Drinking Water Ingestion Rates – Drinking water ingestion rates (IW, L/kg ww/day) were 


based on primary literature, or when values were unavailable they were estimated based on 


the following Nagy (1987) allometric equation: 


b
W BWaI           (Eq. 4) 


Where:  


BW (kg, ww) represents the organism’s mean body weight  


a (L/kg*kg/day) and B (unitless) are constants specific to various groups of terrestrial 


vertebrates  


4. Dose From Food - An intake dose of contaminants from food (DF, mg/kgbw/day) was 


determined from the dietary concentration following:  


  
j


FjFjFF pCID
1


          (Eq. 5) 


Where:  


IF (kg ww/kg bw/day) represents the feeding ingestion rate  


CFj (mg/kg ww) represents the COPC concentration in prey item j in the diet of the ROC 


(95% UCLM or maximum or weighted average)  


pFj (unitless) represents the proportion of prey item j in the diet of the predator 


5. Dose From Soil Intake (primarily terrestrial foragers) - The total dose from incidental 


ingestion of COPC contaminated soil (DS, mg/kgbw/day) was calculated using the following 


equation: 
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SSS CID             (Eq. 6) 


Where:  


IS (kg ww/kg bw/day) represents the ingestion rate of sediment  


CS (mg/kg dw) represents the COPC concentration in ingested sediment   


6. Dose From Drinking Water – The total dose from drinking water ingestion of COPCs (DW, 


mg/kgbw/day) was calculated using the following equation: 


WWW CID             (Eq. 8) 


Where:  


IW (L/kg bw/day) represents the drinking water ingestion rate  


CW (mg/L) represents the COPC concentration in the water 


7. Total Unadjusted Dose - The unadjusted dose (DUT, mg/kg ww/day) was calculated by 


taking the sum of the doses for the separate media: food, soil, water:   


WSFUT DDDD           (Eq. 9) 


Where: 


DF (mg/kg wet/day) is the dose from food  


DS (mg/kg wet/day) is the dose from soil  


DW (mg/kg wet/day) is the dose from water  


8. Dose Adjustment Factor - The dose adjustment factor was calculated as a function of 


territory/foraging range, habitat quality, and bioavailability of the COPCs. 


 FRFDAF                     (Eq. 10) 


Where: 
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FRF (unitless) is the foraging range factor, which represents the surface area of the 


environmental issue (i.e., mine property site) that overlaps with the territory or foraging 


range of the species. 


α (unitless) is the dietary uptake efficiency of a given chemical and can be thought of as 


the proportion of chemical that is absorbed through the intestinal tract compared to the 


total amount ingested. The value does not account for difference in availability between 


soil and different food types. 


9. Total Adjusted Dose  – The total adjusted dose (DAT, mg/kg wet/day) was then calculated 


by multiplying the unadjusted dose and the dose adjustment factor: 


DAFDD UTAT                     (Eq. 11) 


Where: 


DUT is the unadjusted total dietary dose of a given chemical (mg/kg wet/day) 


DAF is the dose adjustment factor (unitless) 


10. Hazard Quotient (HQ) – The hazard quotient (HQ, unitless) is calculated by dividing the 


adjusted dose by the TRV. 


TRV
DHQ AT                     (Eq. 12) 


Where: 


DAT is the adjusted total dietary dose of a given chemical (mg/kg wet/day) 


TRV is the toxicity reference value (mg/kg ww/day). 
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B2. Food Chain Model Inputs 


The following input parameters were required for the food chain model: 


1. Methylmercury concentrations in dietary items, water, soil, and sediment (exposure 


concentrations) – Section B2.1  


2. Ingestion rates for food, water, soil, and sediment – Section B2.2  


3. Dietary preferences for each ROC – Section B2.3 


4. Foraging range for each ROC – conservatively assumed to be within the Site C area 


(i.e., reservoir footprint and adjacent terrestrial habitats [as appropriate for each ROC]) 


5. Methylmercury bioavailability (i.e., absorption efficiency in the gut) – assumed to be 


100% 


Data inputs and sources for: (1) exposure concentrations; (2) ingestion rates; and (3) dietary 


preferences are summarized below and provided in more detail in Tables 3.2.1, 3.2.2 and 3.2.3 


of the Main Report. Regarding foraging range (4), terrestrial wildlife are assumed to spend 100 


percent of their time foraging locally along and upland of the Site C reservoir, and aquatic 


wildlife are assumed to spend 100 percent of their time foraging within the Site C reservoir 


footprint. Regarding absorption (5), dietary uptake efficiency is often very high for 


methylmercury (likely > 80%). For the purpose of risk estimation, this factor was conservatively 


assumed to be 1 (i.e., 100% of ingested methylmercury is absorbed by the gastrointestinal 


tract). 


B2.1 EXPOSURE CONCENTRATIONS  


Depending on the scenario, data for exposure concentrations were obtained from the following: 


(1) chemistry data specific to an exposure media, (2) chemistry data and/or RESMERC data 


used as a surrogate for another related media (surrogate data), (3) Bioconcentration Factor 


(BCF) or Bioaccumulation Factor (BAF) predictions using chemistry data and RESMERC data, 


or (4) RESMERC data. These are summarized below, further details are provided in Table 3.2.1 


of the Main Report. Importantly, methylmercury concentrations in terrestrial media (i.e., soils, 







 
Site C Clean Energy Project 


 Effects of Methylmercury on 
Wildlife


 


April 2013 
B-7 


 


 


plants, ground insects, small mammals, and birds) are expected to remain the same for current 


(Baseline) and future (Site C) scenarios. 


Chemistry Data – Actual measured chemistry data (including soil, shrubs/trees and 


grasses/herbs) for exposure media from the Peace River within the future reservoir footprint. 


These data were obtained from Azimuth 2011 and used for the Peace River Baseline Scenario. 


Chemistry data were used as follows: 


Soil, shrubs/tree, grasses/herbs: Where the number of samples was greater than or equal to 


five, a 95 percent upper confidence limit of the mean (UCLM) was calculated using ProUCL 


(Version 4.0) to obtain a conservative estimate of the average exposure concentration. Where 


the number of samples was less than five, than the maximum concentrations was used to 


estimate exposure concentrations (exceptions to this [grasses and herbs] are described in 


Table 3.2.1 of the Main Report).  


Surrogate Data – Surrogate data are measured chemistry data (collected from the Peace River 


within the future reservoir footprint) or RESMERC data measured/predicted for a specific 


exposure media and then applied as a surrogate to other related media. These include the 


following: 


 Soil and plant tissue data for the Peace River Baseline scenario were used as surrogate 


data for the remaining three scenarios, on the assumption that exposure concentrations 


for these media will be similar around the upland of the Site C reservoir footprint, once 


the dam is constructed.  


 Flying insect tissue concentrations for all four scenarios were estimated using 50 percent 


ground insect tissue concentrations (from chemistry data) and 50 percent flying insect 


tissue concentrations (RESMERC data). 


 The methylmercury tissue concentration for the smallest size rainbow trout (age class 0+ 


[16.5 to 162.8 mm]) obtained from RESMERC was used as a surrogate for amphibian 


tissue due to some similarities in diet; the rainbow trout feeds in part on terrestrial 


insects while the western toad feeds largely on terrestrial insects. This is not ideal, 
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terrestrial invertebrates are expected to be less exposed to methylmercury than aquatic 


ones.  


Bioconcentration Factor and Bioaccumulation Factors - Predicted Data 


Small mammal, ground insect, and earthworm tissue concentrations for all four scenarios were 


estimated using BAFs for methylmercury obtained from the literature, as follows: 


 The small mammal BAF (3.25) is from an Uptake Factor (UF) model (whole body 


milligram//kilogram dry weight = UF ∙ soil milligram/kilogram dry weight) based on a 


terrestrial field study with Roe deer (Gnamus and Horvat, 1999). 


 The earthworm and ground insect BAF (8) is from an Uptake Factor model, estimated 


(90th percentile) based on a comprehensive data set of 25 paired soil/earthworm 


samples developed by Allard et al. (2003). This work was completed at staffed light 


stations on behalf of the Canadian Coast Guard Pacific Region. 


Aquatic plant tissue concentrations for the four scenarios were estimated using (1) a BCF for 


total mercury, (2) total unfiltered mercury water concentrations obtained from RESMERC for 


each of the four scenarios, and (3) the assumption that methylmercury is approximately 36 


percent of total mercury in aquatic plants (Moore et al. 1995). A BCF of 7,000 was derived from 


Canadian field studies reporting total mercury concentrations in macrophyte tissue and water 


(i.e., concentration in tissue [wet weight]-water concentration); unusually high and low BCFs 


were discounted.  


Using this approach, the estimated total and methylmercury concentrations in aquatic plant 


tissue for the Baseline Peace River Scenario was calculated to be 0.0052 and 0.0019 


milligram/kilogram wet weight, respectively. To put the estimates in context, the estimates were 


converted to dry weight and nanograms/gram (using an 87 percent moisture concentration 


obtained from USEPA 1993) and compared to concentrations summarized by Moore et al. 


1995. The estimated total mercury concentration (40 nanogram/gram dry weight) fell well within 


the range of mercury concentrations reported by Moore et al. 1995 in Figure 1 (approximately 


10 to 100 nanogram/gram dry weight from areas of no known mercury point source). The 
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estimated methylmercury concentration (14.4 nanogram/gram dry weight) was around two times 


higher than the maximum concentration from the experimental lakes area (estimated from 


Figure 2 in Moore et al. 1995 to be approximately 7 nanogram/gram dry weight). Based on the 


above data, the aquatic plant methylmercury are estimates expected to be conservative.  


RESMERC Data – These are modelled predictions of exposure concentrations for water, 


sediment, aquatic invertebrate and fish concentrations for both baseline and post dam 


construction. For the baseline scenario, RESMERC predictions were calibrated to approximate 


measured chemistry data collected from the Peace River (Azimuth 2011) as closely as possible. 


Data from RESMERC (Harris and Hutchinson 2013) are summarized in Appendix E and were 


used as follows: 


Water – Water concentrations for all four scenarios were based on modelled predictions of 


water concentrations (RESMERC, Harris and Hutchinson 2013) for upstream and downstream 


reaches. Only concentrations predicted for the epilimnion were used, water from the 


hypolimnion was not considered accessible as drinking water to wildlife. Methylmercury 


concentrations were area weighted for upstream and downstream reaches to provide one 


estimate for each scenario. 


Sediment – Sediment concentrations for all four scenarios were based on modelled predictions 


of sediment concentrations (RESMERC, Harris and Hutchinson 2013) for upstream and 


downstream reaches including original riverbed sediments, flooded uplands and flooded 


wetlands. Only concentrations predicted for the epilimnion were used, sediment from the 


hypolimnion was not considered accessible to wildlife. Methylmercury concentrations were area 


weighted for upstream and downstream reaches to provide one estimate for each scenario. 


Aquatic Invertebrates (for receptors which feed from the water column/sediments) – 


Invertebrate concentrations for all four scenarios were based on modelled predictions of 


invertebrate concentrations (RESMERC, Harris and Hutchinson 2013) for both benthos 


(sediment-associated invertebrates) and water-column invertebrates. For benthos, 


concentrations used in the model were estimated based on upstream and downstream reaches, 


including original riverbed sediments, flooded upland and flooded wetlands. Only concentrations 
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predicted for the epilimnion were used, invertebrates from the hypolimnion were not considered 


accessible to wildlife. Benthos and water-column invertebrate concentrations were each 


separately area weighted for upstream and downstream reaches and then combined using a 


50/50 ratio to provide one estimate for each scenario. Where necessary, concentrations were 


converted from dry to weight wet using an 89% moisture concentration to be consistent with 


moisture concentrations used in RESMERC for aquatic invertebrates. 


Aquatic Invertebrates (for calculation of flying invertebrate concentrations) – Invertebrate 


concentrations for the estimation of flying insect concentrations were calculated as above; 


however, both epilimnion and hypolimnion benthos concentrations were used. A portion of the 


benthos from the hypolimnion is expected to emerge and take on a terrestrial flying insect 


phase.  


Fish Data – The bull trout, rainbow trout, longnose sucker, and redside shiner were chosen for 


inclusion as representative fish species likely to compose the majority of wildlife fish dietary 


component (see Section 2-4). For each of these species, RESMERC predicted methylmercury 


concentrations and predicted biomass for each age class for each of the four scenarios. Within 


the food chain model, the following assumptions were made:  


 Fish eating receptors were assumed to target specific fish sizes as follows: 


o The belted kingfisher was assumed to eat smaller fish up to 120 mm (Hamas 


1994). The common merganser was also assumed to eat mostly smaller fish. 


o The American mink and northern river otter were assumed to eat fish up to 


300 mm (Reed et al. 1994, Melquist and Dronkert 1987, Cote et al. 2008). 


o The bald eagle was also assumed to eat fish up to 300 mm, with some larger fish 


(up to 500 mm) eaten opportunistically. 


 In the absence of data to suggest otherwise, fish eating receptors were assumed to be 


eating all four fish species within the target size class at proportions equal to their 
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respective biomass (i.e., receptors will eat more of abundant fish within the targeted size 


range).  


For the food chain model, an average methylmercury concentration was calculated for each fish 


size class (< 120 mm, < 300 mm, < 500 mm), including all four species. Concentrations were 


biomass weighted to proportionally represent fish species and age class abundance (biomass 


was estimated from RESMERC). As fish were sorted into size classes based on estimated size 


ranges in fish age classes, the demarcation between the fish size classes is approximate (i.e., 


there is a degree of overlap between size classes; sizes within some fish age classes spanned 


two fish size classes). Overall, differentiating fish size in the diet is expected to have relatively 


minor effects on total dose in the food chain model, particularly for the larger fish size classes, 


as the Site C reservoir is expected to be dominated by relatively smaller redside shiners and 


longnose suckers (< 200 mm for redside shiner and < 300 mm for longnose suckers) (based on 


biomass estimates from RESMERC).  


B2.2 INGESTION RATES 


Ingestion rates (Table 3.2.2 of the Main Report) were obtained from key secondary and 


primary literature. 


Food ingestion rates of wildlife ROCs were based on species-specific literature derived values 


where available (e.g., USEPA 1993; Sample et al. 1997, EC 2012a). In the absence of literature 


values, rates were estimated using allometric equations reported in USEPA 1993 (from Nagy 


1987) for individual feeding guilds (Equation 1 in Appendix B1). Dry weight food ingestion 


rates were then converted into wet weights using the weighted average moisture content in the 


diet of the ROC, measured in tissues from the site (Equation 2 in Appendix B1), or estimated 


from the literature.  


It was assumed that soil would be ingested incidentally (e.g., adhering to food) by wildlife 


feeding in the terrestrial environment. Soil ingestion rates were primarily calculated following the 


approach presented in USEPA (1993). This approach uses a percentage of the dry weight food 


ingestion rates to represent the amount of incidental soil ingested during feeding (Equation 3 in 
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Appendix B1). Soil ingestion percentages have been compiled for numerous species by 


USEPA (1993). However, some of the receptor species chosen for the site’s model were not 


included. In this case, an appropriate value based on similarities in feeding behaviour between 


species was selected. Where substitutions did not appear suitable, alternative sources of soil 


ingestion were investigated (e.g., Oak Ridge National Laboratory documents such as Sample 


and Suter 1994 and Efroymson et al. 1997a). Rates ranged from 0 to 10 percent of the dry food 


ingestion rates (see Appendix B1).  


Drinking water ingestion rates of wildlife ROCs were based on species-specific literature derived 


values where available. Otherwise, they were estimated using allometric equations reported in 


USEPA 1993 (from Nagy 1987) and EC 2012a for specific feeding guilds (Equation 4 in 


Appendix B1). 


B2.3 DIETARY PREFERENCES 


Dietary preferences (Table 3.2.3 of the Main Report) were obtained from key secondary and 


primary literature. 


In addition to the ingestion rate and concentration of methylmercury in a food item, the 


calculated dose is a function of the dietary preferences (j, percent prey item) of the animal. The 


proportion of a given food type in the diet is multiplied by the measured concentration giving a 


measure of how much a single food item contributes to the overall dose. 


Dietary preferences were determined for each ROC based on information gathered from the 


literature (Table 3.2.3 of the Main Report). While a wide variety of food items were collected to 


support the risk assessment (Azimuth 2011), the diet of most wildlife species differs depending 


on geographical location and/or season. The approach adopted in this WRA was to develop an 


approximation of the general feeding behaviour of the species, particularly during early 


development life stages (e.g., feeding of fledglings/juveniles).  
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APPENDIX C – Food Chain Model Outputs 
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Table C1  Risk assessment summary for the American beaver


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 1.99E-07 1.99E-07 1.99E-07 1.99E-07
Shrubs/Trees 0.70 0  (59%ofTotalDose) 0  (56%ofTotalDose) 0  (57%ofTotalDose) 0  (60%ofTotalDose)
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Onsite Food 1.22E-04 1.22E-04 1.22E-04 1.22E-04
Total Onsite Dose 1.22E-04 1.22E-04 1.22E-04 1.22E-04


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0.70 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 9.16E-07 1.11E-05 7.93E-06 9.52E-07
Water 1.52E-09 2.65E-09 2.35E-09 1.55E-09
Aquatic plants 0.30 0  (40%ofTotalDose) 0  (39%ofTotalDose) 0  (39%ofTotalDose) 0  (40%ofTotalDose)
Aquatic inverts 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 8.38E-05 8.57E-05 8.32E-05 8.07E-05
Total Aquatic Onsite Dose 8.47E-05 9.68E-05 9.11E-05 8.17E-05


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0.30 0 0 0 0
Aquatic inverts 1 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 2.07E-04 2.19E-04 2.13E-04 2.04E-04
(mg/kg/day)
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Table C2  Risk assessment summary for the moose


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 9.80E-08 9.80E-08 9.80E-08 9.80E-08
Shrubs/Trees 0.80 0  (71%ofTotalDose) 0  (67%ofTotalDose) 0  (69%ofTotalDose) 0  (72%ofTotalDose)
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Onsite Food 6.38E-05 6.38E-05 6.38E-05 6.38E-05
Total Onsite Dose 6.39E-05 6.39E-05 6.39E-05 6.39E-05


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0.80 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 4.50E-07 5.46E-06 3.90E-06 4.68E-07
Water 1.03E-09 1.79E-09 1.60E-09 1.05E-09
Aquatic plants 0.20 0  (28%ofTotalDose) 0  (27%ofTotalDose) 0  (27%ofTotalDose) 0  (28%ofTotalDose)
Aquatic inverts 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 2.55E-05 2.61E-05 2.54E-05 2.46E-05
Total Aquatic Onsite Dose 2.60E-05 3.16E-05 2.93E-05 2.51E-05


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0.20 0 0 0 0
Aquatic inverts 1 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 8.99E-05 9.55E-05 9.32E-05 8.90E-05
(mg/kg/day)
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Table C3  Risk assessment summary for the muskrat


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 1.00E-2 1.22E-06 1.22E-06 1.22E-06 1.22E-06
Earthworms 5.00E-3 7.54E-07 7.54E-07 7.54E-07 7.54E-07
Ground Insects 5.00E-3 1.65E-06 1.65E-06 1.65E-06 1.65E-06
Flying Insects 0 0 0 0 0
Total Onsite Food 3.63E-06 3.63E-06 3.63E-06 3.63E-06
Total Onsite Dose 3.63E-06 3.63E-06 3.63E-06 3.63E-06


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 1.00E-2 0 0 0 0
Earthworms 5.00E-3 0 0 0 0
Ground Insects 5.00E-3 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 1.58E-06 1.91E-05 1.37E-05 1.64E-06
Water 2.06E-09 3.59E-09 3.19E-09 2.10E-09
Aquatic plants 0.80 0.001  (61%ofTotalDose) 0.001  (23%ofTotalDose) 0.001  (25%ofTotalDose) 0.001  (57%ofTotalDose)
Aquatic inverts 0.15 0  (14%ofTotalDose) 0.001  (36%ofTotalDose) 0.001  (34%ofTotalDose) 0  (14%ofTotalDose)
Amphibians 1.00E-2 8.84E-05 0  (13%ofTotalDose) 0  (12%ofTotalDose) 9.48E-05
Fish (< 120 mm) 0.02 0  (17%ofTotalDose) 0.001  (28%ofTotalDose) 0.001  (28%ofTotalDose) 0  (21%ofTotalDose)
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 1.18E-03 3.20E-03 2.82E-03 1.20E-03
Total Aquatic Onsite Dose 1.18E-03 3.22E-03 2.83E-03 1.20E-03


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0.80 0 0 0 0
Aquatic inverts 1 0.15 0 0 0 0
Amphibians 1.00E-2 0 0 0 0
Fish (< 120 mm) 0.02 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 1.18E-03 3.22E-03 2.83E-03 1.21E-03
(mg/kg/day)
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Table C4  Risk assessment summary for the northern river otter


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0.05 1.72E-06 1.72E-06 1.72E-06 1.72E-06
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Onsite Food 1.72E-06 1.72E-06 1.72E-06 1.72E-06
Total Onsite Dose 1.72E-06 1.72E-06 1.72E-06 1.72E-06


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0.05 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 6.76E-07 8.20E-06 5.85E-06 7.02E-07
Water 1.67E-09 2.90E-09 2.58E-09 1.70E-09
Aquatic plants 0 0 0 0 0
Aquatic inverts 0.15 4.76E-05 3.27E-04 2.70E-04 4.70E-05
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0.80 0.003  (98%ofTotalDose) 0.013  (97%ofTotalDose) 0.011  (98%ofTotalDose) 0.004  (99%ofTotalDose)
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 2.95E-03 0.013 0.012 3.62E-03
Total Aquatic Onsite Dose 2.95E-03 0.013 0.012 3.62E-03


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0 0 0 0 0
Aquatic inverts 1 0.15 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0.80 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 2.95E-03 0.013 0.012 3.62E-03
(mg/kg/day)
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Table C5  Risk assessment summary for the American mink


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0.30 1.07E-05 1.07E-05 1.07E-05 1.07E-05
Earthworms 0.05 2.20E-06 2.20E-06 2.20E-06 2.20E-06
Ground Insects 0.05 4.80E-06 4.80E-06 4.80E-06 4.80E-06
Flying Insects 0 0 0 0 0
Total Onsite Food 1.77E-05 1.77E-05 1.77E-05 1.77E-05
Total Onsite Dose 1.77E-05 1.77E-05 1.77E-05 1.77E-05


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0.30 0 0 0 0
Earthworms 0.05 0 0 0 0
Ground Insects 0.05 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 7.60E-07 9.22E-06 6.58E-06 7.90E-07
Water 6.19E-10 1.08E-09 9.58E-10 6.29E-10
Aquatic plants 0 0 0 0 0
Aquatic inverts 0.10 3.28E-05 2.26E-04 1.87E-04 3.25E-05
Amphibians 0.15 0  (22%ofTotalDose) 0.002  (23%ofTotalDose) 0.002  (22%ofTotalDose) 0  (20%ofTotalDose)
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0.35 0.001  (75%ofTotalDose) 0.006  (74%ofTotalDose) 0.005  (75%ofTotalDose) 0.002  (78%ofTotalDose)
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 1.73E-03 7.70E-03 6.84E-03 2.07E-03
Total Aquatic Onsite Dose 1.73E-03 7.71E-03 6.85E-03 2.07E-03


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0 0 0 0 0
Aquatic inverts 1 0.10 0 0 0 0
Amphibians 0.15 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0.35 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 1.75E-03 7.72E-03 6.86E-03 2.08E-03
(mg/kg/day)
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Table C6  Risk assessment summary for the little brown myotis


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 1.00 0.002  (100%ofTotalDose) 0.008  (100%ofTotalDose) 0.007  (100%ofTotalDose) 0.002  (100%ofTotalDose)
Total Onsite Food 1.70E-03 7.89E-03 6.64E-03 1.92E-03
Total Onsite Dose 1.70E-03 7.89E-03 6.64E-03 1.92E-03


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 1.00 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 3.36E-09 5.84E-09 5.19E-09 3.41E-09
Aquatic plants 0 0 0 0 0
Aquatic inverts 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 0 0 0 0
Total Aquatic Onsite Dose 3.36E-09 5.84E-09 5.19E-09 3.41E-09


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0 0 0 0 0
Aquatic inverts 1 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 1.70E-03 7.89E-03 6.64E-03 1.92E-03
(mg/kg/day)
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Table C7  Risk assessment summary for the Canada goose


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 2.24E-07 2.24E-07 2.24E-07 2.24E-07
Shrubs/Trees 0.05 7.56E-06 7.56E-06 7.56E-06 7.56E-06
Grasses/Herbs 0.75 0  (77%ofTotalDose) 0  (76%ofTotalDose) 0  (77%ofTotalDose) 0  (77%ofTotalDose)
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Onsite Food 1.94E-04 1.94E-04 1.94E-04 1.94E-04
Total Onsite Dose 1.94E-04 1.94E-04 1.94E-04 1.94E-04


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0.05 0 0 0 0
Grasses/Herbs 0.75 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 9.69E-10 1.68E-09 1.50E-09 9.83E-10
Aquatic plants 0.20 0  (20%ofTotalDose) 0  (20%ofTotalDose) 0  (20%ofTotalDose) 0  (19%ofTotalDose)
Aquatic inverts 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 4.84E-05 4.95E-05 4.80E-05 4.66E-05
Total Aquatic Onsite Dose 4.84E-05 4.95E-05 4.81E-05 4.66E-05


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0.20 0 0 0 0
Aquatic inverts 1 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 2.42E-04 2.43E-04 2.42E-04 2.41E-04
(mg/kg/day)
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Table C8  Risk assessment summary for the mallard


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0.05 2.67E-05 2.67E-05 2.67E-05 2.67E-05
Small animals 0 0 0 0 0
Earthworms 1.00E-2 8.71E-07 8.71E-07 8.71E-07 8.71E-07
Ground Insects 1.00E-2 1.91E-06 1.91E-06 1.91E-06 1.91E-06
Flying Insects 0.02 8.42E-06 3.91E-05 3.30E-05 9.51E-06
Total Onsite Food 3.79E-05 6.86E-05 6.24E-05 3.90E-05
Total Onsite Dose 3.79E-05 6.86E-05 6.24E-05 3.90E-05


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0.05 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 1.00E-2 0 0 0 0
Ground Insects 1.00E-2 0 0 0 0
Flying Insects 0.02 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 1.13E-06 1.37E-05 9.75E-06 1.17E-06
Water 1.24E-09 2.15E-09 1.92E-09 1.26E-09
Aquatic plants 0.50 0  (42%ofTotalDose) 0  (11%ofTotalDose) 0  (13%ofTotalDose) 0  (40%ofTotalDose)
Aquatic inverts 0.40 0  (42%ofTotalDose) 0.002  (75%ofTotalDose) 0.001  (73%ofTotalDose) 0  (42%ofTotalDose)
Amphibians 0 0 0 0 0
Fish (< 120 mm) 1.00E-2 5.75E-05 0  (11%ofTotalDose) 0  (11%ofTotalDose) 0  (12%ofTotalDose)
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 5.78E-04 2.32E-03 1.97E-03 5.80E-04
Total Aquatic Onsite Dose 5.79E-04 2.33E-03 1.98E-03 5.81E-04


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0.50 0 0 0 0
Aquatic inverts 1 0.40 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 1.00E-2 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 6.17E-04 2.40E-03 2.04E-03 6.20E-04
(mg/kg/day)
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Table C9  Risk assessment summary for the bank swallow


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 6.56E-06 6.56E-06 6.56E-06 6.56E-06
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 1.00 0.001  (99%ofTotalDose) 0.005  (100%ofTotalDose) 0.005  (100%ofTotalDose) 0.001  (100%ofTotalDose)
Total Onsite Food 1.16E-03 5.39E-03 4.54E-03 1.31E-03
Total Onsite Dose 1.17E-03 5.40E-03 4.55E-03 1.32E-03


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 1.00 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 4.98E-09 8.66E-09 7.70E-09 5.06E-09
Aquatic plants 0 0 0 0 0
Aquatic inverts 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 0 0 0 0
Total Aquatic Onsite Dose 4.98E-09 8.66E-09 7.70E-09 5.06E-09


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0 0 0 0 0
Aquatic inverts 1 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 1.17E-03 5.40E-03 4.55E-03 1.32E-03
(mg/kg/day)
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Table C10  Risk assessment summary for the spotted sandpiper


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 8.82E-07 8.82E-07 8.82E-07 8.82E-07
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0.25 5.93E-05 5.93E-05 5.93E-05 5.93E-05
Ground Insects 0.25 1.30E-04 1.30E-04 1.30E-04 1.30E-04
Flying Insects 0.10 1.15E-04 5.33E-04 4.49E-04 1.30E-04
Total Onsite Food 3.04E-04 7.22E-04 6.38E-04 3.19E-04
Total Onsite Dose 3.05E-04 7.23E-04 6.39E-04 3.20E-04


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0.25 0 0 0 0
Ground Insects 0.25 0 0 0 0
Flying Insects 0.10 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 3.51E-09 6.10E-09 5.43E-09 3.56E-09
Aquatic plants 0.05 7.08E-05 7.25E-05 7.03E-05 6.82E-05
Aquatic inverts 0.30 0.001  (33%ofTotalDose) 0.004  (47%ofTotalDose) 0.003  (46%ofTotalDose) 0.001  (30%ofTotalDose)
Amphibians 0.03 0  (25%ofTotalDose) 0.002  (25%ofTotalDose) 0.002  (25%ofTotalDose) 0  (26%ofTotalDose)
Fish (< 120 mm) 0.02 0  (19%ofTotalDose) 0.001  (18%ofTotalDose) 0.001  (19%ofTotalDose) 0  (22%ofTotalDose)
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 1.33E-03 7.05E-03 5.99E-03 1.43E-03
Total Aquatic Onsite Dose 1.33E-03 7.05E-03 5.99E-03 1.43E-03


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0.05 0 0 0 0
Aquatic inverts 1 0.30 0 0 0 0
Amphibians 0.03 0 0 0 0
Fish (< 120 mm) 0.02 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 1.64E-03 7.78E-03 6.63E-03 1.75E-03
(mg/kg/day)
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Table C11  Risk assessment summary for the bald eagle


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0.35 1.07E-05 1.07E-05 1.07E-05 1.07E-05
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Onsite Food 1.07E-05 1.07E-05 1.07E-05 1.07E-05
Total Onsite Dose 1.07E-05 1.07E-05 1.07E-05 1.07E-05


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0.35 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 8.26E-10 1.44E-09 1.28E-09 8.38E-10
Aquatic plants 0 0 0 0 0
Aquatic inverts 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0.65 0.002  (99%ofTotalDose) 0.009  (100%ofTotalDose) 0.008  (100%ofTotalDose) 0.003  (100%ofTotalDose)
Total Aquatic Onsite Food 2.11E-03 9.16E-03 8.24E-03 2.60E-03
Total Aquatic Onsite Dose 2.11E-03 9.16E-03 8.24E-03 2.60E-03


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0 0 0 0 0
Aquatic inverts 1 0 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0.65 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 2.12E-03 9.17E-03 8.25E-03 2.61E-03
(mg/kg/day)
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Table C12  Risk assessment summary for the common merganser


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Onsite Food 0 0 0 0
Total Onsite Dose 0 0 0 0


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0
Small animals 0 0 0 0 0
Earthworms 0 0 0 0 0
Ground Insects 0 0 0 0 0
Flying Insects 0 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 1.13E-06 1.37E-05 9.75E-06 1.17E-06
Water 1.03E-09 1.79E-09 1.60E-09 1.05E-09
Aquatic plants 0.02 8.64E-06 8.84E-06 8.58E-06 8.33E-06
Aquatic inverts 0.08 4.33E-05 2.98E-04 2.46E-04 4.28E-05
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0.90 0.004  (99%ofTotalDose) 0.019  (98%ofTotalDose) 0.017  (98%ofTotalDose) 0.005  (99%ofTotalDose)
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 4.35E-03 0.020 0.017 5.41E-03
Total Aquatic Onsite Dose 4.35E-03 0.020 0.017 5.41E-03


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0.02 0 0 0 0
Aquatic inverts 1 0.08 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0.90 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 4.35E-03 0.020 0.017 5.41E-03
(mg/kg/day)
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Table C13  Risk assessment summary for the belted kingfisher


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 1.00E-2 9.73E-06 9.73E-06 9.73E-06 9.73E-06
Small animals 1.00E-2 1.29E-06 1.29E-06 1.29E-06 1.29E-06
Earthworms 5.00E-3 7.95E-07 7.95E-07 7.95E-07 7.95E-07
Ground Insects 5.00E-3 1.74E-06 1.74E-06 1.74E-06 1.74E-06
Flying Insects 0.02 1.54E-05 7.14E-05 6.01E-05 1.74E-05
Total Onsite Food 2.89E-05 8.50E-05 7.37E-05 3.09E-05
Total Onsite Dose 2.89E-05 8.50E-05 7.37E-05 3.09E-05


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0
Shrubs/Trees 0 0 0 0 0
Grasses/Herbs 1.00E-2 0 0 0 0
Small animals 1.00E-2 0 0 0 0
Earthworms 5.00E-3 0 0 0 0
Ground Insects 5.00E-3 0 0 0 0
Flying Insects 0.02 0 0 0 0
Total Offsite Food 0 0 0 0
Total Offsite Dose 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 2.29E-09 3.98E-09 3.54E-09 2.33E-09
Aquatic plants 0 0 0 0 0
Aquatic inverts 0.10 1.19E-04 8.18E-04 6.76E-04 1.18E-04
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0.85 0.009  (98%ofTotalDose) 0.04  (98%ofTotalDose) 0.035  (98%ofTotalDose) 0.011  (99%ofTotalDose)
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Onsite Food 9.03E-03 0.041 0.036 0.011
Total Aquatic Onsite Dose 9.03E-03 0.041 0.036 0.011


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0
Water 0 0 0 0
Aquatic plants 0 0 0 0 0
Aquatic inverts 1 0.10 0 0 0 0
Amphibians 0 0 0 0 0
Fish (< 120 mm) 0.85 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 9.06E-03 0.041 0.036 0.011
(mg/kg/day)
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Table C14.  Risk assessment summary for the western toad


MeHg - Peace - Baseline MeHg - Site C - Peak MeHg - Site C - Peak Average MeHg - Site C - Long Term MeHg - Dinosaur
Media Dietary Preferences


Onsite Dose (mg/kg wet/day)
Soil 4.87E-07 4.87E-07 4.87E-07 4.87E-07 4.87E-07
Shrubs/Trees 0 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0 0
Small animals 0 0 0 0 0 0
Earthworms 0.35 0  (12%ofTotalDose) 8.35E-06 8.35E-06 0  (11%ofTotalDose) 0  (16%ofTotalDose)
Ground Insects 0.35 0  (25%ofTotalDose) 1.83E-05 1.83E-05 0  (25%ofTotalDose) 0  (35%ofTotalDose)
Flying Insects 0.15 0  (24%ofTotalDose) 0  (26%ofTotalDose) 0  (26%ofTotalDose) 0  (26%ofTotalDose) 0  (21%ofTotalDose)
Total Onsite Food 4.39E-05 1.07E-04 9.43E-05 4.62E-05 3.77E-05
Total Onsite Dose 4.44E-05 1.08E-04 9.48E-05 4.67E-05 3.82E-05


Offsite Dose (mg/kg wet/day)
Soil 0 0 0 0 0
Shrubs/Trees 0 0 0 0 0 0
Grasses/Herbs 0 0 0 0 0 0
Small animals 0 0 0 0 0 0
Earthworms 0.35 0 0 0 0 0
Ground Insects 0.35 0 0 0 0 0
Flying Insects 0.15 0 0 0 0 0
Total Offsite Food 0 0 0 0 0
Total Offsite Dose 0 0 0 0 0


Aquatic Items Onsite (mg/kg wet/day)
Sediment 1.12E-06 1.36E-05 9.68E-06 1.16E-06 2.84E-07
Water 1.57E-09 2.73E-09 2.43E-09 1.59E-09 3.80E-09
Aquatic plants 0 0 0 0 0 0
Aquatic inverts 0.15 0  (37%ofTotalDose) 0  (60%ofTotalDose) 0  (59%ofTotalDose) 0  (36%ofTotalDose) 0  (27%ofTotalDose)
Amphibians 0 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0 0
Total Aquatic Onsite Food 2.68E-05 1.84E-04 1.52E-04 2.65E-05 1.44E-05
Total Aquatic Onsite Dose 2.79E-05 1.98E-04 1.62E-04 2.76E-05 1.47E-05


Aquatic Items Offsite (mg/kg wet/day)
Sediment 0 0 0 0 0
Water 0 0 0 0 0
Aquatic plants 0 0 0 0 0 0
Aquatic inverts 1 0.15 0 0 0 0 0
Amphibians 0 0 0 0 0 0
Fish (< 120 mm) 0 0 0 0 0 0
Fish (< 300 mm) 0 0 0 0 0 0
Fish (< 500 mm) 0 0 0 0 0 0
Total Aquatic Offsite Food 0 0 0 0 0
Total Aquatic Offsite Dose 0 0 0 0 0


Total Dose: Onsite + Offsite + Aquatic Onsite + Aquatic Offsite 7.23E-05 3.05E-04 2.57E-04 7.43E-05 5.29E-05
(mg/kg/day)
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1 Introduction 
 


This Technical Memorandum provides predictions of total mercury (Hg) and methylmercury 
(MeHg) concentrations relevant to wildlife exposure for the proposed Site C reservoir in British 
Columbia.  The information is provided in response to requests from Azimuth Consulting Group 
to support the Wildlife Risk Assessment (WRA) for Site C.  


These estimates are supplemental to previous predictions of total Hg and MeHg concentrations 
in water, sediments, and an aquatic food web (plankton, benthos and fish) described by Reed 
Harris Environmental (2013; Mercury Technical Synthesis Report, Volume 2, Appendix J, 
RESMERC, Part 3). Given that RESMERC simulations were originally undertaken to support a 
Human Health Risk Assessment (Azimuth 2013a, Mercury Technical Synthesis Report,Volume 
2, Appendix J, Part 2) the assessment endpoints were different than for the WRA. Aquatic 
invertebrates and fish species and sizes targeted by wildlife can be different than those presented 
by Azimuth (2013b; Environmental Impact Statement, Section 11.9, Methylmercury).  Thus, 
RESMERC was also used to predict MeHg concentrations in aquatic invertebrates and fish 
species and sizes appropriate for the receptors of concern in the WRA including birds 
(merganser, belted kingfisher, eagle), mammals (otter, mink, moose) and amphibians (western 
toad). 


Results presented previously for RESMERC simulations and those presented here are based on 
the same model simulations. In all cases, the predictions were made using a mechanistic model 
of mercury cycling and bioaccumulation, called RESMERC. A description of the RESMERC 
model and details of the simulations carried out for the proposed Site C Reservoir are provided 
by Reed Harris Environmental Ltd (2013; Mercury Technical Synthesis Report, Volume 2, 
Appendix J, RESMERC, Part 3).   
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2 Approach 
 
The overall approach used to apply RESMERC to the proposed Site C reservoir was as follows: 


1. The model calibration was updated by applying it to two full scale reservoirs created in 
the 1970s with long-term fish Hg datasets: Robert Bourassa Reservoir, Quebec, and 
Notigi Reservoir in Manitoba. 


2. The updated model was then applied to pre-flood conditions in the Peace River in the 
vicinity of the proposed reservoir using data from baseline studies for the Site C Project. 


3. RESMERC was used to simulate post-flood conditions in the Site C Reservoir and 
predict the magnitude and duration of changes to total Hg and MeHg concentrations in 
water, sediments and the food web, including key fish species in the reservoir. 


Pre-flood simulations for the Peace River used available data for existing site conditions and 
observed concentrations of total Hg and MeHg in water, sediments and aquatic biota.  Model 
input data were derived from field investigations in the Peace River and Dinosaur Reservoir 
specifically to address site-specific data requirements of the model.  Full documentation of data 
is available in Azimuth (2011) and Azimuth (2013c; Mercury Technical Synthesis Report, 
Volume 2, Appendix J, Part 1.  


The Site C reservoir water column was predicted to stratify vertically in the summer, but only in 
the downstream end (EBA Engineering 2013; Environmental Impact Statement, Section 11.7 
Thermal and Ice). Because stratification can affect Hg cycling, the reservoir was divided into two 
reaches. The upper reach included the upstream 25 km of the reservoir, while the downstream 
reach included the remaining 58 km. Simulations were carried out for a post-inundation period of 
50 years, long enough for predicted fish Hg concentrations to reach peak values and then decline 
to background levels. Concentrations estimated with the pre-flood simulation were used as the 
starting values for post-flood scenarios. This approach ensured that increases in MeHg 
concentrations predicted during the post-flood period were due to flooding rather than changes 
that could occur post-flood even if flooding did not occur (if the pre-flood system had not 
reached steady state at the time of flooding). Fish were assumed to move freely between the two 
modeled reaches of the Site C reservoir, and MeHg concentrations were estimated using area 
weighted averages of predictions for the two reaches.    


Predicted Site C Reservoir simulations did not consider the potential effects of reservoir clearing 
or other construction phase activities, and only represented the operating phase of the Project. It 
was assumed that the effects of the filling period were negligible in terms of affecting peak fish 
mercury concentrations (expected years later), and the reservoir was treated as being at full 
capacity when simulations started. 


As requested by Azimuth Consulting Group, monthly model outputs were averaged for the 
following time intervals relevant to wildlife exposure estimates:  maximum annual average 
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(“peak annual”), average for post-flood years 5 through 12,  and long term averages (years 30-
40).  These averages were developed for the following Hg forms and compartments: 


 MeHg and total Hg concentrations in each water column and sediment compartment. 


 MeHg in benthic invertebrates whose MeHg exposure is linked primarily to sediments 
(benthic in-fauna; e.g., chironomids, bivalves) for each sediment compartment. 


 MeHg in benthic invertebrates whose MeHg exposure is linked primarily to the water 
column (epibenthos; e.g., mayflies, caddisflies) for each water column compartment. 


 MeHg in bull trout and rainbow trout – for each age classes 0+ to 2+. 


 MeHg in longnose sucker – for each age classes 0+ to 5+. 


 MeHg in redside shiner – for each age classes 0+ to 6+. 


The age classes correspond to fish whose length was predicted to be up to a maximum length of 
300 mm, the largest fish size targeted by wildlife.  Biomasses predicted by RESMERC were also 
averaged for each fish species age class over the relevant time periods, to provide an estimate of 
relative prey availability. Total biomasses for each fish species were inputs in RESMERC and 
were not explicitly modelled. The number of fish in a population at a given age was modeled 
using a simple exponential decay function. The biomass for a particular age class and time was 
obtained by multiplying of the number of fish in the age class by the weight of a single fish. Fish 
weights were estimated by calibrating growth rates to pre-flood observations for the study area 
with the exception of the redside shiner for which no growth data were available. The growth 
calibration for redside shiner was based on data from Scott and Crossman (1973). Simulated 
lengths for each fish species age class were also reported.   


Ratios of post-flood to pre-flood Hg concentrations (“multipliers”) were computed based on the 
results of pre-flood simulations. Pre-flood values were computed as the average of RESMERC 
outputs for the final year of the pre-flood simulation.  This was done because: 1) there were 
insufficient field data for existing mercury levels to assign initial conditions for many of the 
concentrations requested, and 2) using model results for both pre- and post-flood conditions was 
considered a better indicator of predicted relative increases, rather than ratios involving a 
combination of modeled and observed values.   
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3 Results 
 
Predicted wildlife-relevant MeHg concentrations in the water column, sediments and lower food 
web benthic in-fauna and epibenthos are given in Table 1.  Relevant surface areas are also 
included. The greatest relative increase was predicted for flooded epilimnetic wetland sediments 
and benthos associated with those flooded wetlands.  Modest relative increases in methylmercury 
were predicted for the water column compartments in both reaches.  


Predicted wildlife-relevant concentrations for total Hg in the water column for the two modeled 
reservoir reaches are provided in Table 2.  


Predicted fish MeHg concentrations by age class for bull trout, rainbow trout, longnose sucker 
and redside shiner are given in Table 3. The range of lengths for each age class and the biomass 
fraction for the age classes are also included in Table 3. These fractions were the portions of 
total biomass for a given species represented by the age class. The concentrations presented in 
Table 3 were area-weighted averages for the upstream and downstream reaches (the predicted 
concentrations in the two reaches were slightly different).   


The total biomasses and biomass densities for each fish species used in RESMERC simulations 
of the Site C Reservoir are given in Table 4. Values reported represent the reservoir-wide 
average annual biomasses, derived from monthly model outputs for the combined upstream and 
downstream reaches. 
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Table 1. Predicted MeHg concentrations in abiotic compartments and lower food web.  


Compartment 
Area 
(km2) 


RESMERC 
predicted pre-
flood MeHg 


concentration 


Concentration 
units 


Multipliers (with 
respect to pre-flood) 


Predicted MeHg 
concentration  


Peak 
annual 


Year 
5-12 


Long 
term 


Peak 
annual 


Year 
5-12 


Long 
term 


Water Column 
Upstream reach Epilimnion 17.6 0.02 ng/L unfiltered 1.1 1.1 1.0 0.02 0.02 0.02 


Downstream reach 
Epilimnion 75.7 0.02 ng/L unfiltered 1.9 1.7 1.0 0.04 0.03 0.02 
Hypolimnion 75.7 0.02 ng/L unfiltered 2.8 2.4 1.1 0.06 0.05 0.02 


Sediments 


Upstream reach 
Original river bed 9.62 1 ng/g dry 1.3 1.1 1.2 1 1 1 
Flooded upland 7.88 1 ng/g dry 13.7 10.1 0.8 15 11 1 
Flooded wetland 0.13 1 ng/g dry 16.0 10.9 2.3 18 12 3 


Downstream reach 


Original river bed 29.7 1 ng/g dry 1.9 1.2 1.7 2 1 2 
Hypolimnetic flooded upland 32.5 1 ng/g dry 14.1 10.9 1.0 16 12 1 
Hypolimnetic flooded wetland 0.53 1 ng/g dry 16.6 12.1 2.5 19 14 3 
Epilimnetic flooded upland 12.8 1 ng/g dry 19.1 13.3 1.0 22 15 1 
Epilimnetic flooded wetland 0.21 1 ng/g dry 22.5 14.8 3.1 25 17 3 


Benthic In-Fauna 


Upstream reach 
Original river bed 9.62 5 ng/g wet 1.3 1.1 1.3 6 5 6 
Flooded upland 7.88 5 ng/g wet 7.6 6.5 0.7 36 30 3 
Flooded wetland 0.13 5 ng/g wet 8.6 7.0 2.1 41 33 10 


Downstream reach 


Original river bed 29.7 5 ng/g wet 1.8 1.2 1.6 9 5 8 
Hypolimnetic flooded upland 32.5 5 ng/g wet 8.1 7.1 0.9 38 34 4 
Hypolimnetic flooded wetland 0.53 5 ng/g wet 9.4 8.0 2.3 44 37 11 
Epilimnetic flooded upland 12.8 5 ng/g wet 10.5 8.6 0.9 49 40 4 
Epilimnetic flooded wetland 0.21 5 ng/g wet 12.1 9.6 2.8 57 45 13 


Epibenthos 
Upstream reach Epilimnion 17.6 4 ng/g wet 1.1 1.1 1.0 5 5 4 
Downstream reach Epilimnion 75.7 4 ng/g wet 1.9 1.7 1.0 8 7 5 
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Table 2. Predicted dissolved total Hg concentrations in water  


Compartment 
Area  
(km2) 


Predicted pre-flood total 
Hg  concentrations  


(ng/L dissolved) 


Predicted post-flood total Hg concentrations 


Multiplier Concentration (ng/L dissolved) 


Peak 
annual 


Year 5-12 
Long 
term 


Peak 
annual 


Year 5-12 
Long 
term 


Upstream reach Epilimnion 17.6 0.63 1.02 1.00 0.99 0.65 0.63 0.62 


Downstream 
reach 


Epilimnion 75.7 0.63 1.05 0.99 0.96 0.66 0.62 0.60 


Hypolimnion 75.7 0.63 1.14 1.05 0.97 0.71 0.66 0.61 
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Table 3.  Predicted MeHg concentrations in fish 


Species 
Age 
class 


Minimum 
length 
(mm) 


Maximum 
length (mm) 


Percent of 
total species 
biomass in 
age class 


Predicted pre-flood 
concentration 


(mg/kg wet muscle) 


Predicted post-flood concentrations 


Multipliers 
Concentration  


(mg/kg wet muscle) 


Peak 
Annual 


Year 
5-12 


Long 
term 


Peak 
Annual 


Year 
5-12 


Long 
term 


Bull Trout 


0+ 15 116 <1 0.03 4.1 3.6 1.1 0.12 0.10 0.03 


1+ 103 246 <1 0.04 3.6 3.1 0.9 0.14 0.13 0.04 


2+ 204 368 1 0.06 4.4 4.0 1.3 0.26 0.23 0.07 


Rainbow Trout 


0+ 17 163 1 0.02 4.6 3.9 1.1 0.08 0.07 0.02 


1+ 139 294 8 0.03 4.4 3.8 1.1 0.12 0.10 0.03 


2+ 247 402 16 0.04 4.3 3.8 1.1 0.15 0.13 0.04 


Longnose Sucker 


0+ 14 100 18 0.01 8.8 7.6 1.9 0.06 0.05 0.01 


1+ 86 175 15 0.01 8.9 7.8 2.0 0.08 0.07 0.02 


2+ 148 238 12 0.01 8.9 7.9 2.0 0.10 0.09 0.02 


3+ 201 286 10 0.02 7.8 6.9 1.7 0.12 0.11 0.03 


4+ 243 325 8 0.02 6.6 6.0 1.5 0.14 0.13 0.03 


5+ 278 357 7 0.03 6.2 5.6 1.4 0.16 0.15 0.04 


Redside Shiner 


0+ 16 54 2 0.02 3.4 3.0 1.1 0.08 0.07 0.03 


1+ 50 86 8 0.03 3.5 3.1 1.1 0.10 0.09 0.03 


2+ 76 111 15 0.04 3.5 3.1 1.1 0.12 0.11 0.04 


3+ 97 131 20 0.04 3.3 3.0 1.1 0.13 0.12 0.04 


4+ 115 148 21 0.04 3.2 2.9 1.1 0.14 0.12 0.05 


5+ 131 162 19 0.05 3.1 2.9 1.1 0.15 0.13 0.05 


6+ 144 173 16 0.05 3.2 2.9 1.1 0.16 0.15 0.06 
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Table 4.  Fish species biomass specified in the RESMERC simulation. 


Fish species Biomass 
(tonnes) 


Biomass
(kg/ha) 


Bull Trout 11 1.2 
Rainbow Trout 11 1.2 
Longnose Sucker 164 17.6 
Redside Shiner 108 11.6 
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Appendix E: Dose-Response Assessment for Methylmercury and Birds 


This appendix reviews data that relate potential effects in birds to methylmercury exposure. The 


analysis is tailored to the context of estimated exposure for Site C (the highest estimated 


exposure occurs for the belted kingfisher in the Site C - Peak scenario). Three different types of 


data are considered:  


1. Laboratory-based studies relating methylmercury dose to effects on survival, 


reproduction and growth. 


2. Field studies relating methylmercury dose to adverse effects on survival, reproduction 


and growth. 


3. Data relating dietary concentrations of methylmercury to adverse effects on loons (based 


on a review paper by Depew et al. 2012).  


Laboratory Studies of Methylmercury Dose-Response 


We compiled laboratory studies relating methylmercury dose to response for survival, 


reproduction and growth endpoints. Among these, we excluded any studies where: 


 The administrative route was injection rather than oral ingestion; 


 The form of mercury was inorganic mercury rather than methylmercury; 


 There were confounding contaminants noted that could have caused the observed 


responses;  


 There was no appropriate laboratory control (e.g., control animals were subject to non-


negligible dose, or were dosed in a different way than treatment animals); or 


 Sample size was small (n=5 or less) in a treatment group or in the control. 


Statistical significance was not used as a criterion for excluding data points. 


In cases where dose was not reported, we estimated dose based on dietary concentration and 


food ingestion rate (where the latter is based on allometric equations using body weight for all 


birds or for passerines; Nagy 1987).  
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The final data set was based on 26 different studies, covering 13 different species and several 


endpoints.  


We evaluated the data using several plots. In all cases, plotted values were normalized positive 


responses (i.e., treatment response divided by control response), so that data could be 


compared across studies. On all plots a dashed vertical line was used to indicate the estimated 


dose for belted kingfisher under worst-case model predictions (i.e., Site C - Peak scenario) – 


that dose was 0.041 mg/kg methylmercury/day). A large proportion of the reproductive data are 


considered partial or redundant endpoints. Many studies measure multiple endpoints that 


integrate other endpoints. For example, egg fertility is a partial contributor to total reproductive 


output measured as the number of offspring. We include these partial or redundant data points 


in some plots, but not others as appropriate. 


We can expect differences in dose-response relationships among studies due to differences in 


species, lifestage, feed type, chemical form, dose duration, dose reporting, or other factors. 


Most plots were therefore organized by study.  


Horizontal lines on all plots are provided at a value of 80% positive response relative to control, 


which is equivalent to a 20% effect size relative to control. This is a common benchmark used in 


ecological risk assessments (SAB 2008) and is useful as an initial guide to interpretation. Thus, 


any data in the lower left portion of each plot (i.e., the grey solid shaded area indicating positive 


response < 80% at doses below that estimated for belted kingfisher) may be of potential 


concern.  


The following plots are provided: 


 Figure E1: Bird survival by study, with data points differentiated by species and duration 


of exposure. These data represent a mix of sexes (male, female, or both) and life stages 


(juvenile or adult). 


 Figure E2: Bird survival pooled across all studies, with data points differentiated by 


species and life stage.  
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 Figure E3: Bird growth by study (final body weight, scaled to control start weight for 


adults), differentiated by species and duration of exposure. 


 Figure E4: Bird growth pooled across all studies, with data points differentiated by 


species and life stage. 


 Figure E5: Offspring production by study1, measured as the number of offspring per 


female or breeding pair (e.g., number successfully hatched, fledged, or alive after x 


weeks). Offspring production is the best measure of total reproductive output. Data 


points differentiated by species and duration of exposure. 


 Figure E6: Total reproductive output pooled across all studies2. Data points 


differentiated by species. 


 Figure E7: Egg production and offspring survival for studies that did not report offspring 


production. Data points differentiated by species and specific endpoint.  


 Figure E8: Reproductive data by endpoint shows plots by specific reproductive endpoint 


across studies. Data points differentiated by species and duration of exposure. 


 Figure E9: Same data as Figure E6, but with the estimated dose plotted for estimated 


Peace – Baseline conditions and estimated Site C - Peak. An empirically fit dose-


response curve is used to provide rough indication of the expected change in 


reproductive output with the increase in dose from Peace - Baseline to Site C - Peak. 


Looking across the plots, there appears to be very little probability of any effects on survival or 


growth. For reproduction, however, there are two data points that show positive response below 


80% at doses equal to or less than the belted kingfisher dose. These two data points come from 


a study by Frederick and Jayasena (2011) on the white ibis. Their results indicated a reduction 


in fledgling production to under 70% (relative to control) at less than the 0.041 mg/kg-day, the 


                                                            
1 Figures 5 and 6 omit a single data point (Heinz et al. 2010) for “Number of 6 day old ducklings produced” because it 
distorted the figures. The response was 127% at a dose of 0.037 (apparent hormesis in this mallard study, but dosing 
duration was only 26 days and the authors were surprised by the result). The specific endpoints reported for this 
study are included in subsequent figures. 
2 See previous footnote 
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Site C Peak estimated does for the belted kingfisher (see Figures E5, E6, E8). However, that 


same study had another treatment group at a dose level in between that of the two data points 


in question, and that treatment group actually performed better than control. When examining 


the offspring production data together (Figure E6), it is clear that there is a lot of uncertainty, in 


part because there are only three data points at doses below that estimated for the belted 


kingfisher. Overall, however, the white ibis data do not seem particularly out of place. The 


kestrel data (Albers et al. 2007) seem to show a consistent dose-response relationship, but that 


study did not include treatment groups with doses as low as that estimated for the belted 


kingfisher. We have not fit a dose-response model to the data set in Figure E5, given the 


paucity of data relative to the number of studies and species depicted. However, rough visual 


interpretation of the data indicates that we might expect, at the dose estimated for the belted 


kingfisher, reproductive output in the range of 60 to 90% of what we could expect for control 


groups – in other words, a 10% to 40% reduction in reproductive output relative to the control. 


However, the dose-response information levels off at low doses, and there is little indication that 


reproductive output would be much different at the predicted peak dose (Site C – Peak, 0.041 


mg/kg-day; red vertical line) compared to the dose predicted for Peace - Baseline conditions 


(0.0091 mg/kg-day).  


To evaluate this further, the Peace - Baseline and Site C - Peak doses for the belted kingfisher 


and other bird receptors were plotted on the data for reproductive output (Figure E9). In 


addition, we fit an approximate dose-response curve to the data to provide some indication of 


the likely dose-response relationship3. A very flexible 5-parameter model (generalized logistic 


function) that can be used to describe dose-response curves of the form Y ~ log(Dose) is the 


Richards function (Huet et al. 2004, page 3):   


5])exp[1(
),(


43


12
1 



x


xf




  


                                                            
3 The approach is empirical, and fails to account for the underlying binomial nature of the data. Thus, no information 
on the number of organisms is accounted for. In addition, the nonlinear least squares fitting procedure assumes equal 
variances across x-values, which is inappropriate for binomial data where we expect smaller variance at the tails.  
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where x = log(d), q1 is the lower asymptote, q2 is the upper asymptote, and the other parameters 


describe the increasing or decreasing shape of the curve. In the current case based on 


normalized response data, the asymptotes are q1 = 0 and q2 = 100, giving:  


5])exp[1(


100
),(


43




x


xf



  . 


We set the shape parameter q5 equal to 1 for simplicity, therefore only q3 andq4 need to be 


estimated, and the function would be equivalent to a logistic model if the data were binomial. 


Fitting of the model to data sets was completed using nonlinear least squares, based on the nls 


procedure in R software version 2.15.2 (Venables and Ripley 2002). Using the fitted curve, we 


can make a best guess at the normalized response associated with each dose, and then 


determine the relative change.  


Results are as follows: 


 


Expected Normalized 


Response: Peace -


Baseline 


Expected Normalized 


Response: Site C- 


Peak 


Expected Reduction in 


Offspring Production4 


belted kingfisher 89.6 74.6 16.8 % 


common merganser 93.6 83.3 11 % 


Canada goose 99.1 99.1 0 


mallard 98.3 95.7 2.6 % 


bank swallow 97.4 92.6 4.1 % 


spotted sandpiper 96.7 90.6 5.3 % 


bald eagle 96.1 89.6 6.1 % 


 


                                                            
4 Calculated as (base-peak)/base 
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These results indicate that we would expect a low magnitude (<20%) reduction in offspring 


production relative to Peace - Baseline conditions for the belted kingfisher and the common 


merganser, and negligible reduction (<10%) for the other bird receptors. Importantly, these 


reductions would be short-term; for the Site C – Long Term scenario the reduction in offspring 


production for the belted kingfisher is estimated at < 3%. 


Field Studies of Methylmercury Dose-Response 


Field studies were evaluated separately from laboratory studies. Although field studies are 


arguably more ecologically relevant than laboratory studies, it is virtually impossible to design a 


proper control in a field setting due to spatial heterogeneity, thus making it more difficult to 


attribute observed differences between treatments and controls to methylmercury. 


Nevertheless, taken together the field studies provide an important set of data that provides 


insight into potential exposure-response relationships. Available field data (that met the criteria 


for data selection outlined for laboratory studies above) are summarized in Figure E10. Most of 


the studies either do not show any indication of effects at the dose estimated for the belted 


kingfisher, or lack adequate data across a range of doses that would allow inference regarding 


dose-response. A key exception is the Barr (1986) study of offspring production in the loon – the 


data for that study, which are further supported by the data from Burgess and Meyer (2008), 


indicate that effects on loon reproduction are possible at the dose estimated for the belted 


kingfisher. However, there is considerable variability in the data that make it difficult to specify 


the potential magnitude of effects.  


Data Relating Dietary Concentrations of Methylmercury to Effects on Loons 


A recent review by Depew et al. (2012) has evaluated data relating effects on loon reproduction 


to dietary concentrations of methylmercury in fish. Loons, like kingfishers, are piscivorous. In 


addition, for a given dietary concentration, the implications of reproductive effects at population 


level may be more important for loons than many other birds because of low annual productivity, 


delayed sexual maturity, long life expectancy and suspected low adult mortality. The review is 


based on field studies and captive breeding studies, because laboratory studies are difficult to 


conduct with the common loon. The data set includes studies from the grey literature that we 


have not reviewed, as well as studies that did not meet our criteria for dose-based studies (e.g., 
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studies with injection as the method of dose administration). Consequently the Depew et al. 


(2012) review may provide additional insight into potential exposure-response relationships for 


methylmercury and birds. Among the studies they used, many did not provide information on 


dietary concentrations, in which case blood concentrations in the loon were converted to 


estimate dietary item concentration using an empirical relationship applicable for fish in the size 


range typically consumed by loons (10 to 15cm; this size range is also relevant for belted 


kingfisher). There was considerable uncertainty in the blood to diet item relationship, however. 


For studies lacking blood data, conversions were made based on other tissue concentrations in 


the loon.  


Depew et al. (2012) proposed screening benchmarks for the loon, based on the concentration of 


methylmercury in fish of the size range 10 to 15 cm. These were 0.1 mg/kg wet weight as a 


benchmark for the threshold for behavioural effects; 0.18 mg/kg wet weight as a benchmark 


threshold for significant reproductive impairment; and 0.40 mg/kg wet weight as a benchmark 


threshold for complete reproductive failure. All of these values are above the modeled average 


concentration for fish in the < 12 cm range, which was 0.09 mg/kg wet weight for the Site C -


Peak (worst-case scenario). Even when larger fish up to 30 cm are included, the modeled 


average concentration was only 0.12 mg/kg wet weight, below the benchmarks for reproductive 


effects. These modeled concentrations would suggest that effects on the loon would not be 


expected. It is useful to compare this finding to the dose-response data compiled from 


laboratory studies above. If we assume that a loon has a food intake rate of 0.19 kg of food (wet 


weight) per kg body weight per day (FCSAP 2012), the daily dose of methylmercury for the Site 


C - Peak scenario would be (0.19 * 0.09) = 0.017 mg/kg-day. This assumes the entire diet is fish 


(aquatic insects are also part of the loon diet, but typically 10% or so – FCSAP 2012) and 


ignores consumption of water. A dose of 0.017 mg/kg-day is much less than the dose estimated 


for the belted kingfisher (0.041 mg/kg-day), which makes sense because the belted kingfisher is 


smaller and therefore we expect a greater food consumption rate per kg body weight. If the loon 


were a receptor of concern for the site, we would expect reproductive impairment (if any) to be 


low – lower than for the belted kingfisher based on the data set of laboratory studies for other 


species. This is consistent with the Depew et al (2012) recommendations for tissue 


concentration benchmarks.  
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Conclusions 


We considered three separate types of information in evaluating potential risks to the belted 


kingfisher (and other bird receptors as appropriate):  


1. Based on data for laboratory studies, we could expect low reductions in offspring 


production (<20%) for the belted kingfisher and common merganser for the Site C - Peak 


scenario relative to Peace – Baseline conditions, and negligible reductions (<10%) for 


other bird receptors. All effects would be negligible under the Site C – Long Term 


scenario. There is high uncertainty because data are limited, and there are no data 


specifically for the species of interest. Relative to lab controls, expected effects on the 


belted kingfisher at Site C would be considered low to moderate (i.e., possibly higher 


than a 20% reduction in offspring production), and expected effects for Peace – Baseline 


conditions would be considered negligible to low (i.e., around 10% for the belted 


kingfisher).  


2. Field-based dose-response data are available for several species, but only the loon data 


indicate potential for effects (in the same range as estimated from lab data) at the 


estimated dose levels for Site C. However, the field data for the loon are highly 


uncertain. We put more weight on our findings from laboratory studies across numerous 


species than on the loon field studies because the latter are limited, and more likely to 


be confounded by spatial heterogeneity in habitat, environmental influences and other 


factors. 


3. Fish tissue-based benchmarks recently put forth for the loon are higher than estimated 


concentrations for Site C, which suggests that effects on loons would not be expected.  


In conclusion, we would expect a low reduction in offspring production for the belted kingfisher 


and possibly for the common merganser for the Site C - Peak scenario relative to Peace – 


Baseline conditions. We would expect negligible effects on other receptors. In all cases the 


effects would be negligible for the Site C – Long Term scenario. There is moderate to high 


uncertainty in this conclusion.  
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Figure E1. Methylmercury dose-response data for bird survival, by study 
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Figure E2. Methylmercury dose-response data for bird survival, pooled across studies 
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Figure E3. Methylmercury dose-response data for bird growth, by study 
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Figure E4. Methylmercury dose-response data for bird growth, pooled across studies 
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Figure E5. Methylmercury dose-response data for bird offspring production, by study 
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Figure E6. Methylmercury dose-response data for bird offspring production, pooled 
across studies 
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Figure E7. Methylmercury dose-response data for bird egg production and offspring 
survival, for studies not reporting total offspring production 
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Figure E8. Complete methylmercury dose-response data set for specific bird reproductive endpoints
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Figure E9. Comparison of dose and expected effect on bird offspring production for the 
Site C - Peak and Peace – Baseline scenarios. The left vertical solid red lines are equal to 
background dose, while the right dashed vertical lines are equal to estimated Site C - Peak dose. For 
Canada goose the lines are almost identical and are therefore indistinguishable. The blue solid line is an 
empirically fit dose-response curve.  
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Figure E10. Methylmercury dose-data for birds from field studies 
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Appendix F: Dose-Response Assessment for Methylmercury and Mammals 


This appendix reviews data that relate potential effects in mammals to methylmercury exposure. 


The analysis is tailored to the context of estimated exposure for Site C (the highest estimated 


exposure occurs for the northern river otter in the Site C - Peak scenario). The analysis is based 


on data from laboratory-based studies relating methylmercury dose to effects on survival, 


reproduction and growth. 


Methods 


We compiled laboratory studies relating methylmercury dose to response for survival, 


reproduction and growth endpoints. Among these, we excluded any studies where: 


 The administrative route was injection rather than oral ingestion; 


 The form of mercury was inorganic mercury rather than methylmercury; 


 There were confounding contaminants noted that could have caused the observed 


responses;  


 There was no appropriate laboratory control (e.g., control animals were subject to non-


negligible dose, or were dosed in a different way than treatment animals); or 


 Sample size was small (n=5 or less) in a treatment group or in the control. 


Statistical significance was not used as a criterion for excluding data points. 


In cases where dose was not reported, we estimated dose based on dietary concentration and 


food ingestion rate (where the latter is based on allometric equations using body weight for all 


mammals; Nagy 1987).  


The final data set was divided into two parts. The mink and otter data are most relevant, but are 


challenging due to small sample sizes and non-zero doses for control groups. Normally these 


studies would be excluded, but in this case we retained them because of their direct relevance 


to the northern river otter. These studies are presented in tables because studies cannot be 


easily compared to each other.  
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The rest of the data were evaluated using plots – after data filtering using the above criteria this 


included 14 studies covering three species and several endpoints. In all cases, plotted values 


were normalized positive responses (i.e., treatment response divided by control response), so 


that data could be compared across studies. On all plots a dashed vertical line was used to 


indicate the estimated dose for the northern river otter under worst-case model predictions (i.e., 


Site C - Peak scenario) – that dose was 0.0129 mg/kg of methylmercury/day).  


We can expect differences in dose-response relationships among studies due to differences in 


species, developmental stage, feed type, chemical form, dose duration, dose reporting, or other 


factors. Most plots were therefore organized by study.  


Horizontal lines on all plots are provided at a value of 80% positive response relative to control, 


which is equivalent to a 20% effect size relative to control. This is a common benchmark used in 


ecological risk assessments (SAB 2008) as a guide to interpretation. Thus, any data in the lower 


left portion of each plot (i.e., the grey solid shaded area indicating positive response < 80% at 


doses below that estimated for otter) may be of potential concern.  


Results for Mink and Otter Studies 


The dataset contains five mink studies (summarized in Table F1) and one otter study (Table 


F2). The mink studies were not plotted because several studies had controls with non-zero 


doses (dietary Hg concentrations in feed were analyzed). These control doses are generally 


higher than the Site C - Peak dose for the northern river otter (0.0129 mg/kg/day).The 


reproductive endpoints were reported as (paraphrased) “offspring/female to weaning (70d)” for 


first-generation results for Dansereau et al. 1999 and “average # kits per female at 5 wks” for 


Wren et al. 1987b (for the latter, the dosing pattern was unclear, but could have been up to 8 


months). The mink data suggest that effects on survival or reproduction at the estimated dose 


for the northern river otter are unlikely. The otter study is too uncertain to be useful (because of 


small sample sizes), but was tabulated because the northern river otter is the species of 


mammal with highest estimated dose for Site C (i.e., Site C – Peak). 


Results for Other Mammals 


For other mammals, the following plots are provided: 
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 Figure F1: Mammal survival by study, with data points differentiated by species and 


duration of exposure. These data represent a mix of sexes (male, female, or both) and 


life stages (juvenile or adult). 


 Figure F2: Mammal survival pooled across all studies, with data points differentiated by 


species and life stage.  


 Figure F3: Mammal growth by study (final body weight, scaled to control start weight for 


adults), differentiated by species and duration of exposure. 


 Figure F4: Mammal growth pooled across all studies, with data points differentiated by 


species and life stage. 


 Figure F5: Offspring production by study, with data points differentiated by species and 


duration of exposure. 


Looking across the plots, there is no indication of potential effects for any of the endpoints at the 


dose level predicted for the northern river otter during the Site C Peak scenario – no data points 


fall in the lower left (grey) area of the plots.  


Conclusions 


The dose-response data set for mammals suggests that, at the estimated Site C - Peak dose, 


representing maximum fish mercury concentrations within the reservoir following inundation, we 


would not expect effects on survival, growth or reproduction. There is moderate uncertainty in 


this conclusion because of the limited data available.  
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Table F1. Summary of mink studies (dose is in units of methylmercury).  


Study Treatment 
Sample 


size Sex 
Dose 


(mg/kg/day) 
Duration 


(days) Survival 
Reproduction 
(kits/female) 


Aulerich et al. 1974 Control 15 3 M, 12 F 0.000 90 100% 


Treatment 15 3 M, 12 F 1.291 90 0% 


Chamberland et al. 1996 Control 20 F 0.019 109 95% 


Treatment 1 20 F 0.095 109 100% 


Treatment 2 20 F 0.171 109 75% 


Dansereau et al. 1999 Control 50 F 0.023 365 100% 1.04 


Treatment 1 50 F 0.103 365 100% 0.82 


Treatment 2 50 F 0.171 365 72% 0.08 


Laperle et al. 1999 Control 50 F 0.033 90 100% 


Treatment 1 50 F 0.166 90 100% 


Treatment 2 50 F 0.333 90 33% 


Wobeser et al. 1976 Control 5 F 0.007 93 100% 


Treatment 1 5 F 0.074 93 100% 


Treatment 2 5 F 0.121 93 0% 


Treatment 3 5 F 0.323 93 0% 


Treatment 4 5 F 0.558 93 0% 


Treatment 5 5 F 1.008 93 0% 


Wren et al. 1987a,b Control 5 M 0.000 60 100% 


Treatment 4 M 0.100 60 100% 


Control 15 F 0.000 60 100% 4.50 


Treatment 12 F 0.180 60 25% 4.00 


 


Table F2. Summary of otter study (dose is in units of methylmercury).  


Study Treatment 
Sample 


size Sex 
Dose 


(mg/kg/day) 
Duration 


(days) Survival Notes 


O'Conner & Nielsen 1981 Control 2 M 0.000 200 50% 1 


Treatment 1 3 M 0.093 200 33% 2 


Treatment 2 3 M 0.170 200 0% 3 


Treatment 3 3 M 0.370 200 0% 4 
Notes 
1) One died but looked clinically normal 


2) One surviving otter clinically normal, other 2 had signs of intoxication, died on days 179 and 159 


3) Signs of intoxication, otters died on days 113, 116, and 123 


4) Otters died on days 59, 48, 55 
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Figure F1. Methylmercury dose-response data for mammal survival, by study 
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Figure F2. Methylmercury dose-response data for mammal survival, pooled across 
studies 
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Figure F3. Methylmercury dose-response data for mammal growth, by study 
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Figure F4. Methylmercury dose-response data for mammal growth, pooled across 
studies 
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Figure F5. Methylmercury dose-response data for mammal offspring production, by 
study 
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Subject: Methodology for the Assessment of the Potential Impacts of the Project on the 
 Exercise of Asserted or Established Aboriginal and Treaty Rights 


Purpose 


The purpose of this Technical Memo is to clarify the methodology used by BC Hydro to assess the 
potential impacts of the Project on the exercise of asserted or established Aboriginal and treaty rights 
(EIS, Volume 5, Section 34.3.3). 


Analysis 


Table 34.1 of the EIS, shown below, lists the 29 Aboriginal groups that were identified in Section 20.1 of 
the EIS Guidelines1 by the federal Minister of Environment and the Executive Director of the BCEAO as 
having the potential to be adversely affected by the Project.  
 


 


BC Hydro undertook a two-step analysis to assess the potential impacts of the Project on the exercise 
of asserted or established Aboriginal and treaty rights of the Aboriginal groups listed in Table 34.1. 


                                                 
1
 EIS, Volume 5, Section 34.3, page 34-1; EIS Guidelines, s. 20.1 
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BC Hydro first provided its understanding of the content and scope of the Aboriginal and treaty rights 
held or claimed by these groups (see Volume 5 Section 34.3.2 and Technical Memo: Oral Promises 
Under Treaty 8). BC Hydro then sought to determine whether the Project had the potential to impact 
upon the exercise of those rights (Volume 5 Section 34.3.3). The analysis in the second stage was 
based on baseline information which BC Hydro gathered from various sources regarding the current 
use of land resources for traditional purposes, including hunting, trapping and fishing of the Aboriginal 
groups listed in Table 34.1 (Volume 3 Section 19.3) and the related effects assessment for current use 
of land resources for traditional purposes (Volume 3 Section 19.4). 


Content and scope of asserted or established Aboriginal and treaty rights 


BC Hydro was required by the EIS Guidelines (s. 20) to set out its understanding of the asserted or 
established Aboriginal rights and Treaty rights held by each potentially affected Aboriginal group.   


Treaty rights 


Twenty-one of the 29 Aboriginal groups listed in Table 34.1 are signatories or adherents to Treaty 8. 
BC Hydro’s understanding of their rights under Treaty 8 is set out at Volume 5, Section 34.3.2.1 and the 
Technical Memo: Oral Promises Under Treaty 8. 


BC Hydro’s understanding is based on the text of the Treaty itself and case law cited in that section.  
The case law includes guidance on the duty to consult with respect to taking up land under the Treaty, 
the interpretation of Treaty rights, the significance of oral promises, incidental rights under the Treaty, 
and geographic limitations on Treaty rights to hunt, fish and trap.  


Prior to submitting the EIS, BC Hydro circulated a draft memorandum to some of the Treaty 8 First 
Nations listed at Table 34.1 entitled “Draft Discussion Paper re; Treaty 8 Rights”.  The memorandum 
sets out BC Hydro’s understanding more fully. BC Hydro received input from some First Nations on the 
memorandum that was incorporated into its summary in Volume 5 Section 34.3.2.1 (see, e.g., page 34-
7, lines 13-16). 


As noted, BC Hydro was required by the EIS Guidelines to set out its understanding of Treaty rights 
held by potentially affected Aboriginal groups.  Through consultation with the Treaty 8 First Nations, BC 
Hydro is aware that their interpretation of rights under Treaty 8 may not always coincide with BC 
Hydro’s understanding, but has taken the First Nations’ perspective into account in conducting its 
assessment (page 34-7, lines 25-29).   


Aboriginal rights  


Kwadacha and Tsay Keh Dene First Nations have asserted Aboriginal rights as First Nations under 
Section 35(1) of the Constitution Act, 1982. Métis groups listed in Table 34.1 have also asserted 
Aboriginal rights under Section 35(1), pursuant to Section 35(2) which includes Métis in the definition of 
“aboriginal people of Canada”.2 In addition, various other First Nations listed in Table 34.1 that are 
signatories to Treaty 8 have asserted Aboriginal rights in addition to their Treaty rights.3  


                                                 
2
  EIS, Volume 5, Section 34.3, page 34-9, lines 12-13. 


3
  EIS, Volume 5, Section 34.3, page 34-7, lines 31-34. 
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BC Hydro’s understanding of the asserted Aboriginal rights of those Aboriginal groups is set out in 
Volume 5, Sections 34.3.2.2 and 34.3.2.3.  BC Hydro’s understanding is based on guidance from the 
seminal Supreme Court of Canada decisions on the nature and test for establishing Aboriginal rights 
(Van der Peet, Sappier; Gray), Aboriginal title (Delgamuukw, Marshall; Bernard, as well as William, a 
recent BC Court of Appeal decision, leave to appeal to SCC granted), and Métis rights (Powley).   


BC Hydro also retained consultants to conduct a historical research report regarding Métis in the Peace 
River area of British Columbia and Alberta between European arrival and the establishment of any 
current Métis communities.   Although the report drafted by the consultants is referenced in Volume 5 
Section 34.3.2.3, it was inadvertently omitted from Volume 5 Appendix A16 and A17, and has been 
added in the Errata and Updated Information. 


Potential impact of the Project on the exercise of asserted or established Aboriginal and Treaty rights 


In accordance with its understanding of the content and scope of the rights held or claimed by the 
Aboriginal groups listed in Table 34.1, BC Hydro then assessed whether the Project had the potential to 
impact upon the exercise of rights by those groups. In doing so, BC Hydro identified a close linkage 
between the rights held or claimed by the Aboriginal groups, and the current practices of hunting, 
trapping and fishing of each Aboriginal group. As a result, when BC Hydro assessed the potential 
impacts of the Project on the exercise of rights in Volume 5 Section 34.3.3, it relied on baseline 
information presented in Volume 3 Section 19.3 with respect to the current use of lands and resources 
for traditional purposes of each Aboriginal group listed in Table 34.1. This included information on the 
nature and location of the hunting, fishing and trapping, and related ancillary activities, of each 
Aboriginal group.  


BC Hydro gathered baseline information in various ways: by recording information provided by 
Aboriginal groups in meetings and other direct consultation activities with BC Hydro, and with respect to 
the Aboriginal groups most likely to be the most affected by the Project, by providing capacity funding to 
complete traditional land use studies and community baseline reports.   


BC Hydro engaged consultants to review the traditional land use studies provided by Aboriginal groups 
and related materials and to consider where additional information would be helpful.  After an initial 
review of the TLUS reports by its consultants, BC Hydro wrote to the Aboriginal groups who provided 
the reports with specific questions, clarifications, and requests for additional information.  In addition, 
BC Hydro wrote to each Aboriginal group listed in Table 34.1 to request information for consideration in 
the preparation of the EIS, including a map of their traditional territory, current land use information, and 
information regarding the exercise of asserted or established Aboriginal rights and Treaty rights, 
including hunting, fishing, and trapping.   


Based on the TLUS reports and other information where provided by Aboriginal groups, and other 
publicly available information, BC Hydro’s consultants then prepared “Aboriginal Land and Resource 
Use Summaries” for each Aboriginal group listed in Table 34.1 (see: Volume 5 Appendix A, Part 3). BC 
Hydro used the information provided by Aboriginal groups through the consultation process, as well 
“Aboriginal Land and Resource Use Summaries” prepared by their consultants, to prepare the baseline 
information in Volume 3 Section 19. A complete list of sources used to prepare the baseline information 
is provided in Section 19.2. 


The baseline information along with the results of the Wildlife Resources, Vegetation and Ecological 
Communities, and Fish and Fish Habitat effects assessments, were used as the basis for the 
assessment of the potential effects of the Project on current use of lands and resources for traditional 
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purposes, which is provided in Section 19.4.4 BC Hydro considered the potential for the Project to result 
in changes to the following “key aspects”:  


 Fishing opportunities and practices 


 Hunting and trapping opportunities and practices 


 Cultural and other traditional uses of the land.5 


With respect to the third category, BC Hydro assessed potential changes to several current uses of 
land and resources which may be described as “ancillary” to hunting, fishing and trapping practices, 
such as travel and access to harvesting opportunities, the establishment and use of of cabins, and 
harvesting of berries, herbs and medicinal plants.  The term “ancillary” was used in the EIS to denote a 
category of activities which, based on guidance from the case law, may be “reasonably incidental” to 
the exercise of the Treaty rights to fish, hunt, and trap. Thus, “ancillary activities” is a broader category 
of which “incidental treaty rights” would be a subset.6 


To determine whether each Aboriginal group would be brought into the effects assessment in Section 
19.4, the baseline information (Section 19.3) was overlaid with the boundaries of the current use of 
lands and resources for traditional purposes Local Assessment Area (LAA).7 This analysis resulted in 
the following conclusions:8 


 The following nine First Nations (all Treaty 8 signatories) reported current use of land and 
resource for traditional purposes in the LAA, and were brought into the effects assessment: 


o Blueberry River First Nations 


o Dene Tha’ First Nation   


o Duncan’s First Nation 


o Horse Lake First Nation   


o Saulteau First Nations   


o Treaty 8 Tribal Association (Doig River First Nation, Halfway River First Nation, Prophet 
River First Nation, West Moberly First Nations) 


 Kelly Lake Métis Settlement Society indicated use of the Peace River valley in a general sense, 
but did not provide sufficient specific information to be brought into the effects assessment. 


 Métis Nation British Columbia submitted a report to BC Hydro titled “A Métis Use and 
Occupancy Study for the BC Hydro Site C Dam Clean Energy Project”, together with related site 


                                                 
4
  EIS, Volume 5, Section 34.3, page 34-11, lines 27-29. 


5
  EIS, Volume 3, Section 19.4, page 19-65, lines 35-40. 


6
  See: EIS, Volume 3, Section 19.1, page 19-8, lines 20-25, and Volume 5, Section 34.3, page 34-11, lines 29-


33.  
7
  EIS, Volume 3, Section 19.4, page 19-66, lines 5-8. See Volume 3, Section 19.3, pages 19-10 and 19-11, for a 


description of the LAA for current use of lands and resources for traditional purposes. 
8
  EIS, Volume 3, Section 19.4, page 19-66, lines 9-37. 
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mapping, after the submission of the EIS. The report and maps will be considered by BC Hydro 
in the EIS review phase, and any new information will be provided. 


 McLeod Lake Indian Band has advised BC Hydro that it intends to provide BC Hydro with a 
Traditional Land Use Study. If BC Hydro receives the study in sufficient time, it will be 
considered by BC Hydro in the EIS review phase, and any new information will be provided. 


 The remaining 17 Aboriginal groups reported no current use of lands and resources for 
traditional purposes within the LAA, and therefore were not brought into the effects assessment. 


The results of the effects assessment in Section 19.4 were drawn into the assessment of potential 
impacts on the exercise of asserted or established Aboriginal and Treaty rights (Volume 5 section 
34.3.3).9 Based on an individual assessment of the potential impacts of the Project on asserted or 
established Aboriginal and Treaty rights for each Aboriginal group, BC Hydro concluded that the Project 
has the potential to impact the exercise of Treaty rights by the nine First Nations listed above under the 
first bullet:10 


“Volume 3 Section 19 Current Use of Lands and Resources for Traditional Purposes 
concluded that Project activities, including construction-related clearing and reservoir 
filling, would adversely affect the current use of lands and resources for traditional 
purposes, including hunting, fishing and trapping, of the [nine] Treaty 8 First Nations. 
As a result, the Project also has the potential to impact the [nine] Treaty 8 First 
Nations’ exercise of their rights to fish, hunt, and trap on Treaty 8 territory.”11 


While BC Hydro determined, in each case, whether residual effects on the current use of land and 
resources for traditional purposes, was likely to be significant in Volume 3 Section 19.4, the potential 
impact on asserted or established Aboriginal and Treaty rights is not a valued component, and no 
significance determination was required by the EIS Guidelines or carried out.  


Mitigation measures and other accommodations 


Volume 3 section 19.4 includes a description of mitigation measures to address potential adverse 
effects of the Project on the current use of land and resources for traditional purposes.12 Many of the 
mitigations measures, while intended to address the potential effects of the Project on current use of 
lands and resources for traditional purposes, also have the effect of mitigating the potential impacts of 
the Project on the exercise of Aboriginal and Treaty rights. 13 Similarly, mitigation measures that 
BC Hydro has proposed for environmental Valued Components also have the effect of mitigating 
potential impacts of the project on the exercise of Aboriginal and Treaty rights. For a summary of 
mitigation measures from Section 19.4 (current use of land and resources for traditional purposes) that 
also address the potential impacts of the Project on the exercise of Aboriginal and Treaty rights, see 
Section 34.4.1. For a summary of mitigation measures proposed for environmental Valued Components 
that also address the potential impacts of the Project on the exercise of Aboriginal and Treaty rights, 
see Section 34.4.3.  


                                                 
9
  EIS, Volume 5, Section 34.3, page 34-11, lines 33-35. 


10
  EIS, Volume 5, Section 34.3, page 34-12, lines 30-38. 


11
  EIS, Volume 5, Section 34.3, page 34-13, lines 1-27. 


12
  Mitigation measures are summarized in Volume 3, Section 19.4, Table 19.12 (beginning at page 19-96). 


13
  EIS, Volume 5, Section 34.4, page 34-18, lines 20-27. 
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As described in the EIS at Section 34.4.4, BC Hydro is also prepared to address and seek to 
accommodate the potential for the Project to impact Aboriginal and Treaty rights by entering into 
arrangements set out in Impact Benefit Agreements. Those agreements may provide for lump sum 
cash payments, payment streams over time, the transfer of Crown lands to the affected Aboriginal 
groups in fee simple, potential land protection measures or the establishment of special management 
zone designations. BC Hydro has offered to enter into initial discussions with Aboriginal groups that are 
likely to be impacted by the Project. To date, three Aboriginal groups have accepted BC Hydro’s offer to 
enter into discussions.14 


Related Comments / Information Requests: 


This technical memo provides information related to the following Information Requests: 


gov_0013-068 pub_0599-001 pub_0641-001 pub_0702-001 pub_0715-002 


pub_0727-001 pub_0739-001 pub_0742-001 pub_0777-001 pub_0795-001 


pub_0837-001 pub_0844-001 pub_0850-001 pub_0861-001 pub_0862-001 


pub_0894-001 pub_0895-001 pub_0897-001 pub_0941-001 pub_0963-001 


ab_0001-714 ab_0001-707 ab_0001-710 ab_0004-001 ab_0004-003 


ab_0004-093 ab_0004-094 ab_0006-042 ab_0009-025 ab_0009-026 


ab_0012-012 ab_0004-092 ab_0004-097 ab_0004-098 ab_0004-103 


ab_0006-052 ab_0009-025 ab_0012-003 ab_0012-040  


 


                                                 
14


  EIS, Volume 5, Section 34.4, page 34-22, lines 17-30. 
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Subject: Movement of Grizzly Bears and Large Carnovires 


Purpose 


A number of comments received during the Comment Period raise the question of whether the Project 
has the potential to affect wide ranging species that occur at low densities and/or are unevenly 
distributed across the landscape. Specifically, concern has been raised over the potential for the 
Project to interrupt north-south and east-west movement of grizzly bear, fisher, wolverine and lynx. 
BC Hydro is aware of the interest expressed by the Yellowstone-to-Yukon group with respect to the 
movement of large mammals.  


The purpose of this Technical Memorandum is to: 1) summarize the general rationale for why patterns 
of migration of wide ranging wildlife will not be affected by the Project, and 2) to provide excerpts 
Environmental Impact Statement (EIS) that demonstrate consideration for the potential effect of the 
Project on movements of wide-ranging wildlife.    


Effects of the Project on Migration of Large Mammals 


The effects of the Project on wide ranging movements of wildlife species were considered in the EIS. 
Grizzly bears large carnivores and fisher were considered explicitly in Volume 2 Section 14 and 
Appendix R. Two species identified during the Comment Period as being potentially affected by the 
Project, wolverine and lynx, were not considered in the EIS. The rationale for their exclusion was 
provided in the EIS1:  


Wolverine Individuals may be found in areas associated with specific Project 
components, but given their home ranges are very large these activities are 
not expected to have a measureable effect.   


Canada lynx A species whose population and density is strongly linked to cyclical 
fluctuations in prey (especially snowshoe hare). Since effects to snowshoe 
hare are not expected to be measureable the same is assumed for Canada 
lynx. 


 
The EIS concludes that the Project will not effect the wide ranging movements of grizzly bear and other 
large carnivores. This conclusion was reached for three reasons. First, conversion of the Peace River 
to a reservoir will not create a barrier to movement of large mammals in the LAA. Large mammal 
species, including grizzly, bear have been documented crossing large water bodies. As discussed in 
the EIS, the proposed reservoir will be 2-3 times the existing width of the Peace River and does not 
represent a barrier or constraint to movement. The predicted changes in downstream flows with the 
Project will not prevent animals downstream of the project from continuing to cross the Peace River. As 
confirmed though DNA studies on grizzly bear in northeastern B.C., no physical barriers currently exist 
to the movement of grizzly bears throughout northeast BC, including Williston Reservoir, which is a 
much larger reservoir than the Site C reservoir will be. 


                                                 
1  EIS Volume 2, Section 14, Table 14.2. 
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Second, baseline data on grizzly bear, collected by the B.C. Ministry of Environment, indicate that the 
Peace River valley does not support a resident grizzly bear population.  Province wide population 
estimates are conducted by the British Columbia Minisirtry of Forest Lands and Natural Resource 
Operations on approximately a 4 year interval and are derived from a predictive population density 
model that uses provincial grizzly bear inventories (based on a DNA mark- recapture methodology), 
expert knowledge of local areas, local knowledge of bear distribution, availability of food sources, sex 
and age of past harvests, and the frequency of problem bear occurences (see Attachment 1 British 
Columbia Grizzly Bear Population Estimate, Ministry of Forest Lands and Natural Resources 2012).    
As stated in the EIS: 


“GBPU [Grizzly Bear Protection Units] boundaries in northern BC are drawn along 
natural and ecological boundaries or transition areas (mainly heights of land between 
watersheds) as bear movements in this region are largely unimpeded (BC Ministry of 
Forests, Lands and Natural Resource Operations (BCMFLNRO) 2012). The north 
bank of the Peace River valley between Bear Flat and Hudson’s Hope is along the 
southern boundary of the Rocky GBPU population (BC Ministry of Forests, Lands and 
Natural Resource Operations (BCMFLNRO) 2012), which has a viable population 
estimated at 538 bears (Table 1.5.1). MU 7-35 is located on the north bank of the 
Peace between Hudson’s Hope and Bear Flat and extends north to the Graham and 
Halfway Rivers, forming the southern portion of the Rocky GBPU. According to BC 
Ministry of Environment data, no resident grizzly bears were thought to be present in 
2011 within that management unit. The Moberly GBPU lies south and west of 
Hudson’s Hope, on the south bank of the river. The remainder of the Peace River 
valley is not included in a GBPU but is classified as an area where grizzly bears are 
extirpated. The ‘extirpated’ area is bordered by the Hart GBPU to the south, the 
Moberly to the west, and the Taiga and Alta units to the north (Map 1.6.44). The 
Taiga and Moberly GPBUs were closed to hunting in 2012 due to low numbers of 
bears.”2 


Finally, the existing level of habitat changes (alteration and fragmentation), disturbance and 
displacement, and potential for mortality in the LAA exceeds accepted thresholds for the sustained 
presence of a resident population and create conditions that currently interrupt or discourage migrations 
(e.g., roads, habitat changes, livestock protection measures undertaken by agriculture interests) 
through the LAA. Non-resident grizzly bears infrequently move through the Peace River valley, and 
movements are limited by conflicts with people and the associated presence of high road densities. As 
stated in the EIS: 


“The frequency of grizzly bear dispersal through the Peace River valley has not been 
well documented, but is infrequent based on the province’s population and habitat 
data. Data from DNA studies do not indicate fragmentation within northern grizzly 
bear populations (Proctor et al. 2012). Patterns of recorded mortalities suggest that 
there are currently no physical barriers to grizzly bear movements in northeastern 
B.C., and that movement is instead limited by conflicts with people and associated 
grizzly bear mortalities (B.C. Ministry of Environment, Large Carnivore Specialist, 
2012, pers. comm.). Habitat suitability around the eastern portion of the Peace River 


                                                 
2  EIS, Volume 2, Appendix R, Part 7: Mammals, Section 1.5.1.2, page 172. 
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valley is relatively low and therefore less likely to attract or support dispersing bears 
(A. Hamilton, B.C. Ministry of Environment, pers. comm. September 2012).”3  


Road density classes were used to assess the ability of habitats within the LAA to support a population 
of grizzly bears. Road density analysis is used to determine the suitability of the area for sustaining 
large carnivore populations as the metric represents the level of risk to the population for conflicts and 
mortality associated with interactions with humans. The classes used were provided to BC Hydro by the 
Ministry of Environment and are presented in the EIS4. Areas with a road density of >1.2 km/km2 are 
considered to be unlikely to be occupied by grizzly bear. Two road density calculations were completed. 
The first represents the existing road density without the Project, the second represents road density 
after Project construction. Road densities in both calculations exceed the 1.2 km/km2. The EIS states: 


“Grizzly bear mortality risk is often assessed using an analysis of road density 
(Mattson 1993; Mace et al. 1996; Wakkinen and Kasworm 1997). A road density 
analysis was completed to evaluate changes in the LAA in road density due to the 
Project. Permanent roads are generally placed in areas where road density already 
exceeds a 1.2 km/km2 threshold, and thus these areas are unlikely to be used by 
grizzly bears. The large unroaded areas south of the Peace River will remain virtually 
the same once temporary construction roads are removed.”5 


Conclusion 


The EIS concludes that construction and operation of the Project will not have a negative effect on 
grizzly bear populations and other large carnivores or movement in the LAA should it proceed. Nor is it 
expected to affect other large carnivore species that currently reside or travel through the LAA. 


Related Comments / Information Requests: 


This technical memo provides information related to the following Information Requests: 


gov_0016_010 gov_0005-014 gov_0010-571 gov_0010-574 gov_0010-754 


pub_0064-003 pub_0001-001 pub_0049-001 pub_0054-001 pub_0237-001 


pub_0243-003 pub_0088-001 pub_0191-001 pub_0194-001 pub_0241-002 


pub_0376-001 pub_0244-001 pub_0246-003 pub_0249-001 pub_0293-001 


pub_0508-001 pub_0457-006 pub_0474-001 pub_0478-008 pub_0478-011 


pub_0603-001 pub_0535-009 pub_0596-001 pub_0597-001 pub_0597-004 


pub_0795-001 pub_0641-001 pub_0739-001 pub_0742-001 pub_0783-001 


pub_0980-001 pub_0796-001 pub_0910-001 pub_0935-001 pub_0952-001 


ab_0007-005 pub_1018-001 pub_1020-001 ab_0001-342 ab_0001-351 


Response to Sierra Club and Yellowstone to Yukon Conservation Initiative (Y2Y) Standard Letters 
 


                                                 
3  Volume 2, Section 14 Wildlife Resources, Section 14.2.9 Large Carnivores, page 14-22 lines 39-46 and 


page 14-23 line 1. 
4  EIS Volume 2, Appendix R, Part 7, Table 1.5.2, page 174. 
5  EIS Volume 2, Section 14 Wildlife Resources, Section 14.2.9 Large Carnivores, page 14-23 lines 3-10. 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO SITE C CLEAN ENERGY PROJECT


 


TECHNICAL MEMO – TECHNICAL MEMO – ATTACHMENT 1
REVISION 1 – JULY 19, 2013


Page 5


 


  


TECHNICAL MEMO – ATTACHMENT 1 
 


MOVEMENT OF GRIZZLY BEARS AND LARGE CARNIVORES 
 
 
 
 
 
 







1 
 


British Columbia Grizzly Bear Population Estimate for 2012 
 
Ministry of Forests, Lands and Natural Resource Operations 
April, 2012 


Introduction 


This report summarizes the current (2012) Grizzly bear population estimate for British 


Columbia. The previous population estimate was made in 2004 (Hamilton et al. 2004), and 


updated in 2008 (Hamilton 2008). The 2012 population estimate is primarily derived from a 


predictive population density model that uses all of the provincial Grizzly bear inventories 


(mark-recapture DNA estimates) and other inventories across North America to predict densities 


in areas without mark-recapture inventories on the basis of several environmental and human 


independent factors that are thought to influence bear numbers.  Where they existed, inventory 


results were directly applied.  Expert knowledge of local areas was used in addition to the 


information provided by the model to determine population estimates for each Grizzly bear 


Population Unit (GBPU) in the province.  


The population estimate is one portion of the information used in managing harvest opportunities 


for Grizzly bears in BC. The Grizzly Bear Hunting - Frequently Asked Questions document 


(available at www.env.gov.bc.ca/fw/wildlife/management-issues/#grizzly) explains in detail the 


harvest managment process.  


Grizzly Bear Population Units 


The current range of Grizzly bears in British Columbia has been divided into 56 GBPUs that 


delineate individual bear populations for conservation and management. In the south, GBPU 


boundaries follow natural (e.g. large rivers) and human-caused (e.g. settled valleys) fractures in 


Grizzly bear distribution. In the case of many southern GBPUs, the boundaries also reflect a 


degree of genetic isolation from other populations (Proctor et al. 2012). In northern and coastal 


British Columbia, GBPU boundaries follow natural and ecological boundaries or transition areas 


(primarily heights of land between watersheds) as there are few actual barriers to Grizzly bear 


movement. 


 


GBPU boundaries at the edges of Grizzly bear distribution in the province represent the 


“occupied/unoccupied” line. This line was drawn to reflect the known and predicted distribution 


of resident adult females. Transient males, particularly subadults, are occasionally sighted in 


unoccupied areas. However, these lines are the expected limits of areas regularly inhabited by 


Grizzly bears. GBPUs serve as the key units for setting population objectives. They are also used 


for setting land-use priorities during strategic land-use planning. Each GBPU has been assigned a 



http://www.env.gov.bc.ca/fw/wildlife/management-issues/#grizzly
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conservation status of either Threatened or Viable. The objective for the 9 Threatened GBPUs in 


B.C. is population recovery to prevent range contraction and ensure long-term population 


viability. The objectives for the remaining 47 viable GBPUs includes maintaining current 


population abundance and distribution, and providing sustainable harvest and viewing 


opportunities where appropriate. 


Population Estimation 


Population estimates for Grizzly bears in BC have changed over the years, as new and more 


sophisticated methods for estimating populations have become available.  In the 1970’s the 


estimate was 6,600 bears.  That changed to 13,000 (a minimum estimate) in 1990 and 17,000 in 


2004.  The last estimate from 2008 was 16,000.  The 2012 estimate is 15,000. Because the 


methods used to estimate the population have evolved and improved over time, the variation in 


estimates from year to year do not reflect a trend in Grizzly bear numbers in the province. The 


current estimate uses all available inventories and incorporates the most rigorous statistical 


modelling approach used to date. 


 


Direct inventories used DNA mark-recapture methods to determine bear density (the number of 


bears per 1000 km
2
) in a particular area.  This type of inventory, that was first developed in 


British Columbia (Woods et al. 1999) has been carried out here since 1996 and provides the most 


reliable population estimates with a measure of confidence for the various studies areas (see 


summary in Proctor et al. 2010). In several areas, direct application of inventory was used to 


derive the 2012 population estimate. 


 


In the majority of the province, a predictive population density model (using multiple regression 


analysis) was used to estimate the number of Grizzly bears.  This model used 89 estimates of 


Grizzly bear density from study areas across western North America to predict Grizzly bear 


densities in areas of the province using independent variables such as precipitation, vegetation 


type and human and livestock densities.  These variables were found to be significant as general 


landscape scale predictors of Grizzly bear density.  The regression model did not find hunting 


(harvest/1000km
2
) to be a significant factor predicting density. The above model was derived for 


areas where grizzly bears ate little or no salmon (interior). Another model was built to predict 


density for coastal areas where salmon was a large part of the diet. The coastal model had 18 


records of density and included 4 variables. A similar type of multiple regression model was 


used to obtain the 2008 Grizzly bear population estimate (Mowat et al. 2004).  However, the 


current models incorporate additional data from recent inventories and employ more 


sophisticated statistical analysis.  The new models were also applied at a finer scale (Wildlife 


Management Units) to better reflect density differences across GBPUs (GBPUs incorporate 


several Management Units).   


 


Model estimates were carefully considered by ministry regional biologists.  They took into 
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account the precision of the model estimate, local knowledge on bear distribution and 


movements, availability of major food sources such as salmon, as well as the age and sex of past 


hunter harvests and the frequency of problem bear occurrences. The model estimate was 


accepted or modified based on the above considerations.  For example, the model for the interior 


areas of the province was better at predicting densities than the model for the coastal areas.  For 


the coastal populations, information from inventories and local knowledge about the abundance 


of bears was used to estimate the population, rather than a strict reliance on the model.   


 


In some areas the model estimate was modified to be lower or higher through expert opinion.  In 


17 of 184 Management Units (MUs), the opinion of experts differed greatly from model 


estimates.  In six of these MUs, the model predicted no bears but, because bears do exist in these 


areas the model estimate was changed. Of the remaining 11 MUs, three were adjusted down and 


eight were adjusted up. In the majority of these cases (9), the MUs were on the coast or heavily 


influenced by the presence of spawning salmon.  The authors of the model cautioned that the 


“coastal” version of the model was less reliable than the “interior” version, largely because of the 


limited number of reliable mark-recapture density estimates available for the coast and the high 


influence of rainfall as a model input parameter.  In the final two MUs, regional biologists 


applied densities from adjacent Management Units and inventories that were done in nearby 


areas to adjust the estimate.  


 


The revised Grizzly bear population estimate for British Columbia in 2012 is 15,075 bears.  A 


quantitative measure of precision at the provincial level is not possible because the expert-based 


approach does not provide a statistical estimate of uncertainty. 


 


The 2012 estimate of approximately 15,000 bears should not be interpreted as a decline in 


Grizzly bear numbers since 2008 but rather a more accurate estimate of the total population size  


in the Province. Differences between the 2008 and 2012 estimates are due to the updated model, 


the application of the model at the Management Unit scale, and the availability of new 


information, such as recent inventory and monitoring work which informed the revised 


estimates. Population estimates by GBPU are summarized in Table 1. Grizzly bear densities by 


GBPU in increments of 10 bears/1000km
2
 are shown in Figure 1. 


Grizzly Bear Hunting 


There is no Grizzly bear hunting in extirpated areas or Threatened GBPUs (Figure 2).  Other 


areas closed to Grizzly bear hunting include Grizzly Bear Management Areas and National 


Parks.  Some GBPUs may be temporarily closed where known mortality has met or exceeded 


allowable limits, as established through the Ministry’s Grizzly bear harvest management 


procedure.  Two GBPUs, the Francois and Moberly, were closed in 2012 as a result of their new, 


lower, population estimates.  In other areas open to hunting the allowable harvest has been 


adjusted up or down reflecting the new population estimates.  While population estimates are 







4 
 


used to set allowable harvest limits, other information collected from harvested bears (e.g. sex 


and age) is also used to ensure a sustainable harvest.  For more information on the management 


of Grizzly bear hunting in British Columbia please refer to the Grizzly Bear Hunting – 


Frequently Asked Questions document on the Fish, Wildlife and Habitat Management Branch 


website (www.env.gov.bc.ca/fw/wildlife/management-issues/#grizzly).  


  



http://www.env.gov.bc.ca/fw/wildlife/management-issues/#grizzly
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Figures 
 


Figure 1. Grizzly bear density by Grizzly Bear Population Unit. 
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Figure 2. Areas open (green) and closed (red) to Grizzly bear hunting in British Columbia. Threatened 


units are identified by cross-hatching. White areas within BC are extirpated or never occupied.
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Tables 
 


Table 1. Grizzly Bear Population Estimates for British Columbia by GBPU, 2012. Dark grey indicates 


threatened units, light grey highlights additional units that are currently not hunted. 


 


Grizzly Bear Population Unit 2012 Estimate 


Alta 132 


Babine 313 


Blackwater-West Chilcotin 53 


Bulkley-Lakes 439 


Cassiar 612 


Central Monashee 147 


Central Purcell (formerly 
South and Central Purcell) 176 


Central Rockies 169 


Central Selkirk 188 


Columbia-Shuswap 346 


Cranberry 349 


Edziza-Lower Stikine 398 


Finlay-Ospika 971 


Flathead 175 


Francois 58 


Garibaldi-Pitt 2 


Hart 244 


Hyland 231 


Kettle-Granby 86 


Khutzeymateen 280 


Kingcome-Wakeman 199 


Kitlope-Fiordland 214 


Klinaklini-Homathko 251 


Knight-Bute 250 


Kwatna-Owikeno 229 


Moberly 71 


Muskwa 840 


Nation 170 


North Cascades 6 


North Coast 190 


North Purcell 234 


North Selkirk 265 


Nulki 44 


Omineca 402 


Parsnip 455 
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Grizzly Bear Population Unit 2012 Estimate 


Quesnel Lake North 187 


Robson 534 


Rockies Park Ranges 116 


Rocky 538 


South Chilcotin Ranges 203 


South Rockies 305 


South Selkirk 58 


Spatsizi 666 


Spillamacheen 98 


Squamish-Lillooet 59 


Stein-Nahatlatch 24 


Stewart 358 


Taiga 94 


Taku 575 


Tatshenshini 407 


Toba-Bute 116 


Tweedsmuir 368 


Upper Skeena-Nass 755 


Valhalla 88 


Wells Gray 317 


Yahk 20 


Total 15,075 


 


Threatened GBPUs  Dark grey 


Additional un-hunted GBPUs Light grey 
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Subject: Palaeontology 


Purpose 
The purpose of this technical memorandum is to provide supplementary information of the descriptions 
of palaeontological resources provided in Section 32 and Volume 4 Appendix C of the EIS to address 
comments provided to BC Hydro during the Comment Period on the EIS.  


All of the information presented in this technical memorandum was obtained through the literature 
review, during the extensive field program described in the EIS, can be found in the EIS, and was used 
in the effects assessment. 


Synthesis of Geological, Stratigraphic and Palaeontological Context 
The following section provides a summary and synthesis of the geological, stratigraphic and 
palaeontological context for the LAA, based on current data from background research and recent field 
work presented in the EIS. Please also see Volume 4 Appendix C for descriptions of the geological 
setting (Section 4.2.1.1) and the geological strata (Section 4.2.1.2) related to the LAA, which are further 
referenced in the following sections. 


Locations where significant clusters of fossils were identified during field work were assigned to eleven 
fossil complexes that are formed by geographical and stratigraphical concentrations of major 
palaeontological sites with similar fossiliferous content in specific geographic areas within and directly 
adjacent to the LAA. These fossil complexes are listed in Section 4.2.2 of Volume 4 Appendix C. In 
short, the fossil complexes encapsulate the primary areas where palaeontological resources have been 
observed. However, some positive palaeontological sensitivity areas (PSAs) are excluded from these 
fossil complexes, and in turn the following summation, due to their lack of significance, isolation, 
and/or redundancy. References to non-positive PSAs are utilized for positional descriptive purposes. All 
referenced PSAs in this document are displayed on the maps included in Volume 4, Appendix C, 
Figures 4.6.1 to 4.6.31 and 4.8.1 to 4.8.31 and the fossil complex locations described below are 
presented in the attached Figures 1a and 1b. 


The tables express a synthesis of the positive PSAs and the observed fossils within them, and 
synthesize this information with the results of the significance assessment and resultant classification of 
PSAs (see EIS Section 32.2.2.2.1). The lists of fossil occurances are condensed within a 
generalized taxonomic classification system in order to simplify and provide a contextual summation of 
the various forms observed in relation to significance and possible future mitigation strategies. Within 
the tables, PSAs with one asterisk are Class I sites (e.g.,, PS119D*); PSAs with two asterisks are Class 
II sites (e.g.,, PS001A**); PSAs with no indicator are Class III sites; and PSAs surrounded by brackets 
are located beyond the LAA, but are still considered as part of the Fossil Complexes.  


Tables 1 to 11 provide summaries of palaeontological content of the stratigraphic units that were 
observed in the LAA during the 2011 and 2012 field seasons, along with stratigraphically coincident 
PSAs. Please see Volume 4, Appendix C for descriptions of each stratigraphic unit (Section 4.2.1.2) 
and each positive PSA (Appendix E). In each section below, a description/definition of the fossil 
complex is provided followed by a table that synthesizes the available palaeontological data in each 
complex. This information is then further summarized to provide additional context related to field 







observations and generally identifies interesting or important palaeontological features found in the 
complex. 


Fossil Complexes 
The Fossil Complexes are described generally from east to west from the proposed Dam site upstream 
to the Peace Canyon Dam and then to the Transmission system, and finally to include the Quaternary 
complex that encompasses the LAA (see Figures 1a and 1b). 


North Dam Upper Shaftesbury Fossil Complex 


The North Dam Upper Shaftesbury Fossil Complex is located along the north bank of the Peace River 
in the vicinity of the proposed Dam and Generating Station and the adjacent areas of the Reservoir, 
spillway and access roads. A number of PSAs in this complex have good to excellent exposures of grey 
friable shales of the upper Shaftesbury Formation that reflect the palaeontological resource potential to 
be encountered during construction. On the north bank of the Peace River (ND01I and PS001A), a 
veneer of grey glacio-lacustrine silty/clay covers the slope and has narrow exposures and dislodged 
concretions in rills and slumps. Further to the northwest, a small coulee erodes the upper portions of 
the section along terrace bluffs, where Cretaceous silty shales of a higher stratigraphic level is 
exposed; regionally known as the “Fish Scale Zone”. These sediments are overlain by Quaternary 
sands and silts. On the highest terraces the Cenomanian Dunvegan Formation could underlie the 
Quaternary deposits. 


Table 1 Summary Features of the North Dam Upper Shaftesbury Fossil Complex 
Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PSND01I** 
PS001A** 
PS001C** 
PS002B 
PS002C 


Shaftesbury 
Formation 
(middle to upper) 
 


CRETACEOUS 
• Early Cenomanian 
• Middle?-Late Albian 


 


PALAEOFAUNA 
VERTEBRATES  
• Fish Scales  
INVERTEBRATES 
• Ammonites 


o Rapidoplacenticeras 
o Neogastroplites 
o Gastroplitids 


• Pelecypods 
o Pelecypod indet. 


• Shell hash 
• Trace fossils 


PALAEOFLORA 
ANGIOSPERMS 
• “Water lily” plant (Menispermites 


reniformis)  
GYMNOSPERMS 
• Cycad pinnules 


o Ctenis/Podzamites 
• Wood  
OTHER 
• Algae form A 







Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


not observed Dunvegan Formation CRETACEOUS 
• Cenomanian 
 


• not exposed, but possibly 
encountered during excavation 


North Dam Upper Shaftesbury Fossil Complex Features 


• The scattered corroded sideritic concretions slumped from higher levels containing highly fractured 
ammonites of the Rapidoplacenticeras and Neogastroplites types, as well as other molluscs. Less 
weathered concretions are anticipated to occur deeper in the formation, as well as in exposures 
experiencing more active erosion downstream. 


• Upper silty intervals have abundant in situ fish scales suggesting the possibility of finding other fish 
skeletal elements 


• Fragmented plant materials are common. However, the presence of a “water-lily” leaf attributable to 
Menispermites reniformis is notable. 


Moberly River Upper Shaftesbury Fossil Complex 


The Moberly River Upper Shaftesbury Fossil Complex includes the area in the vicinity of the Moberly 
River confluence with the Peace River and continues to the farthest limit of the proposed Reservoir 
along the Moberly River valley. Numerous positive PSAs are located along the Moberly River 
comprising dark-grey marine friable shales with common to abundant in situ concretions and ironstone 
beds. Recent flooding has eroded the riverbanks, exposing well-preserved upper Shaftesbury 
Formation sections, which rise stratigraphically upstream through the Fish Scale Zone. The Fish Scale 
Zone was also encountered on the high southeast banks of the Moberly River. Quaternary sands and 
silts cap the series of terraces. At the far upstream end of this fossil complex, within and adjacent the 
LAA, lower terraces comprise thick sections of exposed Quaternary sands and silts with minor 
organics. 


Table 2 Summary Features of the Moberly River Upper Shaftesbury Fossil Complex 
Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PS114D** 
\PS114E** 
PS114G** 
PS115A** 
PS115E** 
PS115F** 
PS116C/D** 
PS116F** 
PS116G** 
PS117A** 
PS117E** 
PS117F** 
PS117G** 
PS117H** 
PS117I** 


Shaftesbury Formation 
(upper)  


CRETACEOUS 
• Early 


Cenomanian 
• Middle?-Late 


Albian 
 


PALAEOFAUNA 
VERTEBRATES  
• Fish Scales  
INVERTEBRATES 
• Ammonites: 


o Beudanticeras  
o Neogastroplites 
o Rapidoplacenticeras 


• Gastropods 
o Gastropod indet. 


• Pelecypods 
o Cremnoceramus  
o Corbuculid?  


• Trace Fossils: 
o Arenocolites  







Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 
PS118C** 
PS119B** 
PS119C** 
PS119D* 
PS120D* 
PS121D* 
PS122A** 
PS122B* 
PS123C* 
(PSX22Z**) 


 
 


o Gastrochaenolites  
o Thalassanoides  


PALAEOFLORA 
ANGIOSPERMS 


o Menispermites reniformis?  
GYMNOSPERMS 
• Conifer needles 


o Abeitites 
• Cycad pinnules 


o Zamites? 
• Wood fragments 


Moberly River Upper Shaftesbury Fossil Compex Features 


• In the lower stretch of the Moberly River abundant concretions are present within the exposures. 
Those concretions that have been opened usually contain fossil specimens including both mature 
and juvenile ammonites, and other fossils. Whole unopened concretions have been collected for 
future analysis. Discontinuous ironstone beds yield ammonites, pelecypods and fish elements. 


• In the upper stretches of the LAA numerous ammonites where observed in dislodged concretions 
from exposures along the secondary channels. Cylindrical puncture marks were observed on some 
of the ammonite specimens, which are considered to be limpet burrows. 


• Abundant fish elements encompass mostly scales, although other skeletal elements including 
vertebrae and fin rays were found in the most upstream exposures. A good example has been 
found in PS122B in a concretion.  


• Abundant fish scales occur along the higher benches near the confluence of the Moberly River with 
the Peace River 


Tea Creek Confluence Middle to Upper Shaftesbury Fossil Complex 


The Tea Creek Confluence Middle to Upper Shaftesbury Fossil Complex encompasses areas on the 
south and north banks of the Peace River, and the reservoir zone along the Tea Creek coulee. Several 
PSAs in this fossil complex have good to excellent exposures of grey friable shales of the upper 
Shaftesbury Formation. Along the north bank of the Peace River a veneer of fine scree and grey 
glacio-lacustrine silty clay often covers the slope with narrow exposures and dislodged corroded 
concretions in rills and slumps. Where land access was available along better-exposed bedrock, less 
weathered concretions occur (e.g.,, PS005D and PS005E-F). Cretaceous shale sections are covered 
by grey glaciolacustrine deposits. The upper portions of the section along terrace bluffs, where 
Cretaceous silty shales of higher stratigraphic level are exposed, are regionally known as the “Fish 
Scale Zone”. Quaternary sands, gravels, and charcoal-bearing reddish palaeosol horizons cap the 
bedrock on the lower terrace. The Tea Creek coulee has extensive exposures (e.g.,, PS005B) with a 
prominent concretion layer occurring at middle level on the slope. At the base of the slope dislodged 
concretions are corroded. These sediments are overlain by Quaternary sands and silts. Along the south 
bank of Peace River (e.g.,, PS110E-F and PS111A) are small exposures of grey fissile marine shale 
with numerous concretions. Dislodged fossiliferous concretions are abundant along the base of the 







slope in PS110E-F, which is exposed at low water levels. Upstream, the Quaternary sediments cover 
the slope with large slumps and mudflows.  


Table 3 Tea Creek Confluence Upper Shaftesbury Fossil Complex 
Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PS004A** 
PS004D** 
PS005B** 
PS005D** 
PS005E-F** 
 
PS006A** 
PS006C** 
PS110E-F** 
PS111A** 
PS111B** 


Shaftesbury Formation 
(middle to upper) 


 


CRETACEOUS 
• Early 


Cenomanian 
• Middle?-Late 


Albian 
 


PALAEOFAUNA 
VERTEBRATES  
• Fish scales 


o Ganoid forms 
INVERTEBRATES 
• Ammonites: 


o Beudanticeras 
o Neogastroplites 
o Rapidoplacenticeras 


• Pelecypods 
o Camptonectes? 
o Cremnoceramus 
o Inoceramids 
o Pelecypod indet 


• Sponges 
o Haplosclerida? 


PALAEOFLORA 
GYMNOSPERMS 
• Cycad pinnules 


o Ctenis/Podozamites 
• Wood  
OTHER 
• Algal forms 


Tea Creek Confluence Middle to Upper Shaftesbury Fossil Complex Features 


• Abundant dislodged concretions and ironstone fragments litter the beach at PS110E-F, which most 
likely have been washed out of the exposures adjacent and immediately upstream. These include 
interesting fossil scapes, with wood and multiple ammonite specimens of juvenile Neogastroplites.  


• High along banks of the north shore, silty intervals have fish elements which include scales and 
possibly fin rays 


• Abundant fragments of concretions 


• The ammonite fossils within dislodged concretions tend to be weathered; however, better preserved 
in situ concretions may be present in the bedrock matrix, some of which are very large and could 
contain ammonites greater than 1 m in diameter 


Wilder Creek Middle to Upper Shaftesbury Fossil Complex 


The Wilder Creek Middle to Upper Shaftesbury Fossil Complex is located along the Wilder Creek 
coulee from the confluence with the Peace River, upstream to the proposed reservoir limits. The Wilder 







Creek coulee has numerous positive PSAs at meander bends, which are often hidden by the dense 
forest cover. The steep exposures comprise predominantly fissile, grey marine shales with abundant 
fossiliferous concretions and a few ironstone horizons. The exposed stratigraphic section rises 
progressively upstream into the Fish Scale Zone offering an opportunity for a continuous composite 
section to be measured and studied. The terraces are covered by thick Quaternary sands and silts, 
which are exposed at higher levels and drape over the bluffs along the banks of the Peace River. 


Table 4 Summary Features of the Wilder Creek Middle to Upper Shaftesbury Fossil 
Complex 


Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PS012A** 
PS012C** 
PS012C/A** 
PS012D** 
PS012E** 
PS012F 
PS012H** 
PS013C** 
PS013D** 
PS013E* 
PS013F* 
PS013G** 
 


Shaftesbury Formation 
(middle to upper) 


 


CRETACEOUS 
• Early 


Cenomanian 
• Middle?-Late 


Albian 
 


PALAEOFAUNA 
VERTEBRATES  
• fish scales 
INVERTEBRATES 
• Ammonites 


o Neogastroplites 
o Rapidoplacenticeras 


• Gastropods 
• Pelecypods 


o Cremnoceramus  
o Inoceramid 


• Trace Fossils 
PALAEOFLORA 


GYMNOSPERMS 
• Cycad pinnules  
• Wood 
OTHER 
• Algal mat 
• Algal form 
• Horsetail Fern 


o Equisitites 


Wilder Creek Middle to Upper Shaftesbury Fossil Complex Features 


• Common fossiliferous  concretions occur at most cutbank exposures and contain large ammonites 
of Neogastroplites and Rapidoplacenticeras. The preservation is variable and often septarian. 
Intervals of the stream bed are littered with dislodged concretions, ammonites are commonly 
exhibited. 


• At the upper limits of the LAA, abundant fish scales are present, sometimes forming fish scale hash  


• Septarian concretions contain an interior surface suggestive of algal mat 


• PS013E has an excellent exposure, approximately 70 m high, that has abundant in situ concretions 
jutting out from the bedrock surface. An exceptionally large sandstone concretion, about midway up 
the slope, appears to be formed in a small incised palaeochannel, with round concretions at the 
base. 







Cache Creek Middle to Upper Shaftesbury Fossil Complex 


The Cache Creek Middle to Upper Shaftesbury Fossil Complex encompasses the area from the 
Highway No. 29 bridge crossing the Cache Creek Coulee upstream to the upper limit of the proposed 
reservoir limits. The extensive exposures that surround Cache Creek and its tributary Red Creek as 
they descend through the terraces and benches of the north Peace River Valley have numerous 
positive PSAs at meander bends. The steep exposures comprise predominately fissile, grey, marine 
shales of the Shaftesbury Formation with abundant fossiliferous concretions and ironstone horizons. 
Below the crossing of Highway No. 29 the Cache Creek coulee opens onto gravel banks. Exposures 
along north shoulder of Highway No. 29 (PS024A, B) have partially vegetated, weathered shales. A 
bench extends upstream along the Peace River into the base of a bluff (PS023A, B) with portions of 
erosional rills exposing grey marine shales. 


The extensive exposures in the Cache Creek coulee occur just north of Highway No. 29, near the 
confluence with Red Creek, and upstream, where the fissile, grey, marine shales of the Shaftesbury 
Formation exhibit abundant concretions and ironstone beds. The streambed is often littered with 
abundant dislodged concretions and ironstone fragments. The valley of Red Creek is densely forested 
with small exposures occurring at meander bends. Thin beds of mud-cracked, iron-stained sandstones 
occur within the silty shales of the Shaftesbury Formation. The bluff faces of high terraces along the 
upper portions of Red Creek are covered by shale scree with slumped Quaternary sands and silts. The 
exposed stratigraphic section rises progressively upstream along Cache Creek through Red Creek into 
the Fish Scale Zone offering an opportunity for a continuous composite section to be measured and 
studied. 


Table 5 Summary Features of the Cache Creek Middle to Upper Shaftesbury Fossil 
Complex 


Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PS025B** 
PS025E* 
PS026A** 
PS026C* 
PS026D* 
PS026F** 
PS026G** 
PS027A** 
PS027F** 
PS027G** 
PS027H** 
PS027I/J** 
PS027J* 
PS027K* 
PSX07A* 
PSX07B** 
PS028A** 
PS028B* 
PS029A** 
PS029B** 
PS029C** 
PS029D** 


Shaftesbury Formation 
(middle to upper) 
  


CRETACEOUS 
• Early 


Cenomanian 
• Middle-Late 


Albian 
 


PALAEOFAUNA 
VERTEBRATES  
• Bird tracks? 
• Fish 


o Fish scales 
o Fish vertebrae 
o ?Fish teeth 


• Turtle? Scrapings 
• Coprolite? 
INVERTEBRATES 
• Ammonites: 


o Ammonite indet. 
o Beudanticeras  
o Neogastroplites  
o Rapidoplacenticeras  


• Echinoderm spine 
o Echinoderm spine 
o Echinoderm? plates 


• Gastropods 
o Gastropod indet. 


• Pelecypods 
o Acila (Truncacila) sp. 







Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 
PS029E* 
PS029E/F** 
PS029G 


o Corbiculid  
o Cremnoceramus  
o Inoceramids 
o Posidonia  
o Unio sp. 


• Trace Fossils: 
o Conichus sp. 
o ?Chondrites sp. 
o Planolites sp. 
o Asterosoma sp. 


PALAEOFLORA 
ANGIOSPERMS 
GYMNOSPERMS 
• Conifer needles 
• Nageia/Phyllocladus type trunk 
• Cycad bark 
• Cycad pinnule 


o Ctenis/Podozamites 
o Zamites? sp. 


• Cycad rachis 
• Cycad stem 


Cache Creek Middle to Upper Shaftesbury Fossil Complex Features 


• The west bank of Cache Creek at PS025E exhibits an extensive exposure with in situ fossiliferous 
concretions. The streambed is littered with fragmented concretions containing ammonites and 
pelecypods. Opposite banks have discontinuous exposures with dislodged fossil elements. 


• Further upstream, an exceptional exposure occurs at PS026C that has abundant, well-preserved 
concretions and ironstones with numerous invertebrates including large inoceramid clams and 
ammonites 


• Similar excellent assemblages continue upstream along both Cache Creek and Red Creek. Flat 
large concretions (i.e.,, >1m in diameter) in PS027G are similar in shape to those that have 
produced the ammonite Rapidoplacenticeras. 


Halfway River Lower to Middle Shaftesbury Fossil Complex 


The Halfway River Lower to Middle Shaftesbury Fossil Complex encompasses the area from the 
Highway No. 29 bridge crossing the Halfway River valley upstream through several major meanders to 
the upper limit of the proposed reservoir limits. An area just upstream beyond the proposed reservoir 
limits is considered to belong to this fossil complex, as significant fossil assemblages have been 
discovered. Numerous positive PSAs exhibit extensive exposures of Shaftesbury Formation bedrock 
capped with Quaternary sediments within the Halfway River Valley and along the south bank of the 
Peace River opposite the confluence (e.g.,, PS086A, PS098E and PS090A). In the downstream areas 
the Shaftesbury Formation comprises massive, fissile, dark grey, marine shales and gravel banks line 
the mouth of the Halfway River. At the Highway No. 29 crossing and upstream, almost vertical slopes of 







freshly exposed bedrock (e.g.,, PS040D, PS053A-D, PSR02E) have abundant concretions jutting out of 
the banks, which are only accessible by jet boat. The higher terrace faces comprise glacial sands and 
gravels. Further upstream a series of large meanders have eroded steep banks where swift water 
inhibits close inspection (e.g.,, PS043A-E, PS046B-C, PS047A, and PS051B-C). Near the upper limits 
of the LAA more resistant silty shales with ironstone beds and concretions form an exposed bench 
along the south bank (PS049 B, PS049C). The stratigraphic level along the river tends to become lower 
within the Shaftesbury Formation, and also changes towards more proximal palaeoenvironments; from 
restricted marine to marginal marine facies towards the northwest, possibly transitioning into the 
Hulcross Formation. Upstream beyond the LAA (e.g.,, PSX09E, PSX09G, and PSX09Z) another series 
of tight meanders has exposed steep, high, extensive cliff faces comprising grey friable shales 
underlain by more erosionally-resistant silty beds near the water level. 


Table 6 Halfway River Lower to Middle Shaftesbury Fossil Complex 


Positive PSAs Stratigraphic 
Unit Period/Age(s) Fossil Types Observed/ Collected 


PS040D* 
PS042A* 
PS043C** 
PS043D 
PS045A-E** 
PS045D** 
PS046B-C**PS047A** 
PS047B 
PS048B* 
PS049B* 
PS049C* 
PS050A** 
PS051B-C* 
PS052A-D** 
PS053A-D* 
PS056A-B* 
PS098E 
PS090A** 
(PSX09E*) 
(PSX09G*) 
(PSX09Z*) 


Shaftesbury 
(lower to 
middle) 


CRETACEOUS 
• Middle-Late 


Albian 
 


PALAEOFAUNA 
VERTEBRATES 
• Dinosaur remains 


o Therapod teeth 
o Therapod eggs? 
o 3 bone sites 


INVERTEBRATES 
• Gastropods 
• Pelecypods 


o Camptonectes?  
o Corbiculids 
o Pelecypod indet. 


• Trace Fossils: 
o Incertae sedis  
o Teredolites? 
o Rosselia choniodes  


PALAEOFLORA 
ANGIOSPERMS 
• Monocotyledon form 
GYMNOSPERMS 
• Conifer wood log 
• Cycad Pinnules 


o Ctenis/Podozamites 
o Ctenis borealis 
o Nageiopsis anglica? 


• Wood fragment 
OTHER 
• Algal form sp. A 







Halfway River Lower to Middle Saftesbury Fossil Complex Features 


• Unusual concretions were observed in most of the well-exposed lower levels of the Shaftesbury 
Formation, which contain what appears to be single algal individuals with branching broad fronds 
and stypes that are most likely in living position. The algal fossils are three-dimensional, composed 
of a dark grey translucent cherty, polygonal-fractured mineral with segments separated by white 
calcareous septa. Some individual specimens near the Highway No. 29 bridge are not contained 
within concretions, but occur free along shale bed partings. These algal fossils appear to be 
confined to a specific stratigraphic interval within the LAAat the Halfway River and also occur in 
exposures along Peace River near the Halfway River confluence. 


• Common pectinoid shells occur in angular blocks; however, the in situ source was not discovered, 
and could represent ice rafted blocks from further upstream 


• Podocarpaceous branchlets with affinity to Nageiopsis anglica commonly occur near the base of a 
well-exposed section at PS050A. One specimen appears to have reproductive cones.  


• Near the upstream limit of the LAA in PS049C common fossiliferous ironstones and concretions 
contain the algal fronds in association with a large petrified conifer log 


• Upstream beyond the upper limits of the LAA dislodged dinosaur teeth occur in a coarse gravel bar 
below the riverbank exposure that exhibited the algal frond concretions (PSX09G). In addition, 
further upstream beyond the LAA at a helicopter landing site, multiple chance finds of large 
vertebrate bones were identified along the bench produced by the lower, more silty lithologies of the 
Shaftesbury Formation(PSX09Z). The age of the sediment is probably Middle Albian and, if 
confirmed, these could be oldest dinosaur remains in western Canada.  


Gates Island Gates - Hulcross - Shaftesbury Fossil Complex 


The Gates Island Gates – Hulcross – Shaftesbury Fossil Complex encompasses the area along the 
north and south banks of the Peace River from the Farrell Creek confluence upstream to include the 
Dry Creek confluence, Gates Island, and to include the rocky sandstone cliffs further upstream by 
approximately 1.5km. Several positive PSAs occur along the north and south banks of the Peace River 
in the vicinity of Gates Island.  The area is characterized by facies changes marked by transitioning 
environments, both laterally and vertically. The high cliff faces of Gates Island and the opposing river 
banks expose massive, thickly bedded, paralic sandstones of the type locality of the Gates Formation, 
which are overlain by the concretion bearing, marginally marine silty shales of the Hulcross Formation. 
These lithologies, in turn, grade into the restricted marine shales of lower Shaftesbury Formation 
(partially equivalent to the Hasler Formation). Above Highway No. 29 good exposures of the lower 
Shaftesbury Formation comprise silty shales with concretions and ironstones high on the road-cut 
slopes and coulees. Further upstream on the Peace River, towards Farrell Creek, the steep exposures 
along the riverbanks comprise the Hulcross Formation grading into the lower Shaftesbury Formation, 
which is also considered in part, equivalent to the Hasler Formation. Overlying these bedrock 
exposures, as well as the banks of the Peace River downstream and upstream from this fossil complex, 
have exposures of Quaternary clays, silts, sands and gravels. 







Table 7 Summary Features of the Gates Island Gates – Hulcross - Shaftesbury Fossil 
Complex 


Positive 
PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PS062B** 
PS063A** 
PS064A** 
PS064B** 
PS064C** 
PS065A** 
PS079G** 
PS080A 
 


Hulcross Formation/ 
lower Shaftesbury 
Formation 


CRETACEOUS 
• Middle Albian 


 


PALAEOFAUNA 
INVERTEBRATES 
• Ammonites 


o Ammonite indet. 
o Arcthoplites  
o Cleoniceras (Grycia) dubium? 


• Jelly Fish 
o Hydrozoan indet. 


• Pelecypods 
o Camptonectes? 
o Corbiculid s 
o Inoceramids 
o Pelecypod indet. 


• Trace Fossils: 
o Chondrites 
o Conichnus 
o Helminthopsis 
o Rosselia choniodes 
o Planolites 
o Teichichnus 
o Thalassinoides 


PALAEOFLORA 
ANGIOSPERMS 
• Monocotyledonous reeds (possibly cycad 


pinnule fragments) 
GYMNOSPERMS 
• Cycad pinnules 
• Cycad rachis 
• Wood form 
• Wood fragment 
OTHER 
• Water Fern 


o Isoetites 
PS064D 
PS065A** 
PS078G** 
PS079A** 
PS079E** 
PS079H 
 


Gates Formation 
 
 
 


CRETACEOUS 
• Early to 


Middle Albian 
 


PALAEOFAUNA 
VERTEBRATES  
• Dinosaur tracks? 
• Fish scales 
INVERTEBRATES 
• Pelecypods 


o Corbiculids 
• Trace Fossils 


o Arenocolites sp. 







Positive 
PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


o Chondrites sp. 
o Diplocraterion sp. 
o Ophiomorpha sp. 
o Planolites sp. 
o Rosselia sp. 
o Thalassinoides sp. 
o Trace fossils – undifferentiated 


PALAEOFLORA 
ANGIOSPERMS 
• Lilioid plant 


o Lilites sp. 
• Seed form 
• Monocotyledon form (possibly cycad pinnule 


fragments) 
GYMNOSPERMS 
• Conifer needles 


o Abietites 
o Needle indet 


• Conifer branchlets 
o Pagiophyllum  magnifolium 
o Elatocladus sp. 


• Cycad log 
• Cycad rachis 
• Cycad pinnules 


o Ctenis/Podozamites  
o Desmiophyllum 
o Wood fragments 


OTHER 
• Algal form B 
• Horsetail Fern 


o Equisetites sp. 
• Water Fern 


o Isoetites sp. 
• Plant material undifferentiated. 


Gates Island Gates – Hulcross – Shaftesbury Fossil Complex Features 


• The Gates Formation has abundant plant material within the sandstone, including a small lily-like 
plant impression with a faint central stem terminating with possibly a seedpod. Petrified 
gymnospermous wood, in the form of small conifer and cycad logs, branches, and leaf elements 
occur scattered through the formation. The straight rhizomous roots of the water fern Isoetites are 
common. 







• Intervals exhibiting load casts occur along the middle and upper slopes on Gates Island, that could 
be deformational flow rolls or possibly dinosaur tracks similar to those upstream near Alwin Holland 
Memorial Park. 


• Both the Gates and Hulcross formations have a variety of interesting trace fossils 


• Rare ammonites in the Hulcross/lower Shaftesbury interval were observed on the northwest banks 
of the Peace River, and at the confluence with Farrell Creek 


• A single instance of a small jellyfish impression occurs on the exposure (PS063A) of lower 
Shaftesbury Formation at the confluence with Farrell Creek 


• Gates Island area, historically, has been a frequent place to inspect and study the stratigraphy, 
resulting in numerous published fossil occurrences. The abundance of ammonites and other 
invertebrates observed during recent field work is lower than expected, suggesting it has been 
frequently visited and the surface gleaned by fossil collectors. 


Lynx Creek Gates Fossil Complex 


The Lynx Creek Gates Fossil Complex encompasses the area of the northwest banks of the Peace 
River adjacent to the Lynx Creek confluence and extends up the reservoirportion of the Lynx Creek 
valley. A few small, yet significant positive PSAs near the confluence of Lynx Creek and the Peace 
River exhibit exposures of the paralic Gates Formation. These flat lying sandstones occur along the 
banks of Lynx Creek as well as on the streambed forming cascades, upstream from the Highway 
No. 29 crossing in PS067A. Quaternary sands and gravels overly the bedrock and also form bluffs 
along the northwest bank of the Peace River.  


Table 8 Summary Features of the Lynx Creek Gates Fossil Complex 
Positive 


PSAs 
Stratigraphic 


Unit Period/Age(s) Fossil Types Observed/ Collected 


PS066E 
PS067A** 
PSR05H** 


Gates Formation 
 


CRETACEOUS 
• Early to 


Middle Albian 
 


PALAEOFAUNA 
VERTEBRATES  
• Dinosaur tracks 


o Therapod 
o Bird? tracks 
o Amblydactylus  


INVERTEBRATES 
• Ammonites 


o Arcthoplites (glacial clast) 
• Pelecypods 


o Camptonectes 
o Unio sp.? 


• Trace Fossils: 
o Arenocolites  
o Glossifungites 
o Thalassinoides 
o Zoophycos  


PALAEOFLORA 
ANGIOSPERMS 
• Monocotyledon form (possibly cycad pinnule 







Positive 
PSAs 


Stratigraphic 
Unit Period/Age(s) Fossil Types Observed/ Collected 


fragments) 
GYMNOSPERMS 
• Cycad pinnules 


o Ctenis/Podozamites 
• Conifer needles  


Lynx Creek Gates Fossil Complex Features 


• The sandstones of the Gates Formation have partial load casts in the slightly dislodged sandstone 
blocks in PS067A that are potentially dinosaur tracks. Similar features can be vaguely observed in 
sandstone beds through the water. 


• Further upstream at in PSR05H, a bench of in situ sandstone exhibits good therapod tracks along 
with smaller tracks that are similar to those formed by birds along with other invertebrate trace 
fossils 


• The Cretaceous ammonite Arcthoplites occurs as a reworked glacial clast within Quaternary gravels  


Hudson’s Hope Moosebar – Gates Fossil Complex 


The Hudson’s Hope Moosebar – Gates Fossil Complex is defined as the area along both the south and 
north banks of the Peace River from Hudson’s Hope and the Maurice Creek confluence upstream to 
the Peace Dam, as well as the proposed reservoir area of the Maurice Creek Coulee. The downstream 
portion of the Peace River Canyon, from the Peace Dam to Hudson’s Hope including the confluence of 
Maurice Creek, offers almost continuous cliffs of bedrock along the banks of the river including several 
rocky fluvial islands near Alwin Holland Memorial Park. The bedrock at the lower levels comprises the 
Moosebar Formation, which is a dark grey shale with iron-cemented sandstones. The resistant upper 
cliff faces have the paralic sandstones of the Gates Formation. These sandstones, in turn, are capped 
by Quaternary travertines, sands, gravels and clays on the adjacent terraces. Due to faulting and 
shallow folding the Gates Formation descends to river level near Alwin Holland Memorial Park and near 
the Highway No. 29 bridge at the Peace Canyon Dam. Travertine deposits, which are continually 
forming along the cliff faces below Hudson’s Hope are associated with nearby springs and obscure the 
partially exposed bedrock. 


Table 9 Summary Features of the Hudson’s Hope Moosebar – Gates Fossil Complex 
Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PS070A** 
PS070C** 
PS070D** 
PS072B** 
PS072C** 
PS073C** 
PS073D** 
PS073F** 
PS073I** 
PST01B** 


Gates Formation 
 


CRETACEOUS 
• Early to 


Middle Albian 
 


PALAEOFAUNA 
VERTEBRATES  
• Dinosaur tracks 


o Amblydactylus load casts 
o Tetrapodosaurus (questionable partial 


tracks, bioturbation) 
INVERTEBRATES 
• Trace Fossils: 


o Asterocites 
o Cruziana  







Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 
o Planolites 
o Scoyenia 
o Spirorhaphe 
o Thalassinoides 
o Trace fossils - undifferentiated 


PALAEOFLORA 
ANGIOSPERMS 
GYMNOSPERMS 
• Cycad pinnules 


o Ctenis/Podozamites 
• Conifer Wood log 


o Dacrydioides/Nageai/Afrocarpus 
affinities 


OTHER 
• Plant material undifferntiated 
• Roots  


PS069D** 
PS069E** 
PS070C** 
PS070D** 
PS073B 
PS073I** 


 


Moosebar 
Formation 


CRETACEOUS 
• Early Albian 


 


PALAEOFAUNA 
INVERTEBRATES 
• Ammonites 


o Arcthoplites (Lemuroceras) belli 
o Arcthoplites  
o Gastroplitid? 


• Gastropod 
o Gastropod indet 


• Pelecypod 
o Cremnoceramus  
o Pelecypods indet. 
o Shell fragments 
o Unio 


• Trace Fossils 
o Conichnus  
o Hippuritidae  
o Planolites  
o Rosselia choniodes 
o Thalassinoides  


PALAEOFLORA 
ANGIOSPERMS 
• Monocotyledonous reed (possibly cycad 


pinnule) 
GYMNOSPERMS 
• Conifer needles 
• Conifer branchlet 


o Araucaria branchlet (pyritized) 
• Cycad pinnules 


o Ctenis/Podozamites 







Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 
• Cycad rachis  
• Wood 
OTHER 
• Water Fern 


o Isoetites sp. 
• Roots  


 







The Hudson’s Hope Moosebar – Gates Fossil Complex Features 


• Some of the load casts along the upper surface of a Gates Formation sandstone bed are 
interpreted as casts of dinosaur tracks. Other potential dinosaur tracks occur in the flat lying 
sandstones downstream from the Highway No. 29 bridge on the south bank. 


• Abundant plant material occurs in the Gates Formation. A large in situ podocarpaceous log 
imbedded in sandstones occurs upstream and downstream from the Hwy 29 bridge along the south 
bank in PS072C. Another similar displaced log fragment occurs downstream in PS073C. 


• Both the Gates and Moosebar formations have a variety of interesting trace fossils 


• Good assemblage of Moosebar Formation fossils comprising small ammonites, clams and 
numerous burrows, as well as a pyritized Araucaria branchlet (the monkey-puzzle tree), cycad 
rachis and pinnules, and water ferns occur in PS069D and PS070C 


• A make-shift cobble table with scattered fossil debris and numerous beds with hammered chips 
suggest strong fossil depletion due to amatuer fossil collecting in the vicinity of Alwin Holland 
Memorial Park 


Upper Maurice Creek Cruiser Complex 


The Upper Maurice Creek Cruiser Complex is located along the Maurice Creek coulee and two of its 
tributaries within the bounds of the proposed corridor for the transmission system. At the he proposed 
transmission line crossings of Maurice Creek and its tributaries, small dales have been eroded through 
the paralic sandstones and siltstones of the Cruiser Formation that is interbedded with shales possibly 
transitioning to the marine Shaftesbury Formation. The bedrock is covered by exposed Quaternary 
glacio-fluvial sands. 


Table 10 Summary Features of the Upper Maurice Creek Cruiser Fossil Complex 
Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PST02E** 
PST03B** 


Cruiser Formation  CRETACEOUS 
Middle Albian 


PALAEOFAUNA 
VERTEBRATES  
• Dinosaur 


o Therapod? teeth 
• Fish 


o Pisces corroded form 
o Fish Scale sp. indet. 


INVERTEBRATES 
• Trace Fossils 


o Arenicolites 
o Asterosoma  
o Bergaueria  
o Cosmorhaphe 
o Diplocraterion  
o Lorenzinia 
o Nereites  
o Planolites 







Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


o Rhyzocorallium 
o Rossellia socialis 
o Shaubcylindrichnus freyi? 
o Syringopora  
o Thalassinoides  
o Zoophycos  
o Bioturbation structure undif. 


PALAEOFLORA 
ANGIOSPERMS 
GYMNOSPERMS 
• Cycad pinnule  
• Wood sp. 
OTHER 
• Plant material undifferentiated 


Upper Maurice Creek Cruiser Complex Features 


• The floors and slopes of Maurice Creek and its tributary (PST02E and PST03B) are abundant with 
invertebrate trace fossils of the Cruisiana Ichnofacies 


• Specimens are well preserved and provide excellent examples of many burrow, feeding, and 
grazing structures, as well as fish scales found within the same sample as a sea anemone trace  


• Cusped elements with dark enamel-like surfaces  were observed in sandstone at PST02E and are 
tentatively identified as vertebrate teeth fossils 


Quaternary Complex 


The Quaternary Complex encompasses the entire LAA and these deposits form an almost continous 
blanked over the underlying bedrock.. These deposits consist of a variety of grain-size from silts, sands 
to coarse gravels representing glacio-lacustrine and glacio-fluvial deposits. Exposures were evident in 
cutbanks with fresh erosional surfaces predominantly along the terraces of the Peace River valley, 
Highway No. 29 road cuts, and other incised gullies. Sedimentary features include wavy lamination, 
cross lamination, normal grading, dropstones, peaty layers, palaeofire horizons and palaeosols.  


Extensive sand and gravel exposures occur above the bedrock along the south bank of the Peace 
River, across from the confluence with Halfway River. Travertine deposits are located along the north 
bank of the Peace River near Hudson’s Hope, as well as along the banks of the Halfway River.  


During background research and map review, several ponds located in abandoned river channels on 
the middle terraces were noted within the LAA. The first are elongated ponds on the south side of the 
Peace River, upstream from the confluence with the Halfway River near PS085A.  The second 
grouping of ponds includes a series of well-eutrophicated ponds on the north side of the Peace River, 
downstream from Bear Flat between PS021G and PS022A. The ponds can represent relatively 
undisturbed reservoirs of the local pollen record. that reflect changing palaeovegetation and 
palaeofaunal patterns subsequent to terrace development. 







Table 11 Summary Features of the Quaternary Complex 


Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


PS001C** 
PS005D** 
PS024B 
PS025E* 
PS026C* 
PS037B** 
PS048A** 
PS062A** 
PS062B** 
PS062L 
PS063A** 
PS064A** 
PS064C** 
PS065A** 
PS067A** 
PS067B 
PS070A** 
PS070B** 
PS070D** 
PS076E 
PS078G** 
PS114D** 
PS116E** 
PSQ02A** 
PSR01B6** 
PSR01B7** 
PSR01H2** 
PSR01I3** 
PST12A** 
PSX22Z** 


• Laurentide tills 
• Glacial-lacustrine 


deposits 
• Glacio-fluvial 


deposits 


QUATERNARY 
Pleistocene to 
Post-Wisconsin 


PALAEOFAUNA 
VERTEBRATES 
• Mammals 


o Canine bones 
o Canid skull filled with rat scat - 


Modern bones 
o Rodent femur, rib 
o Rodent jaw (beaver?) - Modern 
o Rodent bone elements 
o Mammal bone fragment? 
o Large ungulate scapula – probably 


Modern  
o Vole skeletal elements 


• Birds 
o Bird-like bone fragment? 
o Bird bone sp. indet. 
o Large bird femur - recent  


Mammals identified in Hebda et al. 2008 
• Voles: 


o Clethrionomys gapperi 
o Microtus xanthognathus 
o Microtus pennsylvanicus 
o Microtus pennsylvanicus? 


• Mice: 
o Peromyscus maniculatus 


• Hares: 
o Lepus americanus 
o Lepus americanus? 


• Squirrels: 
o Tamiasciurus 
o Hudsonicus 


INVERTEBRATES 
• Gastropods 


o Discus whitneyi? 
o Discus shimekii? 
o Fossaria obrussa 
o Heliosoma trivolvis 
o Lymnaea stagnalis – dwarf 
o Stagnicola elodes 
o Succinea strigata 
o Vallonia gracilicosta 


• Gastropods 
o Pelecypod sp. indet. 


• Trace Fossils 







Positive PSAs Stratigraphic Unit Period/Age(s) Fossil Types Observed/ Collected 


o Skolithos 
PALAEOFLORA 


• Angiosperms 
o Poplus sp. 


• Coal or charred wood 
• Stump form 
• Wood form 
OTHER 
• Palaeosol carbon layer 
• Charcoal/peat ball 
• Palaeosol 
• Charcoal 
• Peaty organic matter 
• Travertine (with fossil impressions) 


Quaternary Complex Features 


• Travertine deposits near Hudson’s Hope exhibit both plant leaf impressions and imbedded 
gastropods with good preservation. The gastropods found within dislodged travertine blocks are 
larger in diameter by a factor of 2 to 5 times when compared to other Quaternary gastropods found 
within the LAA. 


• Near the confluence of the Peace River and Farrell Creek at PS062A an in situ lower mandible from 
a rodent is associated with gastropods within laminated sands 


• Palaeopond sediment profiles are exposed in a number of locations. For example PS064C exhibits 
a shallow pond profile with three palaeosols, few gastropods possibly in situ, and a canine skeleton 
buried in overriding colluvium.  


• Existing ponds also present the micropalaeontological opportunities 


• Charcoals are distributed across the LAA as scattered fragments in the coarse glacio-fluvial gravels 


• Upper Bear Flat hosts a diverse Quaternary fossil assemblage  


• Green jade cobbles were observed on a gravel bank in PSO76E 


• Reworked Cretaceous fossils were also found in Quaternary deposits  


Appendix E of Volume 4, Appendix C 
During preparation of the technical memorandum for Palaeontology, an error was found in Volume 4, 
Appendix C Heritage Resource Assessment Report: Appendix E – Summary of Palaeontological 
Results. The error appears to be the result of a global search and replacement of dashes (-) with “ND” 
in the tabular document that has created incongruences in the alpha numeric codes for PSA numbers 
and sequence references (i.e.,, PSA 001A-C becomes PSA 001ANDC), photo record numbers, 
waypoint numbers and locations where dashes were used to indicate expansions of an idea such as 
“Ammonites –“. These errors have been corrected and a new Appendix E erratum has been produced. 
This update does not change the results of the effect assessment on palaeontological resources. 







Further Reporting on the Palaeontological Assessment  
A substantial palaeontological field program has been completed to date. It is BC Hydro’s opinion that 
the data are complete for the purposes of the environmental assessment. As noted in EIS 
Section 32.2.2 additional field inventory will be completed in the following:  


1) Areas where, for the EIS, a corridor or area was identified but not a specific footprint for 
construction activities. These areas include: 


• Construction of access roads 


• Off-site and one potential on-site construction materials area 


• Transmission connection to Peace Canyon Dam 


• Existing infrastructure that may require relocation (buried services and pipelines) 


2) Private land where owners have not granted access to BC Hydro for the purpose of undertaking 
heritage field work. Field inventory in these areas would be undertaken prior to construction 
activities, when BC Hydro acquires access rights to these properties. 


EIS Section 32.2.2 also includes BC Hydro’s commitment to complete the inventory and assessment of 
the outstanding areas as detailed design proceeds in a manner consistent with the current heritage 
assessment prior to the start of construction in those areas, and to submit reports on future heritage 
assessment work to relevant Provincial agencies and Aboriginal groups in accordance with legislative 
and permit requirements.  


Future reports will be used to inform mitigation discussions and development of mitigation measures for 
palaeontological resources with input from: 


• The Royal British Columbia Museum 


• The B.C. Ministry of Forests, Mines and Lands (Land Tenures Branch) 


• Local stakeholders 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


gov_0010-821 gov_0010-825 gov_0010-826 gov_0010-829 gov_0010-830 
gov_0010-831 gov_0010-832 gov_0010-833 gov_0010-835 gov_0010-837 
gov_0010-838 gov_0010-840 pub_0836-001   
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Palaeontology

		MAY 8, 2013

		The purpose of this technical memorandum is to provide supplementary information of the descriptions of palaeontological resources provided in Section 32 and Volume 4 Appendix C of the EIS to address comments provided to BC Hydro during the Comment Period on the EIS. 

		All of the information presented in this technical memorandum was obtained through the literature review, during the extensive field program described in the EIS, can be found in the EIS, and was used in the effects assessment.

		The following section provides a summary and synthesis of the geological, stratigraphic and palaeontological context for the LAA, based on current data from background research and recent field work presented in the EIS. Please also see Volume 4 Appendix C for descriptions of the geological setting (Section 4.2.1.1) and the geological strata (Section 4.2.1.2) related to the LAA, which are further referenced in the following sections.

		Locations where significant clusters of fossils were identified during field work were assigned to eleven fossil complexes that are formed by geographical and stratigraphical concentrations of major palaeontological sites with similar fossiliferous content in specific geographic areas within and directly adjacent to the LAA. These fossil complexes are listed in Section 4.2.2 of Volume 4 Appendix C. In short, the fossil complexes encapsulate the primary areas where palaeontological resources have been observed. However, some positive palaeontological sensitivity areas (PSAs) are excluded from these fossil complexes, and in turn the following summation, due to their lack of significance, isolation, and/or redundancy. References to nonpositive PSAs are utilized for positional descriptive purposes. All referenced PSAs in this document are displayed on the maps included in Volume 4, Appendix C, Figures 4.6.1 to 4.6.31 and 4.8.1 to 4.8.31 and the fossil complex locations described below are presented in the attached Figures 1a and 1b.

		The tables express a synthesis of the positive PSAs and the observed fossils within them, and synthesize this information with the results of the significance assessment and resultant classification of PSAs (see EIS Section 32.2.2.2.1). The lists of fossil occurances are condensed within a generalized taxonomic classification system in order to simplify and provide a contextual summation of the various forms observed in relation to significance and possible future mitigation strategies. Within the tables, PSAs with one asterisk are Class I sites (e.g.,, PS119D*); PSAs with two asterisks are Class II sites (e.g.,, PS001A**); PSAs with no indicator are Class III sites; and PSAs surrounded by brackets are located beyond the LAA, but are still considered as part of the Fossil Complexes. 

		Tables 1 to 11 provide summaries of palaeontological content of the stratigraphic units that were observed in the LAA during the 2011 and 2012 field seasons, along with stratigraphically coincident PSAs. Please see Volume 4, Appendix C for descriptions of each stratigraphic unit (Section 4.2.1.2) and each positive PSA (Appendix E). In each section below, a description/definition of the fossil complex is provided followed by a table that synthesizes the available palaeontological data in each complex. This information is then further summarized to provide additional context related to field observations and generally identifies interesting or important palaeontological features found in the complex.

		The Fossil Complexes are described generally from east to west from the proposed Dam site upstream to the Peace Canyon Dam and then to the Transmission system, and finally to include the Quaternary complex that encompasses the LAA (see Figures 1a and 1b).

		North Dam Upper Shaftesbury Fossil Complex



		The North Dam Upper Shaftesbury Fossil Complex is located along the north bank of the Peace River in the vicinity of the proposed Dam and Generating Station and the adjacent areas of the Reservoir, spillway and access roads. A number of PSAs in this complex have good to excellent exposures of grey friable shales of the upper Shaftesbury Formation that reflect the palaeontological resource potential to be encountered during construction. On the north bank of the Peace River (ND01I and PS001A), a veneer of grey glaciolacustrine silty/clay covers the slope and has narrow exposures and dislodged concretions in rills and slumps. Further to the northwest, a small coulee erodes the upper portions of the section along terrace bluffs, where Cretaceous silty shales of a higher stratigraphic level is exposed; regionally known as the “Fish Scale Zone”. These sediments are overlain by Quaternary sands and silts. On the highest terraces the Cenomanian Dunvegan Formation could underlie the Quaternary deposits.

		Table 1 Summary Features of the North Dam Upper Shaftesbury Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PSND01I**

		PS001A**

		PS001C**

		PS002B

		PS002C

		Shaftesbury Formation (middle to upper)

		CRETACEOUS

		 Early Cenomanian

		 Middle?Late Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Fish Scales 

		INVERTEBRATES

		 Ammonites

		o Rapidoplacenticeras

		o Neogastroplites

		o Gastroplitids

		 Pelecypods

		o Pelecypod indet.

		 Shell hash

		 Trace fossils

		PALAEOFLORA

		ANGIOSPERMS

		 “Water lily” plant (Menispermites reniformis) 

		GYMNOSPERMS

		 Cycad pinnules

		o Ctenis/Podzamites

		 Wood 

		OTHER

		 Algae form A

		not observed

		Dunvegan Formation

		CRETACEOUS

		 Cenomanian

		 not exposed, but possibly encountered during excavation

		North Dam Upper Shaftesbury Fossil Complex Features



		 The scattered corroded sideritic concretions slumped from higher levels containing highly fractured ammonites of the Rapidoplacenticeras and Neogastroplites types, as well as other molluscs. Less weathered concretions are anticipated to occur deeper in the formation, as well as in exposures experiencing more active erosion downstream.

		 Upper silty intervals have abundant in situ fish scales suggesting the possibility of finding other fish skeletal elements

		 Fragmented plant materials are common. However, the presence of a “waterlily” leaf attributable to Menispermites reniformis is notable.

		Moberly River Upper Shaftesbury Fossil Complex



		The Moberly River Upper Shaftesbury Fossil Complex includes the area in the vicinity of the Moberly River confluence with the Peace River and continues to the farthest limit of the proposed Reservoir along the Moberly River valley. Numerous positive PSAs are located along the Moberly River comprising darkgrey marine friable shales with common to abundant in situ concretions and ironstone beds. Recent flooding has eroded the riverbanks, exposing wellpreserved upper Shaftesbury Formation sections, which rise stratigraphically upstream through the Fish Scale Zone. The Fish Scale Zone was also encountered on the high southeast banks of the Moberly River. Quaternary sands and silts cap the series of terraces. At the far upstream end of this fossil complex, within and adjacent the LAA, lower terraces comprise thick sections of exposed Quaternary sands and silts with minor organics.

		Table 2 Summary Features of the Moberly River Upper Shaftesbury Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS114D**

		\PS114E**

		PS114G**

		PS115A**

		PS115E**

		PS115F**

		PS116C/D**

		PS116F**

		PS116G**

		PS117A**

		PS117E**

		PS117F**

		PS117G**

		PS117H**

		PS117I**

		PS118C**

		PS119B**

		PS119C**

		PS119D*

		PS120D*

		PS121D*

		PS122A**

		PS122B*

		PS123C*

		(PSX22Z**)

		Shaftesbury Formation (upper) 

		CRETACEOUS

		 Early Cenomanian

		 Middle?Late Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Fish Scales 

		INVERTEBRATES

		 Ammonites:

		o Beudanticeras 

		o Neogastroplites

		o Rapidoplacenticeras

		 Gastropods

		o Gastropod indet.

		 Pelecypods

		o Cremnoceramus 

		o Corbuculid? 

		 Trace Fossils:

		o Arenocolites 

		o Gastrochaenolites 

		o Thalassanoides 

		PALAEOFLORA

		ANGIOSPERMS

		o Menispermites reniformis? 

		GYMNOSPERMS

		 Conifer needles

		o Abeitites

		 Cycad pinnules

		o Zamites?

		 Wood fragments

		Moberly River Upper Shaftesbury Fossil Compex Features

		 In the lower stretch of the Moberly River abundant concretions are present within the exposures. Those concretions that have been opened usually contain fossil specimens including both mature and juvenile ammonites, and other fossils. Whole unopened concretions have been collected for future analysis. Discontinuous ironstone beds yield ammonites, pelecypods and fish elements.

		 In the upper stretches of the LAA numerous ammonites where observed in dislodged concretions from exposures along the secondary channels. Cylindrical puncture marks were observed on some of the ammonite specimens, which are considered to be limpet burrows.

		 Abundant fish elements encompass mostly scales, although other skeletal elements including vertebrae and fin rays were found in the most upstream exposures. A good example has been found in PS122B in a concretion. 

		 Abundant fish scales occur along the higher benches near the confluence of the Moberly River with the Peace River

		Tea Creek Confluence Middle to Upper Shaftesbury Fossil Complex



		The Tea Creek Confluence Middle to Upper Shaftesbury Fossil Complex encompasses areas on the south and north banks of the Peace River, and the reservoir zone along the Tea Creek coulee. Several PSAs in this fossil complex have good to excellent exposures of grey friable shales of the upper Shaftesbury Formation. Along the north bank of the Peace River a veneer of fine scree and grey glaciolacustrine silty clay often covers the slope with narrow exposures and dislodged corroded concretions in rills and slumps. Where land access was available along betterexposed bedrock, less weathered concretions occur (e.g.,, PS005D and PS005EF). Cretaceous shale sections are covered by grey glaciolacustrine deposits. The upper portions of the section along terrace bluffs, where Cretaceous silty shales of higher stratigraphic level are exposed, are regionally known as the “Fish Scale Zone”. Quaternary sands, gravels, and charcoalbearing reddish palaeosol horizons cap the bedrock on the lower terrace. The Tea Creek coulee has extensive exposures (e.g.,, PS005B) with a prominent concretion layer occurring at middle level on the slope. At the base of the slope dislodged concretions are corroded. These sediments are overlain by Quaternary sands and silts. Along the south bank of Peace River (e.g.,, PS110EF and PS111A) are small exposures of grey fissile marine shale with numerous concretions. Dislodged fossiliferous concretions are abundant along the base of the slope in PS110EF, which is exposed at low water levels. Upstream, the Quaternary sediments cover the slope with large slumps and mudflows. 

		Table 3 Tea Creek Confluence Upper Shaftesbury Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS004A**

		PS004D**

		PS005B**

		PS005D**

		PS005EF**

		PS006A**

		PS006C**

		PS110EF**

		PS111A**

		PS111B**

		Shaftesbury Formation (middle to upper)

		CRETACEOUS

		 Early Cenomanian

		 Middle?Late Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Fish scales

		o Ganoid forms

		INVERTEBRATES

		 Ammonites:

		o Beudanticeras

		o Neogastroplites

		o Rapidoplacenticeras

		 Pelecypods

		o Camptonectes?

		o Cremnoceramus

		o Inoceramids

		o Pelecypod indet

		 Sponges

		o Haplosclerida?

		PALAEOFLORA

		GYMNOSPERMS

		 Cycad pinnules

		o Ctenis/Podozamites

		 Wood 

		OTHER

		 Algal forms

		Tea Creek Confluence Middle to Upper Shaftesbury Fossil Complex Features



		 Abundant dislodged concretions and ironstone fragments litter the beach at PS110EF, which most likely have been washed out of the exposures adjacent and immediately upstream. These include interesting fossil scapes, with wood and multiple ammonite specimens of juvenile Neogastroplites. 

		 High along banks of the north shore, silty intervals have fish elements which include scales and possibly fin rays

		 Abundant fragments of concretions

		 The ammonite fossils within dislodged concretions tend to be weathered; however, better preserved in situ concretions may be present in the bedrock matrix, some of which are very large and could contain ammonites greater than 1 m in diameter

		Wilder Creek Middle to Upper Shaftesbury Fossil Complex



		The Wilder Creek Middle to Upper Shaftesbury Fossil Complex is located along the Wilder Creek coulee from the confluence with the Peace River, upstream to the proposed reservoir limits. The Wilder Creek coulee has numerous positive PSAs at meander bends, which are often hidden by the dense forest cover. The steep exposures comprise predominantly fissile, grey marine shales with abundant fossiliferous concretions and a few ironstone horizons. The exposed stratigraphic section rises progressively upstream into the Fish Scale Zone offering an opportunity for a continuous composite section to be measured and studied. The terraces are covered by thick Quaternary sands and silts, which are exposed at higher levels and drape over the bluffs along the banks of the Peace River.

		Table 4 Summary Features of the Wilder Creek Middle to Upper Shaftesbury Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS012A**

		PS012C**

		PS012C/A**

		PS012D**

		PS012E**

		PS012F

		PS012H**

		PS013C**

		PS013D**

		PS013E*

		PS013F*

		PS013G**

		Shaftesbury Formation (middle to upper)

		CRETACEOUS

		 Early Cenomanian

		 Middle?Late Albian

		PALAEOFAUNA

		VERTEBRATES 

		 fish scales

		INVERTEBRATES

		 Ammonites

		o Neogastroplites

		o Rapidoplacenticeras

		 Gastropods

		 Pelecypods

		o Cremnoceramus 

		o Inoceramid

		 Trace Fossils

		PALAEOFLORA

		GYMNOSPERMS

		 Cycad pinnules 

		 Wood

		OTHER

		 Algal mat

		 Algal form

		 Horsetail Fern

		o Equisitites

		Wilder Creek Middle to Upper Shaftesbury Fossil Complex Features



		 Common fossiliferous  concretions occur at most cutbank exposures and contain large ammonites of Neogastroplites and Rapidoplacenticeras. The preservation is variable and often septarian. Intervals of the stream bed are littered with dislodged concretions, ammonites are commonly exhibited.

		 At the upper limits of the LAA, abundant fish scales are present, sometimes forming fish scale hash 

		 Septarian concretions contain an interior surface suggestive of algal mat

		 PS013E has an excellent exposure, approximately 70 m high, that has abundant in situ concretions jutting out from the bedrock surface. An exceptionally large sandstone concretion, about midway up the slope, appears to be formed in a small incised palaeochannel, with round concretions at the base.

		Cache Creek Middle to Upper Shaftesbury Fossil Complex



		The Cache Creek Middle to Upper Shaftesbury Fossil Complex encompasses the area from the Highway No. 29 bridge crossing the Cache Creek Coulee upstream to the upper limit of the proposed reservoir limits. The extensive exposures that surround Cache Creek and its tributary Red Creek as they descend through the terraces and benches of the north Peace River Valley have numerous positive PSAs at meander bends. The steep exposures comprise predominately fissile, grey, marine shales of the Shaftesbury Formation with abundant fossiliferous concretions and ironstone horizons. Below the crossing of Highway No. 29 the Cache Creek coulee opens onto gravel banks. Exposures along north shoulder of Highway No. 29 (PS024A, B) have partially vegetated, weathered shales. A bench extends upstream along the Peace River into the base of a bluff (PS023A, B) with portions of erosional rills exposing grey marine shales.

		The extensive exposures in the Cache Creek coulee occur just north of Highway No. 29, near the confluence with Red Creek, and upstream, where the fissile, grey, marine shales of the Shaftesbury Formation exhibit abundant concretions and ironstone beds. The streambed is often littered with abundant dislodged concretions and ironstone fragments. The valley of Red Creek is densely forested with small exposures occurring at meander bends. Thin beds of mudcracked, ironstained sandstones occur within the silty shales of the Shaftesbury Formation. The bluff faces of high terraces along the upper portions of Red Creek are covered by shale scree with slumped Quaternary sands and silts. The exposed stratigraphic section rises progressively upstream along Cache Creek through Red Creek into the Fish Scale Zone offering an opportunity for a continuous composite section to be measured and studied.

		Table 5 Summary Features of the Cache Creek Middle to Upper Shaftesbury Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS025B**

		PS025E*

		PS026A**

		PS026C*

		PS026D*

		PS026F**

		PS026G**

		PS027A**

		PS027F**

		PS027G**

		PS027H**

		PS027I/J**

		PS027J*

		PS027K*

		PSX07A*

		PSX07B**

		PS028A**

		PS028B*

		PS029A**

		PS029B**

		PS029C**

		PS029D**

		PS029E*

		PS029E/F**

		PS029G

		Shaftesbury Formation (middle to upper)

		CRETACEOUS

		 Early Cenomanian

		 MiddleLate Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Bird tracks?

		 Fish

		o Fish scales

		o Fish vertebrae

		o ?Fish teeth

		 Turtle? Scrapings

		 Coprolite?

		INVERTEBRATES

		 Ammonites:

		o Ammonite indet.

		o Beudanticeras 

		o Neogastroplites 

		o Rapidoplacenticeras 

		 Echinoderm spine

		o Echinoderm spine

		o Echinoderm? plates

		 Gastropods

		o Gastropod indet.

		 Pelecypods

		o Acila (Truncacila) sp.

		o Corbiculid 

		o Cremnoceramus 

		o Inoceramids

		o Posidonia 

		o Unio sp.

		 Trace Fossils:

		o Conichus sp.

		o ?Chondrites sp.

		o Planolites sp.

		o Asterosoma sp.

		PALAEOFLORA

		ANGIOSPERMS

		GYMNOSPERMS

		 Conifer needles

		 Nageia/Phyllocladus type trunk

		 Cycad bark

		 Cycad pinnule

		o Ctenis/Podozamites

		o Zamites? sp.

		 Cycad rachis

		 Cycad stem

		Cache Creek Middle to Upper Shaftesbury Fossil Complex Features



		 The west bank of Cache Creek at PS025E exhibits an extensive exposure with in situ fossiliferous concretions. The streambed is littered with fragmented concretions containing ammonites and pelecypods. Opposite banks have discontinuous exposures with dislodged fossil elements.

		 Further upstream, an exceptional exposure occurs at PS026C that has abundant, wellpreserved concretions and ironstones with numerous invertebrates including large inoceramid clams and ammonites

		 Similar excellent assemblages continue upstream along both Cache Creek and Red Creek. Flat large concretions (i.e.,, >1m in diameter) in PS027G are similar in shape to those that have produced the ammonite Rapidoplacenticeras.

		Halfway River Lower to Middle Shaftesbury Fossil Complex



		The Halfway River Lower to Middle Shaftesbury Fossil Complex encompasses the area from the Highway No. 29 bridge crossing the Halfway River valley upstream through several major meanders to the upper limit of the proposed reservoir limits. An area just upstream beyond the proposed reservoir limits is considered to belong to this fossil complex, as significant fossil assemblages have been discovered. Numerous positive PSAs exhibit extensive exposures of Shaftesbury Formation bedrock capped with Quaternary sediments within the Halfway River Valley and along the south bank of the Peace River opposite the confluence (e.g.,, PS086A, PS098E and PS090A). In the downstream areas the Shaftesbury Formation comprises massive, fissile, dark grey, marine shales and gravel banks line the mouth of the Halfway River. At the Highway No. 29 crossing and upstream, almost vertical slopes of freshly exposed bedrock (e.g.,, PS040D, PS053AD, PSR02E) have abundant concretions jutting out of the banks, which are only accessible by jet boat. The higher terrace faces comprise glacial sands and gravels. Further upstream a series of large meanders have eroded steep banks where swift water inhibits close inspection (e.g.,, PS043AE, PS046BC, PS047A, and PS051BC). Near the upper limits of the LAA more resistant silty shales with ironstone beds and concretions form an exposed bench along the south bank (PS049 B, PS049C). The stratigraphic level along the river tends to become lower within the Shaftesbury Formation, and also changes towards more proximal palaeoenvironments; from restricted marine to marginal marine facies towards the northwest, possibly transitioning into the Hulcross Formation. Upstream beyond the LAA (e.g.,, PSX09E, PSX09G, and PSX09Z) another series of tight meanders has exposed steep, high, extensive cliff faces comprising grey friable shales underlain by more erosionallyresistant silty beds near the water level.

		Table 6 Halfway River Lower to Middle Shaftesbury Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS040D*

		PS042A*

		PS043C**

		PS043D

		PS045AE**

		PS045D**

		PS046BC**PS047A**

		PS047B

		PS048B*

		PS049B*

		PS049C*

		PS050A**

		PS051BC*

		PS052AD**

		PS053AD*

		PS056AB*

		PS098E

		PS090A**

		(PSX09E*)

		(PSX09G*)

		(PSX09Z*)

		Shaftesbury (lower to middle)

		CRETACEOUS

		 MiddleLate Albian

		PALAEOFAUNA

		VERTEBRATES

		 Dinosaur remains

		o Therapod teeth

		o Therapod eggs?

		o 3 bone sites

		INVERTEBRATES

		 Gastropods

		 Pelecypods

		o Camptonectes? 

		o Corbiculids

		o Pelecypod indet.

		 Trace Fossils:

		o Incertae sedis 

		o Teredolites?

		o Rosselia choniodes 

		PALAEOFLORA

		ANGIOSPERMS

		 Monocotyledon form

		GYMNOSPERMS

		 Conifer wood log

		 Cycad Pinnules

		o Ctenis/Podozamites

		o Ctenis borealis

		o Nageiopsis anglica?

		 Wood fragment

		OTHER

		 Algal form sp. A

		Halfway River Lower to Middle Saftesbury Fossil Complex Features



		 Unusual concretions were observed in most of the wellexposed lower levels of the Shaftesbury Formation, which contain what appears to be single algal individuals with branching broad fronds and stypes that are most likely in living position. The algal fossils are threedimensional, composed of a dark grey translucent cherty, polygonalfractured mineral with segments separated by white calcareous septa. Some individual specimens near the Highway No. 29 bridge are not contained within concretions, but occur free along shale bed partings. These algal fossils appear to be confined to a specific stratigraphic interval within the LAAat the Halfway River and also occur in exposures along Peace River near the Halfway River confluence.

		 Common pectinoid shells occur in angular blocks; however, the in situ source was not discovered, and could represent ice rafted blocks from further upstream

		 Podocarpaceous branchlets with affinity to Nageiopsis anglica commonly occur near the base of a wellexposed section at PS050A. One specimen appears to have reproductive cones. 

		 Near the upstream limit of the LAA in PS049C common fossiliferous ironstones and concretions contain the algal fronds in association with a large petrified conifer log

		 Upstream beyond the upper limits of the LAA dislodged dinosaur teeth occur in a coarse gravel bar below the riverbank exposure that exhibited the algal frond concretions (PSX09G). In addition, further upstream beyond the LAA at a helicopter landing site, multiple chance finds of large vertebrate bones were identified along the bench produced by the lower, more silty lithologies of the Shaftesbury Formation(PSX09Z). The age of the sediment is probably Middle Albian and, if confirmed, these could be oldest dinosaur remains in western Canada. 

		Gates Island Gates  Hulcross  Shaftesbury Fossil Complex



		The Gates Island Gates – Hulcross – Shaftesbury Fossil Complex encompasses the area along the north and south banks of the Peace River from the Farrell Creek confluence upstream to include the Dry Creek confluence, Gates Island, and to include the rocky sandstone cliffs further upstream by approximately 1.5km. Several positive PSAs occur along the north and south banks of the Peace River in the vicinity of Gates Island.  The area is characterized by facies changes marked by transitioning environments, both laterally and vertically. The high cliff faces of Gates Island and the opposing river banks expose massive, thickly bedded, paralic sandstones of the type locality of the Gates Formation, which are overlain by the concretion bearing, marginally marine silty shales of the Hulcross Formation. These lithologies, in turn, grade into the restricted marine shales of lower Shaftesbury Formation (partially equivalent to the Hasler Formation). Above Highway No. 29 good exposures of the lower Shaftesbury Formation comprise silty shales with concretions and ironstones high on the roadcut slopes and coulees. Further upstream on the Peace River, towards Farrell Creek, the steep exposures along the riverbanks comprise the Hulcross Formation grading into the lower Shaftesbury Formation, which is also considered in part, equivalent to the Hasler Formation. Overlying these bedrock exposures, as well as the banks of the Peace River downstream and upstream from this fossil complex, have exposures of Quaternary clays, silts, sands and gravels.

		Table 7 Summary Features of the Gates Island Gates – Hulcross  Shaftesbury Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS062B**

		PS063A**

		PS064A**

		PS064B**

		PS064C**

		PS065A**

		PS079G**

		PS080A

		Hulcross Formation/ lower Shaftesbury Formation

		CRETACEOUS

		 Middle Albian

		PALAEOFAUNA

		INVERTEBRATES

		 Ammonites

		o Ammonite indet.

		o Arcthoplites 

		o Cleoniceras (Grycia) dubium?

		 Jelly Fish

		o Hydrozoan indet.

		 Pelecypods

		o Camptonectes?

		o Corbiculid s

		o Inoceramids

		o Pelecypod indet.

		 Trace Fossils:

		o Chondrites

		o Conichnus

		o Helminthopsis

		o Rosselia choniodes

		o Planolites

		o Teichichnus

		o Thalassinoides

		PALAEOFLORA

		ANGIOSPERMS

		 Monocotyledonous reeds (possibly cycad pinnule fragments)

		GYMNOSPERMS

		 Cycad pinnules

		 Cycad rachis

		 Wood form

		 Wood fragment

		OTHER

		 Water Fern

		o Isoetites

		PS064D

		PS065A**

		PS078G**

		PS079A**

		PS079E**

		PS079H

		Gates Formation

		CRETACEOUS

		 Early to Middle Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Dinosaur tracks?

		 Fish scales

		INVERTEBRATES

		 Pelecypods

		o Corbiculids

		 Trace Fossils

		o Arenocolites sp.

		o Chondrites sp.

		o Diplocraterion sp.

		o Ophiomorpha sp.

		o Planolites sp.

		o Rosselia sp.

		o Thalassinoides sp.

		o Trace fossils – undifferentiated

		PALAEOFLORA

		ANGIOSPERMS

		 Lilioid plant

		o Lilites sp.

		 Seed form

		 Monocotyledon form (possibly cycad pinnule fragments)

		GYMNOSPERMS

		 Conifer needles

		o Abietites

		o Needle indet

		 Conifer branchlets

		o Pagiophyllum  magnifolium

		o Elatocladus sp.

		 Cycad log

		 Cycad rachis

		 Cycad pinnules

		o Ctenis/Podozamites 

		o Desmiophyllum

		o Wood fragments

		OTHER

		 Algal form B

		 Horsetail Fern

		o Equisetites sp.

		 Water Fern

		o Isoetites sp.

		 Plant material undifferentiated.

		Gates Island Gates – Hulcross – Shaftesbury Fossil Complex Features



		 The Gates Formation has abundant plant material within the sandstone, including a small lilylike plant impression with a faint central stem terminating with possibly a seedpod. Petrified gymnospermous wood, in the form of small conifer and cycad logs, branches, and leaf elements occur scattered through the formation. The straight rhizomous roots of the water fern Isoetites are common.

		 Intervals exhibiting load casts occur along the middle and upper slopes on Gates Island, that could be deformational flow rolls or possibly dinosaur tracks similar to those upstream near Alwin Holland Memorial Park.

		 Both the Gates and Hulcross formations have a variety of interesting trace fossils

		 Rare ammonites in the Hulcross/lower Shaftesbury interval were observed on the northwest banks of the Peace River, and at the confluence with Farrell Creek

		 A single instance of a small jellyfish impression occurs on the exposure (PS063A) of lower Shaftesbury Formation at the confluence with Farrell Creek

		 Gates Island area, historically, has been a frequent place to inspect and study the stratigraphy, resulting in numerous published fossil occurrences. The abundance of ammonites and other invertebrates observed during recent field work is lower than expected, suggesting it has been frequently visited and the surface gleaned by fossil collectors.

		Lynx Creek Gates Fossil Complex



		The Lynx Creek Gates Fossil Complex encompasses the area of the northwest banks of the Peace River adjacent to the Lynx Creek confluence and extends up the reservoirportion of the Lynx Creek valley. A few small, yet significant positive PSAs near the confluence of Lynx Creek and the Peace River exhibit exposures of the paralic Gates Formation. These flat lying sandstones occur along the banks of Lynx Creek as well as on the streambed forming cascades, upstream from the Highway No. 29 crossing in PS067A. Quaternary sands and gravels overly the bedrock and also form bluffs along the northwest bank of the Peace River. 

		Table 8 Summary Features of the Lynx Creek Gates Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS066E

		PS067A**

		PSR05H**

		Gates Formation

		CRETACEOUS

		 Early to Middle Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Dinosaur tracks

		o Therapod

		o Bird? tracks

		o Amblydactylus 

		INVERTEBRATES

		 Ammonites

		o Arcthoplites (glacial clast)

		 Pelecypods

		o Camptonectes

		o Unio sp.?

		 Trace Fossils:

		o Arenocolites 

		o Glossifungites

		o Thalassinoides

		o Zoophycos 

		PALAEOFLORA

		ANGIOSPERMS

		 Monocotyledon form (possibly cycad pinnule fragments)

		GYMNOSPERMS

		 Cycad pinnules

		o Ctenis/Podozamites

		 Conifer needles 

		Lynx Creek Gates Fossil Complex Features



		 The sandstones of the Gates Formation have partial load casts in the slightly dislodged sandstone blocks in PS067A that are potentially dinosaur tracks. Similar features can be vaguely observed in sandstone beds through the water.

		 Further upstream at in PSR05H, a bench of in situ sandstone exhibits good therapod tracks along with smaller tracks that are similar to those formed by birds along with other invertebrate trace fossils

		 The Cretaceous ammonite Arcthoplites occurs as a reworked glacial clast within Quaternary gravels 

		Hudson’s Hope Moosebar – Gates Fossil Complex



		The Hudson’s Hope Moosebar – Gates Fossil Complex is defined as the area along both the south and north banks of the Peace River from Hudson’s Hope and the Maurice Creek confluence upstream to the Peace Dam, as well as the proposed reservoir area of the Maurice Creek Coulee. The downstream portion of the Peace River Canyon, from the Peace Dam to Hudson’s Hope including the confluence of Maurice Creek, offers almost continuous cliffs of bedrock along the banks of the river including several rocky fluvial islands near Alwin Holland Memorial Park. The bedrock at the lower levels comprises the Moosebar Formation, which is a dark grey shale with ironcemented sandstones. The resistant upper cliff faces have the paralic sandstones of the Gates Formation. These sandstones, in turn, are capped by Quaternary travertines, sands, gravels and clays on the adjacent terraces. Due to faulting and shallow folding the Gates Formation descends to river level near Alwin Holland Memorial Park and near the Highway No. 29 bridge at the Peace Canyon Dam. Travertine deposits, which are continually forming along the cliff faces below Hudson’s Hope are associated with nearby springs and obscure the partially exposed bedrock.

		Table 9 Summary Features of the Hudson’s Hope Moosebar – Gates Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS070A**

		PS070C**

		PS070D**

		PS072B**

		PS072C**

		PS073C**

		PS073D**

		PS073F**

		PS073I**

		PST01B**

		Gates Formation

		CRETACEOUS

		 Early to Middle Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Dinosaur tracks

		o Amblydactylus load casts

		o Tetrapodosaurus (questionable partial tracks, bioturbation)

		INVERTEBRATES

		 Trace Fossils:

		o Asterocites

		o Cruziana 

		o Planolites

		o Scoyenia

		o Spirorhaphe

		o Thalassinoides

		o Trace fossils  undifferentiated

		PALAEOFLORA

		ANGIOSPERMS

		GYMNOSPERMS

		 Cycad pinnules

		o Ctenis/Podozamites

		 Conifer Wood log

		o Dacrydioides/Nageai/Afrocarpus affinities

		OTHER

		 Plant material undifferntiated

		 Roots 

		PS069D**

		PS069E**

		PS070C**

		PS070D**

		PS073B

		PS073I**

		Moosebar Formation

		CRETACEOUS

		 Early Albian

		PALAEOFAUNA

		INVERTEBRATES

		 Ammonites

		o Arcthoplites (Lemuroceras) belli

		o Arcthoplites 

		o Gastroplitid?

		 Gastropod

		o Gastropod indet

		 Pelecypod

		o Cremnoceramus 

		o Pelecypods indet.

		o Shell fragments

		o Unio

		 Trace Fossils

		o Conichnus 

		o Hippuritidae 

		o Planolites 

		o Rosselia choniodes

		o Thalassinoides 

		PALAEOFLORA

		ANGIOSPERMS

		 Monocotyledonous reed (possibly cycad pinnule)

		GYMNOSPERMS

		 Conifer needles

		 Conifer branchlet

		o Araucaria branchlet (pyritized)

		 Cycad pinnules

		o Ctenis/Podozamites

		 Cycad rachis 

		 Wood

		OTHER

		 Water Fern

		o Isoetites sp.

		 Roots 

		The Hudson’s Hope Moosebar – Gates Fossil Complex Features



		 Some of the load casts along the upper surface of a Gates Formation sandstone bed are interpreted as casts of dinosaur tracks. Other potential dinosaur tracks occur in the flat lying sandstones downstream from the Highway No. 29 bridge on the south bank.

		 Abundant plant material occurs in the Gates Formation. A large in situ podocarpaceous log imbedded in sandstones occurs upstream and downstream from the Hwy 29 bridge along the south bank in PS072C. Another similar displaced log fragment occurs downstream in PS073C.

		 Both the Gates and Moosebar formations have a variety of interesting trace fossils

		 Good assemblage of Moosebar Formation fossils comprising small ammonites, clams and numerous burrows, as well as a pyritized Araucaria branchlet (the monkeypuzzle tree), cycad rachis and pinnules, and water ferns occur in PS069D and PS070C

		 A makeshift cobble table with scattered fossil debris and numerous beds with hammered chips suggest strong fossil depletion due to amatuer fossil collecting in the vicinity of Alwin Holland Memorial Park

		Upper Maurice Creek Cruiser Complex



		The Upper Maurice Creek Cruiser Complex is located along the Maurice Creek coulee and two of its tributaries within the bounds of the proposed corridor for the transmission system. At the he proposed transmission line crossings of Maurice Creek and its tributaries, small dales have been eroded through the paralic sandstones and siltstones of the Cruiser Formation that is interbedded with shales possibly transitioning to the marine Shaftesbury Formation. The bedrock is covered by exposed Quaternary glaciofluvial sands.

		Table 10 Summary Features of the Upper Maurice Creek Cruiser Fossil Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PST02E**

		PST03B**

		Cruiser Formation 

		CRETACEOUS

		Middle Albian

		PALAEOFAUNA

		VERTEBRATES 

		 Dinosaur

		o Therapod? teeth

		 Fish

		o Pisces corroded form

		o Fish Scale sp. indet.

		INVERTEBRATES

		 Trace Fossils

		o Arenicolites

		o Asterosoma 

		o Bergaueria 

		o Cosmorhaphe

		o Diplocraterion 

		o Lorenzinia

		o Nereites 

		o Planolites

		o Rhyzocorallium

		o Rossellia socialis

		o Shaubcylindrichnus freyi?

		o Syringopora 

		o Thalassinoides 

		o Zoophycos 

		o Bioturbation structure undif.

		PALAEOFLORA

		ANGIOSPERMS

		GYMNOSPERMS

		 Cycad pinnule 

		 Wood sp.

		OTHER

		 Plant material undifferentiated

		Upper Maurice Creek Cruiser Complex Features



		 The floors and slopes of Maurice Creek and its tributary (PST02E and PST03B) are abundant with invertebrate trace fossils of the Cruisiana Ichnofacies

		 Specimens are well preserved and provide excellent examples of many burrow, feeding, and grazing structures, as well as fish scales found within the same sample as a sea anemone trace 

		 Cusped elements with dark enamellike surfaces  were observed in sandstone at PST02E and are tentatively identified as vertebrate teeth fossils

		Quaternary Complex



		The Quaternary Complex encompasses the entire LAA and these deposits form an almost continous blanked over the underlying bedrock.. These deposits consist of a variety of grainsize from silts, sands to coarse gravels representing glaciolacustrine and glaciofluvial deposits. Exposures were evident in cutbanks with fresh erosional surfaces predominantly along the terraces of the Peace River valley, Highway No. 29 road cuts, and other incised gullies. Sedimentary features include wavy lamination, cross lamination, normal grading, dropstones, peaty layers, palaeofire horizons and palaeosols. 

		Extensive sand and gravel exposures occur above the bedrock along the south bank of the Peace River, across from the confluence with Halfway River. Travertine deposits are located along the north bank of the Peace River near Hudson’s Hope, as well as along the banks of the Halfway River. 

		During background research and map review, several ponds located in abandoned river channels on the middle terraces were noted within the LAA. The first are elongated ponds on the south side of the Peace River, upstream from the confluence with the Halfway River near PS085A.  The second grouping of ponds includes a series of welleutrophicated ponds on the north side of the Peace River, downstream from Bear Flat between PS021G and PS022A. The ponds can represent relatively undisturbed reservoirs of the local pollen record. that reflect changing palaeovegetation and palaeofaunal patterns subsequent to terrace development.

		Table 11 Summary Features of the Quaternary Complex

		Positive PSAs

		Stratigraphic Unit

		Period/Age(s)

		Fossil Types Observed/ Collected

		PS001C**

		PS005D**

		PS024B

		PS025E*

		PS026C*

		PS037B**

		PS048A**

		PS062A**

		PS062B**

		PS062L

		PS063A**

		PS064A**

		PS064C**

		PS065A**

		PS067A**

		PS067B

		PS070A**

		PS070B**

		PS070D**

		PS076E

		PS078G**

		PS114D**

		PS116E**

		PSQ02A**

		PSR01B6**

		PSR01B7**

		PSR01H2**

		PSR01I3**

		PST12A**

		PSX22Z**

		 Laurentide tills

		 Glaciallacustrine deposits

		 Glaciofluvial deposits

		QUATERNARY Pleistocene to PostWisconsin

		PALAEOFAUNA

		VERTEBRATES

		 Mammals

		o Canine bones

		o Canid skull filled with rat scat  Modern bones

		o Rodent femur, rib

		o Rodent jaw (beaver?)  Modern

		o Rodent bone elements

		o Mammal bone fragment?

		o Large ungulate scapula – probably Modern 

		o Vole skeletal elements

		 Birds

		o Birdlike bone fragment?

		o Bird bone sp. indet.

		o Large bird femur  recent 

		Mammals identified in Hebda et al. 2008

		 Voles:

		o Clethrionomys gapperi

		o Microtus xanthognathus

		o Microtus pennsylvanicus

		o Microtus pennsylvanicus?

		 Mice:

		o Peromyscus maniculatus

		 Hares:

		o Lepus americanus

		o Lepus americanus?

		 Squirrels:

		o Tamiasciurus

		o Hudsonicus

		INVERTEBRATES

		 Gastropods

		o Discus whitneyi?

		o Discus shimekii?

		o Fossaria obrussa

		o Heliosoma trivolvis

		o Lymnaea stagnalis – dwarf

		o Stagnicola elodes

		o Succinea strigata

		o Vallonia gracilicosta

		 Gastropods

		o Pelecypod sp. indet.

		 Trace Fossils

		o Skolithos

		PALAEOFLORA

		 Angiosperms

		o Poplus sp.

		 Coal or charred wood

		 Stump form

		 Wood form

		OTHER

		 Palaeosol carbon layer

		 Charcoal/peat ball

		 Palaeosol

		 Charcoal

		 Peaty organic matter

		 Travertine (with fossil impressions)

		Quaternary Complex Features



		 Travertine deposits near Hudson’s Hope exhibit both plant leaf impressions and imbedded gastropods with good preservation. The gastropods found within dislodged travertine blocks are larger in diameter by a factor of 2 to 5 times when compared to other Quaternary gastropods found within the LAA.

		 Near the confluence of the Peace River and Farrell Creek at PS062A an in situ lower mandible from a rodent is associated with gastropods within laminated sands

		 Palaeopond sediment profiles are exposed in a number of locations. For example PS064C exhibits a shallow pond profile with three palaeosols, few gastropods possibly in situ, and a canine skeleton buried in overriding colluvium. 

		 Existing ponds also present the micropalaeontological opportunities

		 Charcoals are distributed across the LAA as scattered fragments in the coarse glaciofluvial gravels

		 Upper Bear Flat hosts a diverse Quaternary fossil assemblage 

		 Green jade cobbles were observed on a gravel bank in PSO76E

		 Reworked Cretaceous fossils were also found in Quaternary deposits 

		Appendix E of Volume 4, Appendix C

		During preparation of the technical memorandum for Palaeontology, an error was found in Volume 4, Appendix C Heritage Resource Assessment Report: Appendix E – Summary of Palaeontological Results. The error appears to be the result of a global search and replacement of dashes () with “ND” in the tabular document that has created incongruences in the alpha numeric codes for PSA numbers and sequence references (i.e.,, PSA 001AC becomes PSA 001ANDC), photo record numbers, waypoint numbers and locations where dashes were used to indicate expansions of an idea such as “Ammonites –“. These errors have been corrected and a new Appendix E erratum has been produced. This update does not change the results of the effect assessment on palaeontological resources.

		Further Reporting on the Palaeontological Assessment 

		A substantial palaeontological field program has been completed to date. It is BC Hydro’s opinion that the data are complete for the purposes of the environmental assessment. As noted in EIS Section 32.2.2 additional field inventory will be completed in the following: 

		1) Areas where, for the EIS, a corridor or area was identified but not a specific footprint for construction activities. These areas include:

		 Construction of access roads

		 Offsite and one potential onsite construction materials area

		 Transmission connection to Peace Canyon Dam

		 Existing infrastructure that may require relocation (buried services and pipelines)

		2) Private land where owners have not granted access to BC Hydro for the purpose of undertaking heritage field work. Field inventory in these areas would be undertaken prior to construction activities, when BC Hydro acquires access rights to these properties.

		EIS Section 32.2.2 also includes BC Hydro’s commitment to complete the inventory and assessment of the outstanding areas as detailed design proceeds in a manner consistent with the current heritage assessment prior to the start of construction in those areas, and to submit reports on future heritage assessment work to relevant Provincial agencies and Aboriginal groups in accordance with legislative and permit requirements. 

		Future reports will be used to inform mitigation discussions and development of mitigation measures for palaeontological resources with input from:

		 The Royal British Columbia Museum

		 The B.C. Ministry of Forests, Mines and Lands (Land Tenures Branch)

		 Local stakeholders
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Subject: Peace Athabasca Delta  


Purpose 
A number of comments have been received during the Comment Period regarding the need for the 
inclusion of the Peace Athabasca Delta (the “PAD”) in the spatial scope of the environmental 
assessment for the Project. These comments include: 


1) The scope of the assessment should extend to the PAD due to potential alterations in ice formation, 
ice break up/jamming and flood regime 


2) The scope of the cumulative effects assessment should extend to the PAD 


3) The Project could have an effect on the exercise of treaty rights and other traditional use of the PAD 
by Aboriginal peoples 


4) The PAD should be a valued component 
 


A number of comments refer to a report prepared by Dr. Martin Carver for the Athabasca Chipewyan 
First Nation, Dene Tha' First Nation, and Mikisew Cree First Nation (Review of Hydrologic & 
Geomorphic Downstream Impacts of Site C, December 2012).  That report was based on a review of 
preliminary findings contained in “Potential Downstream Changes” (BC Hydro, 2012). BC Hydro has 
reviewed the comments and Dr. Carver’s report, however the final analysis contained in the EIS, which 
supersedes the preliminary findings in the BC Hydro 2012 report, is accurate.  BC Hydro has also 
reviewed the Draft Technical Memorandum prepared by Kerr Wood Leidal on behalf of the Deninu Kue 
First Nation (Report Review – Site C Clean Energy Project, Potential Downstream Changes, January 
2013). 


The purpose of this memorandum is to provide information which explains the conclusion that the PAD 
would not be affected by the Project and accordingly, why it is not included in the scope of the 
environmental assessment of the Project.  


This technical memo provides: 1) a summary of the relevant characteristics of the PAD (including a 
summary of research on the impacts of previous hydroelectric developments on the PAD); 2) a 
summary of technical analysis undertaken to determine if the Project has the potential to result in 
physical changes that would affect the PAD; and, 3) the conclusion regarding the potential for the 
Project to result in physical changes to the PAD and whether it should be included in the environmental 
assessment of the Project. 


As set out in more detail below, the Athabasca River is the primary source of water for the PAD. The 
Peace River flows past the PAD, but can influence water levels on portions of the PAD through one of 
four mechanisms, as follows.  


• During sustained high water levels on the Peace River, the Peace River flows cause hydraulic 
damming of outflows from Lake Athabasca thereby leading to higher water levels on Lake 
Athabasca  
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• When the Peace River flow is high and the levels of Lake Athabasca are relatively lower, the Peace 
River can cause a “flow reversal” on Riviere des Rochers and the Quatre Fouche connecting the 
Peace River to Lake Athabasca   


• When the Peace River flow is high, the Peace River can cause the Baril and Claire Rivers to 
reverse flow, which may allow Peace River water to enter lakes Baril and Claire, respectively 


• The Peace can contribute water to the northern portions of the PAD through overbank flooding 
when ice jams of sufficient size and duration form on the Peace River during spring breakup   


In the absence of one of these mechanisms, the Peace River does not influence water levels on the 
PAD, and does not thereby affect the PAD. The predicted changes to the surface water regime 
attributable to the Project will not result in a change in the likelihood or magnitude of any of the four 
mechanisms, and accordingly will have no effect on the hydrology of the PAD. 


Background 
Description of the PAD 


The Peace-Athabasca Delta (PAD) is a large (approximately 6,000 sq.km.) inland delta located more 
than 1,000 km downstream of the proposed Site C Project in northwestern Alberta (see Figure 1). It is a 
dynamic wetland landscape that continues to evolve and change through time. The PAD began to form 
more than 10,000 years ago during the retreat of the continental ice fields at the end of the Pleistocene 
period. The PAD has subsequently evolved to its present form over several thousand years due to the 
interactions of the Athabasca River, the Birch River, the Peace River, and Lake Athabasca1.  


The PAD has been recognized as ecologically important based on its size, biodiversity, productivity, 
and for its importance to waterfowl, bison, peregrine falcons, whooping cranes, and many other plant 
and animal species. It is located at the junction of five continental waterfowl migratory paths and home 
to North America’s largest free-ranging herd of bison. The PAD also has a strong socio-cultural 
significance to the Mikisew Cree and Athabasca Chipewyan First Nations and the Fort Chipewyan 
Métis, all of whom reside in or near Fort Chipewyan on the shore of Lake Athabasca. It has also been 
one of Canada’s prime fur harvesting areas. Its unique blend of biodiversity, cultural significance, and 
history led to its being incorporated into Wood Buffalo National Park in 1922, and subsequently being 
designated as one of Canada’s UNESCO World Heritage sites and named a Ramsar Wetland of 
International Significance in 1982. 


The PAD is bounded on the south by the Athabasca River; on the east by Lake Athabasca and the 
Riviere des Rochers; on the north by the Peace River; and on the west by Lake Claire (see Figure 2).  


The PAD has four primary geographic features that differ in their morphological, hydrological, and 
ecological characteristics. These are: 1) the central lakes, 2) the Athabasca River delta, 3) the 
moribund Peace River delta, and 4) the Birch River delta. The central lakes area is often divided into 
three categories based on relative elevation and hydraulic connection to the flow of the major rivers that 
distribute water though the PAD complex. “Open” basins are large permanent lakes that occupy the 
lowest elevations of the central third of the ecosystem and are permanently connected to the major 
rivers through permanent flowing creeks (i.e. Claire, Mamawi, Richardson, and the west end of Lake 
Athabasca). A second category is ephemeral shallow basins (i.e. Baril Lake) that dry out and refill 


                                                 
1  Bayrock, L.A. and J.D. Root. Geology of the Peace-Athabasca Delta Region, Alberta; Research Council of 


Alberta, Geology Division, May 1972.  
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depending on climatic conditions. Basins such as this are called “restricted” because they often lose 
their connection to permanent water flows as water levels fall through the year or vary from year to 
year. The third group is known as “perched” basins” which are found at higher elevations or are 
hydraulically isolated so they never connect to permanent water flows and are filled with water only 
from precipitation or overland floods typically caused by large ice-jams on the Peace or Athabasca 
Rivers. Local precipitation and evapotranspiration are known to be major contributors to perched basin 
water levels. These perched basins and their extensive shorelines are key features in the PAD because 
they support productive and diverse ecological communities of cultural importance. The Athabasca 
River and Birch River deltas are active and growing. The Peace River delta is now effectively inactive, 
and was inactive long before flow regulation was initiated2. 


The ecology of the PAD is linked to seasonal water levels. The Athabasca River flows north into the 
PAD complex and is the single largest contributor of water to the PAD. Athabasca River flows are 
distributed across its delta through a series or rivers (i.e. Embarras River/Mamawi Creek) and smaller 
distributary channels into Lake Athabasca and other central basin lakes. The pattern of water flow and 
water levels through the PAD is complex and depends on the elevation of Lake Athabasca, the flow of 
the Athabasca River, and the inflows from other rivers (such as the Birch River) that supply water to the 
PAD complex. Water typically flows from the Athabasca River and other rivers into the central lakes 
(predominantly into Lake Athabasca), which empties the PAD mainly through the Riviere des Rochers 
which joins the Peace River to form the Slave River. 


Although the Peace River bypasses the PAD complex it can influence open water levels on the PAD in 
four ways. First, sustained high Peace River flows can cause hydraulic damming of outflows from Lake 
Athabasca thereby leading to higher water levels on Lake Athabasca. Secondly, when the Peace River 
flows are high and the levels of Lake Athabasca are relatively lower, the Peace River can cause a “flow 
reversal” on Riviere des Rochers and the Quatre Fouche connecting the Peace River to Lake 
Athabasca (see Figure 2). Third, when the Peace River flow is high, the Peace River can cause the 
Baril and Claire Rivers to reverse flow, which may allow Peace River water to enter lakes Baril and 
Claire, respectively. Fourth, the Peace River can contribute water to the northern portions of the PAD 
through overland flooding during ice jam events of sufficient size and duration that occur during spring 
break up. The Peace River provides a small contribution to the inflows to the PAD. This contribution 
prior to flow regulation has been calculated to be approximately 3% of the total annual water budget of 
the PAD3.  


Summary of Research Regarding Regulation of the Peace River and the PAD 


A number of comments received as part of the environmental assessment process for Site C have 
referenced previous studies regarding the effects of flow regulation on the Peace River on the 
hydrology and ecosystems of the PAD. A brief summary of that work is provided below, for context. The 
research record is complex, with more recent research providing refinements and improved 
understanding of the interaction of existing flow regulation and the hydrology of the PAD. However, the 
Project will not have any effect on the hydrology and ecosystems of the PAD because it will not change 
the magnitude or likelihood of any of the four mechanisms necessary for the Peace River to influence 
the hydrology of the PAD.  


                                                 
2  See footnote 1. 
3  Kellerhals R. 1971 Factors controlling the level of Lake Athabasca. Research Council of Alberta Contribution 


no. 516, 56 p. 
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The potential linkage between regulation of the Peace River and the ecological integrity of the PAD was 
first raised in the late 1960s when low levels on Lake Athabasca were observed which corresponded in 
time with the beginning of flow regulation upstream in British Columbia. Following completion of the 
W.A.C. Bennett Dam in 1968 and during the filling of Williston Reservoir between 1968 and 1971, Lake 
Athabasca was observed to experience low water levels that were believed to be caused by regulation 
of the Peace River. In 1972 and 1974, however, significant flooding of the PAD occurred. From a 
historical perspective, the decade immediately preceding completion of the dam was a relatively wet 
period but dam construction and reservoir filling was coincident with and followed by longer dry periods 
interspersed with short wetter ones. As a result, water level and corresponding environment of the PAD 
has fluctuated over the past five decades between low-and-dry and high-and-wet, with more of the 
former than the latter. Though such changes are typical of the PAD throughout its existence, the 
persistence of dry periods following dam construction led some to conclude that flow regulation was the 
primary cause of low water levels in the PAD. 


Research studies to investigate changes to the PAD were initiated in the 1970’s through the Peace 
Athabasca Delta Project Group4,5. These studies were intended to investigate how flow regulation had 
altered the flow regime of the PAD. The filling of Williston Reservoir was viewed to be the most severe 
cause of observed change in water levels on Lake Athabasca during the filling period. Subsequent 
operation of the hydroelectric facilities was believed to have caused continued change to the ecological 
conditions because lower summer peak flows as a result of regulation prevented summer flooding of 
the PAD.  


In 1974, the Peace Athabasca Implementation Agreement was signed by governments of Canada, 
Alberta and Saskatchewan. Under this agreement, the governments agreed to establish the Peace 
Athabasca Implementation Committee (PADIC), and to undertake studies to design and construct 
works to manage water levels in the PAD. Engineering studies led to recommendations to construct 
flow control weirs to retain outflows from the PAD. This included weirs to retain outflows from Lake 
Athabasca (Rivieres des Rochers, 1975; Revillion Coupe, 1976), to retain water in Lake Claire and 
Mamawi Lake (Chenal des Quatre Fourches, 1971), and to undertake works to control flow across the 
Athabasca River delta to maintain transportation routes (e.g., Athabasca River cut-off channel, 1972).  


In 1983, the PADIC evaluated the effectiveness of the constructed weirs to determine whether they had 
restored water levels and improved ecological conditions in Lake Athabasca and the PAD. The weirs 
were found to increase average water levels in summer and produce higher winter minimum levels. The 
review concluded that increased water levels attributable to the weirs mitigated some of the long term 
biological impacts resulting from reduced water levels, but the decreased range in water levels led to a 
reduction in the availability of productive wetland.  


Concern about the drying trend on the PAD persisted into the 1990s. Despite the increased water 
levels resulting from the flow control weirs, analyses of changes in vegetation communities between 
1974 and 1983 suggested that a drying trend persisted. Further, the flood of record on the Peace River 
occurred in 1990 and it was observed that it failed to cause flooding in the PAD. This observation 
triggered a review of existing knowledge, and highlighted that the change in the hydrograph to lower 
summer peak flows did not affect the hydrology of the PAD but that spring ice jam flooding from the 
Athabasca and Peace Rivers and precipitation were the primary mechanisms to supply water to the 


                                                 
4  Peace–Athabasca Delta Project Group (PADPG). 1973. Peace–Athabasca Delta Project, technical report and 


appendices. Vol. 1,Hydrological Investigations; Vol. 2, Ecological Investigations. 
5  Peace–Athabasca Delta Project Group (PADPG). 1972. The Peace– Athabasca Delta: a Canadian resource. 


Summary Report. 144 pp.  
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ecologically important restricted and perched basins habitats. In 1993 a new program of technical 
studies was developed (the Peace Athabasca Delta Technical Studies, PADTS) to review past 
information, to fill data gaps (on aspects such as potential for spring flooding from Peace River ice 
jams), and to test potential remedial techniques. Important conclusions from these studies included:  
1) both high water levels in summer and low water levels in winter in the PAD are important for 
maintaining variability in water levels in the large lakes and connected channels to maintain productive 
habitats; 2) spring ice jams on the Athabasca and Peace Rivers are important as they generate high 
water levels required to supply flows to the PAD; 3) both climate variation and flow regulation are 
factors that could influence the occurrence of ice jams on the Peace River. The PADTS also 
investigated approaches to mitigate the effects of flow regulation such as: 1) control of river flows 
during freeze up and spring break up to promote ice jamming; 2) testing of artificial ice dams and small 
scale water control structures to control local flooding in the PAD; and, 3) evaluation of gated flow 
control weirs to restore the range of water level variation6.  


Ongoing research since the PADTS in the mid -1990’s has continued to advance understanding of the 
role of flow regulation and other factors that contribute to variation and systematic changes to patterns 
of water levels of the PAD. This research has focused on: 1) the potential role of climate on water levels 
in the PAD, 2) historical pattern of geomorphic change on the PAD, and, 3) antecedent conditions and 
external factors influencing ice jam flooding of the PAD. 


Paleolimnological research into climatic changes in the PAD shows that the PAD has experienced 
longer and drier cycles over the last thousand years than has been observed during the period of flow 
regulation of the Peace River and that the range of observed conditions is well within the range of 
natural variability in the PAD7. 


Research on geomorphic change of the PAD has provided a broader temporal context to understand 
the dynamic nature of the progression of inland delta landscape8,9. This work provided the 
understanding that anthropogenic interventions (such as those undertaken in 1972 to manage a 
potential change in the course of the Athabasca River mainstem to maintain commercial interests and 
shipping) irreversibly affected the evolution of the PAD complex, the subsequent geomorphic form of 
the delta, and the patterns of water flow and levels through it.  


Research on ice jamming in the Lower Peace River has improved understanding about the conditions 
associated with ice jamming in the Lower Peace River, and how flow regulation and other factors 
interact to create a dynamic break up of the ice cover needed to produce an ice jam in the vicinity of the 
PAD10. An important finding of this research was improved understanding of the interactions between 
river levels during the freeze up of ice cover in the fall, flow regulation during the ice cover formation 
and break up period, and the magnitude of runoff from unregulated tributaries located downstream of 


                                                 
6  Peace–Athabasca Delta Technical Studies (PADTS). 1996. Final Report. PADTS Steering Committee, Fort 


Chipewyan, Alberta; 106 pp. 
7  Wolfe, B. B., Hall, R. I., Edwards, T. W., & Johnston, J. W. (2012). Developing temporal hydroecological 


perspectives to inform stewardship of a northern floodplain landscape subject to multiple stressors: 
paleolimnological investigations of the Peace–Athabasca Delta. Environmental Reviews, 20(2). 


8  Timoney, K. P. (2009). Three centuries of change in the Peace–Athabasca Delta, Canada. Climatic change, 
93(3-4), 485-515. 


9  Mollard, J.D., Mollard, D.G., Penner, L.A., Cosford, J.I., and Zimmer, T.A.M. 2002. Peace–Athabasca Delta 
Geomorphology: an assessment of geomorphic change over time. Report to BC Hydro, 131 pp. 


10  Beltaos, S., Prowse, T. D., & Carter, T. (2006). Ice regime of the lower Peace River and ice‐jam flooding of the 
Peace‐Athabasca Delta. Hydrological processes, 20(19), 4009-4029. 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO  SITE C CLEAN ENERGY PROJECT 


 


TECHNICAL MEMO – PEACE ATHABASCA DELTA Page 7 


 


the point of regulation during the spring break up period when ice jams can form. Since snow in the 
upper Peace basin that melts and flows into Williston Reservoir is normally still frozen at ice-jam time at 
the PAD the spring freshet from the upper Peace River, both prior to and post regulation, arrives at 
Peace Point too late to initiate a mechanical breakup of the ice. The Smoky River, a tributary that joins 
the Peace River downstream of the existing hydroelectric facilities, is now recognized as the main 
driver of ice-jam floods at the PAD. Changes to regional climate on the east slope of the Rockies has 
resulted in changes to runoff patterns of tributaries located there and this has reduced the potential for 
initiation of a dynamic break up of the ice cover, and corresponding ice jam flooding of the PAD.  


Regulatory Consideration of the PAD 


In 2003 the Natural Resources Conservation Board and Alberta Energy and Utilities Board Panel 
considered the Dunvegan Project, a proposed run-of-river hydroelectric facility in Alberta. The Panel 
concluded that although upstream developments can impact the rest of the drainage basin, any such 
impacts from the proposed Dunvegan project on the residents on PAD and residents of the area 
(Paddle Prairie Métis Settlement, Fort Resolution, Fort Smith, and Fort Chipewyan) would be 
insignificant, given the nature of the project.  


In a second Dunvegan Project review, in its 2008 Joint Review Panel Decision Report, the Panel 
concluded that it was not likely to result in significant adverse environmental effects. The Panel 
concluded that the Dunvegan Project is not designed to regulate flows of the Peace River and as a 
“flow taker”, the Project would not have an effect on the flow regime downstream of Fort Vermilion and 
therefore was not likely to result in cumulative effects on the PAD or on Wood Buffalo National Park. 


The Panel’s conclusion with respect to the PAD on the Dunvegan Project is particularly relevant 
because of the similar nature of effects predicted from the proposed operation of the Project, as is 
described below. 


Summary of Predicted Changes to Peace River in the Area of the PAD Resulting from Site C 
Surface Water Regime 


The predicted changes in surface water regime as a result of the Project are described in Section 11.4 
(Surface Water Regime) and Volume 2 Appendix D of the EIS Part 2 Downstream Flow Modelling 
(1-D). Additional information has been provided in the Spatial Boundary Selection technical memo, 
submitted to Provincial and Federal environmental assessment agencies as part of BC Hydro’s 
information request response package on April 29, 2013. The following provides a summary of the 
predicted influence of the Project on downstream surface water regime, with particular emphasis on 
results at Peace Point, Alberta, the downstream study boundary. 


The operation of the Project would be coordinated with the operation of existing facilities upstream on 
the Peace River, as well as other available system resources, to meet provincial demand for electricity 
in a safe, reliable, and efficient manner. Accordingly, Project discharges would follow the same pattern 
as the provincial demand for electricity: higher during the winter and lower during the summer on a 
seasonal basis, higher during weekdays and lower during weekends on a weekly basis, and higher 
during daylight hours and lower during late night hours on a daily basis. 


The Site C reservoir would have a relatively stable water level. As described in Section 11.4.4.2.1 of the 
EIS, it is predicted that the reservoir water level would remain within the top 0.6 m of the 1.8 m 
maximum normal operating range between 83 and 99% of the time and would operate in approximate 
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hydraulic balance with the upstream facilities over any given day. The Site C Dam and Generating 
Station have been designed to safely pass the most severe flood that could reasonably occur11, and 
therefore not limit the capability to pass maximum inflows from upstream of the Project. As such, the 
amount of water flowing into the Site C reservoir in a given day would be approximately equal to the 
water released through the turbines. In general, the limited amount of active storage (storage within the 
maximum normal operating range) limits the degree to which the Project could change the downstream 
flow regime.  


The approach used to study the potential influence of the Project on surface water regime included the 
use of optimization models to simulate possible future operations of the BC Hydro integrated electrical 
generation system with and without the Project. As would be expected from the addition of any new 
resource to the integrated system, the simulations suggested differences in the dispatch of the various 
resources in the two cases. A decade of simulated hourly flows from the Site C and Peace Canyon 
generating stations (for the scenarios with and without the Project, respectively) were transferred 
down-river using one-dimensional hydraulic modelling, as described in Volume 2 Appendix D, Part 2 
Downstream Flow Modelling (1D).  


At Peace Point (the downstream extent of the surface water regime study, located approximately 40 km 
upstream of the PAD), negligible change in surface water regime is predicted as a result of the Project 
compared to the natural variability of the surface water regime at that location. This assertion is further 
explained in the Spatial Boundary Selection Technical Memo. Annual and seasonal duration curves of 
hourly flow/ water level with and without the Project were provided in the EIS and are attached for 
reference (see Figure 3). Additional duration curves of hourly flow at Peace Point for the ice freeze-up 
and break-up periods (taken as the month of November for freeze-up and the period April 15 to May 15 
for break-up) are also attached to better illustrate the predicted influence of the Project during those 
particular periods (see Figures 4 and 5).  


At Peace Point, the downstream extent of the hydraulic model (approximately 1,030 km downstream of 
the Site C dam site), Figures 3, 4 and 5 illustrate that the duration of any particular flow/water level both 
with and without the Project are very similar. The only notable predicted change is a small increase in 
the frequency of low flows with the Project in the typical freeze-up period. The possibility of a 
relationship between the freeze-up stage (water level) and the probability of dynamic break-up and 
ice-jams in the spring has been researched12. The probability of ice jamming would not be influenced 
by the relatively lower flows that are predicted to occur periodically during the freeze-up period with the 
Project. Ice cover that forms at a low level during a period of relatively low flow in November would 
re-freeze at a higher level as flows increase in December. The change in freeze up levels occurs 
because with increasing flows, the floating portion of the ice cover in the main channel releases from 
the border ice attached to the banks, floats up to accommodate a higher flow beneath it, and re-freezes 
to the banks at a new, higher freeze-in level13. Consequently, the predicted small increase in the 
frequency of lower flows in November would not effect the frequency of ice-jams in the lower reaches of 
the Peace River. The timing and magnitude of ice-jamming would also not be influenced by the Project. 


                                                 
11  See Volume 1 Section 4 Project Description. 
12  Ashton, G.D. 2003. Ice jam flooding on the Peace River near the Peace Athabasca Delta. Canadian Water 


Resources Association 56th Annual Conference: Water Stewardship: How are we managing? Vancouver, B.C. 
June 11-13, 2003 315-323. 


13  Beltaos, S., T. Prowse, and T. Carter. 2006. Ice regime of the lower Peace River and ice-jam flooding of the 
Peace Athabasca Delta. Hydrological Processes 20(19): 4009-4029. 
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In the open water (ice-free) period, the Peace River only influences the hydrology of the PAD under 
relatively high Peace River flows conditions (either by creating a hydraulic dam effect, or leading to flow 
reversals through Riviere des Rochers and the Quatre Fouche that typically flow north into the Peace 
River). The predicted changes at Peace Point in the open water period are negligible relative to the 
range and variability of flows at this location. 


Fluvial Geomorphology and Sediment Transport 


The Fluvial Geomorphology and Sediment Transport study (described in Section 11.8 Fluvial 
Geomorphology and Sediment Transport and Volume 2 Appendix I Fluvial Geomporphology and 
Sediment Transport Technical Data Report) concluded that the Project would have no influence on 
channel erosion and depositional patterns in the Peace River downstream of the damsite other than 
possible local erosion of the channel bed in the first few kilometers downstream of Site C dam under 
unusually high flow conditions. This result is based on the negligible change in surface water regime as 
it relates to fluvial geomorphological processes on the Peace River. 


In terms of suspended sediment load, it was predicted that the Project would lead to a 2% reduction in 
the mean annual load at Peace Point which is a negligible change relative to the natural variability of 
annual load. As an example, the estimated annual suspended sediment load at the B.C.-Alberta border 
for the 10 year simulation period ranged from approximately -84 % to +234 % of the 10-year mean 
annual load. Similar variability would also be expected at other locations along the river. 


Thermal and Ice Regime 


Results of the downstream ice study (described in Volume 2 Section 11.7 Thermal and Ice Regime and 
EIS Appendix G Downstream Ice Regime Technical data Report) indicate that there would be no 
change to the ice regime (including the timing of ice formation and break-up, ice thickness and ice 
quality) of the Peace River as a result of the Project downstream of Carcajou, which is located 
approximately 550 km downstream of Site C dam site and approximately 520 km upstream of the PAD.  


As described above in the surface water regime section, the small changes in surface water regime 
predicted at Peace Point would not influence the frequency, magnitude, or timing of ice-jams in the 
lower reaches of the Peace River.  


Some commenters have repeated suggestions made elsewhere that operations at upstream facilities 
should be altered to more closely replicate natural flows in the Peace River, or to provide occasional 
high discharges to encourage ice jam formation in the lower reaches of the Peace River in the spring. 
BC Hydro does not agree with the merits of these suggestions and they are not relevant to the 
environmental assessment of the Project. BC Hydro is not proposing to alter its operations in this 
manner as part of the Project or as mitigation. 


Conclusions  
The surface water, fluvial geomorphology and sediment transport and thermal and ice regime studies 
concluded that the Project would not influence the hydrological conditions of the PAD. Therefore, there 
is no technically valid reason to alter the spatial boundary of any of the background environment 
studies, nor of the assessment of the Valued Components, to include the PAD. 
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Figure 1 Map of the Peace River 
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Figure 2 Map of the Peace Athabasca Delta 
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Figure 3 Duration Curves of Simulated Flow/ Water Level at Peace Point With and Without Site C 
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Figure 4 Duration Curve of Simulated Hourly Flow/ Water Level at Peace Point during the 


Freeze-up Period (November, 1964-1973) With and Without Site C 
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Figure 5 Duration Curve of Simulated Hourly Flow/ Water Level at Peace Point during the 


Break-Up Period (April 15 to May 15, 1964-1973) With and Without Site C 
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Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Peace Athabasca Delta

		MAY 8, 2013

		Purpose

		A number of comments have been received during the Comment Period regarding the need for the inclusion of the Peace Athabasca Delta (the “PAD”) in the spatial scope of the environmental assessment for the Project. These comments include:

		1) The scope of the assessment should extend to the PAD due to potential alterations in ice formation, ice break up/jamming and flood regime

		2) The scope of the cumulative effects assessment should extend to the PAD

		3) The Project could have an effect on the exercise of treaty rights and other traditional use of the PAD by Aboriginal peoples

		4) The PAD should be a valued component

		A number of comments refer to a report prepared by Dr. Martin Carver for the Athabasca Chipewyan First Nation, Dene Tha' First Nation, and Mikisew Cree First Nation (Review of Hydrologic & Geomorphic Downstream Impacts of Site C, December 2012).  That report was based on a review of preliminary findings contained in “Potential Downstream Changes” (BC Hydro, 2012). BC Hydro has reviewed the comments and Dr. Carver’s report, however the final analysis contained in the EIS, which supersedes the preliminary findings in the BC Hydro 2012 report, is accurate.  BC Hydro has also reviewed the Draft Technical Memorandum prepared by Kerr Wood Leidal on behalf of the Deninu Kue First Nation (Report Review – Site C Clean Energy Project, Potential Downstream Changes, January 2013).

		The purpose of this memorandum is to provide information which explains the conclusion that the PAD would not be affected by the Project and accordingly, why it is not included in the scope of the environmental assessment of the Project. 

		This technical memo provides: 1) a summary of the relevant characteristics of the PAD (including a summary of research on the impacts of previous hydroelectric developments on the PAD); 2) a summary of technical analysis undertaken to determine if the Project has the potential to result in physical changes that would affect the PAD; and, 3) the conclusion regarding the potential for the Project to result in physical changes to the PAD and whether it should be included in the environmental assessment of the Project.

		As set out in more detail below, the Athabasca River is the primary source of water for the PAD. The Peace River flows past the PAD, but can influence water levels on portions of the PAD through one of four mechanisms, as follows. 

		 During sustained high water levels on the Peace River, the Peace River flows cause hydraulic damming of outflows from Lake Athabasca thereby leading to higher water levels on Lake Athabasca 

		 When the Peace River flow is high and the levels of Lake Athabasca are relatively lower, the Peace River can cause a “flow reversal” on Riviere des Rochers and the Quatre Fouche connecting the Peace River to Lake Athabasca  

		 When the Peace River flow is high, the Peace River can cause the Baril and Claire Rivers to reverse flow, which may allow Peace River water to enter lakes Baril and Claire, respectively

		 The Peace can contribute water to the northern portions of the PAD through overbank flooding when ice jams of sufficient size and duration form on the Peace River during spring breakup  

		In the absence of one of these mechanisms, the Peace River does not influence water levels on the PAD, and does not thereby affect the PAD. The predicted changes to the surface water regime attributable to the Project will not result in a change in the likelihood or magnitude of any of the four mechanisms, and accordingly will have no effect on the hydrology of the PAD.

		Background

		Description of the PAD

		The PeaceAthabasca Delta (PAD) is a large (approximately 6,000 sq.km.) inland delta located more than 1,000 km downstream of the proposed Site C Project in northwestern Alberta (see Figure 1). It is a dynamic wetland landscape that continues to evolve and change through time. The PAD began to form more than 10,000 years ago during the retreat of the continental ice fields at the end of the Pleistocene period. The PAD has subsequently evolved to its present form over several thousand years due to the interactions of the Athabasca River, the Birch River, the Peace River, and Lake Athabasca. 

		The PAD has been recognized as ecologically important based on its size, biodiversity, productivity, and for its importance to waterfowl, bison, peregrine falcons, whooping cranes, and many other plant and animal species. It is located at the junction of five continental waterfowl migratory paths and home to North America’s largest freeranging herd of bison. The PAD also has a strong sociocultural significance to the Mikisew Cree and Athabasca Chipewyan First Nations and the Fort Chipewyan Métis, all of whom reside in or near Fort Chipewyan on the shore of Lake Athabasca. It has also been one of Canada’s prime fur harvesting areas. Its unique blend of biodiversity, cultural significance, and history led to its being incorporated into Wood Buffalo National Park in 1922, and subsequently being designated as one of Canada’s UNESCO World Heritage sites and named a Ramsar Wetland of International Significance in 1982.

		The PAD is bounded on the south by the Athabasca River; on the east by Lake Athabasca and the Riviere des Rochers; on the north by the Peace River; and on the west by Lake Claire (see Figure 2). 

		The PAD has four primary geographic features that differ in their morphological, hydrological, and ecological characteristics. These are: 1) the central lakes, 2) the Athabasca River delta, 3) the moribund Peace River delta, and 4) the Birch River delta. The central lakes area is often divided into three categories based on relative elevation and hydraulic connection to the flow of the major rivers that distribute water though the PAD complex. “Open” basins are large permanent lakes that occupy the lowest elevations of the central third of the ecosystem and are permanently connected to the major rivers through permanent flowing creeks (i.e. Claire, Mamawi, Richardson, and the west end of Lake Athabasca). A second category is ephemeral shallow basins (i.e. Baril Lake) that dry out and refill depending on climatic conditions. Basins such as this are called “restricted” because they often lose their connection to permanent water flows as water levels fall through the year or vary from year to year. The third group is known as “perched” basins” which are found at higher elevations or are hydraulically isolated so they never connect to permanent water flows and are filled with water only from precipitation or overland floods typically caused by large icejams on the Peace or Athabasca Rivers. Local precipitation and evapotranspiration are known to be major contributors to perched basin water levels. These perched basins and their extensive shorelines are key features in the PAD because they support productive and diverse ecological communities of cultural importance. The Athabasca River and Birch River deltas are active and growing. The Peace River delta is now effectively inactive, and was inactive long before flow regulation was initiated.

		The ecology of the PAD is linked to seasonal water levels. The Athabasca River flows north into the PAD complex and is the single largest contributor of water to the PAD. Athabasca River flows are distributed across its delta through a series or rivers (i.e. Embarras River/Mamawi Creek) and smaller distributary channels into Lake Athabasca and other central basin lakes. The pattern of water flow and water levels through the PAD is complex and depends on the elevation of Lake Athabasca, the flow of the Athabasca River, and the inflows from other rivers (such as the Birch River) that supply water to the PAD complex. Water typically flows from the Athabasca River and other rivers into the central lakes (predominantly into Lake Athabasca), which empties the PAD mainly through the Riviere des Rochers which joins the Peace River to form the Slave River.

		Although the Peace River bypasses the PAD complex it can influence open water levels on the PAD in four ways. First, sustained high Peace River flows can cause hydraulic damming of outflows from Lake Athabasca thereby leading to higher water levels on Lake Athabasca. Secondly, when the Peace River flows are high and the levels of Lake Athabasca are relatively lower, the Peace River can cause a “flow reversal” on Riviere des Rochers and the Quatre Fouche connecting the Peace River to Lake Athabasca (see Figure 2). Third, when the Peace River flow is high, the Peace River can cause the Baril and Claire Rivers to reverse flow, which may allow Peace River water to enter lakes Baril and Claire, respectively. Fourth, the Peace River can contribute water to the northern portions of the PAD through overland flooding during ice jam events of sufficient size and duration that occur during spring break up. The Peace River provides a small contribution to the inflows to the PAD. This contribution prior to flow regulation has been calculated to be approximately 3% of the total annual water budget of the PAD. 

		Summary of Research Regarding Regulation of the Peace River and the PAD

		A number of comments received as part of the environmental assessment process for Site C have referenced previous studies regarding the effects of flow regulation on the Peace River on the hydrology and ecosystems of the PAD. A brief summary of that work is provided below, for context. The research record is complex, with more recent research providing refinements and improved understanding of the interaction of existing flow regulation and the hydrology of the PAD. However, the Project will not have any effect on the hydrology and ecosystems of the PAD because it will not change the magnitude or likelihood of any of the four mechanisms necessary for the Peace River to influence the hydrology of the PAD. 

		The potential linkage between regulation of the Peace River and the ecological integrity of the PAD was first raised in the late 1960s when low levels on Lake Athabasca were observed which corresponded in time with the beginning of flow regulation upstream in British Columbia. Following completion of the W.A.C. Bennett Dam in 1968 and during the filling of Williston Reservoir between 1968 and 1971, Lake Athabasca was observed to experience low water levels that were believed to be caused by regulation of the Peace River. In 1972 and 1974, however, significant flooding of the PAD occurred. From a historical perspective, the decade immediately preceding completion of the dam was a relatively wet period but dam construction and reservoir filling was coincident with and followed by longer dry periods interspersed with short wetter ones. As a result, water level and corresponding environment of the PAD has fluctuated over the past five decades between lowanddry and highandwet, with more of the former than the latter. Though such changes are typical of the PAD throughout its existence, the persistence of dry periods following dam construction led some to conclude that flow regulation was the primary cause of low water levels in the PAD.

		Research studies to investigate changes to the PAD were initiated in the 1970’s through the Peace Athabasca Delta Project Group,. These studies were intended to investigate how flow regulation had altered the flow regime of the PAD. The filling of Williston Reservoir was viewed to be the most severe cause of observed change in water levels on Lake Athabasca during the filling period. Subsequent operation of the hydroelectric facilities was believed to have caused continued change to the ecological conditions because lower summer peak flows as a result of regulation prevented summer flooding of the PAD. 

		In 1974, the Peace Athabasca Implementation Agreement was signed by governments of Canada, Alberta and Saskatchewan. Under this agreement, the governments agreed to establish the Peace Athabasca Implementation Committee (PADIC), and to undertake studies to design and construct works to manage water levels in the PAD. Engineering studies led to recommendations to construct flow control weirs to retain outflows from the PAD. This included weirs to retain outflows from Lake Athabasca (Rivieres des Rochers, 1975; Revillion Coupe, 1976), to retain water in Lake Claire and Mamawi Lake (Chenal des Quatre Fourches, 1971), and to undertake works to control flow across the Athabasca River delta to maintain transportation routes (e.g., Athabasca River cutoff channel, 1972). 

		In 1983, the PADIC evaluated the effectiveness of the constructed weirs to determine whether they had restored water levels and improved ecological conditions in Lake Athabasca and the PAD. The weirs were found to increase average water levels in summer and produce higher winter minimum levels. The review concluded that increased water levels attributable to the weirs mitigated some of the long term biological impacts resulting from reduced water levels, but the decreased range in water levels led to a reduction in the availability of productive wetland. 

		Concern about the drying trend on the PAD persisted into the 1990s. Despite the increased water levels resulting from the flow control weirs, analyses of changes in vegetation communities between 1974 and 1983 suggested that a drying trend persisted. Further, the flood of record on the Peace River occurred in 1990 and it was observed that it failed to cause flooding in the PAD. This observation triggered a review of existing knowledge, and highlighted that the change in the hydrograph to lower summer peak flows did not affect the hydrology of the PAD but that spring ice jam flooding from the Athabasca and Peace Rivers and precipitation were the primary mechanisms to supply water to the ecologically important restricted and perched basins habitats. In 1993 a new program of technical studies was developed (the Peace Athabasca Delta Technical Studies, PADTS) to review past information, to fill data gaps (on aspects such as potential for spring flooding from Peace River ice jams), and to test potential remedial techniques. Important conclusions from these studies included: 1) both high water levels in summer and low water levels in winter in the PAD are important for maintaining variability in water levels in the large lakes and connected channels to maintain productive habitats; 2) spring ice jams on the Athabasca and Peace Rivers are important as they generate high water levels required to supply flows to the PAD; 3) both climate variation and flow regulation are factors that could influence the occurrence of ice jams on the Peace River. The PADTS also investigated approaches to mitigate the effects of flow regulation such as: 1) control of river flows during freeze up and spring break up to promote ice jamming; 2) testing of artificial ice dams and small scale water control structures to control local flooding in the PAD; and, 3) evaluation of gated flow control weirs to restore the range of water level variation. 

		Ongoing research since the PADTS in the mid 1990’s has continued to advance understanding of the role of flow regulation and other factors that contribute to variation and systematic changes to patterns of water levels of the PAD. This research has focused on: 1) the potential role of climate on water levels in the PAD, 2) historical pattern of geomorphic change on the PAD, and, 3) antecedent conditions and external factors influencing ice jam flooding of the PAD.

		Paleolimnological research into climatic changes in the PAD shows that the PAD has experienced longer and drier cycles over the last thousand years than has been observed during the period of flow regulation of the Peace River and that the range of observed conditions is well within the range of natural variability in the PAD.

		Research on geomorphic change of the PAD has provided a broader temporal context to understand the dynamic nature of the progression of inland delta landscape,. This work provided the understanding that anthropogenic interventions (such as those undertaken in 1972 to manage a potential change in the course of the Athabasca River mainstem to maintain commercial interests and shipping) irreversibly affected the evolution of the PAD complex, the subsequent geomorphic form of the delta, and the patterns of water flow and levels through it. 

		Research on ice jamming in the Lower Peace River has improved understanding about the conditions associated with ice jamming in the Lower Peace River, and how flow regulation and other factors interact to create a dynamic break up of the ice cover needed to produce an ice jam in the vicinity of the PAD. An important finding of this research was improved understanding of the interactions between river levels during the freeze up of ice cover in the fall, flow regulation during the ice cover formation and break up period, and the magnitude of runoff from unregulated tributaries located downstream of the point of regulation during the spring break up period when ice jams can form. Since snow in the upper Peace basin that melts and flows into Williston Reservoir is normally still frozen at icejam time at the PAD the spring freshet from the upper Peace River, both prior to and post regulation, arrives at Peace Point too late to initiate a mechanical breakup of the ice. The Smoky River, a tributary that joins the Peace River downstream of the existing hydroelectric facilities, is now recognized as the main driver of icejam floods at the PAD. Changes to regional climate on the east slope of the Rockies has resulted in changes to runoff patterns of tributaries located there and this has reduced the potential for initiation of a dynamic break up of the ice cover, and corresponding ice jam flooding of the PAD. 

		Regulatory Consideration of the PAD

		In 2003 the Natural Resources Conservation Board and Alberta Energy and Utilities Board Panel considered the Dunvegan Project, a proposed runofriver hydroelectric facility in Alberta. The Panel concluded that although upstream developments can impact the rest of the drainage basin, any such impacts from the proposed Dunvegan project on the residents on PAD and residents of the area (Paddle Prairie Métis Settlement, Fort Resolution, Fort Smith, and Fort Chipewyan) would be insignificant, given the nature of the project. 

		In a second Dunvegan Project review, in its 2008 Joint Review Panel Decision Report, the Panel concluded that it was not likely to result in significant adverse environmental effects. The Panel concluded that the Dunvegan Project is not designed to regulate flows of the Peace River and as a “flow taker”, the Project would not have an effect on the flow regime downstream of Fort Vermilion and therefore was not likely to result in cumulative effects on the PAD or on Wood Buffalo National Park.

		The Panel’s conclusion with respect to the PAD on the Dunvegan Project is particularly relevant because of the similar nature of effects predicted from the proposed operation of the Project, as is described below.

		Summary of Predicted Changes to Peace River in the Area of the PAD Resulting from Site C

		Surface Water Regime

		The predicted changes in surface water regime as a result of the Project are described in Section 11.4 (Surface Water Regime) and Volume 2 Appendix D of the EIS Part 2 Downstream Flow Modelling (1D). Additional information has been provided in the Spatial Boundary Selection technical memo, submitted to Provincial and Federal environmental assessment agencies as part of BC Hydro’s information request response package on April 29, 2013. The following provides a summary of the predicted influence of the Project on downstream surface water regime, with particular emphasis on results at Peace Point, Alberta, the downstream study boundary.

		The operation of the Project would be coordinated with the operation of existing facilities upstream on the Peace River, as well as other available system resources, to meet provincial demand for electricity in a safe, reliable, and efficient manner. Accordingly, Project discharges would follow the same pattern as the provincial demand for electricity: higher during the winter and lower during the summer on a seasonal basis, higher during weekdays and lower during weekends on a weekly basis, and higher during daylight hours and lower during late night hours on a daily basis.

		The Site C reservoir would have a relatively stable water level. As described in Section 11.4.4.2.1 of the EIS, it is predicted that the reservoir water level would remain within the top 0.6 m of the 1.8 m maximum normal operating range between 83 and 99% of the time and would operate in approximate hydraulic balance with the upstream facilities over any given day. The Site C Dam and Generating Station have been designed to safely pass the most severe flood that could reasonably occur, and therefore not limit the capability to pass maximum inflows from upstream of the Project. As such, the amount of water flowing into the Site C reservoir in a given day would be approximately equal to the water released through the turbines. In general, the limited amount of active storage (storage within the maximum normal operating range) limits the degree to which the Project could change the downstream flow regime. 

		The approach used to study the potential influence of the Project on surface water regime included the use of optimization models to simulate possible future operations of the BC Hydro integrated electrical generation system with and without the Project. As would be expected from the addition of any new resource to the integrated system, the simulations suggested differences in the dispatch of the various resources in the two cases. A decade of simulated hourly flows from the Site C and Peace Canyon generating stations (for the scenarios with and without the Project, respectively) were transferred downriver using onedimensional hydraulic modelling, as described in Volume 2 Appendix D, Part 2 Downstream Flow Modelling (1D). 

		At Peace Point (the downstream extent of the surface water regime study, located approximately 40 km upstream of the PAD), negligible change in surface water regime is predicted as a result of the Project compared to the natural variability of the surface water regime at that location. This assertion is further explained in the Spatial Boundary Selection Technical Memo. Annual and seasonal duration curves of hourly flow/ water level with and without the Project were provided in the EIS and are attached for reference (see Figure 3). Additional duration curves of hourly flow at Peace Point for the ice freezeup and breakup periods (taken as the month of November for freezeup and the period April 15 to May 15 for breakup) are also attached to better illustrate the predicted influence of the Project during those particular periods (see Figures 4 and 5). 

		At Peace Point, the downstream extent of the hydraulic model (approximately 1,030 km downstream of the Site C dam site), Figures 3, 4 and 5 illustrate that the duration of any particular flow/water level both with and without the Project are very similar. The only notable predicted change is a small increase in the frequency of low flows with the Project in the typical freezeup period. The possibility of a relationship between the freezeup stage (water level) and the probability of dynamic breakup and icejams in the spring has been researched. The probability of ice jamming would not be influenced by the relatively lower flows that are predicted to occur periodically during the freezeup period with the Project. Ice cover that forms at a low level during a period of relatively low flow in November would refreeze at a higher level as flows increase in December. The change in freeze up levels occurs because with increasing flows, the floating portion of the ice cover in the main channel releases from the border ice attached to the banks, floats up to accommodate a higher flow beneath it, and refreezes to the banks at a new, higher freezein level. Consequently, the predicted small increase in the frequency of lower flows in November would not effect the frequency of icejams in the lower reaches of the Peace River. The timing and magnitude of icejamming would also not be influenced by the Project.

		In the open water (icefree) period, the Peace River only influences the hydrology of the PAD under relatively high Peace River flows conditions (either by creating a hydraulic dam effect, or leading to flow reversals through Riviere des Rochers and the Quatre Fouche that typically flow north into the Peace River). The predicted changes at Peace Point in the open water period are negligible relative to the range and variability of flows at this location.

		Fluvial Geomorphology and Sediment Transport

		The Fluvial Geomorphology and Sediment Transport study (described in Section 11.8 Fluvial Geomorphology and Sediment Transport and Volume 2 Appendix I Fluvial Geomporphology and Sediment Transport Technical Data Report) concluded that the Project would have no influence on channel erosion and depositional patterns in the Peace River downstream of the damsite other than possible local erosion of the channel bed in the first few kilometers downstream of Site C dam under unusually high flow conditions. This result is based on the negligible change in surface water regime as it relates to fluvial geomorphological processes on the Peace River.

		In terms of suspended sediment load, it was predicted that the Project would lead to a 2% reduction in the mean annual load at Peace Point which is a negligible change relative to the natural variability of annual load. As an example, the estimated annual suspended sediment load at the B.C.Alberta border for the 10 year simulation period ranged from approximately 84 % to +234 % of the 10year mean annual load. Similar variability would also be expected at other locations along the river.

		Thermal and Ice Regime

		Results of the downstream ice study (described in Volume 2 Section 11.7 Thermal and Ice Regime and EIS Appendix G Downstream Ice Regime Technical data Report) indicate that there would be no change to the ice regime (including the timing of ice formation and breakup, ice thickness and ice quality) of the Peace River as a result of the Project downstream of Carcajou, which is located approximately 550 km downstream of Site C dam site and approximately 520 km upstream of the PAD. 

		As described above in the surface water regime section, the small changes in surface water regime predicted at Peace Point would not influence the frequency, magnitude, or timing of icejams in the lower reaches of the Peace River. 

		Some commenters have repeated suggestions made elsewhere that operations at upstream facilities should be altered to more closely replicate natural flows in the Peace River, or to provide occasional high discharges to encourage ice jam formation in the lower reaches of the Peace River in the spring. BC Hydro does not agree with the merits of these suggestions and they are not relevant to the environmental assessment of the Project. BC Hydro is not proposing to alter its operations in this manner as part of the Project or as mitigation.

		Conclusions 

		The surface water, fluvial geomorphology and sediment transport and thermal and ice regime studies concluded that the Project would not influence the hydrological conditions of the PAD. Therefore, there is no technically valid reason to alter the spatial boundary of any of the background environment studies, nor of the assessment of the Valued Components, to include the PAD.

		Figure 1 Map of the Peace River

		Figure 2 Map of the Peace Athabasca Delta

		Figure 3 Duration Curves of Simulated Flow/ Water Level at Peace Point With and Without Site C

		Figure 4 Duration Curve of Simulated Hourly Flow/ Water Level at Peace Point during the Freezeup Period (November, 19641973) With and Without Site C

		Figure 5 Duration Curve of Simulated Hourly Flow/ Water Level at Peace Point during the BreakUp Period (April 15 to May 15, 19641973) With and Without Site C
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Subject: Permitting for Construction and Operations 


Purpose 
The purpose of this technical memo is to  address questions raised during the comment period on the 
EIS about project permitting. 


A detailed discussion regarding permitting for construction and operation of the Project lies outside the 
scope of the environment assessment. A preliminary list of permits, licences and authorizations is 
required for the EIS, however the specific details related to permitting are more appropriately resolved 
in the permitting process with the relevant federal and provincial permitting agencies. As such, this 
technical memo provides general information on permitting requirements for BC Hydro and the timing 
for the initial submission of permit applications to provincial and federal agencies.  


Discussion 
Under Section 32 of the Hydro and Power Authority Act, R.S.B.C., 1996, c. 212 (“HPAA”), except as 
otherwise provided under that Act, BC Hydro is not bound by any statute or statutory provision of British 
Columbia. As such, BC Hydro may be excluded from requiring some provincial permits, licences and 
authorizations (“permits”), except for those issued under provincial statutes listed in section 32(7) of the 
HPAA. Notwithstanding these powers, BC Hydro routinely applies for some provincial permits and will 
continue to do so in the interest of transparency, regardless of whether a statute is listed in 
section 32(7) of the HPAA. 


Table 8.1 of the EIS lists the categories of permits for which BC Hydro had identified a need at the time 
the EIS was prepared. Additional permit requirements will be identified as further detail becomes 
available through final design, procurement and development of the environmental management plans. 
The environmental management plans, which are described in the Environmental Management Plans 
Technical Memo, will also form the basis of permit applications submitted to provincial and federal 
agencies. 


Following the issuance of an environmental assessment certificate by the provincial Ministers and a 
favourable environmental assessment decision statement by the federal Minister of Environment, 
construction activities cannot proceed until specific permits are issued under applicable provincial and 
federal legislation. The permitting process will require BC Hydro to submit separate permit applications 
with supporting documentation to various government agencies. The agencies’ required review process 
for each permit is defined under the relevant legislation and guidance, and may include consultation 
with or notification to third parties. 


Under section 9(1) of the BC Environmental Assessment Act, government officials “must not issue an 
approval” to construct or operate a reviewable project unless and until an EAC issued. Similarly, 
section 7 of CEAA 2012 prohibits federal government authorities from exercising power and from 
performing any duty that would permit the project to proceed unless, and until, a decision statement is 
issued. While the federal and provincial approvals required for a project cannot be issued until the 
environmental assessment process is completed, a proponent can commence the permitting process 
by submitting permit applications, and government agencies can initiate their permit review processes. 
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EIS Volume 1 Section 3.2 Scheduling states that after filing the Environmental Impact Statement, 
BC Hydro intends to submit applications for provincial authorizations directly to responsible government 
agencies for review. Should the Project proceed,  this approach would facilitate permit approval to 
proceed with construction.  


Accordingly, BC Hydro intends to submit applications for permits required for construction activities, for 
example for Year 1 activities, to provincial agencies beginning later in 2013. This would allow the 
responsible agencies to review the permits for completeness prior to external referral. Additional permit 
applications will be submitted to provincial and federal agencies in 2014, and then as required through 
construction and operation of the Project. 


This approach will put the various government agencies and decision-makers in a position to consider 
the outcome of the environmental assessment process in relation to permit applications, to determine 
any conditions that may be imposed through permitting, and to issue permits for early construction 
activities expeditiously following issuance of an environmental assessment decision and a favourable 
environmental assessment decision statement for the Project. 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


gov_0002-004 gov_0004-037 gov_0008-003 gov_0008-008 gov_0008-010 
gov_0008-038 gov_0008-046 gov_0008-066 gov_0008-096 gov_0008-098 
gov_0008-144 gov_0010-033 gov_0010-034 gov_0010-049 gov_0010-110 
gov_0010-118 gov_0010-479 gov_0010-480 gov_0010-715 gov_0010-720 
pub_0243-009 pub_0448-ag-065 pub_0595-001 pub_0465-004  
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Subject: Private Property - Project Requirements and Tenure 


Purpose 
The purpose of this technical memo is to address questions related to: 


• Land requirements and describing private properties impacted by the Project 


• BC Hydro’s approach to the acquisition of land and rights 


• Briefly describing how BC Hydro has engaged with property owners with respect to the Project  


Introduction to Land Status, Tenure, and Project Requirements in the EIS 
BC Hydro’s proposed approach to determining land requirements and acquiring land is outlined in the 
EIS Section 11.3.1. EIS Section 9 provides a summary of how BC Hydro has engaged and consulted 
with property owners in the region. 


As described in the EIS, BC Hydro’s approach to determining land requirements for the Project is to 
strive to minimize the amount of land acquired for the Project while maximizing land use flexibility. In 
undertaking this approach, BC Hydro would acquire limited land tenure – where possible – by way of 
permanent and temporary statutory rights-of-way, leases, licences of occupation on provincial Crown 
land, licences on private land, and through land access permits. Where required, BC Hydro would also 
acquire some lands in fee simple. 


Land Requirements 
Land requirements for each Project component are described in EIS Section 11.3, and maps are 
provided illustrating land requirements in EIS Volume 2, Appendix C. These requirements are broken 
down by area of private land, BC Hydro land and Crown land. This technical memo describes the 
approach to land requirements for private land.  


BC Hydro would acquire land tenures through the following mechanisms: 


• Fee simple tenure – Fee simple can be described as full ownership of land. In most cases, only a 
portion of a parcel of land would be required. BC Hydro would acquire land in fee simple for 
portions of the dam site area, reservoir inundation, Old Fort realignment and Highway No. 29 
realignments. 


• Permanent statutory rights-of-way – A permanent statutory right-of-way is similar to an easement, in 
that it grants the right or privilege, acquired through contract, for a specific purpose or purposes. 
BC Hydro provides compensation to land owners to acquire a permanent statutory right-of-way. 
BC Hydro would acquire a permanent statutory right-of-way for the area within the reservoir impact 
lines, the transmission line right-of-way widening, the tie-in locations at both the Peace Canyon 
Dam and the proposed dam site, the Project access road, north and south bank dam site 
connecting roads, and the Hudson’s Hope shoreline protection.  


• Temporary tenure – A temporary tenure can include licences, leases, and temporary statutory rights 
of way. These tenures are defined for a period of time and for specific uses, after which they would 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO  SITE C CLEAN ENERGY PROJECT 


 


TECHNICAL MEMO – PRIVATE PROPERTY - PROJECT REQUIREMENTS AND TENURE Page 3 


 


be returned to the owners. Examples of temporary tenures required for the Project include the 
proposed conveyor route from the 85th Avenue Industrial Lands, construction and clearing access 
roads, quarried and excavated construction materials, areas of potential disturbance for Highway 
No. 29 realignment construction and a one-time clearing zone along the existing transmission 
corridor.  


 
BC Hydro owns much, but not all, of the land, for which BC Hydro requires fee simple ownership. 
BC Hydro acquired these lands between 1977 and 1981, and later under BC Hydro’s Voluntary Passive 
Land Acquisition Program. The Voluntary Passive Land Acquisition Program was established in the 
1970s and reinstituted following a recommendation from the British Columbia Utilities Commission in 
1983 which stated, “…the Commission recommends that Hydro reinstitute its passive land acquisition 
program until an energy project certificate is issued.” Under this program, BC Hydro may purchase 
property if it is required for the Project, and if the property owner voluntarily wishes to sell their property.  


Wherever possible, agricultural land acquired by BC Hydro is available for productive use, either by 
leasing back the property to the original owner or to another tenant. BC Hydro supports leaseholders in 
their land use and management by providing long-term, low-cost leases, an invasive plant management 
program, and a property maintenance program. 


BC Hydro is not actively seeking to purchase properties or rights in the project area, but the Voluntary 
Passive Land Acquisition Program continues to be available. 


With regard to future land requirements, there are an estimated 120 private property owners whose 
property could be directly affected by the Project – in some cases for temporary use, and in most cases 
only a portion or strip of the property. In all cases compensation would be provided.  


In describing how many property owners BC Hydro will approach, a ‘landholding’ is defined in EIS 
Section 11.3.1.1 as common ownership over either individual or several parcels of land. For example, a 
farm may consist of five separate parcels of land where the land is contiguous or in the same general 
area, but as it is commonly owned by one or more individuals or a company, it is considered one land 
holding. 


Approximately 30 privately owned residences could be permanently affected through flooding, 
preliminary impact lines, and highway realignment. However, not all of these residents would be 
required to move. 


• BC Hydro anticipates that approximately ten privately-owned residences would not be able to 
remain on the existing property 


• Approximately ten of the remaining 30 residences could potentially be moved to another area on 
their property. This would be contingent on whether the residents wish to explore this option, and 
pending a review of feasibility and determination of whether it is safe to move the building. 


• About ten of the residences could potentially stay where they are today. However this is pending 
further site-specific analysis. 


BC Hydro has met directly with property owners who may be impacted to present maps with the 
reservoir impact lines shown on their specific property, and to discuss their specific property interests. 
BC Hydro would continue discussions with property owners and, where appropriate, based on further 
geotechnical investigations, enter into agreements to address the removal or relocation of buildings, or 
outline the conditions upon which buildings could remain.  
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BC Hydro’s Approach to the Acquisition of Land and/or Rights 
BC Hydro’s approach to acquire land tenure is to compensate based on the fair market value of the 
land or right being acquired. The fair market value of the land or right is determined by qualified 
independent appraisers. 


With respect to the valuation of statutory rights-of-way, the valuation will take into account, among other 
things, feasible and allowable uses of the land without the statutory right-of-way in place and the effect 
on value of restrictions, if any, to the use of the land contained in the statutory right-of-way document.  


In addition, BC Hydro, where appropriate, would compensate owners for disturbance damages such as: 


• An owner-occupier allowance, if a residence is purchased outright and the owner resides in the 
residence 


• Financial losses caused by the purchase of the land or rights e.g. reasonable costs of relocating on 
other land, including property transfer tax and reasonable moving, legal and survey costs that are 
necessarily incurred in acquiring a similar interest or estate in other land 


• Business loss, where a business is operating on the property 
Compensation would be determined on the basis of the owner’s statutory rights to compensation. 


Also BC Hydro would reimburse the reasonable costs related to the acquisition of land or rights. 


Although BC Hydro has the statutory power of expropriation, BC Hydro’s preferred method of acquiring 
land or rights is by way of mutually agreed upon settlements. 


As discussed in the section above, BC Hydro is not actively seeking to purchase properties or rights in 
the project area, but the Voluntary Passive Land Acquisition Program continues to be available. 


Property Owner Liaison and Consultation 
BC Hydro initiated a separate liaison and consultation program with property owners and established a 
properties team within the Project team to implement the program. The purpose of the program was to: 


• Provide information and update property owners regarding Project planning and design 


• Facilitate two-way information exchange between property owners and BC Hydro 


• Engage with property owners prior to, and during, defined periods of consultation  


• Negotiate and provide compensation for permissions to access private property 
Details of these consultations can also be found in EIS Volume 1 Section 9.1.2.3. 


BC Hydro held the following specific consultations with property owners. Most meetings took place with 
individual property owners, but some were held as small-group meetings on specific issues of interest.  


1. Highway No. 29 realignment options (November 2008–February 2009): The creation of the Site C 
reservoir would require the realignment of up to six segments of Highway No. 29 over a total 
distance of up to 30 km. In spring 2008, BC Hydro consulted with the public about the segments of 
the highway that, at that time, had been identified for potential realignment. BC Hydro undertook 
further property owner consultation from November 2008 to February 2009 on the specific highway 
realignment options. 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO  SITE C CLEAN ENERGY PROJECT 


 


TECHNICAL MEMO – PRIVATE PROPERTY - PROJECT REQUIREMENTS AND TENURE Page 5 


 


 
During this consultation, engineering and other representatives from the Project team met 
individually with potentially directly affected property owners to review property maps, and to seek 
feedback on the specific realignment options. A consultation summary report (Property Owner 
Consultation on Potential Highway No. 29 Realignment Options, November 2008–March 2009) is 
available on the Project website and is listed in EIS Volume 1 Appendix G, Public Information 
Distribution and Consultation Site C Clean Energy Project. 


2. Site C Project and Field Study Update (April 2011): On April 5, 2011, at Hudson’s Hope, and April 
6, 2011, at Fort St. John, subject matter experts from the Project team provided property owners in 
the Peace River region with an information update on the Project and field studies planned for the 
2011 field season. Topics included shoreline geotechnical investigations, heritage studies, clearing 
plan investigations, and wildlife studies. BC Hydro also sought permission from property owners, 
and provided compensation, to access properties to complete these studies.  


3. Preliminary Impact Lines and Highway No. 29 Realignment (2011–2012): Prior to Project Definition 
Consultation, spring 2012, subject matter experts from the Project team met with property owners 
whose properties could be affected based on preliminary impact lines. Please see the Technical 
Memo on Reservoir Impact Lines.  


BC Hydro representatives met with property owners whose properties could be potentially directly 
affected by Highway No. 29 realignment to discuss pre-construction work, including topographic 
surveys, geotechnical investigations, development of detailed bridge and drainage designs, 
confirmation of the highway alignment, and preparation of construction drawings and specifications. 


BC Hydro representatives also met with property owners on the south bank of the proposed dam site 
whose properties could be potentially directly affected by upgrades to Jackfish Lake Road, construction 
of the Project access road and resource roads, and dam site area and transmission line construction.  


BC Hydro conducted area-specific consultation where Project-related plans and effects were of local 
interest. Consultation methods included stakeholder meetings, open houses, discussion papers and 
feedback forms. Local area consultation included:   


• Hudson’s Hope Shoreline Protection Consultation (October 2011–November 2011): BC Hydro 
consulted with the District of Hudson’s Hope, property owners and the community regarding the 
Hudson’s Hope shoreline protection, including options for a berm, potential public use options for 
berm areas, public access to berm areas, and potential landscaping and recreation opportunities in 
berm areas. A consultation summary report is listed in EIS Volume 1 Appendix G, Public 
Information  Distribution and Consultation Supporting Documentation, Part 4 BC Hydro-Led Public 
Consultation Activities and Materials and is available on the Project website.  


• 85th Avenue Industrial Lands: In addition, BC Hydro provided information and is conducting local 
meetings with area residents in the vicinity of the 85th Avenue Industrial Lands, a 96 ha parcel of 
land located in the Peace River Regional District, adjacent to the City of Fort St. John, about the 
proposed use of the site during construction, potential mitigation measures, and future use after 
construction. 
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Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


form_0004-005 gov_0002-004 gov_0002-005 gov_0004-015 gov_0004-016 
gov_0005-022 gov_0005-023 gov_0010-675 gov_0010-683 gov_0011-011 
gov_0011-012 gov_0011-035 pub_0448-ag-034 pub_0071-001 pub_0236-010 
pub_0245-001 pub_0331-001 pub_0479-002 pub_0448-ag-036 pub_0448-ag-037 
pub_0448-ag-040 pub_0478-011 pub_0580-001 pub_0508-001 pub_0519-001 
pub_0540-002 pub_0540-004 pub_0594-001 pub_0598-001 pub_1017-001 
pub_1021-001     
 


 





		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Private Property  Project Requirements and Tenure

		MAY 8, 2013

		Purpose

		The purpose of this technical memo is to address questions related to:

		 Land requirements and describing private properties impacted by the Project

		 BC Hydro’s approach to the acquisition of land and rights

		 Briefly describing how BC Hydro has engaged with property owners with respect to the Project 

		Introduction to Land Status, Tenure, and Project Requirements in the EIS

		BC Hydro’s proposed approach to determining land requirements and acquiring land is outlined in the EIS Section 11.3.1. EIS Section 9 provides a summary of how BC Hydro has engaged and consulted with property owners in the region.

		As described in the EIS, BC Hydro’s approach to determining land requirements for the Project is to strive to minimize the amount of land acquired for the Project while maximizing land use flexibility. In undertaking this approach, BC Hydro would acquire limited land tenure – where possible – by way of permanent and temporary statutory rightsofway, leases, licences of occupation on provincial Crown land, licences on private land, and through land access permits. Where required, BC Hydro would also acquire some lands in fee simple.

		Land Requirements

		Land requirements for each Project component are described in EIS Section 11.3, and maps are provided illustrating land requirements in EIS Volume 2, Appendix C. These requirements are broken down by area of private land, BC Hydro land and Crown land. This technical memo describes the approach to land requirements for private land. 

		BC Hydro would acquire land tenures through the following mechanisms:

		 Fee simple tenure – Fee simple can be described as full ownership of land. In most cases, only a portion of a parcel of land would be required. BC Hydro would acquire land in fee simple for portions of the dam site area, reservoir inundation, Old Fort realignment and Highway No. 29 realignments.

		 Permanent statutory rightsofway – A permanent statutory rightofway is similar to an easement, in that it grants the right or privilege, acquired through contract, for a specific purpose or purposes. BC Hydro provides compensation to land owners to acquire a permanent statutory rightofway. BC Hydro would acquire a permanent statutory rightofway for the area within the reservoir impact lines, the transmission line rightofway widening, the tiein locations at both the Peace Canyon Dam and the proposed dam site, the Project access road, north and south bank dam site connecting roads, and the Hudson’s Hope shoreline protection. 

		 Temporary tenure – A temporary tenure can include licences, leases, and temporary statutory rights of way. These tenures are defined for a period of time and for specific uses, after which they would be returned to the owners. Examples of temporary tenures required for the Project include the proposed conveyor route from the 85th Avenue Industrial Lands, construction and clearing access roads, quarried and excavated construction materials, areas of potential disturbance for Highway No. 29 realignment construction and a onetime clearing zone along the existing transmission corridor. 

		BC Hydro owns much, but not all, of the land, for which BC Hydro requires fee simple ownership. BC Hydro acquired these lands between 1977 and 1981, and later under BC Hydro’s Voluntary Passive Land Acquisition Program. The Voluntary Passive Land Acquisition Program was established in the 1970s and reinstituted following a recommendation from the British Columbia Utilities Commission in 1983 which stated, “…the Commission recommends that Hydro reinstitute its passive land acquisition program until an energy project certificate is issued.” Under this program, BC Hydro may purchase property if it is required for the Project, and if the property owner voluntarily wishes to sell their property. 

		Wherever possible, agricultural land acquired by BC Hydro is available for productive use, either by leasing back the property to the original owner or to another tenant. BC Hydro supports leaseholders in their land use and management by providing longterm, lowcost leases, an invasive plant management program, and a property maintenance program.

		BC Hydro is not actively seeking to purchase properties or rights in the project area, but the Voluntary Passive Land Acquisition Program continues to be available.

		With regard to future land requirements, there are an estimated 120 private property owners whose property could be directly affected by the Project – in some cases for temporary use, and in most cases only a portion or strip of the property. In all cases compensation would be provided. 

		In describing how many property owners BC Hydro will approach, a ‘landholding’ is defined in EIS Section 11.3.1.1 as common ownership over either individual or several parcels of land. For example, a farm may consist of five separate parcels of land where the land is contiguous or in the same general area, but as it is commonly owned by one or more individuals or a company, it is considered one land holding.

		Approximately 30 privately owned residences could be permanently affected through flooding, preliminary impact lines, and highway realignment. However, not all of these residents would be required to move.

		 BC Hydro anticipates that approximately ten privatelyowned residences would not be able to remain on the existing property

		 Approximately ten of the remaining 30 residences could potentially be moved to another area on their property. This would be contingent on whether the residents wish to explore this option, and pending a review of feasibility and determination of whether it is safe to move the building.

		 About ten of the residences could potentially stay where they are today. However this is pending further sitespecific analysis.

		BC Hydro has met directly with property owners who may be impacted to present maps with the reservoir impact lines shown on their specific property, and to discuss their specific property interests. BC Hydro would continue discussions with property owners and, where appropriate, based on further geotechnical investigations, enter into agreements to address the removal or relocation of buildings, or outline the conditions upon which buildings could remain. 

		BC Hydro’s Approach to the Acquisition of Land and/or Rights

		BC Hydro’s approach to acquire land tenure is to compensate based on the fair market value of the land or right being acquired. The fair market value of the land or right is determined by qualified independent appraisers.

		With respect to the valuation of statutory rightsofway, the valuation will take into account, among other things, feasible and allowable uses of the land without the statutory rightofway in place and the effect on value of restrictions, if any, to the use of the land contained in the statutory rightofway document. 

		In addition, BC Hydro, where appropriate, would compensate owners for disturbance damages such as:

		 An owneroccupier allowance, if a residence is purchased outright and the owner resides in the residence

		 Financial losses caused by the purchase of the land or rights e.g. reasonable costs of relocating on other land, including property transfer tax and reasonable moving, legal and survey costs that are necessarily incurred in acquiring a similar interest or estate in other land

		 Business loss, where a business is operating on the property

		Compensation would be determined on the basis of the owner’s statutory rights to compensation.

		Also BC Hydro would reimburse the reasonable costs related to the acquisition of land or rights.

		Although BC Hydro has the statutory power of expropriation, BC Hydro’s preferred method of acquiring land or rights is by way of mutually agreed upon settlements.

		As discussed in the section above, BC Hydro is not actively seeking to purchase properties or rights in the project area, but the Voluntary Passive Land Acquisition Program continues to be available.

		Property Owner Liaison and Consultation

		BC Hydro initiated a separate liaison and consultation program with property owners and established a properties team within the Project team to implement the program. The purpose of the program was to:

		 Provide information and update property owners regarding Project planning and design

		 Facilitate twoway information exchange between property owners and BC Hydro

		 Engage with property owners prior to, and during, defined periods of consultation 

		 Negotiate and provide compensation for permissions to access private property

		Details of these consultations can also be found in EIS Volume 1 Section 9.1.2.3.

		BC Hydro held the following specific consultations with property owners. Most meetings took place with individual property owners, but some were held as smallgroup meetings on specific issues of interest. 

		1. Highway No. 29 realignment options (November 2008–February 2009): The creation of the Site C reservoir would require the realignment of up to six segments of Highway No. 29 over a total distance of up to 30 km. In spring 2008, BC Hydro consulted with the public about the segments of the highway that, at that time, had been identified for potential realignment. BC Hydro undertook further property owner consultation from November 2008 to February 2009 on the specific highway realignment options.During this consultation, engineering and other representatives from the Project team met individually with potentially directly affected property owners to review property maps, and to seek feedback on the specific realignment options. A consultation summary report (Property Owner Consultation on Potential Highway No. 29 Realignment Options, November 2008–March 2009) is available on the Project website and is listed in EIS Volume 1 Appendix G, Public Information Distribution and Consultation Site C Clean Energy Project.

		2. Site C Project and Field Study Update (April 2011): On April 5, 2011, at Hudson’s Hope, and April 6, 2011, at Fort St. John, subject matter experts from the Project team provided property owners in the Peace River region with an information update on the Project and field studies planned for the 2011 field season. Topics included shoreline geotechnical investigations, heritage studies, clearing plan investigations, and wildlife studies. BC Hydro also sought permission from property owners, and provided compensation, to access properties to complete these studies. 

		3. Preliminary Impact Lines and Highway No. 29 Realignment (2011–2012): Prior to Project Definition Consultation, spring 2012, subject matter experts from the Project team met with property owners whose properties could be affected based on preliminary impact lines. Please see the Technical Memo on Reservoir Impact Lines. 

		BC Hydro representatives met with property owners whose properties could be potentially directly affected by Highway No. 29 realignment to discuss preconstruction work, including topographic surveys, geotechnical investigations, development of detailed bridge and drainage designs, confirmation of the highway alignment, and preparation of construction drawings and specifications.

		BC Hydro representatives also met with property owners on the south bank of the proposed dam site whose properties could be potentially directly affected by upgrades to Jackfish Lake Road, construction of the Project access road and resource roads, and dam site area and transmission line construction. 

		BC Hydro conducted areaspecific consultation where Projectrelated plans and effects were of local interest. Consultation methods included stakeholder meetings, open houses, discussion papers and feedback forms. Local area consultation included:  

		• Hudson’s Hope Shoreline Protection Consultation (October 2011–November 2011): BC Hydro consulted with the District of Hudson’s Hope, property owners and the community regarding the Hudson’s Hope shoreline protection, including options for a berm, potential public use options for berm areas, public access to berm areas, and potential landscaping and recreation opportunities in berm areas. A consultation summary report is listed in EIS Volume 1 Appendix G, Public Information  Distribution and Consultation Supporting Documentation, Part 4 BC HydroLed Public Consultation Activities and Materials and is available on the Project website. 

		• 85th Avenue Industrial Lands: In addition, BC Hydro provided information and is conducting local meetings with area residents in the vicinity of the 85th Avenue Industrial Lands, a 96 ha parcel of land located in the Peace River Regional District, adjacent to the City of Fort St. John, about the proposed use of the site during construction, potential mitigation measures, and future use after construction.
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Subject: Agriculture 


Purpose 
The purpose of this technical memo is to provide a summary of the agriculture assessment, and to 
address questions raised during the comment period on the EIS about agriculture. The complete 
information required by the EIS Guidelines for the assessment of Project effects on agriculture is set 
out in the EIS, Section 20, and supporting appendices and references.  


Comments received during the public and working group comment period on the EIS are answered in 
the IR response tables, are further supported by this technical memo, and are summarised by BC 
Hydro in the following general themes: 


Changes to Agricultural Land 


• characterization of the quality of the land lost to the Project, and consideration of the relative quality 
of the land remaining in the Peace River valley, the region and the province 


Changes to Agricultural Operations 


• characterization of the potential effects to individual farm operations, including loss of land and 
changes to farm management, resulting from Project construction and operation 


Estimated Future Agricultural Activity, Without the Project 


• characterization of potential future agricultural land use, including food crop production, in absence 
of the Project, and the assumptions used in development of future crop production scenarios 


Local Climate Capability 


• potential local weather changes on agricultural land adjacent to the reservoir, and consideration of 
local microclimates within the valley 


Climate Change 


• consideration of future potential global climate change scenarios and resultant changes to the 
regional climate with respect to agricultural land capability 


Changes to Food Self-Reliance 


• characterization of potential future food production in absence of the Project, in relation to the 
regional and provincial food self-reliance, and in relation to future climate change 


Agriculture Mitigation 


• questions about the proposed mitigation programs, including the viability of relocating topsoil from 
the reservoir area prior to inundation, the viability of potential reservoir water for agricultural 
irrigation, and the approach to the compensation fund 
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Introduction 
The EIS Guidelines required that the potential for the Project to adversely affect agriculture be 
assessed by taking into account the potential for the Project to result in changes to the following key 
aspects 


• Loss of agricultural land: An estimate of the loss of agricultural land, including a description of these 
changes to the agricultural resource base on a local, regional and provincial scale 


• Changes to individual farm operations: Description of effects to individual farm operations, including 
loss of land, effects to farm infrastructure, and changes to farm activities 


• Changes to agricultural economies: Quantification of projected immediate and longer-term effects to 
local, regional and provincial agricultural economies. This included estimating changes in 
agricultural costs and revenues at the farm level, changes in opportunities for potential new 
agricultural economic activity, and changes to primary and secondary agricultural economic activity. 


• Changes to local food production and consumption: Identification of potential changes to local food 
production and any changes to the ratio of food production to food consumption (a measure of food 
self-reliance) 


 
The assessment concludes that considering the effects on these four aspects of the agriculture VC, an 
adequately funded and properly administered agricultural compensation fund would enhance regional 
agricultural production and replace the net agricultural returns that would be displaced from forecast 
agricultural activity on permanently lost land, and would therefore mitigate the Project effects on 
agricultural production and agricultural economies. For this reason, the Project’s net effect on 
agriculture is considered not significant. 


Changes to Agricultural Land 
The agricultural assessment met the requirement to estimate the loss of agricultural land by reporting 
on changes to two measures that characterize the agricultural land baseline: land capability for 
agriculture and agricultural utlility. Land capability for agriculture is derived from both soil and climate 
conditions and refers to the potential for agricultural crop production. Land capability is rated on a scale 
of Class 1 to 7. Agricultural land can be assigned both an unimproved and improved capability rating. 
Unimproved ratings apply to the cleared, but otherwise natural state of the land, wheras improved 
ratings apply to the land once improvements, such as irrigation and drainage, have been made.  


Table 20.16 in the EIS identifies the permanent loss of land by unimproved capability class (Class 1 – 
7), and by Project component or activity. In summary, 3,816 ha of unimproved Class 1 – 5 cultivatable 
land would be permanently used by the Project and no longer available for agricultural use1. The 
majority (3,225 ha) of this would be within the Site C reservoir area, with 430 ha within other Project 
component areas, and 161 ha within the erosion impact line2.  


                                                 
1  EIS, Section 20.3.3.1, page 20.34, lines 4 – 5. 
2  Erosion Impact Line is the predicted extent of shoreline retreat at the maximum normal reservoir level 100 


years after impoundment of the proposed reservoir as defined in Volume 2 Appendix B Geology, Terrain 
Stability, and Soil Reports, Part 2 Preliminary Reservoir Impact Lines. 
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The EIS Guidelines required that the loss of agricultural land be described at a local, regional and 
provincial scale. Table 20.17 of the EIS (Table 2 of this memo) identifies land by capability class within 
the Project activity zone, within the local Peace River valley, Peace agricultural region and the 
Province. The unimproved Class 1 – 5 lands remaining, unaffected by the Project would be: 


• 16,240 hectares within the Peace River Valley 


• 2,670,460 hectares within the Peace Agricultural Region3  


• 9,318,297 hectares within British Columbia3  


Summary of Permanent Loss of Agricultural Land 
Table 1 shows the agricultural land that would be permanently lost due to the Project, by improved and 
unimproved capability class, within the areas of the Project activity zone. This information is presented 
in EIS Section 20.3.1 Effects Assessment – Construction – Agricultural Land Base, for each Project 
component and activity, and is summarized for unimproved capability in EIS Table 20.16. 


Table 2 shows the agricultural land that would be permanently lost due to the Project within the Project 
activity zone, by unimproved agricultural capability class, and shows for comparison the areas of total 
agricultural land in each class within the Peace River valley, the Peace Agricultural Region, and the 
Province. This information is presented in the EIS Section 20.3.3.1 and summarized in Table 20.17 for 
unimproved capability. 


Table 3 shows the agricultural land that would be permanently lost due to the Project within the Project 
activity zone, by improved agricultural capability class, and shows for comparison the areas of total 
agricultural land in each class within the Peace River valley, the Peace Agricultural Region, and the 
Province. 


The improved ratings for the Peace Agricultural Region and the province in Table 3 are based on 
published information4, adjusted for the updated improved ratings within the Project activity zone. As 
described in EIS Volume 3, Section 20, land capability for agriculture mapping in the Project activity 
zone was updated as part of the Agricultural Assessment program for the EIS. The mapping was 
updated to account for more recent climatic capability for agriculture ratings, the 1983 climatic capability 
mapping (BC Ministry of Environment 1983) and analysis of more recent climate data as described in 
Volume 3, Appendix D, Section 3.0, and soil characteristics determined by the soils field program 
conducted in 2011 and 2012. Interpretation of the comparison, shown in Table 3, particularly for 
improved Class 1 areas, must consider the limitations of the previous capability mapping within the 
Peace River Valley. 


Results of the capability updating within the Project activity zone demonstrated lower climatic capability 
for unimproved ratings than previously estimated, due to a higher moisture deficit than assumed in 
earlier land capability for agriculture mapping. Conversely the soils in the reservoir area were found to 
have greater water holding capacity than previously assumed; this resulted in higher improved 
capability ratings than the ratings assigned in earlier studies. Earlier capability assessments did not 


                                                 
3  Regional and provincial agricultural capability sourced from: British Columbia (B.C.) Environment and 
Land Use Committee Secretariat. 1976. Agricultural Land Capability in British Columbia. Victoria, B.C. 
4  ibid  
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note these improved ratings, as the assumed moisture deficit was too small to assign an improved 
rating with irrigation. 


The agricultural capability update showed an increase in the area assigned a Class 1 improved rating 
within the Project activity zone over previous ratings. Capability updating has not been done for areas 
of the Peace River Valley outside the Project activity zone. Therefore, if soil and climate capability in 
other areas of the Peace River Valley are similar to those documented in the updated ratings within the 
Project activity zone, then there is also a larger area than currently documented of improved Class 1 
and 2 in the Valley downstream of the proposed Site C dam. This would result in the improved Class 1 
and 2 areas within the Project activity zone representing a smaller percentage of the Class 1 and 2 
areas in the Peace River Valley, the Peace Agricultural Region and the province.  


Agricultural capability was not constrained by ownership, tenure, current level of development for 
farming, or the Order-In-Council 2452 Reserve over crown land (commonly known as the flood 
reserve). 


Table 1. Land, in Ha, that Would be Lost Within the Project Activity Zone by Both Improved 
and Unimproved Agricultural Capability 


Project Component 
or Activity 


Class 1 Class 2 Class 3 Class 4 Class 5 Class 6-7 Class 1-5 
sub-total 


Total 


Reservoir 0 2,290 685 182 68 1,298 3,225 4,523 


 (1,412) (1,300) (328) (117) (68) (1,298) (3,225) (4,523) 


Highway 0 149 32 66 1 82 248 330 


 (10) (56) (57) (15) (1) (82) (248) (330) 


Erosion 0 87 34 25 15 1,212 161 1373 


 (10) (56) (46) (34) (15) (1,212) (161) (1,373) 


Dam site 0 75 29 0 0 61 104 165 


 (14) (61) (29) (0) (0) (61) (104) (165) 


Access Roads 0 0 52 7 19 0 78 78 


 (0) (0) (52) (7) (19) (0) (78) (78) 


Total 0 2601 832 280 103 2,653 3,816 6,469 


 (1,557) (1,471) (512) (173) (103) (2,653) (3,816) (6,469) 
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Table 2.  Comparison of Unimproved Agricultural Capability Classes, in hectares of the 
Project activity zone, the Peace River Valley, the Peace Agricultural Region and the 
Province (reproduced from Table 20.17 of the EIS) 


 Class 1 Class 2 Class 3 Class 4 Class 5 Class 6-7 Class 1-5 
sub-total 


Total 


Project 
Activity Zone 


0 2,601 832 280 3,713 2,653 3,816 6,469 


Peace River 
Valley 


926 9,551  6,150 1,949 1,480 35,031 20,056 55,087 


 % of Peace 
River valley 


0% 27% 14% 14% 7% 8% 19% 12% 


Peace 
Agricultural 
Region 


3,833 121,013 365,043 501,036 1,683,351 2,091,078* 2,674,276 4,765,354 


  % of Peace 
Agric Region 


0.0% 2.0% 0.2% 0.1% 0.0% 0.1% 0.1% 0.1% 


Province** 21,057 235,480 692,041 1,701,715 6,671,820 20,674,336* 9,322,113 29,996,449 


 % of Province 0.0% 1.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 


Notes:  
* Data for Peace Agricultural Region and the Province are from Agricultural Land Capability in British Columbia 


(BC Environment and Land Use Committee Secretariat 1976). This publication does not explain the difference 
between areas of unimproved Class 6 and 7 and improved Class 6 and 7 (Table 3), which should be the same. 


** The provincial total of approximately 30 million ha is the total area for which Agricultural Capability mapping is 
available. The total land area of British Columbia is approximately 93 million ha. The 63 million ha not mapped 
is considered unsuitable for agriculture. 
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Table 3.  Comparison of Improved Agricultural Capability Classes, in ha, of the Project Activity 
Zone, the Peace River Valley, the Peace Agricultural Region and the Province. 


 Class 1 Class 2 Class 3 Class 4 Class 5 Class 6-7 Class 1-5 
sub-total 


Total 


Project 
Activity Zone 


1,557 1,471 512 173 103 2,653 3,816 6,469 


Peace River 
Valley 


2,483 8,421 5,830 1,842 1,480 35,031 20,056 55,087 


 % of Peace 
River valley 


63% 18% 9% 9% 7% 8% 19% 12% 


Peace 
Agricultural 
Region 


5,390 119,883 374,271 535,441 1,996,983 1,733,386 3,031,968 4,765,354 


  % of Peace 
Agric Region 


29% 1% 0.1% 0.0% 0.0% 0.2% 0.1% 0.1% 


Province* 71,504 396,552 999,444 2,131,731 6,138,210 20,259,008 9,737,441 29,996,449 


 % of Province 2.2% 0.4% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 


Notes: 
 *  The provincial total of approximately 30 million ha is the total area for which Agricultural Capability mapping is 


available. The total land area of British Columbia is approximately 93 million ha. The 63 million ha not mapped 
is considered unsuitable for agriculture.  


Local Climatic Capability 
The assessment of climatic capability for agriculture is described in Volume 3, Appendix D, Section 3.1 
Climatic Capability for Agriculture. The results of the climate assessment were subsequently used in 
estimating land capability for agriculture as described in EIS Section 20.2.2.1 Land Capability Method 
of the EIS and shown on EIS Figure 20.2, Maps 1 through 25. 


The improved capability ratings shown on EIS Figure 20.2, Maps 1 through 25, reflect the favourable 
climatic capability of the Peace River Valley. Areas shown as having an improved land capability rating 
of Class 1 and 2 are, for the most part, areas with a climatic capability of Class 1 and 2 respectively. 
These highly capable areas are suited for a variety of crops, as described in Section 20.2.3 Agricultural 
Suitability of Lands of the EIS. 


Agricu ltu ra l Utility 


Agricultural utility ratings were assigned to the land to reflect the likelihood of future agricultural 
cultivation, in absence of the Project. Agricultural utility was classified based on the soil and climate 
capability of the land (Class 1 to 7), and on potential constraints to agricultural use including land use 
plans, tenure, location and access, parcel size and configuration, and environmental constraints.  
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Permanantly lost land was classified by agricultural utility, reflecting the likelihood of these lands 
becoming used for agriculture in the future, in absence of the Project. Of the 3,816 ha of permanently 
lost agricultural land (Class 1 – 5), about one- third or 1,299 ha were identified as high utility, and 367 
ha were classed as moderate utility, for a total of 1,666 ha of high and moderate utility land lost due to 
the Project. Within the Peace River valley an estimated 12,527 ha of high and moderate agricultural 
utility land would remain, unaffected by the Project. 


Parcel size, or capability polygon size, was considered only in combination with other constraints, such 
as access. If small parcels, whether existing or resulting from Project induced fragementation, were 
rated as having high or moderate utility after consideration of other constraints, they retained that high 
or moderate utility rating. 


Agricultural utility was not constrained by ownership, tenure, current level of development for farming, 
or the Order-In-Council 2452 Reserve over crown land (commonly known as the flood reserve).   


Agricu ltu ra l Su itab ility 


Crop suitability refers to the suitability of different crops, or groups of crops, potentially grown in 
different land classes and is a function of the climate, soil capability, and crop needs. Crop suitability 
does not consider the economic viability of producing crops. The suitability of agricultural lands within 
the Project activity zone for growing different crops was estimated using the updated land capability for 
agriculture mapping. 


For areas within and near the proposed reservoir, soil characteristics generally do not limit the 
suitability of most crops and therefore suitability will be primarily dependent on climate. As land 
capability ratings for the most part reflect climatic capability, suitability of crops were assigned to 
capability classes following the range of crops considered suitable for the various climatic classes as 
noted in Climatic Capability Classification for Agriculture in British Columbia (BC Ministry of 
Environment 1981). For example, the range of crops noted as suitable for a Class 1 climate in the 
Climatic Capability Classification reference were considered suitable for areas with an improved 
capability rating of Class 1. Crop suitability by improved land capability class is summarized in Table 
20.6 of the EIS. 


Table 20.6 provides examples of, and an indication of the range of, crops that can be grown in areas of 
different (improved) land capability classes within the proposed reservoir area. Crop types are 
presented as grains and oilseeds, legumes and grasses, annual vegetables, and berries and 
fruits.Determining the range of crops that could be grown successfully at a specific location would 
require a site-specific evaluation of soils and climate, which is beyond the requirements of the 
agriculture assessment for the EIS. 


Climate  Change  


The influence of potential global climate change on future climatic capability for agriculture was 
assessed using temperature and precipitation anomalies for the 2050s and 2080s, as estimated by the 
Pacific Climate Impacts Consortium (PCIC) at the University of Victoria5. The regional climate change 


                                                 
5  EIS, Section 20.2.2.1.5, page 20.12, lines 22 – 25. 
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analysis indicated that climate capability for agriculture within the region as a whole would improve, 
increasing the land capability for agriculture throughout the region. 


Section 20.2.2.1.5, page 20.12, Regional Climate Change states: 


Applying the PCIC climate change model temperature anomaly projections, statistically significant 
changes to growing degree-days and frost-free periods are expected, and as a result, a significant 
improvement in climatic capability for agriculture is predicted. Improved climatic capability in the vicinity 
of the reservoir would generally improve from Class 2 and 3 to Class 1. The effect would be an 
increase in the area of land with a land capability rating of Class 1. 


Climate change predictions also indicate that climate capability within the region as a whole would 
improve, increasing the land capability for agriculture throughout the region. It is expected that the 
relative proportion of high capability land within the Project activity zone relative to the total within the 
region would not increase with climate change, and may decrease. As indicated in the EIS, results for 
land capability for agriculture, the region will have up to 2,670,460 ha of remaining (unimproved) Class 
1 – 5 land, of which 486,456 ha is Class 1 – 3, land that may experience an overall improved capability 
under the global climate change scenarios. 


Changes to Agricultural Operations 
The assessment of changes to individual farm operations is based on interviews with farm owners or 
operators and discussions with regulatory agency personnel, as well as on the predicted changes in 
microclimate described in Volume 2 Section 11.10. 


Potential changes which were identified are summarized in Volume 3, Section 20, Table 20.25 for farm 
operations which would be directly affected. Identified effects include the loss of land and crop 
production, soil disturbance, and effects on farm infrastructure, water supplies, livestock access to the 
reservoir, access to and within farms, fencing and livestock movement and severance and 
fragmentation of farm properties. 


An estimated 541 ha of currently cultivated land, and 1183 ha of land within current grazing licence or 
lease areas, would be premantly lost. 


Predicted changes to microclimate were assessed and it was concluded that, for agricultural land near 
the reservoir, agricultural productivity may increase due to a longer growing season but that there may 
be adverse effects to crop drying. Monitoring of climate parameters affecting crop drying is proposed to 
evaluate this potential effect. No changes are predicted for winter wind chill effects on livestock, 
irrigation water requirements, overwintering perennial crops or on field trafficability. 


The majority of the farms identified as being affected by the Project would have only part of their farm 
area affected, and would be able to continue farm operations, as described in sections 20.3.5.2 and 
20.3.5.3 of the EIS. 


Estimated Future Agricultural Operations and Economic Activity, Without the Project 
The major changes to agricultural economic acitivity would be associated with the foregone economic 
activity that results from the loss of agricultural land. Section 20.3.8 of the EIS estimates the net present 
value of potential agricultural production as the value of foregone agricultural economic activity that 
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may have occurred from land within the Project activity zone under different land use scenarios within 
100 years of the estimated first year of Project construction.  


The analysis of foregone agricultural economic activity includes a number of assumptions including: 1) 
future agricultural development, 2) the period over which development (agricultural expansion) takes 
place, 3) annual real growth rate in the agricultural terms of trade, 4) foregone benefits period, and 5) 
discount rate, all of which are described in Volume 3, Appendix D, Agricultural Economic Valuation 
Methodology.  


Potential future agricultural land use without the Project was estimated using a number of 
assumptions6. The level of future agricultural development was not constrained by current or assumed 
future ownership, tenure, including the current level of development for farming, or the Order-In-Council 
2452 Reserve over crown land (commonly known as the flood reserve). It was assumed that: 


• The currently cultivated land would continue to be farmed 


• The currently unused Class 1 through 5 high to moderate utility lands would become fully 
developed for cultivation over time 


• The currently unused Class 1 through 5 low utility lands would become fully used for grazing over 
time  


• 50% of the Class 6 and 7 lands would become fully used for grazing over time 


The economic value of the agricultural activity that would be displaced by the Project was derived using 
the methodology described in Volume 3, Appendix D, Section 6 Agriculture Economic Methodology, 
page 47, which was largely based on the valuation methodology first used by the BC Ministry of 
Agriculture Blue Paper (BCMAF 1982) in its review of the previous Site C agricultural assessment. 


Three alternative scenarios of the pattern of future agricultural development were considered, and the 
total area in crops and the area of grazing increase to the amounts shown in Table 20.31 for each 
scenario:  


• Scenario 1 is based on expansion of the current cropping mix, with no new crop types added 


• Scenario 2 is identical to Scenario 1, except that vegetable production, increasing to 100 ha by year 
100, is included. The vegetable production is assumed to supplant an equal area of other crops. 
This scenario is employed in the base case evaluation of foregone agricultural activity 


• Scenario 3 is identical to Scenario 2, except that vegetable cropping reaches 200 ha by year 100, 
supplanting an equal area of other crops 


Although vegetable production has not increased over the past 30 years, vegetables remain a potential 
high value use of the land in the future and have been included as part of the future crop mix. Future 
cropping scenarios which include 100 ha and 200 ha of vegetables have been used to estimate the 
present value of the returns to agricultural land within the Project activity zone without the Project, as 
described in Section 20.3.8.4 Agricultural Economic Activity Without the Project of the EIS. The 
expansion of vegetable production to this extent is reasonable given that in 2011, there were 28 ha of 
vegetable and potato production in the entire Peace Agricultural Region (Statistics Canada 2012a). 


                                                 
6  EIS Section 20.3.8.2 Agricultural Land Use Without the Project. 
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Current agricultural land use is approximately 1,724 ha, comprised of 541 ha of cultivated land and 
1,183 ha of grazing land within the Project activity zone7. For the purposes of the assessment, future 
projected agricultural land use without the Project, over the next 100years within the Project activity 
zone, is assumed to increase by three-fold to a total of 5,143 ha, comprised of 1,666 ha of cultivated 
land (based on the agricultural utility rating), and 3,477 ha of grazing land (EIS section 20.3.8.2).  


The estimated present value (Year 1 dollars) of the foregone economic activity associated with the 
future projected agricultural land use without the Project, over the next 100 years, is estimated at 
between $13 million and $31.5 million, with the base case (Scenario 2) estimated at $22.3 million (EIS 
section 20.3.8.3). 


Additional economic considerations in the agriculture assessment include changes to regional 
agricultural economic activity and employment. The currently farmed portions of the Project activity 
zone are estimated to produce approximately 0.2% of the current regional gross farm receipts. 
Depending on the cropping scenario assumed, if all the high and moderate utility land were cultivated 
today, and with some grazing use in the remainder of the Project activity zone, the gross farm receipts 
from land within the Project activity zone would represent between 0.7% through 1.3% of the current 
regional gross farm receipts, depending on the cropping scenario assumed. This estimate assumes no 
increase in gross farm receipts in the remainder of the region. 


Agricultural economic considerations also include changes to farm employment. As described in 
Section 20, it is estimated that current paid employment in the Project activity zone, based on an 
estimate of 49 weeks of employment per year per full-time worker, is about 1 to 2 person-years 
(2012a). Considering the future base case agricultural development scenario, it is estimated that paid 
employment in the Project activity zone could rise to 3 to 4 person-years annually without the Project. 


Changes to Food Self-Reliance 
The EIS Guidelines required the consideration of changes to local food production, and thus 
consideration of food self-reliance as a function of food production and consumption. Baseline 
conditions identified a decreasing trend in food self-reliance in British Columbia due to globalization, 
increased trade and changes in government regulation.  


EIS Section 20.2.9.1 states that Canada supports fair trade rules and environmentally sustainable trade 
practices as the means toward increasing food security, rather than agricultural protectionism and 
promotion of food self-sufficiency. In B.C. residents benefit from access to reasonably priced, high 
quality, imported food year-round, and producers face relatively low returns associated with growing 
most food products in the province.8 As such, the level of current food self-reliance is a function of 
market dynamics as farmers seek the most economical crops to grow and enterprises to operate, and 
consumers seek economic, year-round access to produce9. 


The EIS considers potential changes to regional food self-reliance with the Project based on the ratio of 
food production to food consumption for relevant, locally-produced food commodities. The analysis 
confirms high levels of regional self-reliance in grains, oils and fats, sugars, and red meats and low 
                                                 
7  EIS Section 20.3.5 Effects Assessment – Construction - Agricultural Operations; Table 20.26 Summary of 


Loss of Cultivated Land by Operation, and Table 20.27 Permanent Land Losses Grazing Tenures. 
8  EIS, Volume 3, Appendix D, Section 7.1.2.2, page 64. 
9  EIS, Volume 3, Appendix D, Section 7.1.2.2, page 64. 
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levels of self-reliance in dairy, poultry, and vegetables. Increased self-reliance in dairy and poultry 
would not require higher capability farmland to support increased production, if economic conditions 
were to encourage such a trend.10 For vegetables, sufficient high capability agricultural land would 
remain in the Peace River valley to support higher levels of regional food self-reliance. 


Section 20.3.11.2 states that the Peace Agricultural Region population, projected out to the year 2036, 
is anticipated to grow at an average annual rate of about 1.09% (BC Stats No date). Extrapolating that 
rate over the next 100 years, the Peace Agricultural Region population may grow to approximately 
210,000 people in 2112, or about triple what it is today. 


Assuming food consumption patterns do not change appreciably into the future, Table 20.36 shows that 
future regional vegetable consumption would also be expected to triple. A 50% self-reliance in 
vegetables capable of being grown in the Peace Agricultural Region would require approximately 
755 ha of vegetable production in 2112, and a 100% self-reliance would require approximately 1,510 ha 
of vegetable production. 


Table 4.  Peace Agricultural Region Population Growth in Relation to Food Self-Reliance in 
Vegetables to 2112 


Year Peace Region Populationa 50% Self-Reliance 100% Self-Reliance 


Vegetables Required (ha)b 


2011 71,000 255 511 
2036 93,100 335 670 
2062 122,100 439 878 
2112 209,900 755 1,510 


NOTES:  
a BC Stats (No date) 
b Refers to self-reliance in vegetables that can currently be grown in the Peace Agricultural Region 


In summary, for vegetable crops that are climatically adapted, it is anticipated that if the Project 
proceeds, there will be more than adequate land outside of the Project activity zone to meet 
self-reliance needs at least for the next 100 years. Of the 9,778 ha within the Peace River Valley rated 
as having high utility outside of the Project activity zone, 6,606 ha have an unimproved capability of 
Class 1 and 2, and 3,172 ha of Class 3. 


Changes in food self-reliance in relation to climate change: 
A number of public comments ask how the agriculture assessment has considered future potential 
climate change. EIS section 20.2.2.1.5 describes the impact of potential global climate change on 
future climatic capability for agriculture. Volume 3, Appendix D, Section 7.1.2.3, page 65, provides the 
following information regarding anticipated changes in provincial food self-reliance in relation to climate 
change: 


                                                 
10  EIS, Section 20.3.11.2, page 20-65, lines 15 – 37. 
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It is expected that global climate change will change the conditions for agriculture 
within regions of the province. According to a climate change action plan prepared by 
the provincial Ministry of Agriculture and Land (BC Agriculture and Food 2010): 


“Some research predicts BC will experience increasing agricultural capability and a 
broader range of suitable crops. However, it is likely that climate change will increase 
uncertainty and the costs associated with weather damage for BC’s agricultural 
operations.” 


The direction of the potential net effect of climate change on provincial food self-
reliance has yet to be determined. There is concern that the current world food supply 
system will be disrupted by climate change, creating global food security issues. With 
appropriate provincial and federal food strategies,11 B.C.’s food self-reliance could 
increase if the agricultural sector takes a more prominent role in the global food 
supply system. 


The region’s future ability to supply food, both within the region and outside the region, would continue 
to be supported, even with the Project, because the anticipated increase in the frost-free period and the 
number of growing degree days will increase the agricultural capability, and therefore the potential for 
agricultural production, on the approximately 2,670,460 ha of remaining (unimproved) Class 1 – 5 land. 


The proposed agricultural compensation fund could be used to support research into on-farm and 
regional adaptation to support agricultural production in response to climate change. 


Agriculture Mitigation 
EIS, Section 20.4 of the agricultural assessment summarises the effects and proposed mitigation 
measures, whereas there is more description on the proposed mitigation measures in each preceding 
effects assessment sections. Generally mitigation focuses on maintaining or increasing agricultural 
productivity on lands not directly affected by the Project. Agricultural mitigation measures can be 
categorized as standard best management practices, direct on-farm mitigation, and the proposed 
agriculture compensation program. 


Standard  Management Prac tices  


BC Hydro would implement suitable management practices for all aspects of construction, including 
those that would affect agricultural land. Examples of standard management practices relevant for 
reducing effects on nearby or adjacent farm operations include dust control, noxious weed control, 
erosion and sediment control, all of which will be supported by management plans as described in 
Section 35 of the EIS. 


                                                 
11  These responses include making strategic adaptations that increase the tools available to agricultural 


producers to manage climate change and adopting mitigation measures to reduce agriculture’s carbon 
footprint while creating economic opportunities for doing so. 
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Direc t On-Farm Mitiga tion  


Direct mitigation at the farm level would be included in farm-specific mitigation plans focused on 
avoiding, reducing or compensating for direct adverse effects on agricultural land and operations, 
including management of on-farm impacts, such as changes to farm access, buildings, wells or fencing. 


Top Soil Removal 


BC Hydro would salvage and store surface soils from temporary construction areas for later use in 
reclamation of these areas12. Environmental management plans would be developed to support BC 
Hydro’s proposed soil relocation activities. 


Within the reservoir area, BC Hydro has proposed that localised soil relocation would be considered on 
a site-specific basis as a component of farm specific mitigation plans. Surface soils of suitable quality, 
salvaged from areas that would be inundated or from areas disturbed by Highway 29 relocation works, 
could be placed in nearby areas of poorer quality soil or in low-lying, poorly drained areas to improve 
agricultural productivity13.  


Large scale topsoil removal and relocation is not proposed by BC Hydro because there are a number of 
environmental constraints to this activity. However, during the construction period there would be 
adequate time for interested third parties (e.g. oil and gas industry) to evaluate the impacts and benefits 
of topsoil removal and to develop an environmental management protocol for such activities in 
discussion with relevant provincial regulatory agencies. If suitable protocols can be developed, BC 
Hydro would be supportive of third party topsoil removal prior to reservoir flooding. 


Opportunities to implement topsil relocation at a large scale would have to consider the following 
issues14: 


• Disturbance of archaeological sites – the potential for archaeological site disturbance due to soil 
relocation must be evaluated and managed in consideration of the Project Heritage Management 
Plan and may need further Site Alteration Permits under the Heritage Conservation Act. This 
disturbance would be of a different nature than inundation by the reservoir. 


• Erosion and sediment control – the removal of additional vegetation and root structures would be 
required to allow access to and relocation of surface soils. This would expose underlying materials 
to associated erosion, sedimentation effects, and invasive plant species. These effects would need 
to be evaluated and managed in a manner consistent with the Project Erosion Prevention and 
Erosion Control Plan as well as the Soil Management, Site Restoration, and Re-vegetation Plan. 


• Weed control – the relocation of surface soils with associated invasive weed seed caches must be 
evaluated and managed in a manner consistent with the Project Vegetation and Invasive Plant 
Management Plan. 


• Habitat degradation – the removal of additional vegetation cover to allow access to and relocation 
of surface soils would remove additional terrestrial habitat features.  


                                                 
12  ESI, Section 20.3.4.1.2, page 20-43, lines 11 – 13. 
13  EIS, Section 20.3.4.1.2, page 20-42, lines 39 – 41. 
14  ESI, Section 20.3.4.1.2, page 20-43, lines 3 – 5. 
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• Release of mercury – the methylmercury studies in the EIS have identified that the natural 
background mercury is largely concentrated in the organic soils. Therefore the potential effects of 
soil relocation on the methylmercury would need to be assessed, to understand how soil removal 
may change the methylmercury effects predicted in this EIS. 


Res ervoir Water Quality for Irriga tion  


EIS, Section 20.3.4.1.2 describes the potential for irrigation improvements using water from the 
reservoir. The reservoir water quality would be adequate for irrigation purposes, as water quality within 
the reservoir would be within drinking water quality guidelines, as described in EIS, Section 33. 


Agricu ltu ra l Compens a tion  Program 


EIS, Section 20.3.10.1.1 describes the agricultural compensation fund proposed to mitigate the 
agricultural economic activity that would be foregone due to the loss of agricultural land. BC Hydro will 
establish an agricultural compensation fund to support Peace River valley and regional agricultural 
projects. Funded projects would be those that would enhance or improve agricultural production on a 
local and regional scale. 


The administration and governance of the fund, and the magnitude of the fund, will be developed 
through consultation with agricultural organizations, the Agricultural Land Commission (ALC), the B.C. 
Ministry of Agriculture, and the local agricultural community.  


There are many opportunities to improve or enhance agricultural production in the region. The actual 
projects funded would be those proposed by agricultural stakeholders, and supported by detailed 
proposals and clear objectives. Types of projects that the proposed fund may support are listed below. 
Some of these projects already receive funding assistance from existing programs:  


• Agricultural Land Base Improvements  
o Provide funding to implement shelterbelt or windbreaks to supplement the B.C. Agricultural 


Council Environmental Farm Plan program 
o Provide funding to implement alternative cattle watering systems that limit direct animal access 


to riparian areas to supplement the Environmental Farm Plan program; this could result in 
improved systems with respect to reliability and water quality in addition to environmental 
benefits 


o Provide funding to implement fencing schemes to better manage grazing lands and improve 
riparian function in an environmentally sustainable fashion to supplement the Environmental 
Farm Plan program 


o Provide assistance in improving or expanding the use of Crown land for grazing, including 
community pastures  


o Provide funding for developing methods for improving the grazing capacity of cut blocks  
o Provide funding for fencing for wildlife control, particularly to protect feed storage areas 
o Assist in expanding the agricultural land base in Fort Nelson; assistance in land use planning for 


the area may be a possibility  
o Support regional weed management initiatives to supplement existing weed management 


programs 
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• Support for agricultural research and development  
o Support research and demonstration to promote adoption of irrigation technology 
o Support research and demonstration to increase yields and commercialize new crops and 


varieties (e.g., vegetables, specialty crops, biofuels) 
o Support research into on-farm and regional responses to climate change (e.g., perennial 


cereals, drought-resistant varieties)  
o Support extension activities, demonstration projects, and variety trials, focusing on transfer of 


knowledge to the farming or ranching sector 
o Support demonstration of advanced fertility management (e.g., liming, crop nutrition, nitrogen-


fixing rotations)  
o Support demonstration of new production techniques  
o Support research into, and demonstration of, weed and disease control measures  


• Support and accelerate regional value-added initiatives in the agricultural sector 
o Support feasibility studies of potential opportunities such as regional food processing, slaughter 


capacity, bioproducts (e.g., from hemp, Russian dandelion, Jerusalem artichoke), and 
nutraceuticals; if such potential opportunities appear feasible, support implementation 


o Support local marketing initiatives 
o Create markets for local agricultural products (e.g., food for construction workers during project 


construction), including support for local farmers’ markets  
o Support local market infrastructure development such as cleaning and packing, warehousing 


and storage, and distribution  
o Support attraction of investment into agricultural value-added opportunities 


• Improve the sustainability of the agricultural sector 
o Support investigation into carbon credit opportunities for agriculture  
o Assist adoption of green and alternative technologies in place of fossil fuel-driven energy 


systems to supplement the Environmental Farm Plan program 


• Improve regional infrastructure such as facilities, services, and installations in support of agriculture 
o Develop irrigation infrastructure 
o Develop regional transportation network 
o Improve the regional electrical grid 
o Improve access to natural gas  
o Develop regional agricultural and domestic water supply plans 
o Facilitate clean energy agricultural hook-ups to the grid 


• Assist in improving access to the Internet and cellphone coverage 


Conclusion 
The EIS Guidelines required that the potential for the Project to adversely affect agriculture be 
assessed by taking into account the potential for the Project to result in changes to four key aspects. 


• Loss of agricultural land: There would be a permanent loss of agricultural land as a result of the 
Project. However, BC Hydro proposes to establish a compensation fund to support Peace River 
valley and regional agricultural projects targeted at improving production on remaining lands and at 
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enhancing agricultural economic activity in the region. The fund will provide resources to increase 
agricultural production on remaining lands over a period of time. 


• Changes to individual farm operations: The majority of farms would have only part of their land 
affected and would continue to operate. Farm Mitigation Plans will be developed in consultation with 
each owner and operator, that will describe appropriate mitigation measures to address specific 
effects for each operation. Agricultural land required for the Project will be acquired and associated 
financial losses (if any) will be fairly compensated. 


• Changes to agricultural economies: The Project would result in foregone agricultural economic 
activity compared to potential future agricultural land use. BC Hydro’s proposed compensation fund 
would mitigate this effect as the design and amount of the fund would be structured to mitigate 
adverse effects on agricultural economic production. 


• Changes to local food production and consumption: There would be no effects on regional food 
self-reliance, as there would be sufficient land remaining for the region to be self-sufficient in 
commodities that can be produced in the region. 


Considering all aspects of the agriculture VC as outlined in the introduction, an adequately funded and 
properly administered agricultural compensation fund, by enhancing regional agricultural production 
and replacing the net agricultural returns that would be displaced from permanently lost land, would 
mitigate the Project effects on agricultural production and agricultural economies. Therefore the 
Project’s net effect on agriculture is considered not significant. 
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		Purpose

		The purpose of this technical memo is to provide a summary of the agriculture assessment, and to address questions raised during the comment period on the EIS about agriculture. The complete information required by the EIS Guidelines for the assessment of Project effects on agriculture is set out in the EIS, Section 20, and supporting appendices and references. 

		Comments received during the public and working group comment period on the EIS are answered in the IR response tables, are further supported by this technical memo, and are summarised by BC Hydro in the following general themes:

		Changes to Agricultural Land

		 characterization of the quality of the land lost to the Project, and consideration of the relative quality of the land remaining in the Peace River valley, the region and the province

		Changes to Agricultural Operations

		 characterization of the potential effects to individual farm operations, including loss of land and changes to farm management, resulting from Project construction and operation

		Estimated Future Agricultural Activity, Without the Project

		 characterization of potential future agricultural land use, including food crop production, in absence of the Project, and the assumptions used in development of future crop production scenarios

		Local Climate Capability

		 potential local weather changes on agricultural land adjacent to the reservoir, and consideration of local microclimates within the valley

		Climate Change

		 consideration of future potential global climate change scenarios and resultant changes to the regional climate with respect to agricultural land capability

		Changes to Food Self-Reliance

		 characterization of potential future food production in absence of the Project, in relation to the regional and provincial food self-reliance, and in relation to future climate change

		Agriculture Mitigation

		 questions about the proposed mitigation programs, including the viability of relocating topsoil from the reservoir area prior to inundation, the viability of potential reservoir water for agricultural irrigation, and the approach to the compensation fund



		Introduction

		The EIS Guidelines required that the potential for the Project to adversely affect agriculture be assessed by taking into account the potential for the Project to result in changes to the following key aspects

		 Loss of agricultural land: An estimate of the loss of agricultural land, including a description of these changes to the agricultural resource base on a local, regional and provincial scale

		 Changes to individual farm operations: Description of effects to individual farm operations, including loss of land, effects to farm infrastructure, and changes to farm activities

		 Changes to agricultural economies: Quantification of projected immediate and longer-term effects to local, regional and provincial agricultural economies. This included estimating changes in agricultural costs and revenues at the farm level, changes in opportunities for potential new agricultural economic activity, and changes to primary and secondary agricultural economic activity.

		 Changes to local food production and consumption: Identification of potential changes to local food production and any changes to the ratio of food production to food consumption (a measure of food self-reliance)

		The assessment concludes that considering the effects on these four aspects of the agriculture VC, an adequately funded and properly administered agricultural compensation fund would enhance regional agricultural production and replace the net agricultural returns that would be displaced from forecast agricultural activity on permanently lost land, and would therefore mitigate the Project effects on agricultural production and agricultural economies. For this reason, the Project’s net effect on agriculture is considered not significant.



		Changes to Agricultural Land

		The agricultural assessment met the requirement to estimate the loss of agricultural land by reporting on changes to two measures that characterize the agricultural land baseline: land capability for agriculture and agricultural utlility. Land capability for agriculture is derived from both soil and climate conditions and refers to the potential for agricultural crop production. Land capability is rated on a scale of Class 1 to 7. Agricultural land can be assigned both an unimproved and improved capability rating. Unimproved ratings apply to the cleared, but otherwise natural state of the land, wheras improved ratings apply to the land once improvements, such as irrigation and drainage, have been made. 

		Table 20.16 in the EIS identifies the permanent loss of land by unimproved capability class (Class 1 – 7), and by Project component or activity. In summary, 3,816 ha of unimproved Class 1 – 5 cultivatable land would be permanently used by the Project and no longer available for agricultural use. The majority (3,225 ha) of this would be within the Site C reservoir area, with 430 ha within other Project component areas, and 161 ha within the erosion impact line. 

		The EIS Guidelines required that the loss of agricultural land be described at a local, regional and provincial scale. Table 20.17 of the EIS (Table 2 of this memo) identifies land by capability class within the Project activity zone, within the local Peace River valley, Peace agricultural region and the Province. The unimproved Class 1 – 5 lands remaining, unaffected by the Project would be:

		 16,240 hectares within the Peace River Valley

		 2,670,460 hectares within the Peace Agricultural Region 

		 9,318,297 hectares within British Columbia3 

		Summary of Permanent Loss of Agricultural Land

		Table 1 shows the agricultural land that would be permanently lost due to the Project, by improved and unimproved capability class, within the areas of the Project activity zone. This information is presented in EIS Section 20.3.1 Effects Assessment – Construction – Agricultural Land Base, for each Project component and activity, and is summarized for unimproved capability in EIS Table 20.16.

		Table 2 shows the agricultural land that would be permanently lost due to the Project within the Project activity zone, by unimproved agricultural capability class, and shows for comparison the areas of total agricultural land in each class within the Peace River valley, the Peace Agricultural Region, and the Province. This information is presented in the EIS Section 20.3.3.1 and summarized in Table 20.17 for unimproved capability.

		Table 3 shows the agricultural land that would be permanently lost due to the Project within the Project activity zone, by improved agricultural capability class, and shows for comparison the areas of total agricultural land in each class within the Peace River valley, the Peace Agricultural Region, and the Province.

		The improved ratings for the Peace Agricultural Region and the province in Table 3 are based on published information, adjusted for the updated improved ratings within the Project activity zone. As described in EIS Volume 3, Section 20, land capability for agriculture mapping in the Project activity zone was updated as part of the Agricultural Assessment program for the EIS. The mapping was updated to account for more recent climatic capability for agriculture ratings, the 1983 climatic capability mapping (BC Ministry of Environment 1983) and analysis of more recent climate data as described in Volume 3, Appendix D, Section 3.0, and soil characteristics determined by the soils field program conducted in 2011 and 2012. Interpretation of the comparison, shown in Table 3, particularly for improved Class 1 areas, must consider the limitations of the previous capability mapping within the Peace River Valley.

		Results of the capability updating within the Project activity zone demonstrated lower climatic capability for unimproved ratings than previously estimated, due to a higher moisture deficit than assumed in earlier land capability for agriculture mapping. Conversely the soils in the reservoir area were found to have greater water holding capacity than previously assumed; this resulted in higher improved capability ratings than the ratings assigned in earlier studies. Earlier capability assessments did not note these improved ratings, as the assumed moisture deficit was too small to assign an improved rating with irrigation.

		The agricultural capability update showed an increase in the area assigned a Class 1 improved rating within the Project activity zone over previous ratings. Capability updating has not been done for areas of the Peace River Valley outside the Project activity zone. Therefore, if soil and climate capability in other areas of the Peace River Valley are similar to those documented in the updated ratings within the Project activity zone, then there is also a larger area than currently documented of improved Class 1 and 2 in the Valley downstream of the proposed Site C dam. This would result in the improved Class 1 and 2 areas within the Project activity zone representing a smaller percentage of the Class 1 and 2 areas in the Peace River Valley, the Peace Agricultural Region and the province. 

		Agricultural capability was not constrained by ownership, tenure, current level of development for farming, or the Order-In-Council 2452 Reserve over crown land (commonly known as the flood reserve).

		Table 1. Land, in Ha, that Would be Lost Within the Project Activity Zone by Both Improved and Unimproved Agricultural Capability



		Project Component or Activity

		Class 1

		Class 2

		Class 3

		Class 4

		Class 5

		Class 6-7

		Class 1-5

		sub-total

		Total

		Reservoir

		0

		2,290

		685

		182

		68

		1,298

		3,225

		4,523

		(1,412)

		(1,300)

		(328)

		(117)

		(68)

		(1,298)

		(3,225)

		(4,523)

		Highway

		0

		149

		32

		66

		1

		82

		248

		330

		(10)

		(56)

		(57)

		(15)

		(1)

		(82)

		(248)

		(330)

		Erosion

		0

		87

		34

		25

		15

		1,212

		161

		1373

		(10)

		(56)

		(46)

		(34)

		(15)

		(1,212)

		(161)

		(1,373)

		Dam site

		0

		75

		29

		0

		0

		61

		104

		165

		(14)

		(61)

		(29)

		(0)

		(0)

		(61)

		(104)

		(165)

		Access Roads

		0

		0

		52

		7

		19

		0

		78

		78

		(0)

		(0)

		(52)

		(7)

		(19)

		(0)

		(78)

		(78)

		Total

		0

		2601

		832

		280

		103

		2,653

		3,816

		6,469

		(1,557)

		(1,471)

		(512)

		(173)

		(103)

		(2,653)

		(3,816)

		(6,469)

		Table 2.  Comparison of Unimproved Agricultural Capability Classes, in hectares of the Project activity zone, the Peace River Valley, the Peace Agricultural Region and the Province (reproduced from Table 20.17 of the EIS)

		Class 1

		Class 2

		Class 3

		Class 4

		Class 5

		Class 6-7

		Class 1-5

		sub-total

		Total

		Project Activity Zone

		0

		2,601

		832

		280

		3,713

		2,653

		3,816

		6,469

		Peace River Valley

		926

		9,551

		 6,150

		1,949

		1,480

		35,031

		20,056

		55,087

		 % of Peace River valley

		0%

		27%

		14%

		14%

		7%

		8%

		19%

		12%

		Peace Agricultural Region

		3,833

		121,013

		365,043

		501,036

		1,683,351

		2,091,078*

		2,674,276

		4,765,354

		  % of Peace Agric Region

		0.0%

		2.0%

		0.2%

		0.1%

		0.0%

		0.1%

		0.1%

		0.1%

		Province**

		21,057

		235,480

		692,041

		1,701,715

		6,671,820

		20,674,336*

		9,322,113

		29,996,449

		 % of Province

		0.0%

		1.1%

		0.1%

		0.0%

		0.0%

		0.0%

		0.0%

		0.0%

		Notes: 

		* Data for Peace Agricultural Region and the Province are from Agricultural Land Capability in British Columbia (BC Environment and Land Use Committee Secretariat 1976). This publication does not explain the difference between areas of unimproved Class 6 and 7 and improved Class 6 and 7 (Table 3), which should be the same.

		** The provincial total of approximately 30 million ha is the total area for which Agricultural Capability mapping is available. The total land area of British Columbia is approximately 93 million ha. The 63 million ha not mapped is considered unsuitable for agriculture.

		Table 3.  Comparison of Improved Agricultural Capability Classes, in ha, of the Project Activity Zone, the Peace River Valley, the Peace Agricultural Region and the Province.

		Class 1

		Class 2

		Class 3

		Class 4

		Class 5

		Class 6-7

		Class 1-5

		sub-total

		Total

		Project Activity Zone

		1,557

		1,471

		512

		173

		103

		2,653

		3,816

		6,469

		Peace River Valley

		2,483

		8,421

		5,830

		1,842

		1,480

		35,031

		20,056

		55,087

		 % of Peace River valley

		63%

		18%

		9%

		9%

		7%

		8%

		19%

		12%

		Peace Agricultural Region

		5,390

		119,883

		374,271

		535,441

		1,996,983

		1,733,386

		3,031,968

		4,765,354

		  % of Peace Agric Region

		29%

		1%

		0.1%

		0.0%

		0.0%

		0.2%

		0.1%

		0.1%

		Province*

		71,504

		396,552

		999,444

		2,131,731

		6,138,210

		20,259,008

		9,737,441

		29,996,449

		 % of Province

		2.2%

		0.4%

		0.1%

		0.0%

		0.0%

		0.0%

		0.0%

		0.0%

		Notes:

		 *  The provincial total of approximately 30 million ha is the total area for which Agricultural Capability mapping is available. The total land area of British Columbia is approximately 93 million ha. The 63 million ha not mapped is considered unsuitable for agriculture. 



		Local Climatic Capability

		The assessment of climatic capability for agriculture is described in Volume 3, Appendix D, Section 3.1 Climatic Capability for Agriculture. The results of the climate assessment were subsequently used in estimating land capability for agriculture as described in EIS Section 20.2.2.1 Land Capability Method of the EIS and shown on EIS Figure 20.2, Maps 1 through 25.

		The improved capability ratings shown on EIS Figure 20.2, Maps 1 through 25, reflect the favourable climatic capability of the Peace River Valley. Areas shown as having an improved land capability rating of Class 1 and 2 are, for the most part, areas with a climatic capability of Class 1 and 2 respectively. These highly capable areas are suited for a variety of crops, as described in Section 20.2.3 Agricultural Suitability of Lands of the EIS.



		Agricultural Utility

		Agricultural utility ratings were assigned to the land to reflect the likelihood of future agricultural cultivation, in absence of the Project. Agricultural utility was classified based on the soil and climate capability of the land (Class 1 to 7), and on potential constraints to agricultural use including land use plans, tenure, location and access, parcel size and configuration, and environmental constraints. 

		Permanantly lost land was classified by agricultural utility, reflecting the likelihood of these lands becoming used for agriculture in the future, in absence of the Project. Of the 3,816 ha of permanently lost agricultural land (Class 1 – 5), about one- third or 1,299 ha were identified as high utility, and 367 ha were classed as moderate utility, for a total of 1,666 ha of high and moderate utility land lost due to the Project. Within the Peace River valley an estimated 12,527 ha of high and moderate agricultural utility land would remain, unaffected by the Project.

		Parcel size, or capability polygon size, was considered only in combination with other constraints, such as access. If small parcels, whether existing or resulting from Project induced fragementation, were rated as having high or moderate utility after consideration of other constraints, they retained that high or moderate utility rating.

		Agricultural utility was not constrained by ownership, tenure, current level of development for farming, or the Order-In-Council 2452 Reserve over crown land (commonly known as the flood reserve).  



		Agricultural Suitability

		Crop suitability refers to the suitability of different crops, or groups of crops, potentially grown in different land classes and is a function of the climate, soil capability, and crop needs. Crop suitability does not consider the economic viability of producing crops. The suitability of agricultural lands within the Project activity zone for growing different crops was estimated using the updated land capability for agriculture mapping.

		For areas within and near the proposed reservoir, soil characteristics generally do not limit the suitability of most crops and therefore suitability will be primarily dependent on climate. As land capability ratings for the most part reflect climatic capability, suitability of crops were assigned to capability classes following the range of crops considered suitable for the various climatic classes as noted in Climatic Capability Classification for Agriculture in British Columbia (BC Ministry of Environment 1981). For example, the range of crops noted as suitable for a Class 1 climate in the Climatic Capability Classification reference were considered suitable for areas with an improved capability rating of Class 1. Crop suitability by improved land capability class is summarized in Table 20.6 of the EIS.

		Table 20.6 provides examples of, and an indication of the range of, crops that can be grown in areas of different (improved) land capability classes within the proposed reservoir area. Crop types are presented as grains and oilseeds, legumes and grasses, annual vegetables, and berries and fruits.Determining the range of crops that could be grown successfully at a specific location would require a site-specific evaluation of soils and climate, which is beyond the requirements of the agriculture assessment for the EIS.



		Climate Change

		The influence of potential global climate change on future climatic capability for agriculture was assessed using temperature and precipitation anomalies for the 2050s and 2080s, as estimated by the Pacific Climate Impacts Consortium (PCIC) at the University of Victoria. The regional climate change analysis indicated that climate capability for agriculture within the region as a whole would improve, increasing the land capability for agriculture throughout the region.

		Section 20.2.2.1.5, page 20.12, Regional Climate Change states:

		Applying the PCIC climate change model temperature anomaly projections, statistically significant changes to growing degree-days and frost-free periods are expected, and as a result, a significant improvement in climatic capability for agriculture is predicted. Improved climatic capability in the vicinity of the reservoir would generally improve from Class 2 and 3 to Class 1. The effect would be an increase in the area of land with a land capability rating of Class 1.

		Climate change predictions also indicate that climate capability within the region as a whole would improve, increasing the land capability for agriculture throughout the region. It is expected that the relative proportion of high capability land within the Project activity zone relative to the total within the region would not increase with climate change, and may decrease. As indicated in the EIS, results for land capability for agriculture, the region will have up to 2,670,460 ha of remaining (unimproved) Class 1 – 5 land, of which 486,456 ha is Class 1 – 3, land that may experience an overall improved capability under the global climate change scenarios.



		Changes to Agricultural Operations

		The assessment of changes to individual farm operations is based on interviews with farm owners or operators and discussions with regulatory agency personnel, as well as on the predicted changes in microclimate described in Volume 2 Section 11.10.

		Potential changes which were identified are summarized in Volume 3, Section 20, Table 20.25 for farm operations which would be directly affected. Identified effects include the loss of land and crop production, soil disturbance, and effects on farm infrastructure, water supplies, livestock access to the reservoir, access to and within farms, fencing and livestock movement and severance and fragmentation of farm properties.

		An estimated 541 ha of currently cultivated land, and 1183 ha of land within current grazing licence or lease areas, would be premantly lost.

		Predicted changes to microclimate were assessed and it was concluded that, for agricultural land near the reservoir, agricultural productivity may increase due to a longer growing season but that there may be adverse effects to crop drying. Monitoring of climate parameters affecting crop drying is proposed to evaluate this potential effect. No changes are predicted for winter wind chill effects on livestock, irrigation water requirements, overwintering perennial crops or on field trafficability.

		The majority of the farms identified as being affected by the Project would have only part of their farm area affected, and would be able to continue farm operations, as described in sections 20.3.5.2 and 20.3.5.3 of the EIS.



		Estimated Future Agricultural Operations and Economic Activity, Without the Project

		The major changes to agricultural economic acitivity would be associated with the foregone economic activity that results from the loss of agricultural land. Section 20.3.8 of the EIS estimates the net present value of potential agricultural production as the value of foregone agricultural economic activity that may have occurred from land within the Project activity zone under different land use scenarios within 100 years of the estimated first year of Project construction. 

		The analysis of foregone agricultural economic activity includes a number of assumptions including: 1) future agricultural development, 2) the period over which development (agricultural expansion) takes place, 3) annual real growth rate in the agricultural terms of trade, 4) foregone benefits period, and 5) discount rate, all of which are described in Volume 3, Appendix D, Agricultural Economic Valuation Methodology. 

		Potential future agricultural land use without the Project was estimated using a number of assumptions. The level of future agricultural development was not constrained by current or assumed future ownership, tenure, including the current level of development for farming, or the Order-In-Council 2452 Reserve over crown land (commonly known as the flood reserve). It was assumed that:

		 The currently cultivated land would continue to be farmed

		 The currently unused Class 1 through 5 high to moderate utility lands would become fully developed for cultivation over time

		 The currently unused Class 1 through 5 low utility lands would become fully used for grazing over time 

		 50% of the Class 6 and 7 lands would become fully used for grazing over time

		The economic value of the agricultural activity that would be displaced by the Project was derived using the methodology described in Volume 3, Appendix D, Section 6 Agriculture Economic Methodology, page 47, which was largely based on the valuation methodology first used by the BC Ministry of Agriculture Blue Paper (BCMAF 1982) in its review of the previous Site C agricultural assessment.

		Three alternative scenarios of the pattern of future agricultural development were considered, and the total area in crops and the area of grazing increase to the amounts shown in Table 20.31 for each scenario: 

		 Scenario 1 is based on expansion of the current cropping mix, with no new crop types added

		 Scenario 2 is identical to Scenario 1, except that vegetable production, increasing to 100 ha by year 100, is included. The vegetable production is assumed to supplant an equal area of other crops. This scenario is employed in the base case evaluation of foregone agricultural activity

		 Scenario 3 is identical to Scenario 2, except that vegetable cropping reaches 200 ha by year 100, supplanting an equal area of other crops

		Although vegetable production has not increased over the past 30 years, vegetables remain a potential high value use of the land in the future and have been included as part of the future crop mix. Future cropping scenarios which include 100 ha and 200 ha of vegetables have been used to estimate the present value of the returns to agricultural land within the Project activity zone without the Project, as described in Section 20.3.8.4 Agricultural Economic Activity Without the Project of the EIS. The expansion of vegetable production to this extent is reasonable given that in 2011, there were 28 ha of vegetable and potato production in the entire Peace Agricultural Region (Statistics Canada 2012a).

		Current agricultural land use is approximately 1,724 ha, comprised of 541 ha of cultivated land and 1,183 ha of grazing land within the Project activity zone. For the purposes of the assessment, future projected agricultural land use without the Project, over the next 100years within the Project activity zone, is assumed to increase by three-fold to a total of 5,143 ha, comprised of 1,666 ha of cultivated land (based on the agricultural utility rating), and 3,477 ha of grazing land (EIS section 20.3.8.2). 

		The estimated present value (Year 1 dollars) of the foregone economic activity associated with the future projected agricultural land use without the Project, over the next 100 years, is estimated at between $13 million and $31.5 million, with the base case (Scenario 2) estimated at $22.3 million (EIS section 20.3.8.3).

		Additional economic considerations in the agriculture assessment include changes to regional agricultural economic activity and employment. The currently farmed portions of the Project activity zone are estimated to produce approximately 0.2% of the current regional gross farm receipts. Depending on the cropping scenario assumed, if all the high and moderate utility land were cultivated today, and with some grazing use in the remainder of the Project activity zone, the gross farm receipts from land within the Project activity zone would represent between 0.7% through 1.3% of the current regional gross farm receipts, depending on the cropping scenario assumed. This estimate assumes no increase in gross farm receipts in the remainder of the region.

		Agricultural economic considerations also include changes to farm employment. As described in Section 20, it is estimated that current paid employment in the Project activity zone, based on an estimate of 49 weeks of employment per year per full-time worker, is about 1 to 2 person-years (2012a). Considering the future base case agricultural development scenario, it is estimated that paid employment in the Project activity zone could rise to 3 to 4 person-years annually without the Project.



		Changes to Food Self-Reliance

		The EIS Guidelines required the consideration of changes to local food production, and thus consideration of food self-reliance as a function of food production and consumption. Baseline conditions identified a decreasing trend in food self-reliance in British Columbia due to globalization, increased trade and changes in government regulation. 

		EIS Section 20.2.9.1 states that Canada supports fair trade rules and environmentally sustainable trade practices as the means toward increasing food security, rather than agricultural protectionism and promotion of food selfsufficiency. In B.C. residents benefit from access to reasonably priced, high quality, imported food year-round, and producers face relatively low returns associated with growing most food products in the province. As such, the level of current food self-reliance is a function of market dynamics as farmers seek the most economical crops to grow and enterprises to operate, and consumers seek economic, year-round access to produce.

		The EIS considers potential changes to regional food self-reliance with the Project based on the ratio of food production to food consumption for relevant, locally-produced food commodities. The analysis confirms high levels of regional self-reliance in grains, oils and fats, sugars, and red meats and low levels of self-reliance in dairy, poultry, and vegetables. Increased self-reliance in dairy and poultry would not require higher capability farmland to support increased production, if economic conditions were to encourage such a trend. For vegetables, sufficient high capability agricultural land would remain in the Peace River valley to support higher levels of regional food self-reliance.

		Section 20.3.11.2 states that the Peace Agricultural Region population, projected out to the year 2036, is anticipated to grow at an average annual rate of about 1.09% (BC Stats No date). Extrapolating that rate over the next 100 years, the Peace Agricultural Region population may grow to approximately 210,000 people in 2112, or about triple what it is today.

		Assuming food consumption patterns do not change appreciably into the future, Table 20.36 shows that future regional vegetable consumption would also be expected to triple. A 50% selfreliance in vegetables capable of being grown in the Peace Agricultural Region would require approximately 755 ha of vegetable production in 2112, and a 100% selfreliance would require approximately 1,510 ha of vegetable production.

		Table 4.  Peace Agricultural Region Population Growth in Relation to Food SelfReliance in Vegetables to 2112

		Year

		Peace Region Populationa

		50% SelfReliance

		100% SelfReliance

		Vegetables Required (ha)b

		2011

		71,000

		255

		511

		2036

		93,100

		335

		670

		2062

		122,100

		439

		878

		2112

		209,900

		755

		1,510



		NOTES: 

		a BC Stats (No date)

		b Refers to selfreliance in vegetables that can currently be grown in the Peace Agricultural Region

		In summary, for vegetable crops that are climatically adapted, it is anticipated that if the Project proceeds, there will be more than adequate land outside of the Project activity zone to meet selfreliance needs at least for the next 100 years. Of the 9,778 ha within the Peace River Valley rated as having high utility outside of the Project activity zone, 6,606 ha have an unimproved capability of Class 1 and 2, and 3,172 ha of Class 3.



		Changes in food self-reliance in relation to climate change:

		A number of public comments ask how the agriculture assessment has considered future potential climate change. EIS section 20.2.2.1.5 describes the impact of potential global climate change on future climatic capability for agriculture. Volume 3, Appendix D, Section 7.1.2.3, page 65, provides the following information regarding anticipated changes in provincial food self-reliance in relation to climate change:



		It is expected that global climate change will change the conditions for agriculture within regions of the province. According to a climate change action plan prepared by the provincial Ministry of Agriculture and Land (BC Agriculture and Food 2010):

		“Some research predicts BC will experience increasing agricultural capability and a broader range of suitable crops. However, it is likely that climate change will increase uncertainty and the costs associated with weather damage for BC’s agricultural operations.”



		The direction of the potential net effect of climate change on provincial food self-reliance has yet to be determined. There is concern that the current world food supply system will be disrupted by climate change, creating global food security issues. With appropriate provincial and federal food strategies, B.C.’s food self-reliance could increase if the agricultural sector takes a more prominent role in the global food supply system.

		The region’s future ability to supply food, both within the region and outside the region, would continue to be supported, even with the Project, because the anticipated increase in the frost-free period and the number of growing degree days will increase the agricultural capability, and therefore the potential for agricultural production, on the approximately 2,670,460 ha of remaining (unimproved) Class 1 – 5 land.

		The proposed agricultural compensation fund could be used to support research into on-farm and regional adaptation to support agricultural production in response to climate change.



		Agriculture Mitigation

		EIS, Section 20.4 of the agricultural assessment summarises the effects and proposed mitigation measures, whereas there is more description on the proposed mitigation measures in each preceding effects assessment sections. Generally mitigation focuses on maintaining or increasing agricultural productivity on lands not directly affected by the Project. Agricultural mitigation measures can be categorized as standard best management practices, direct on-farm mitigation, and the proposed agriculture compensation program.



		Standard Management Practices

		BC Hydro would implement suitable management practices for all aspects of construction, including those that would affect agricultural land. Examples of standard management practices relevant for reducing effects on nearby or adjacent farm operations include dust control, noxious weed control, erosion and sediment control, all of which will be supported by management plans as described in Section 35 of the EIS.



		Direct On-Farm Mitigation

		Direct mitigation at the farm level would be included in farm-specific mitigation plans focused on avoiding, reducing or compensating for direct adverse effects on agricultural land and operations, including management of on-farm impacts, such as changes to farm access, buildings, wells or fencing.



		Top Soil Removal

		BC Hydro would salvage and store surface soils from temporary construction areas for later use in reclamation of these areas. Environmental management plans would be developed to support BC Hydro’s proposed soil relocation activities.

		Within the reservoir area, BC Hydro has proposed that localised soil relocation would be considered on a site-specific basis as a component of farm specific mitigation plans. Surface soils of suitable quality, salvaged from areas that would be inundated or from areas disturbed by Highway 29 relocation works, could be placed in nearby areas of poorer quality soil or in lowlying, poorly drained areas to improve agricultural productivity. 

		Large scale topsoil removal and relocation is not proposed by BC Hydro because there are a number of environmental constraints to this activity. However, during the construction period there would be adequate time for interested third parties (e.g. oil and gas industry) to evaluate the impacts and benefits of topsoil removal and to develop an environmental management protocol for such activities in discussion with relevant provincial regulatory agencies. If suitable protocols can be developed, BC Hydro would be supportive of third party topsoil removal prior to reservoir flooding.

		Opportunities to implement topsil relocation at a large scale would have to consider the following issues:

		 Disturbance of archaeological sites – the potential for archaeological site disturbance due to soil relocation must be evaluated and managed in consideration of the Project Heritage Management Plan and may need further Site Alteration Permits under the Heritage Conservation Act. This disturbance would be of a different nature than inundation by the reservoir.

		 Erosion and sediment control – the removal of additional vegetation and root structures would be required to allow access to and relocation of surface soils. This would expose underlying materials to associated erosion, sedimentation effects, and invasive plant species. These effects would need to be evaluated and managed in a manner consistent with the Project Erosion Prevention and Erosion Control Plan as well as the Soil Management, Site Restoration, and Re-vegetation Plan.

		 Weed control – the relocation of surface soils with associated invasive weed seed caches must be evaluated and managed in a manner consistent with the Project Vegetation and Invasive Plant Management Plan.

		 Habitat degradation – the removal of additional vegetation cover to allow access to and relocation of surface soils would remove additional terrestrial habitat features. 

		 Release of mercury – the methylmercury studies in the EIS have identified that the natural background mercury is largely concentrated in the organic soils. Therefore the potential effects of soil relocation on the methylmercury would need to be assessed, to understand how soil removal may change the methylmercury effects predicted in this EIS.



		Reservoir Water Quality for Irrigation

		EIS, Section 20.3.4.1.2 describes the potential for irrigation improvements using water from the reservoir. The reservoir water quality would be adequate for irrigation purposes, as water quality within the reservoir would be within drinking water quality guidelines, as described in EIS, Section 33.



		Agricultural Compensation Program

		EIS, Section 20.3.10.1.1 describes the agricultural compensation fund proposed to mitigate the agricultural economic activity that would be foregone due to the loss of agricultural land. BC Hydro will establish an agricultural compensation fund to support Peace River valley and regional agricultural projects. Funded projects would be those that would enhance or improve agricultural production on a local and regional scale.

		The administration and governance of the fund, and the magnitude of the fund, will be developed through consultation with agricultural organizations, the Agricultural Land Commission (ALC), the B.C. Ministry of Agriculture, and the local agricultural community. 

		There are many opportunities to improve or enhance agricultural production in the region. The actual projects funded would be those proposed by agricultural stakeholders, and supported by detailed proposals and clear objectives. Types of projects that the proposed fund may support are listed below. Some of these projects already receive funding assistance from existing programs: 

		 Agricultural Land Base Improvements 



		o Provide funding to implement shelterbelt or windbreaks to supplement the B.C. Agricultural Council Environmental Farm Plan program

		o Provide funding to implement alternative cattle watering systems that limit direct animal access to riparian areas to supplement the Environmental Farm Plan program; this could result in improved systems with respect to reliability and water quality in addition to environmental benefits

		o Provide funding to implement fencing schemes to better manage grazing lands and improve riparian function in an environmentally sustainable fashion to supplement the Environmental Farm Plan program

		o Provide assistance in improving or expanding the use of Crown land for grazing, including community pastures 

		o Provide funding for developing methods for improving the grazing capacity of cut blocks 

		o Provide funding for fencing for wildlife control, particularly to protect feed storage areas

		o Assist in expanding the agricultural land base in Fort Nelson; assistance in land use planning for the area may be a possibility 

		o Support regional weed management initiatives to supplement existing weed management programs

		 Support for agricultural research and development 



		o Support research and demonstration to promote adoption of irrigation technology

		o Support research and demonstration to increase yields and commercialize new crops and varieties (e.g., vegetables, specialty crops, biofuels)

		o Support research into on-farm and regional responses to climate change (e.g., perennial cereals, drought-resistant varieties) 

		o Support extension activities, demonstration projects, and variety trials, focusing on transfer of knowledge to the farming or ranching sector

		o Support demonstration of advanced fertility management (e.g., liming, crop nutrition, nitrogen-fixing rotations) 

		o Support demonstration of new production techniques 

		o Support research into, and demonstration of, weed and disease control measures 

		 Support and accelerate regional value-added initiatives in the agricultural sector



		o Support feasibility studies of potential opportunities such as regional food processing, slaughter capacity, bioproducts (e.g., from hemp, Russian dandelion, Jerusalem artichoke), and nutraceuticals; if such potential opportunities appear feasible, support implementation

		o Support local marketing initiatives

		o Create markets for local agricultural products (e.g., food for construction workers during project construction), including support for local farmers’ markets 

		o Support local market infrastructure development such as cleaning and packing, warehousing and storage, and distribution 

		o Support attraction of investment into agricultural value-added opportunities

		 Improve the sustainability of the agricultural sector



		o Support investigation into carbon credit opportunities for agriculture 

		o Assist adoption of green and alternative technologies in place of fossil fuel-driven energy systems to supplement the Environmental Farm Plan program

		 Improve regional infrastructure such as facilities, services, and installations in support of agriculture



		o Develop irrigation infrastructure

		o Develop regional transportation network

		o Improve the regional electrical grid

		o Improve access to natural gas 

		o Develop regional agricultural and domestic water supply plans

		o Facilitate clean energy agricultural hook-ups to the grid

		 Assist in improving access to the Internet and cellphone coverage



		Conclusion

		The EIS Guidelines required that the potential for the Project to adversely affect agriculture be assessed by taking into account the potential for the Project to result in changes to four key aspects.

		 Loss of agricultural land: There would be a permanent loss of agricultural land as a result of the Project. However, BC Hydro proposes to establish a compensation fund to support Peace River valley and regional agricultural projects targeted at improving production on remaining lands and at enhancing agricultural economic activity in the region. The fund will provide resources to increase agricultural production on remaining lands over a period of time.

		 Changes to individual farm operations: The majority of farms would have only part of their land affected and would continue to operate. Farm Mitigation Plans will be developed in consultation with each owner and operator, that will describe appropriate mitigation measures to address specific effects for each operation. Agricultural land required for the Project will be acquired and associated financial losses (if any) will be fairly compensated.

		 Changes to agricultural economies: The Project would result in foregone agricultural economic activity compared to potential future agricultural land use. BC Hydro’s proposed compensation fund would mitigate this effect as the design and amount of the fund would be structured to mitigate adverse effects on agricultural economic production.

		 Changes to local food production and consumption: There would be no effects on regional food self-reliance, as there would be sufficient land remaining for the region to be self-sufficient in commodities that can be produced in the region.

		Considering all aspects of the agriculture VC as outlined in the introduction, an adequately funded and properly administered agricultural compensation fund, by enhancing regional agricultural production and replacing the net agricultural returns that would be displaced from permanently lost land, would mitigate the Project effects on agricultural production and agricultural economies. Therefore the Project’s net effect on agriculture is considered not significant.
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Subject: Alternatives to the Project 


Purpose 


The purpose of this technical memo is to provide an overview of how BC Hydro reviews potential 
electricity resources to meet customer demand, and to address questions raised during the comment 
period on the EIS regarding BC Hydro’s analysis of alternatives that has identified the Project as the 
preferred option to meet the need for firm energy and dependable capacity in BC Hydro's service area. 


Overview 


Consistent with Section 4.2 of the EIS-G1 and good utility practice (as reflected in the BCUC’s 
Resource Planning Guidelines among other things), BC Hydro identified and undertook a multi-layered 
review of electricity resources which could be alternatives to the Project: 


 EIS, Section 5.4.1 - BC Hydro used the 2010 Resource Options Report (ROR) as the starting point 
for identification of resources. BC Hydro updated the 2010 ROR with respect to forecasted wind 
prices and made other adjustments to facilitate comparisons described in the EIS and in further 
detail below. 


 EIS, Section 5.4.2 - As mandated by Section 4.2 of the EIS-G, BC Hydro screened resources to 
determine if the resources are economically and technically feasible. BC Hydro clearly identified 
and set out its conclusions with regard to these screened resources. 


 EIS, Section 5.5 – BC Hydro developed criteria “to identify the major environmental, economic and 
technical costs and benefits of” available resources, which are resources that are viable and which 
in various combinations could be alternatives to the Project: 


o In Section 5.5.1 BC Hydro set out the attributes it used to measure “the relative consideration of 
the environmental, economic and technical costs and benefits” of the available resources and 
the Project 


o In Section 5.5.2, BC Hydro applied the four types of attributes (financial, technical, 
environmental and economic development) to individual available resources through: the Unit 
Energy Cost (UEC) or the Unit Capacity Cost (UCC); describing whether a resource was 
intermittent or dispatchable, and whether a resource provides dependable capacity; and 
presenting an overview of the environmental effects and benefits of different available 
resources. BC Hydro also highlighted where Provincial legislation such as the Clean Energy Act 
set out limits to or otherwise impacted individual available resources. 


o In Sections 5.5.3 and 5.5.4, and consistent with the BCUC’s Resource Planning Guidelines, 
BC Hydro developed three plausible resource portfolios which could meet the identified need – 
(1) Site C portfolio; (2) Clean Generation Portfolio; and (3) Clean +Thermal Generation Portfolio, 
with natural gas as a component within the Clean Energy Act’s 93% clean or renewable target. 
These three portfolios were compared using the four types of attributes. 


As a result of this analysis, BC Hydro reached the conclusion that the Project provides the best 
combination of financial, technical, environmental, and economic development attributes and is 
therefore a preferred option to meet the need for energy and capacity within BC Hydro’s planning 
horizon. 


                                                 
1  The EIS Guidelines are quoted in italics throughout this Technical Memo. 
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Identifying Alternatives  


The EIS-G in Section 4.2 provides that BC Hydro must identify the alternatives to the Project that were 
considered; this was done in Section 5.4 and summarized in Table 5.17 of the EIS. The information on 
the alternatives as shown in the EIS is based upon, but in certain aspects supersedes, the 2010 ROR. 
The 2010 ROR is a database of resource option attributes and costs reflecting: (1) input from 
stakeholders with technical expertise, including information from members of the independent power 
producer (IPP) community, as well as First Nations and public stakeholders; (2) consultant studies; and 
(3) BC Hydro’s own project experience. Please see Appendix 1 to this Technical Memo for a list of the 
resource technologies considered in the EIS. 


There are five main changes from the values presented in the 2010 ROR to the values presented in the 
EIS: 


1. BC Hydro updated the wind energy volumes and UECs based on observed changes in turbine 
efficiencies and wind turbine prices that have occurred over the past three years as described in 
Section 5.4.1.2 


2. BC Hydro updated the UECs and UCCs of all resources to constant dollars as of January 1, 2013 
($F2013) using a 2% inflation factor where necessary as described in Section 5.5.1.1 


3. BC Hydro used an 8% real cost of capital for determining the UECs and UCCs for IPP resource 
options and a 6% real cost of capital for determining the UECs and UCCs for BC Hydro resource 
options as described in Section 5.5.3.4 


4. For natural gas resource options, UECs and UCCs include associated fuel and greenhouse gas 
(GHG) costs 


5. For pumped storage resource options, UCCs include associated costs for 30% energy losses with 
an 18% capacity factor 


BC Hydro describes the limitations of the 2010 ROR on page 5-29 of the EIS. The 2010 ROR contains 
sufficient information on physical, financial, environmental and economic development characteristics 
for analysis at a planning level; however, the values: 


 Do not reflect site-specific information, permitting constraints and other development risks  


 May not accurately predict future prices or projects set through BC Hydro’s power acquisition 
processes. Historically, the resource options with the lowest unadjusted UEC values are not always 
bid into BC Hydro’s power acquisition processes. 


Screened Resources 


The EIS-G in Section 4.2 provides that alternatives must be “technically and economically feasible”. In 
Section 5.4.2 of the EIS, BC Hydro described the process of screening resources on the basis that they 
are not viable; all other resources were deemed available for creating portfolios. The screened 
resources fall into three categories: 


 Supply-side (generation) resources that are legally barred. Section 4.1.2 of the EIS-G provides that 
“the purpose of the Project will be established from the perspective of the Proponent, and will 
provide context for the consideration of alternatives to the Project”. A potential resource that is 
legally barred is not available to BC Hydro and thus not an alternative to the Project. Refer to 
Section 5.4.2.1 of the EIS, where four groups of supply side options were screened – Burrard 
Thermal Generating Station, large hydroelectric projects prohibited by the Clean Energy Act, 
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nuclear, and external market resources prohibited by the self-sufficiency provisions of the Clean 
Energy Act. 


 Supply-side resources that are not economically or technically feasible. Refer to Section 5.4.2.2 of 
the EIS, where coal-fired generation with carbon capture and storage, wave, tidal and solar 
resources were screened. 


 Demand Side Management (DSM) options that are not economically or technically feasible – refer 
to Section 5.4.2.3 of the EIS for the screening analysis regarding two broad DSM categories, and 
within these two categories, additional DSM options. Please also see the Technical Memo on 
Demand-Side Management for further discussion on these DSM options.  


In addition, supply-side generation resources that appeared to be economically or technically feasible 
based on the 2010 ROR results were screened for use in the portfolio analysis. BC Hydro used the 
results of its acquisition processes to date as the basis for this step. This resulted in the screening of 
two additional resources: geothermal and biogas/landfill gas. For example, while geothermal is a 
mature technology, there are significant risks in developing green-field geothermal sites and no projects 
have ever been bid into BC Hydro acquisition processes. However, the attributes of both geothermal 
and biogas/landfill gas are reviewed in Section 5.5.2 of the EIS.  


Resources Available for Portfolio Analysis 


As shown in EIS Table 5.38 on page 5-60 there is over 140,000 GWh of available clean or renewable 
resources were identified that could be used as alternatives to the Project’s 5,100 GWh of energy 
supply. For additional clean or renewable resource options to impact the EIS, the additional resources 
would need to be identified in volumes comparable to the Project and at costs that are below the most 
cost-effective shown in this table and selected in the portfolios as shown in Section 5.5.4 of the EIS. 
Appendix 5 shows supply curves for the resources available for portfolio analysis. 


Resource Option Attributes 


Section 4.2 of the EIS-G requires BC Hydro to “[d]evelop criteria to identify the major environmental, 
economic and technical costs and benefits of the alternatives”. In Section 5.5.1 of the EIS BC Hydro 
describes the financial, technical, environmental and economic development attributes that were used 
to compare the resource alternatives. The comparison of alternatives consists of 1) an overview of the 
attributes of each individual resource option, provided in Section 5.5.2, and 2) portfolio analysis, the 
results of which are set out in Section 5.5.4. 


The purpose of the resource option attributes is not to essentially undertake a formal environmental 
assessment of the alternatives to the Project; this is both untenable and outside the scope of the 
environmental assessment, and indeed has never been required in past harmonized environmental 
assessment/Joint Review Panel processes for hydroelectric projects: 


 The scope of the assessment of the alternatives to the Project described in Section 5 meets both 
Section 4.2 of the EIS-G and the Canadian Environmental Assessment Agency’s Operational Policy 
Statement for alternatives analysis  


 Attributes were developed for resource options as a way of characterizing and comparing, at a high 
level, different portfolios. These high-level attributes are used for comparison of resource options 
across provincial-scale portfolios, and act as proxies for more detailed economic, technical, 
environmental, social, and heritage effects of potential projects. Since detailed site-specific 
information is unknown for the majority of the potential sites in the 2010 ROR database, these 
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attributes are not appropriate, or intended to be used, for individual site-specific evaluations and 
comparisons of the impacts of potential resource options. 


 The attributes for the Project are unique compared to the alternatives as a result of the advanced 
level of project definition for the Project, which allows a higher level of accuracy in determining the 
Project costs and footprint. The portfolios without the Project are populated with forecast “typical” 
projects with estimated costs and footprints. As a result, the differences in attributes between 
portfolios compare a defined attribute for the Project to a representative estimate for IPPs. 


Financial and Technical Attributes 


BC Hydro showed the UECs of generation resources in two ways: 


 UEC at Point of Interconnection to the BC Hydro integrated system (POI), as described in 
Section 5.5.1.1, shown in Section 5.5.2. and summarized in Table 5.38 of the EIS. These are 
calculated based on the total energy provided by the resource options. 


 UEC adjusted to the Lower Mainland (“Adjusted UEC”), as summarized in the comparable block 
analysis in Section 5.5.4.3 and Table 5.42. These are calculated based on the firm energy provided 
by the resource options. These adjustments reflect delivery costs to the lower mainland, wind 
integration costs (where applicable), capacity costs, soft costs, and adjustments to reflect the time 
of delivery of the energy (the freshet firm energy adjustment and the time of delivery price 
adjustment). 


The Adjusted UEC is the appropriate measure to use when comparing resource options as it adjusts 
the generation resources to be a common firm energy product delivered to BC Hydro’s major load 
centre, the Lower Mainland. To make these comparisons more obvious, Table 5.38 of the EIS has been 
modified in Table 1 below to include Adjusted UECs upon which Table 5.42 of the EIS was created. 


Different resources have different technical attributes. For example, intermittent clean or renewable 
resources like wind and run-of-river are not always available and cannot be economically dispatched, 
that is, cannot be used to take advantage of market conditions (shut down when market electricity 
prices are low, ramped up when electricity markets prices are high). In contrast, dispatchable resources 
such as the Project and natural gas-fired generation are reliable and can be economically dispatched. 
BC Hydro analyzed the available resource option technical attributes in two steps: 


 In Section 5.5.2 and in Table 1 below, BC Hydro used the following to begin the technical attributes 
analysis: FELCC (which stands for Firm Energy Load Carrying Capability); ELCC (which stands for 
Effective Load Carrying Capability, which as explained in Sections 5.2.1.2 and 5.5.1.2 of the EIS is 
applied to intermittent resources that provide little if any dependable capacity); and DGC (which 
stands for Dependable Generating Capacity which, as described in Section 5.5.1.2 of the EIS, is 
used for non-intermittent resources such as the Project and natural gas-fired generation).  


 These measures do not capture the ability to economically dispatch, which provides value to 
BC Hydro’s ratepayers and is a point of differentiation between intermittent resources and 
resources with dispatchable capacity. The portfolio analysis captures most of the economic 
dispatch value; refer also to the Hydro-Electric Storage and Dispatchable Capacity Technical 
Memo.  
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Table 1 Selected Financial and Technical Attributes of Available Energy Resource Supply 
Options  


Energy Resource  


Total 
FELCC 
Energy 


Total 
DGC or 
ELCC 


Capacity


UEC at POI Adjusted UEC 
($F2013/MWh) 


(GWh/year) (MW) ($F2013/MWh) Capacity Cost 
Adder based on 


Pumped 
Storage2 


Capacity Cost 
Adder based on 


Pumped 
Storage and 


SCGTs3 


Biomass – Wood Based 11,946 1,499 125 – 985 158 - 1135 151 – 1128 


Biomass – Biogas 134 16 60 – 159 91 - 194 84 – 187 


Biomass – Municipal Solid 
Waste 


499 58 117 – 259 152 - 324 144 – 316 


Wind – Onshore 46,165 3,942 96 – 332 178 - 447 161 - 431 


Wind – Offshore 50,261 3,681 190 – 734 263 - 881 246 – 864 


Geothermal 5,992 780 88 – 581 119 - 631 112 – 626 


Run-of-River 33,619 1,018 82 – 600 164 - 1508 151 – 1496 


Site C Clean Energy Project 4,700 1,100 94 110 110 


Combined cycle gas turbine 
(CCGT) and Cogeneration 


7,623 964 75 – 166 95 - 173 86 - 164 


Notes:  
1. Adjusted UEC values include transmission-related costs to the Lower Mainland, wind integration costs, a freshet firm 


energy cost adjustment, time of delivery costs, soft costs (refer to EIS, page 5-64) and capacity adjustments to provide the 
same relative contribution of dependable capacity as the Project. 


2. The UEC for the Project does not include sunk costs. 
3. The variation in UEC values shown in Table 1 is largely determined by the quality of the underlying resource, the distance 


to POI, and the transmission costs of delivering the electricity to the Lower Mainland.  
4. Appendix 2 provides detail on the calculation of the Project UEC. 


The life-cycle costs of the capacity provided by resource options are provided as Unit Capacity Costs 
(UCCs). As stated in Section 5.5.1.1 of the EIS: 


 The UCC “reflects the real levelized cost of a unit of capacity from a resource option (typically in 
$F2013/kW-year). UCCs are calculated by taking the levelized annual cost of a capacity resource 
divided by the resource’s dependable capacity.” 


 POI-level UCCs for resource options are provided in Section 5.5.2 of the EIS and reproduced from 
table 5.37 in Table 2 below. 


Table 2 UCCs of Available Capacity Resource Supply Options 


Resource Type  Dependable Capacity  
(MW)  


Unit Capacity Costs at POI 
($F2013/kW-year)  


Simple Cycle Gas Turbine (SCGT)  98 89 – 121 


Pumped Storage  1,000 216 – 440 


                                                 
2  Capacity Credit Valued at $232/kW-year (based on pumped storage only). 
3  Capacity Credit Valued at $154/kW-year (based on pumped storage and SCGTs). 
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Resource Smart  About 390 28 – 370 


Environmental Attributes  


Section 5.5.1.3 of the EIS explains that BC Hydro retained a number of consultants to provide a high 
level indication of the environmental attributes of the resource options. The environmental attributes 
were tabulated for four key categories: land, atmosphere, freshwater and marine, and are further 
broken down into indicators as described in table 5.24 of the EIS. Please refer to Section 5.5.2 of the 
EIS for a description of the environmental attributes of the available alternative resource options. 


In some cases, measures were further classified to allow more detailed comparisons. As the rightmost 
column in Table 5.24 of the EIS displays, these classes subdivide each measure into 3 – 5 
subcategories in order to facilitate some of the comparisons shown in Section 5.5.4. The assessment of 
the potential effects of the Project is provided in Volumes 2, 3, and 4 of the EIS.  


Economic Development Attributes  


As described in Section 5.5.1.4 of the EIS, BC Hydro uses economic development attributes to 
describe the contributions of resource options to the provincial economy. The British Columbia 
Input-Output model was used to determine the economic development attributes. There are three 
categories of attributes as follows: 


1. Provincial Gross Domestic Product (GDP) 


2. Employment; and 


3. Provincial government revenue. 


These categories are further broken down into sub-categories in table 5.25 of the EIS. 


Creating Portfolios  


As described in Section 5.5. of the EIS, the comparison of alternatives is largely done through portfolio 
modelling and further analysis on the underlying resources. Portfolios are created by the linear 
optimization model (System Optimizer) that selects the optimal combinations of available resource 
options under different assumptions and constraints that will meet the energy and capacity needs of 
BC Hydro’s customers as defined in Section 5.2. Portfolio modeling runs economic dispatches of the 
potential portfolio in a way that looking at resource UEC comparisons cannot. The portfolio modeling 
provides: 


 Timing of resources, including modelling their operation;  


 Capital expenditures based on the timing of resource additions; 


 Expected operating costs from the manner in which the resources will be operated; 


 Electricity market trade benefits depending on the flexibility of the portfolio; and  


 Permits the calculation and comparison of a portfolio present value (PVs) to allow 30 year planning 
timeframe cost comparisons. 


BC Hydro built three categories of portfolios as follows: 


- Site C Portfolios: include the Project; 


- Clean Generation Portfolios: exclude the Project and use clean or renewable alternatives; and 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO SITE C CLEAN ENERGY PROJECT


 


TECHNICAL MEMO – ALTERNATIVES TO THE PROJECT Page 8


 


- Clean + Thermal Generation Portfolios: exclude the Project and use a combination of clean or 
renewable resources with capacity provided by thermal generation (in the form of SCGTs) up to the 
93% Clean Energy Act clean or renewable target, and pumped storage.  


System Optimizer was used to select the resource mix to make up the portfolios. BC Hydro created 
sets of portfolios for Project in-service dates of F2022 and F2024. For additional information on the 
System Optimizer model and the portfolio construction, please refer to Appendix 4. 


To facilitate a useful comparison to the Project the resource options selected in the portfolio analysis 
were used to create a comparable block of energy and capacity to the Project’s 5,100 GWh/year of 
energy and 1,100 MW of dependable capacity for the three portfolio categories. These blocks were 
used to calculate the values for 1) the Adjusted UEC comparison shown in table 5.42 of the EIS; 2) the 
environmental attribute comparison in table 5.43 of the EIS; and 3) the economic development attribute 
comparison in table 5.44 of the EIS. 


Compared to the 30-year portfolio PV calculation, the adjusted UEC value is a proxy for a comparison 
of the costs of the Project and alternatives over their project lives and demonstrates the long-term value 
of the Project. This analysis excludes the consideration of resource timing and of some operational 
considerations.  


To account for the energy losses associated with pumped storage and still supply 5,100 GWh of clean 
energy, the clean generation portfolio and clean + thermal generation portfolio were made up of 
approximately 5,800 GWh and 5,400 GWh of resources, respectively. Tables are included in 
Appendix 3 to this memo that show the resources selected for the comparable blocks and the 
construction of the UEC. 


Portfolio Evaluation and Decision Process  


To identify the preferred portfolio, BC Hydro undertook an analysis of the quantitative financial, 
technical, environmental and economic development attributes of the three categories of portolios. The 
attributes are described in Section 5.5.1 of the EIS which includes the details of the indicators, units of 
measures, and classifications provided in Table 5.24 and Table 5.25. For each portfolio, attribute 
values were calculated for each measure by summing up the attribute values of the selected resource 
options. For the environmental attributes BC Hydro brought forward footprint-level indicators to facilitate 
portfolio comparisons as a further level of detail did not provide any additional useful information.  


For convenience, portfolio attributes and results described in Section 5.5.4 are reproduced in Table 3. 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO SITE C CLEAN ENERGY PROJECT


 


TECHNICAL MEMO – ALTERNATIVES TO THE PROJECT Page 9


 


Table 3 Portfolio Analysis Consequence Table 


Attribute Units Clean Generation Clean + Thermal 
Generation 


Site C Portfolio 


Financial Attributes (EIS Section 5.5.4.3) 


PV Differential $F2013 
million 


F2022 F2024 F2022 F2024 
N/A 


450 660 (150) 180 


Adjusted UEC $F2013/MWh 181 156 110 


Environmental Attributes (EIS Section 5.5.4.4) 


Land footprint Hectares 2,230 2,430 5,660 


Affected stream length Kilometres 15 15 125 


Reservoir created Hectares 0 0 9,300 


GHG emissions Tonnes/year, 
thousands 


200 650 0 


Local Air Emissions Tonnes/year, 
thousands 


NOx CO NOx CO NOx CO 


0.5 0.4 0.6 1.3 0 0 


Economic Development Attributes (EIS Section 5.5.4.5) 


Construction jobs Total Jobs 33,200 28,500 44,200 


Construction GDP $F2013, 
million 


2,600 2,200 3,500 


Operations jobs Jobs per 
Year 


1,175 1,025 75 


Notes: 
1. Portfolios are created to have similar technical attributes – i.e., the amounts of energy and dependable capacity are 


roughly similar 
2. All values are rounded, with the exception of the adjusted UEC costs 


In both cases, compared to both the Clean portfolio and the Clean + Thermal portfolio, the Site C 
portfolio had sufficiently superior characteristics that no quantitative weighting of attributes was 
conducted. 


Compared to the Clean portfolio, the Site C portfolio had the following results: 


- Superior financial attributes, with a lower PV and portfolio UEC than alternatives 


- Mixed economic development attributes, with a larger number of construction jobs created and 
higher construction GDP but lower operations jobs 


- Mixed environment attributes, with a larger land and stream footprint but slightly lower GHG and 
local air emissions (CO, NOx).  


The Site C portfolio was preferred under financial and most economic development attributes, as well 
as based on a comparison of GHG and local air emissions. The land and stream footprint was higher 
with the Site C portfolio, although the majority of the Site C portfolio footprint represents a conversion of 
habitat from terrestrial and river environments to a reservoir environment rather than a facility footprint. 


As the Site C portfolio was preferred in nearly all attributes there was no requirement to undertake a 
quantitative weighting exercise. The superior financial, economic development and air emission 
attributes would have to be effectively ignored compared to the land and stream footprint for the Clean 
portfolio to be preferred. 
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Compared to the Clean + Thermal portfolio, the Site C portfolio had the following results: 


- Mixed financial attributes, with a Site C PV either higher or lower than the Clean + Thermal portfolio 
depending on the Project in-service date, and the Site C portfolio having a lower UEC than the 
Clean + Thermal portfolio 


- Mixed economic development attributes, with a larger number of construction jobs created and 
higher construction GDP but lower operations jobs 


- Mixed environment attributes, with a larger land and stream footprint but lower GHG and local air 
emissions. Similar to the Clean portfolio, the Project footprint represents a conversion of habitat 
from terrestrial and river environments to a reservoir environment rather than a facility footprint. 


 


Given the Province’s legislated GHG emission targets, and given the financial and technical benefits of 
including the Project, the Project  was determined to be a preferred resource option compared to the 
Clean + Thermal portfolio. 


Based on the consideration of alternatives and the portfolio analysis of the Clean and Clean+Thermal 
portfolios, BC Hydro believes that the Project provides the best combination of financial, technical, 
environmental, and economic development attributes and is therefore a preferred option to meet the 
need for energy and capacity within BC Hydro’s planning horizon.  
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Appendix 1 – Resource Technologies 


Technology  Screened/Available Resource  EIS Section Reference  


DSM Options  


DSM Option 1 Available Resource Section 5.2.3 


DSM Option 3 Available Resource Section 5.2.3 


DSM Options 4 and 5  Screened Resource  Section 5.4.2.3  


DSM capacity-only initiatives  Screened Resource  Section 5.4.2.4  


Clean or Renewable Resources  


Wave Screened Resource  Section 5.4.2.2  


Tidalal Screened Resource  Section 5.4.2.2  


Solar  Screened Resource  Section 5.4.2.2  


Wind (on-shore and off-shore)  Available Resource  Section 5.5.2.2 and 
Section 5.5.2.3  


Run-of-river hydro  Available Resource  Section 5.5.2.1  


Geothermal  Available Resource  Section 5.5.2.7  


Biomass  Available Resource  Section 5.5.2.4, 
Section 5.5.2.5, and 
Section 5.5.2.6  


Large hydroelectric (other than the Project)  Screened Resource  Section 5.4.2.1  


External Markets Screened Resource Section 5.4.2.1 


Nuclear Screened Resource Section 5.4.2.1 


Pumped storage (dependable capacity only) Available Resource  Section 5.5.2.10  


BC Hydro Resource Smart  Available Resource  Section 5.5.2.9  


Fossil Fuel Resources  


Coal-fired generation with carbon capture 
and storage  


Screened Resource  Section 5.4.2.2  


Burrard Thermal Generating Station  Screened Resource Section 5.4.2.1 


Natural gas-fired generation SCGTs 
(dependable capacity) CCGTs (firm energy)  


Available Resource within the 
93% Clean Energy Act clean or 
renewable target  


Section 5.5.2.8  
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Appendix 2 – Unit Energy Costs and Calculation of Project UEC 


There have been a number of references to the Project UEC in the EIS and this Technical Memo: 


 The UEC at POI in $F2011 is $95/MWh as provided in Volume 1 Appendix F Part 1 (Project Cost 
Estimate) on page 5. After removing the sunk costs of the Project, described on page 5-64 of the 
EIS, and adjusting to $F2013 the value becomes $94/MWh.  


 The Adjusted UEC is $110/MWh as provided in Section 5.4.4.3 (Financial Attributes) Table 5.42 on 
page 5-68. As noted in footnote (2) to Table 3 in Volume 1 Appendix F Part 1, the difference 
between the $110/MWh UEC and the $95/MWh UEC is the inclusion of adjustments to reflect 
delivery costs to the lower mainland, escalation to F$2013 and the exclusion of sunk costs.  


All UEC figures provided for the Project in the EIS are consistent and based on the same project cost 
estimate as provided in Volume Appendix F Part 1 (Project Cost Estimate). 
 
Please see the table below for details on the development of Project UEC values. 
 


Unit Energy Cost Calculation at 6% Discount Rate 


  $/MWh 


P
O


I-
le


ve
l 


U
E


C
 


UEC at POI including sunk costs (F2011 dollars) 95a 


Less sunk costs -5 


Escalation to F2013 dollars +4 


UEC at POI excluding sunk costs (F2013 dollars) 94 


 Adjustments to reflect delivery costs to the lower mainland +16 


L
M


-l
ev


el
 


U
E


C
 


UEC adjusted to Lower Mainland, excluding sunk costs (F2013 dollars) 110 


Note:  All analysis in the EIS has been performed at a 6.0% discount rate. At the time of preparation of the EIS BC Hydro’s 
planning discount rate was 5.5%. Using a 5.5% discount rate, the UEC at POI including sunk costs (F2011 dollars) 
was $87/MWh. 
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Appendix 3 – Comparable Block Resource Composition 


Clean Generation Block Details and UEC Calculation 
Project Name Dependable 


Capacity 
(MW) 


Annual 
Firm 


Energy 
(GWh) 


Adjusted Unit 
Energy Cost 


($F2013/MWh) 


Total Cost 
($F2013 million)


Energy Costs         


Wind_PC28 - 591 128 76 


MSW2_LM 33 285 129 37 


Wind_PC21 - 371 129 48 


Wind_PC19 - 441 130 57 


Wind_PC13 - 541 130 70 


Wind_PC16 - 377 133 50 


Wind_PC14 - 527 134 71 


ROR_T1R1_60-80_LM - 238 135 32 


Wind_PC10 - 1,023 136 139 


Wind_PC15 - 382 136 52 


WBBio_VI 80 641 137 88 


Wind_VI12 - 151 138 21 


Wind_VI14 - 113 140 16 


Wind_PC41 - 155 140 22 


Pumped Storage Variable Cost (see notes) n/a (736) 13 10 


Sub-total 114 5,100 155 788 
Capacity Costs Dependable 


Capacity 
(MW) 


Annual 
Firm 


Energy 
(GWh) 


Unit Capacity 
Cost 


($F2013/kW-year) 


Total Cost 
($F2013 million)


Pumped Storage Fixed Cost (see notes) 1,000 n/a 133 133 


Sub-total 1,000 n/a 133 133 
Clean Generation Block Dependable 


Capacity 
(MW) 


Annual 
Firm 


Energy 
(GWh) 


Adjusted Unit 
Energy Cost 


($F2013/MWh) 


Total Cost 
($F2013 million)


Total 1,114 5,100 181 921 
Notes:  
1. Project names refer to project identifiers from the 2010 Resource Options Report 
2. UECs include a regional transmission cost adder of $6/MWh, a soft cost adder of 5%, a freshet firm energy cost 


adjustment, a time of delivery cost adjustment, and the cost of delivery to the Lower Mainland.  
3. Pumped Storage variable costs include variable OMA and water rentals. The cost of energy losses is included in the total 


cost of the clean resources that would be used to serve those losses. The yearly variable cost of the pumped storage was 
calculated using a capacity factor of about 20% for the peak usage. BC Hydro used a slightly higher capacity factor than 
the 18% used in the portfolio analysis to make the comparable blocks exactly 5,100 GWh per year. 
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Clean + Thermal Generation Portfolio Details and UEC Calculation 


Project Name Dependable 
Capacity 


(MW) 


Annual 
Firm/Effective 


Energy 
(GWh) 


Adjusted Unit 
Energy Cost 


($F2013/MWh) 


Total Cost 
($F2013M) 


Energy Costs 


Wind_PC28 - 591 128 76 


MSW2_LM 33 285 129 37 


Wind_PC21 - 371 129 48 


Wind_PC19 - 441 130 57 


Wind_PC13 - 541 130 70 


Wind_PC16 - 377 133 50 


Wind_PC14 - 527 134 71 


ROR_T1R1_60-80_LM - 238 135 32 


Wind_PC10 - 1,023 136 139 


Wind_VI12 - 151 138 21 


Pumped Storage Variable Cost (see notes) n/a (369) 13 5 


SCGT Variable Cost (see notes) n/a 924 72 67 


Sub-total 33 5,100 132 672 


Capacity Costs Dependable 
Capacity 


(MW) 


Annual Firm 
Energy 
(GWh) 


Unit Capacity 
Cost 


($F2013/kW-year)


Total Cost 
($F2013 million)


Pumped Storage Fixed Cost 500 n/a 133 66 


SCGT Fixed Cost 588 n/a 88 52 


Sub-total 1,088 n/a 109 118 


Clean + Thermal Generation Comparable Block Dependable 
Capacity 


(MW) 


Annual Firm 
Energy (GWh) 


Adjusted Unit 
Energy Cost 


($F2013/MWh) 


Total Cost 
($F2013 million) 


Total 1,121 5,100 155 791 


Notes:  
1. Project names refer to project identifiers from the 2010 Resource Options Report 
2. UECs includes a regional transmission cost adder of $6/MWh, a soft cost adder of 5%, a freshet firm energy cost 


adjustment, a time of delivery cost adjustment, and the cost of delivery to the lower mainland.  
3. Pumped Storage variable cost include variable OMA and water rentals. The cost of energy losses is included in the total 


cost of the clean resources that would be used to serve those losses. The yearly variable cost of the pumped storage was 
calculated using a capacity factor of about 20% for the peak usage. BC Hydro used a slightly higher capacity factor than 
the 18% used in the portfolio analysis to make the comparable blocks exactly 5,100 GWh per year. 


4. SCGT variable cost includes variable OMA, fuel cost and GHG cost 
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Appendix 4 – System Optimizer and Portfolio Construction 


BC Hydro built a number of portfolios to compare the Project to available resources. As described in 
section 5.5.3 of the EIS, the System Optimizer model was used in creating the portfolios.  


System Optimizer (SO) is a linear optimization model that selects the optimal combinations of 
available resource options and timing under different assumptions and constraints that will meet the 
energy and capacity needs of BC Hydro’s customers as defined in Section 5.2. In constructing the 
portfolios, SO takes a planning perspective ensuring that the portfolio meets reliability constraints, as 
well as an operating perspective evaluating the operating performance of the portfolio. The planning 
perspective requires that the firm energy and dependable capacity of the selected resource portfolio 
be sufficient to meet system energy and capacity demands respectively, including an allowance for a 
capacity reserve margin. The operation of the portfolio is simulated taking into account average 
energy output of the resources and includes sales of portfolio surpluses into export markets. 


The model assesses the interaction of future generation and transmission resource options with the 
existing system and evaluates the manner in which the portfolio can be operated to maximize market 
revenue while meeting domestic load. It also takes into account system constraints such as minimum 
generation requirements and transmission constraints both within B.C. and on interties with US and 
Alberta.  


The annual cost of operating the portfolio is a combination of market revenue, transmission costs, and 
the fixed and variable costs of generation and transmission resources. Fixed costs include capital 
charges and fixed operating and maintenance costs while variable costs include cost of renewable 
IPP energy, fuel costs, GHG offset costs, and transmission wheeling costs. The model seeks to 
minimize the present value of these costs over the planning time period in selecting an optimal 
resource portfolio. 
 
BC Hydro created a total eight of portfolios in comparing the Project to available resources: 


(A) A portfolio with the Project in-service in F2022, with other available clean resources being 
used to meet any residual needs;  


(B) A portfolio where only other available clean resources are used to meet energy and capacity 
needs;  


(C) A portfolio with the Project in-service in F2022, with other available clean and thermal 
resources (in the form of SCGTs and up to the 93% clean or renewable target) being used to 
meet any residual needs;  


(D) A portfolio where only other available clean and thermal resources (in the form of SCGTs 
and up to the 93% clean or renewable target) are used to meet energy and capacity needs.  


Four more portfolios were created in a similar manner assuming an in-service date of F2024 for the 
Project; please refer to the figure below showing the eight portfolio runs. The present value of the 
portfolio cost in $F2013 is also shown in the following table. 
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Portfolio Analysis Runs 


Base Assumptions:
2012 Load Forecast without 


LNG


F2022 In-Service 
Date


F2024 In-Service 
Date


Clean & Thermal 
Generation 
Portfolios


Clean & Thermal 
Generation 
Portfolios


Clean Generation 
Portfolios


Clean Generation 
Portfolios


With 
Site C


(C-F2022) 


Without 
Site C


(D-F2022)


Without 
Site C


(B-F2024)


With 
Site C


(A-F2024)


With 
Site C


(A-F2022)


Without 
Site C


(B-F2022)


With 
Site C


(C-F2024)


Without 
Site C


(D-F2024)
  


 
 


Portfolio Analysis PV Results 
Portfolio 
Name 


Portfolio Description  Portfolio PV ($F2013M)  Portfolio PV Difference 
to Equivalent Portfolio 
with Site C 


A-F2022 Site C in F2022 + Other clean resources 8,898 
9,361 – 8,898 = 463 


B-F2022 Other Clean Resources 9,361 


C-F2022 Site C in F2022 + Other clean and thermal 
resources 


8,621 
8,469 – 8,621 = -152 


D-F2022 Other clean and thermal resources 8,469 


A-F2024 Site C in F2024 + Other clean resources 8,533 
9,192 – 8,533 = 659 


B-F2024 Other Clean Resources 9,192 


C-F2024 Site C in F2024 + Other clean and thermal 
resources 


8,254 
8,436 – 8,254 = 182 


D-F2024 Other clean and thermal resources 8,436 
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The details of the portfolios are presented below with three tables shown for each portfolio. 


 The first table shows the energy resources selected. The Resource Name, Type, In-service date 
as determined by the System Optimizer model, Installed capacity, Average annual energy, and the 
Unit Energy Cost (UEC) are shown. The UEC shown is the cost of the resource at the point of 
interconnection and does not include integration costs, transmission costs, capacity costs, freshet 
firm energy costs, time of delivery costs, and costs associated with disposal of non-firm energy. 
These costs are reflected in the Present Value (PV) of the portfolios shown above. 


 The second table shows the capacity resources selected. The capacity costs shown reflect only 
the fixed costs of the resource. The cost of operating these resources to meet peak demand is 
reflected in the portfolio PV, as is the cost of acquiring additional energy resources to meet the 
energy losses in the case of Pumped Storage facilities.  


 The third table shows the transmission upgrades that are required on the bulk transmission 
system to accommodate the generation resources. The cost of these upgrades is reflected in the 
portfolio PV.  


 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO SITE C CLEAN ENERGY PROJECT


 


TECHNICAL MEMO – ALTERNATIVES TO THE PROJECT Page 18


 


 
Portfolio A - F2022: Site C + Other clean resources 
 


Resource Name  Type 


In‐
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


UEC ($/MWh) 


Site C Large Hydro 2022 1100 5100  94 


Wind_PC19 Wind 2034 117 441  98 


Wind_PC21 Wind 2034 99 371  97 


MSW2_LM Municipal Solid Waste 2034 34 285  117 


Wind_PC10 Wind 2035 297 1023  103 


Wind_PC28 Wind 2035 153 591  96 


ROR_T1R1_60-80_LM Run of River 2035 73 301  88 


Wind_PC13 Wind 2036 135 541  98 


Wind_PC16 Wind 2036 99 377  101 


Wind_PC14 Wind 2037 144 527  102 


Wind_PC09 Wind 2038 207 713  106 


Wind_PC15 Wind 2038 108 382  103 


Wind_PC41 Wind 2039 45 155  106 


ROR_T1R1_80-90_VI Run of River 2039 98 435  105 


Wind_VI12 Wind 2040 48 151  120 


Wind_VI14 Wind 2040 35 113  121 


WBBio_VI Biomass 2040 80 641  125 


WBBio_PG Biomass 2041 45 362  143 


WBBio_EK Biomass 2041 37 298  141 


Wind_VI08 Wind 2041 41 113  136 


Wind_VI13 Wind 2041 35 105  125 
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Capacity Resources Required for Portfolio A – (F2022) 


Resource Name  Type 


In‐
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


1000 MW PS_LM Pumped Storage 2030 1000 -683 133 


1000 MW PS_LM Pumped Storage 2035 1000 -683 133 


 
 


Transmission Required for Portfolio A ‐ F022 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2022 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 


2027 
500 kV and 230 kV shunt compensation: At Meridian 230 kV add two 110 MVAr 
capacitor banks At Nicola 500 kV add one 250 MVAr capacitor bank. 10 


2034 
Series compensation upgrade at Kennedy from 50% to 65% on GMS to Williston 
500 kV lines 5L1, 5L2, 5L3 and 5L7 with thermal upgrades to 3000A rating. 60 
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Portfolio B - F2022: Other clean resources only


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


UEC ($/MWh) 


Wind_PC19 Wind 2026 117 441 98 


Wind_PC21 Wind 2027 99 371 97 


Wind_PC28 Wind 2028 153 591 96 


Wind_PC16 Wind 2029 99 377 101 


MSW2_LM Municipal Solid Waste 2029 34 285 117 


Wind_PC10 Wind 2030 297 1023 103 


WBBio_VI Biomass 2030 80 641 125 


Wind_PC13 Wind 2031 135 541 98 


Wind_PC14 Wind 2031 144 527 102 


ROR_T1R1_60-80_LM Run of River 2031 73 301 88 


Wind_PC11 Wind 2032 126 473 107 


Wind_PC15 Wind 2032 108 382 103 


Wind_PC20 Wind 2033 159 609 104 


Wind_PC09 Wind 2034 207 713 106 


Wind_PC41 Wind 2034 45 155 106 


ROR_T1R1_80-90_VI Run of River 2034 98 435 105 


Wind_PC18 Wind 2035 138 486 108 


Wind_PC42 Wind 2035 63 219 107 


Wind_VI12 Wind 2035 48 151 120 


Wind_VI14 Wind 2035 35 113 121 


Wind_PC26 Wind 2036 126 416 112 


Wind_PC48 Wind 2036 152 505 113 


Wind_PC06 Wind 2037 243 761 116 


WBBio_KM Biomass 2037 51 408 144 


WBBio_WK Biomass 2037 39 312 137 


WBBio_EK Biomass 2037 37 298 141 


Wind_VI13 Wind 2037 35 105 125 


Wind_VI15 Wind 2037 41 126 128 


ROR_T1R1_90-110_VI Run of River 2037 124 488 120 


ROR_T1R1_80-90_LM Run of River 2039 135 545 104 


Wind_PC27 Wind 2040 110 333 121 


ROR_T1R1_70-80_KN Run of River 2040 154 588 99 


ROR_T1R1_90-100_LM Run of River 2041 116 482 117 
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Transmission Required for Portfolio B ‐ F2022 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2036 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 


2040 
Series compensation upgrade at Kennedy from 50% to 65% on GMS to Williston 
500 kV lines 5L1, 5L2, 5L3 and 5L7 with thermal upgrades to 3000A rating. 60 


 


Capacity Resources Required for Portfolio B – (F2022) 


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


1000 MW PS_LM Pumped Storage 2023 1000 -683 133 


1000 MW PS_LM Pumped Storage 2031 1000 -683 133 


1000 MW PS_LM Pumped Storage 2038 1000 -683 133 
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Portfolio C - (F022: Site C + Other clean and thermal resources 


  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


UEC ($/MWh) 


Site C Largo Hydro 2022 1100 5100 94 


Wind_PC28 Wind 2034 153 591 96 


ROR_T1R1_60-80_LM Run of River 2034 73 301 88 


Wind_PC21 Wind 2035 99 371 97 


MSW2_LM Municipal Solid Waste 2035 34 285 117 


Wind_PC13 Wind 2036 135 541 98 


Wind_PC16 Wind 2038 99 377 101 


Wind_PC19 Wind 2038 117 441 98 


WBBio_VI Biomass 2039 80 641 125 


WBBio_KM Biomass 2040 51 408 144 


WBBio_WK Biomass 2040 39 312 137 


WBBio_PG Biomass 2041 45 362 143 


Wind_SI15 Wind 2041 304 814 133 


WBBio_EK Biomass 2041 37 298 141 


Wind_VI08 Wind 2041 41 113 136 


Wind_VI12 Wind 2041 48 151 120 
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Capacity Resources Required for Portfolio C  ‐  (F2022) 


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


1000 MW PS_LM Pumped Storage 2030 1000 -683 133 


100 MW SCGT KN Simple cycle Gas Turbine 2034 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2035 300 450 88 


100 MW SCGT KN Simple cycle Gas Turbine 2036 200 300 88 


100 MW SCGT KN Simple cycle Gas Turbine 2037 300 450 88 


100 MW SCGT KN Simple cycle Gas Turbine 2038 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2039 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2040 100 150 88 


 


Transmission Required for Portfolio C ‐ F2022 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2022 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 


2027 
500 kV and 230 kV shunt compensation: At Meridian 230 kV add two 110 MVAr 
capacitor banks At Nicola 500 kV add one 250 MVAr capacitor bank. 10 


2034 
Series compensation upgrade at Kennedy from 50% to 65% on GMS to Williston 
500 kV lines 5L1, 5L2, 5L3 and 5L7 with thermal upgrades to 3000A rating. 60 


2037 
New 500 kV, 50% series compensated transmission circuit 5L46 between Kelly Lake 
and Cheekye 657 
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Portfolio D - F2022: Other clean and thermal resources only   


  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


UEC ($/MWh) 


WBBio_VI Biomass 2027 80 641 125 


MSW2_LM Municipal Solid Waste 2027 34 285 117 


Wind_PC13 Wind 2030 135 541 98 


Wind_PC28 Wind 2030 153 591 96 


Wind_PC19 Wind 2031 117 441 98 


ROR_T1R1_60-80_LM Run of River 2031 73 301 88 


Wind_PC14 Wind 2032 144 527 102 


Wind_PC21 Wind 2032 99 371 97 


Wind_PC16 Wind 2033 99 377 101 


Wind_PC41 Wind 2033 45 155 106 


Wind_PC10 Wind 2034 297 1023 103 


Wind_PC42 Wind 2034 63 219 107 


Wind_PC09 Wind 2035 207 713 106 


Wind_PC11 Wind 2035 126 473 107 


Wind_PC15 Wind 2035 108 382 103 


Wind_PC20 Wind 2036 159 609 104 


ROR_T1R1_80-90_VI Run of River 2036 98 435 105 


ROR_T1R1_80-90_LM Run of River 2037 135 545 104 


Wind_PC18 Wind 2038 138 486 108 


Wind_PC26 Wind 2038 126 416 112 


ROR_T1R1_70-80_KN Run of River 2039 154 588 99 


Wind_PC48 Wind 2040 152 505 113 


Wind_VI14 Wind 2040 35 113 121 


ROR_T1R1_90-110_VI Run of River 2041 124 488 120 
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Capacity Resources Required for Portfolio D – (F2022) 


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


100 MW SCGT KN Simple cycle Gas Turbine 2023 200 300 88 


100 MW SCGT KN Simple cycle Gas Turbine 2024 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2025 200 300 88 


100 MW SCGT KN Simple cycle Gas Turbine 2026 100 150 88 


1000 MW PS_LM Pumped Storage 2028 1000 -683 133 


100 MW SCGT KN Simple cycle Gas Turbine 2029 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2031 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2033 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2035 100 150 88 


1000 MW PS_LM Pumped Storage 2036 1000 -683 133 


100 MW SCGT KN Simple cycle Gas Turbine 2039 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2040 100 150 88 


 
 
 
 


Transmission Required for Portfolio D ‐ F2022 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2027 
500 kV and 230 kV shunt compensation: At Meridian 230 kV add two 110 MVAr 
capacitor banks At Nicola 500 kV add one 250 MVAr capacitor bank. 10 


2038 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 
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Portfolio A - F2024: Site C + Other clean resources 


  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Energy Cost 
($/MWh)  


Site C Large Hydro 2024 131 390 94 


Wind_PC19 Wind 2034 117 441 98 


Wind_PC21 Wind 2034 99 371 97 


MSW2_LM Municipal Solid Waste 2034 34 285 117 


Wind_PC10 Wind 2035 297 1023 103 


Wind_PC28 Wind 2035 153 591 96 


ROR_T1R1_60-80_LM Run of River 2035 73 301 88 


Wind_PC13 Wind 2036 135 541 98 


Wind_PC16 Wind 2036 99 377 101 


Wind_PC14 Wind 2037 144 527 102 


Wind_PC09 Wind 2038 207 713 106 


Wind_PC15 Wind 2038 108 382 103 


WBBio_VI Biomass 2039 80 641 125 


Wind_PC11 Wind 2040 126 473 107 


Wind_PC41 Wind 2040 45 155 106 


Wind_VI12 Wind 2040 48 151 120 


Wind_VI13 Wind 2040 35 105 125 


WBBio_WK Biomass 2041 39 312 137 


WBBio_EK Biomass 2041 37 298 141 


Wind_VI08 Wind 2041 41 113 136 


Wind_VI15 Wind 2041 41 126 128 
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Capacity Resources Required for Portfolio A – (F2024)  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


1000 MW PS_LM Pumped Storage 2030 1000 -683 133 


1000 MW PS_LM Pumped Storage 2035 1000 -683 133 


 


Transmission Required for Portfolio A ‐ F2024 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2024 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 


2027 
500 kV and 230 kV shunt compensation: At Meridian 230 kV add two 110 MVAr 
capacitor banks At Nicola 500 kV add one 250 MVAr capacitor bank. 10 


2034 
Series compensation upgrade at Kennedy from 50% to 65% on GMS to Williston 
500 kV lines 5L1, 5L2, 5L3 and 5L7 with thermal upgrades to 3000A rating. 60 
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Portfolio B - F2024: Other clean resources only


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


UEC ($/MWh) 


Wind_PC19 Wind 2026 117 441 98 


Wind_PC21 Wind 2027 99 371 97 


Wind_PC28 Wind 2028 153 591 96 


Wind_PC16 Wind 2029 99 377 101 


MSW2_LM Municipal Solid Waste 2029 34 285 117 


Wind_PC10 Wind 2030 297 1023 103 


WBBio_VI Biomass 2030 80 641 125 


Wind_PC13 Wind 2031 135 541 98 


Wind_PC14 Wind 2031 144 527 102 


ROR_T1R1_60-80_LM Run of River 2031 73 301 88 


Wind_PC11 Wind 2032 126 473 107 


Wind_PC15 Wind 2032 108 382 103 


Wind_PC20 Wind 2033 159 609 104 


Wind_PC09 Wind 2034 207 713 106 


ROR_T1R1_80-90_VI Run of River 2034 98 435 105 


Wind_PC18 Wind 2035 138 486 108 


Wind_PC41 Wind 2035 45 155 106 


Wind_PC42 Wind 2035 63 219 107 


Wind_VI12 Wind 2035 48 151 120 


Wind_VI14 Wind 2035 35 113 121 


Wind_PC26 Wind 2036 126 416 112 


Wind_PC48 Wind 2036 152 505 113 


Wind_PC06 Wind 2037 243 761 116 


Wind_PC27 Wind 2037 110 333 121 


WBBio_WK Biomass 2037 39 312 137 


WBBio_EK Biomass 2037 37 298 141 


Wind_VI08 Wind 2037 41 113 136 


Wind_VI13 Wind 2037 35 105 125 


ROR_T1R1_90-110_VI Run of River 2037 124 488 120 


ROR_T1R1_80-90_LM Run of River 2039 135 545 104 


ROR_T1R1_70-100_NC Run of River 2040 40 153 110 


ROR_T1R1_70-80_KN Run of River 2040 154 588 99 


Wind_VI15 Wind 2040 41 126 128 


ROR_T1R1_90-100_LM Run of River 2041 116 482 117 
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Capacity Resources Required for Portfolio B – (F2024)  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


1000 MW PS_LM Pumped Storage 2025 1000 -683 133 


1000 MW PS_LM Pumped Storage 2031 1000 -683 133 


1000 MW PS_LM Pumped Storage 2038 1000 -683 133 


 
 
 


Transmission Required for Portfolio B ‐ F2024 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2035 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 


2037 
Series compensation upgrade at McLeese from 50% to 65% on Williston to Kelly 
500 kV lines 5L11, 5L12 and 5L13 with thermal upgrades to 3000A rating. 57 
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Portfolio C - F2024: Site C + Other clean and thermal resources  


  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Energy Cost 
($/MWh)  


Site C Large Hydro 2024 1100 5100 94 


Wind_PC28 Wind 2034 153 591 96 


ROR_T1R1_60-80_LM Run of River 2034 73 301 88 


Wind_PC21 Wind 2035 99 371 97 


Wind_VI12 Wind 2035 48 151 120 


MSW2_LM Municipal Solid Waste 2035 34 285 117 


Wind_PC13 Wind 2036 135 541 98 


Wind_PC19 Wind 2038 117 441 98 


Wind_PC41 Wind 2039 45 155 106 


WBBio_VI Biomass 2039 80 641 125 


Wind_PC15 Wind 2040 108 382 103 


WBBio_WK Biomass 2040 39 312 137 


Wind_PC10 Wind 2041 297 1023 103 


WBBio_PG Biomass 2041 45 362 143 


WBBio_KM Biomass 2041 51 408 144 


WBBio_EK Biomass 2041 37 298 141 
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Capacity Resources Required for Portfolio C – (F2024)  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


1000 MW PS_LM Pumped Storage 2030 1000 -683 133 


100 MW SCGT KN Simple cycle Gas Turbine 2034 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2035 200 300 88 


100 MW SCGT KN Simple cycle Gas Turbine 2036 200 300 88 


100 MW SCGT KN Simple cycle Gas Turbine 2037 300 450 88 


100 MW SCGT KN Simple cycle Gas Turbine 2038 300 450 88 


100 MW SCGT KN Simple cycle Gas Turbine 2040 100 150 88 


 
Transmission Required for Portfolio C ‐ F2024 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2024 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 


2027 
500 kV and 230 kV shunt compensation: At Meridian 230 kV add two 110 MVAr 
capacitor banks At Nicola 500 kV add one 250 MVAr capacitor bank. 10 


2034 
Series compensation upgrade at Kennedy from 50% to 65% on GMS to Williston 
500 kV lines 5L1, 5L2, 5L3 and 5L7 with thermal upgrades to 3000A rating. 60 


2037 
New 500 kV, 50% series compensated transmission circuit 5L46 between Kelly Lake 
and Cheekye 657 
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Portfolio D - F2024: Other clean and thermal resources only   


  


Name  Type 


In 
Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Energy Cost 
($/MWh)  


WBBio_VI Biomass 2027 80 641 125 


MSW2_LM Municipal Solid Waste 2027 34 285 117 


Wind_PC13 Wind 2030 135 541 98 


Wind_PC28 Wind 2030 153 591 96 


Wind_PC19 Wind 2031 117 441 98 


ROR_T1R1_60-80_LM Run of River 2031 73 301 88 


Wind_PC14 Wind 2032 144 527 102 


Wind_PC16 Wind 2032 99 377 101 


Wind_PC15 Wind 2033 108 382 103 


Wind_PC21 Wind 2033 99 371 97 


Wind_PC10 Wind 2034 297 1023 103 


Wind_PC09 Wind 2035 207 713 106 


Wind_PC11 Wind 2035 126 473 107 


Wind_PC41 Wind 2035 45 155 106 


Wind_PC42 Wind 2035 63 219 107 


Wind_PC20 Wind 2036 159 609 104 


ROR_T1R1_80-90_VI Run of River 2036 98 435 105 


ROR_T1R1_80-90_LM Run of River 2037 135 545 104 


Wind_PC18 Wind 2038 138 486 108 


ROR_T1R1_70-80_KN Run of River 2038 154 588 99 


Wind_PC26 Wind 2039 126 416 112 


Wind_PC48 Wind 2040 152 505 113 


Wind_VI14 Wind 2040 35 113 121 


ROR_T1R1_90-100_LM Run of River 2041 116 482 117 
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Capacity Resources Required for Portfolio D – (F2024)  


Name  Type 
In Service 
Date 


Installed 
Capacity 
(MW) 


Average Annual 
Energy (GWh) 


Unit Cost of 
Capacity ($/kW‐
year) 


Revelstoke Unit 6 Resource Smart 2019 500 26 56 


100 MW SCGT KN Single Cycle Gas Turbine 2025 500 750 88 


100 MW SCGT KN Single Cycle Gas Turbine 2026 100 150 88 


1000 MW PS_LM Pumped Storage 2028 1000 -683 133 


100 MW SCGT KN Simple cycle Gas Turbine 2029 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2031 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2034 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2035 100 150 88 


1000 MW PS_LM Pumped Storage 2036 1000 -683 133 


100 MW SCGT KN Simple cycle Gas Turbine 2039 100 150 88 


100 MW SCGT KN Simple cycle Gas Turbine 2040 100 150 88 


 
 


Transmission Required for Portfolio D ‐ F2024 


Year  Name  Capital Cost ($M) 


2019 50% series compensation of the 500 kV lines 5L91 and 5L98 62 


2027 
500 kV and 230 kV shunt compensation: At Meridian 230 kV add two 110 MVAr 
capacitor banks At Nicola 500 kV add one 250 MVAr capacitor bank. 10 


2038 
500 kV Shunt compensation: At Williston add one 300 MVAr SVC and two 250 
MVAr switchable capacitor banks. At Kelly Lake add one 250 MVAr shunt capacitor. 65 
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Appendix 5 – Adjusted UEC Supply Curves for Available Resources Used in Portfolio Analysis 


 
The following figures show supply curves for individual available resources as well as a consolidated 
supply curve for all available resources used in the portfolio analysis. 


 


All figures include the following curves: 


- Adj UEC (PS): Adjusted UEC for the energy resources, including a capacity cost adder priced 
based on pumped storage 


- Adj UEC (PS+SCGT): Adjusted UEC for the energy resources, including a capacity cost adder 
priced based on a blend of pumped storage and simple-cycle gas turbines 


The consolidated supply curve also includes the Adjusted UEC of the Project as the curve “Site C” for 
comparison purposes. 


 
 
 







 


Figure 1 – Consolidated Adjusted UEC Supply Curve for Available Resources Used in Portfolio Analysis 
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Figure 2 – Adjusted UEC Supply Curve for Onshore Wind 
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Figure 3 – Adjusted UEC Supply Curve for Offshore Wind 
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Figure 4 – Adjusted UEC Supply Curve for Run of River 
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Figure 5 – Adjusted UEC Supply Curve for MSW 
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Figure 6 – Adjusted UEC Supply Curve for Biomass Woodwaste 
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Subject: Project Costs 


Purpose 
A number of comments received during the Comment Period raise the question of whether the Project 
cost estimate is accurate as well as additional questions regarding the financing of the Project.  


The purpose of this Technical Memo is to summarize the information on the project cost estimate and 
other financial information provided in the EIS. 


Project Cost Estimate 
The capital cost estimate for the Project is $7.9 billion in nominal (“as-spent”) dollars, and includes 
adjustments for inflation effects and the cost of financing during construction. This cost estimate was 
prepared in 2010 “… based on the current design (as described in Volume 1 Section 4 Project 
Description) and market prices for labour, equipment and materials.” 


Details on the Project cost estimate are provided in Volume 1 Appendix F Part 1 (Project Cost 
Estimate). For convenience, this Technical Memo reproduces Table 1 from Volume 1 Appendix F 
Part 1 showing the composition of the project cost estimate. 


The capital cost estimate has undergone both internal and external review. 


“The capital cost estimate was prepared by the Project’s Integrated Engineering 
Team, consisting of BC Hydro staff and consultants. In addition, the capital cost 
estimate was reviewed by BC Hydro estimators and has undergone an external peer 
review by KPMG. This external review concluded that the methodologies and 
assumptions used in the cost estimate were appropriate.”1 


The Project cost estimate is characterized as a Class 3 cost estimate as defined by the Association for 
the Advancement of Cost Engineering, and includes appropriate amounts of contingency and reserves. 
As stated in AACE 2012: 


“Class 3 estimates are typically prepared to support full project funding requests, and 
become the first of the project phase “control estimate” against which all actual costs 
and resources will be monitored for variations to the budget. They are used as the 
project budget until replaced by more detailed estimates.” 


As stated in Volume 1 Appendix F Part 1 (Project Cost Estimate), BC Hydro expects project costs “… to 
be within the bounds of the current capital cost estimate in ordinary market conditions.” 


Project Financing and Recovery from Ratepayers 


BC Hydro receives its financing through the Province of British Columbia. All of BC Hydro’s debt is 
either guaranteed or held by the Province of British Columbia. The credit rating of BC Hydro’s 


                                                 
1  Volume 1 Appendix F Part 1 Project Cost Estimate, page 2. 
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guaranteed debt is reflective of the credit ratings of the Province which is currently rated AAA by 
Standard and Poor’s and Aaa by Moody’s bond rating agencies. 


The Utilities Commission Act gives the BCUC the power to regulate BC Hydro and provides BC Hydro 
the ability to recover its costs (debt servicing and other) by way of application. As stated in 
Section 7.1.3, “Costs associated with generation projects are recovered from ratepayers based on the 
revenue requirements collected by BC Hydro, as regulated by the [BCUC] … The manner of cost 
recovery is determined by the BCUC …”. As described on page 7-4, this recovery from ratepayers is 
made up of: 


• Operations costs 


• Financing costs (i.e. interest on debt associated with the project) 


• Amortization of the project capital cost (depreciated over a period as determined by accounting 
principles and accepted by the BCUC) 


• A regulated return on equity on the capital invested in the project 
The debt associated with the Project would be effectively paid off through the recovery of the 
amortization of the project capital cost. 


For the purposes of the analysis provided in Sectio 7.1.3, BC Hydro has assumed amortization of the 
project capital costs would take place over the financial planning life of the project (i.e., 70 years). As 
noted, this recovery term is subject to approval by the BCUC and “… may therefore differ from these 
assumptions.” 
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Excerpted tables from Volume 1 Appendix F Part 1 Project Cost Estimate (Page 2) 


Table 1 Project cost estimate breakdown 
     ($ million) 


Dam and Associated Structures 1,790 


 


Earthfill Dam 


 


 


Approach Channels & RCC Buttress 


 


 


Spillway, Intakes & Penstock 


 


 


Left (North) Bank Stabilization 


 


 


Cofferdams, Dikes, Diversion Tunnels 


 Power Facilities 990 


 


Powerhouse & Switchgear Building 


   Stations and Transmission 


 Offsite Works 530 


 


Highway 29 Relocation, Access Roads, Clearing, Land & Rights 


 Construction Management & Services 515 


 


Worker Accommodation 


   Construction Management & Construction Services 


 Total Direct Costs 3,825 


Indirect Costs 1,005 


 


Development Costs, including sunk costs 


 


 


Regulatory Costs 


 


 


Construction Insurance 


 


 


Management & Engineering 


 


 


Mitigation & Compensation 


 Contingency 730 


Total Construction and Development Costs (2010 real dollars) 5,560 


   Inflation 790 
Interest During Construction 1,550 


Total Construction and Development Costs (nominal) 7,900 
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Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


• Response to Peace Valley 
Environmental Association 
Standard Letters 


• Response to Wilderness Committee 
Standard Letters 


form_0004-006 pub_0049-001 pub_0054-001 


pub_0064-005 pub_0088-003 pub_0115-003 pub_0203-001 pub_0295-001 
pub_0213_001 pub_0234-004 pub_0241-004 pub_0256-002 pub_0472-002 
pub_0438-003 pub_0438-021 pub_0457-001 pub_0457-002 pub_0529-001 
pub_0473-003 pub_0479-004 pub_0482-001 pub_0510-001 pub_0593-001 
pub_0537-002 pub_0563-001 pub_0573-001 pub_0579-001 pub_0605-025 
pub_0598-001 pub_0605-003 pub_0605-004 pub_0605-013 pub_1018-001 
pub_0727-001 pub_0846-001 pub_0965-001 pub_0985-001 pub_1019-001 
pub_1021-001 ab_0001-022    
 





		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Project Costs

		MAY 8, 2013

		Purpose

		A number of comments received during the Comment Period raise the question of whether the Project cost estimate is accurate as well as additional questions regarding the financing of the Project. 

		The purpose of this Technical Memo is to summarize the information on the project cost estimate and other financial information provided in the EIS.

		Project Cost Estimate

		The capital cost estimate for the Project is $7.9 billion in nominal (“as-spent”) dollars, and includes adjustments for inflation effects and the cost of financing during construction. This cost estimate was prepared in 2010 “… based on the current design (as described in Volume 1 Section 4 Project Description) and market prices for labour, equipment and materials.”

		Details on the Project cost estimate are provided in Volume 1 Appendix F Part 1 (Project Cost Estimate). For convenience, this Technical Memo reproduces Table 1 from Volume 1 Appendix F Part 1 showing the composition of the project cost estimate.

		“The capital cost estimate was prepared by the Project’s Integrated Engineering Team, consisting of BC Hydro staff and consultants. In addition, the capital cost estimate was reviewed by BC Hydro estimators and has undergone an external peer review by KPMG. This external review concluded that the methodologies and assumptions used in the cost estimate were appropriate.”

		As stated in Volume 1 Appendix F Part 1 (Project Cost Estimate), BC Hydro expects project costs “… to be within the bounds of the current capital cost estimate in ordinary market conditions.”

		Table 1 Project cost estimate breakdown
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Subject: Project Need 


Purpose 


The purpose of this Technical Memo is to respond to a number of comments provided regarding the 
need for the Project with respect to: (1) Load Forecast methodology and assumptions; (2) the 
methodology for the construction of load-resource balances (LRBs); and (3) whether the Project is 
proposed to meet potential demand from Liquefied Natural Gas (LNG) facilities. 


Overview of Project Need 


BC Hydro must plan in advance to meet its customers’ residential, business (commercial) and industrial 
requirements and to ensure that the electricity resources required are available when required. To 
ensure it has enough resources to meet future demand, BC Hydro establishes a forecast of how much 
electricity customers are expected to need each year and then compares that requirement to how much 
electricity BC Hydro can supply in that given year. The relationship between projected customer 
demand and BC Hydro’s electricity supply is called the LRB. BC Hydro uses the LRB to determine 
whether there is a gap between the needs of its customers and its electricity supply. Chapter 5 of the 
EIS presents two sets of LRBs – one for energy, and one for dependable capacity; refer to page 5-11 of 
the EIS.  


Based on the LRB analysis provided in the in EIS,1 new resources are required to meet the energy and 
dependable capacity needs of BC Hydro customers within the next 10 to 15 years, even when taking 
into account BC Hydro’s aggressive demand side management (DSM) targets and Revelstoke Unit 6, 
and excluding load from LNG facilities. 


Basis of Need 


Section 5.2 of the EIS contains the need for the Project analysis. The need for the Project is "to 
address future customer demand for firm energy and dependable capacity in BC Hydro's service area”. 
The need for the Project is established based on demand from BC Hydro's residential, commercial and 
industrial customers.  


The need for the project is established through LRBs, which calculate the gap between BC Hydro 
customer demand and available supply. There are three main inputs to the determination of need: 


1) Forecasting load, in this case the 2012 Load Forecast dated December 2012, the most recent 
BC Hydro load forecast (addressed in Section 5.2.1.1 of the EIS) 


2) Estimating the energy and capacity available from existing and committed supply side resources 
(addressed in Section 5.2.1.2 of the EIS); 


3) Determining the level of future DSM savings that are achievable and cost-effective (addressed in 
Section 5.2.2.2 of the EIS)  


                                                 
1  See Table 5.8 and Table 5.9.  
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BC Hydro’s Obligation to Serve 


As described in Section 2 of the EIS, BC Hydro’s mandate is to generate, manufacture, conserve, 
supply and acquire electricity to meet the needs of its customers. This mandate is set out in section 12 
of the Hydro and Power Authority Act (R.S.B.C. 1996, c.212). BC Hydro serves 95% of B.C.’s 
population, delivering electricity to approximately 1.9 million customers. BC Hydro has an obligation to 
serve its customers in accordance with standards established by the British Columbia Utilities 
Commission (BCUC) pursuant to a number of sections in the B.C. Utilities Commission Act (R.S.B.C., 
1996, c.473), including sections 25, 28, 29, and 30. BC Hydro serves its customers pursuant to tariffs 
(rates) submitted to and approved by the BCUC pursuant to sections 58-61 of the Utilities Commission 
Act.  


As stated in Section 5.2, this service obligation drives BC Hydro’s long-term resource planning process 
including the evaluation of need for the Project. 


Load Forecast Methodology and Assumptions 


BC Hydro’s 2012 Load Forecast assumptions and results are set out in Section 5.2.1.1 of the EIS. 
page 5-5 of the EIA provides that: 


 BC Hydro is basing its analysis of the need for the Project on the 2012 mid-level load forecast. Use 
of the mid-level load forecast has been endorsed by the BCUC in prior proceedings and is 
consistent with other public utilities. 


 The 2012 Load Forecast was prepared in accordance with the BCUC’s Resource Planning 
Guidelines (provided as Volume 1 Appendix D Part 2), and was developed using the same 
methodological approach approved by the BCUC in past long-term resource plan proceedings 


 The 2012 Load Forecast was issued in December 2012. It is based on end-use and econometric 
models that use historical billed sales data combined with third party economic indicators, including 
gross domestic product forecasts from the B.C. Ministry of Finance, external economic consultants 
and customer-by-customer information in the industrial customer forecast:  


o The 2012 Load Forecast methodology used by BC Hydro for industrial customers is largely a 
bottom-up approach which carefully considers individual industrial customer information  


o The residential and commercial sectors are largely a top-down approaches that consider 
provincial housing starts, economic indicators and projected saturation and end-use information 
for individual home appliances to extrapolate from current consumption levels 


o The peak load forecast is a detailed substation-by-substation accounting of expected future 
incremental loads, and expected transmission customer activities including possible 
curtailments and expansions 


 The 2012 Load Forecast reflects the impact of savings from BC Hydro’s past DSM initiatives such 
as energy conservation achieved through F2012. Future projected DSM savings from F2013 
onward are accounted for separately in Section 5.2.2.2 of the EIS as part of development of the 
overall energy and capacity LRBs. BC Hydro’s treatment of DSM is guided by the BCUC’s 
Resource Planning Guidelines, which specifically provide that future DSM “should not be reflected 
in the utility’s gross demand forecasts”.  


BC Hydro also notes that the impacts of possible future electricity rate increases are reflected in the 
2012 Load Forecast.  
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For the purposes of clarification regarding BC Hydro’s load forecasting methodology, a copy of the 
2012 Load Forecast dated December 2012 is attached to this memo.  


Existing and Committed Supply Side Resources 


After the 2012 Load Forecast, the second step to determine if there is a gap between load and 
resources is to estimate the energy and capacity available from existing and committed supply side 
resources such as BC Hydro’s existing Heritage hydroelectric assets and independent power producer 
projects. This second step is the subject of Section 5.2.1.2 of the EIS. The result of the first and second 
steps is the energy and capacity LRBs set out in Tables 5.6 and 5.7 of the EIS. Based on the LRBs in 
the EIS there is a need for new energy resources in F2017 and a need for new capacity resources in 
F2016. Appendix 1 provides the annual composition of the existing and committed supply side 
resources used in EIS analysis of need. 


Determining the Level of DSM 


The third step in developing the energy and capacity LRBs is for BC Hydro to determine the level of 
future DSM savings it believes are achievable and cost-effective. DSM is BC Hydro’s preferred 
resource and it is the first resource looked at to address the gaps depicted in Tables 5.6 and 5.7. The 
DSM target is 7,800 gigawatt hours per year (GWh/year) of energy savings and 1,400 megawatts (MW) 
of capacity savings by F2021, and is described in Section 5.2.2.2 of the EIS. BC Hydro’s reasons for 
choosing the DSM target, which is aggressive, are found in Sections 5.2.2.2 and 5.2.3 of the EIS, which 
outlines DSM delivery risks.  


Additional detail concerning BC Hydro’s current DSM target is found in the Technical Memo on DSM. 


Revelstoke Unit 6 


In addition to the DSM target, Revelstoke Unit 6, which is a potential capacity resource, is factored in as 
it is a project BC Hydro is likely to undertake in advance of the Project; refer to page 5-14 of the EIS. If 
undertaken, Revelstoke Unit 6 would deliver about 488 MW of dependable capacity but very little 
energy (about 26 GWh/year of average energy).  


EIS Need for the Project 


The results are set out in Tables 5.8 and 5.9, which form the basis of determining the need for the 
Project. There is a need for additional energy resources in F2024 and a need for additional capacity 
resources in F2025. Based on the 2012 Load Forecast and after taking into account projected future 
DSM-related energy savings (i.e., net of DSM), BC Hydro forecasts annual energy system demand 
growth of about 0.8% per year.  


The EIS analysis then proceeds to review potential alternatives in Sections 5.4 and 5.5 to address the 
energy and capacity gaps shown in Tables 5.8 and 5.9. Refer to the Technical Memos on DSM and 
Alternatives for additional detail. 
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Relevance of LNG Demand 


BC Hydro’s load forecast does not include potential electricity demands from the proposed LNG 
projects because the requirements of the facilities have not yet been confirmed by proponents. As set 
out in Section 5.2 of the EIS, the Project is needed whether or not new LNG projects proceed.  


Section 5.2 of the EIS contains the need for the Project analysis. Section 5.2.1 of the EIS sets out the 
assumptions underpinning BC Hydro's energy and capacity LRBs, and states with respect to potential 
LNG demand (referred to as ‘load’ in the EIS): "The 2012 mid-load forecast presented in this section 
does not include potential LNG load, which is discussed in Section 5.2.3" (EIS, page 5-5). 
Section 5.2.2.2, and in particular Tables 5.8 and 5.9, of the EIS set out BC Hydro's energy and capacity 
LRBs. Section 5.3 (“Purpose of the Project”) confirms that one of the purposes of the Project is to 
“cost-effectively meet BC Hydro’s forecasted need for energy and capacity identified in Section 5.2.2”. 
As described in this memo and the EIS itself, the need for the Project analysis in Section 5.2.2 does not 
include potential LNG demand.  


Good utility practice and the BCUC’s Resource Planning Guidelines provide that LRB uncertainties 
should be acknowledged. Accordingly, BC Hydro has included an analysis of the main sources of LRB 
uncertainty in Section 5.2.3 of the EIS. The potential for LNG demand is one such uncertainty, and this 
is why in Section 5.2.3, Tables 5.10 and 5.11 BC Hydro set out the range of effect LNG demand may 
have on the need for new energy and capacity resources.  


BC Hydro notes that while it is not factored into the analysis of need in the EIS, LNG load would be 
incorporated into future Load Forecasts and LRBs if LNG proponents elect to take service from 
BC Hydro with respect to their non-compression loads. Note that the potential LNG demand discussed 
in the LRB uncertainty analysis in Section 5.2.3 relates to potential LNG non-compression load. 
‘Compression load’ is the power demand associated with compressing the natural gas into liquid form 
and represents the majority of LNG facility requirements. BC Hydro is not expecting to serve this 
component of LNG load. ‘Non-compression load’ refer to the rest of LNG facility power demand, and is 
primarily made up of power required for LNG facility loading equipment, lighting and office 
requirements. 







 


 Appendix	1	–	Existing	and	Committed	Supply	Side	Resources	
Energy	
Gigawatt Hours 
(GWh)  F2012  F2013  F2014  F2015  F2016  F2017  F2018  F2019  F2020  F2021  F2022  F2023  F2024  F2025  F2026  F2027  F2028  F2029  F2030  F2031 
 Heritage 
Hydroelectric  


(a)      
46,300  


   
48,800  


   
47,800  


   
48,200  


  
48,300 


  
48,200 


  
48,500 


  
48,500 


  
48,500 


        
48,500 


        
48,500  


         
48,500 


        
48,500 


        
48,500 


        
48,500 


        
48,500 


        
48,500 


        
48,500 


        
48,500 


         
48,500  


 Heritage 
Thermal 
(Prince 
Rupert)  


(b)  


   
‐   


   
‐   


   
‐   


   
200  


  
200 


  
200 


  
200 


  
200 


  
200 


               
200  


               
200  


               
200  


               
200  


               
200  


               
200  


               
200  


               
200  


               
200  


               
200  


               
200  


 Existing and 
Committed 
IPPs  


(c)   
   


11,600  
   


12,200  
   


12,800  
   


14,200  
  


13,900 
  


14,300 
  


14,400 
  


14,100 
  


14,500 
         
14,500 


         
14,200  


         
14,000 


         
14,100 


         
13,900 


         
13,900 


         
13,900 


         
13,800 


         
13,800 


         
13,800 


         
13,800  


 Total Supply   (d) = 
a + b 
+ c  


   
57,900  


   
61,100  


   
60,700  


   
62,600  


  
62,400 


  
62,800 


  
63,100 


  
62,800 


  
63,200 


         
63,200 


         
62,900  


         
62,700 


         
62,700 


         
62,600 


         
62,600 


         
62,600 


         
62,500 


         
62,500 


         
62,500 


         
62,500  


Capacity	
Megawatts (MW) 


F2012  F2013  F2014  F2015  F2016  F2017  F2018  F2019  F2020  F2021  F2022  F2023  F2024  F2025  F2026  F2027  F2028  F2029  F2030  F2031 
 Heritage 
Hydroelectric  


(a)      
10,500  


   
10,500  


   
10,500  


   
10,950  


  
11,350 


  
11,400 


  
11,400 


  
11,400 


  
11,400 


  
11,400 


   
11,400  


  
11,400 


  
11,400 


  
11,400 


  
11,400 


  
11,400 


  
11,400 


  
11,400 


  
11,400 


   
11,400  


 Heritage 
Thermal  


(b)      
950  


   
950  


   
950  


   
500  


  
50 


  
50 


  
50 


  
50 


  
50 


  
50 


   
50  


  
50 


  
50 


  
50 


  
50 


  
50 


  
50 


  
50 


  
50 


   
50  


 Existing  and 
Committed 
IPPs  


(c)       
950  


   
1,100  


   
1,100  


   
1,250  


  
1,250 


  
1,300 


  
1,250 


  
1,250 


  
1,250 


  
1,200 


   
1,200  


  
1,200 


  
1,200 


  
1,150 


  
1,150 


  
1,150 


  
1,150 


  
1,150 


  
1,150 


   
1,150  


 Reserves  
 Supply 
requiring 
reserves  


(d) = 
a + b 
+ c  


   
12,350  


   
12,500  


   
12,550  


   
12,650  


  
12,650 


  
12,700 


  
12,750 


  
12,700 


  
12,700 


  
12,650 


   
12,700  


  
12,650 


  
12,650 


  
12,650 


  
12,650 


  
12,650 


  
12,650 


  
12,600 


  
12,600 


   
12,600  


 14%  of 
Supply 
requiring 
reserves  


(e) = 
(d) 
*0.14  


   
1,750  


   
1,750  


   
1,750  


   
1,750  


  
1,750 


  
1,800 


  
1,800 


  
1,800 


  
1,800 


  
1,750 


   
1,800  


  
1,750 


  
1,750 


  
1,750 


  
1,750 


  
1,750 


  
1,750 


  
1,750 


  
1,750 


   
1,750  


 400  MW 
market 
reliance  


(f)      
400  


   
400  


   
400  


   
400  


  
‐   


  
‐   


  
‐   


  
‐   


  
‐   


  
‐   


   
‐   


  
‐   


  
‐   


  
‐   


  
‐   


  
‐   


  
‐   


  
‐   


  
‐   


   
‐   


 Supply not requiring reserves  
 Alcan  2007 
EPA  


(g)      
400  


   
400  


   
350  


   
150  


  
150 


  
150 


  
150 


  
150 


  
150 


  
150 


   
150  


  
150 


  
150 


  
150 


  
150 


  
150 


  
150 


  
150 


  
150 


   
150  


 Total supply   (h) = 
d ‐ e 
+ f + 
g  


   
11,450  


   
11,550  


   
11,550  


   
11,450  


  
11,050 


  
11,100 


  
11,100 


  
11,050 


  
11,100 


  
11,050 


   
11,050  


  
11,050 


  
11,050 


  
11,000 


  
11,000 


  
11,000 


  
11,000 


  
11,000 


  
11,000 


   
11,000  
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Executive Summary 


Background and Context 


BC Hydro is the third largest utility in Canada and serves 95 percent of British Columbia’s 
population. BC Hydro’s total energy requirements, including losses and sales to other 
utilities and non-integrated areas (NIAs), were 57,083 GWh in F20121. Excluding the 
NIAs, the total integrated system energy requirements were 56,800 GWh2. The total 
integrated system peak demand in F2012 before weather adjustments and including 
losses and peak demand supplied by BC Hydro to other utilities was reported to be 10,338 
MW excluding any load curtailments and outages.  


Load forecasting is central to BC Hydro’s long-term planning, medium-term investment, 
and short-term operational and forecasting activities. BC Hydro’s Electric Load Forecast is 
published annually for the purpose of providing decision-making information regarding 
“where, when and how much” electricity is expected to be required on the BC Hydro 
system. The forecast is based on several end-use and econometric models that use 
historical billed sales data up to March 31 of the relevant year, combined with a variety of 
economic forecasts and inputs from internal, government and third party sources.  


BC Hydro’s load forecasting activities are focused on the preparation of a number of term-
specific and location-specific forecasts of energy sales and peak demand requirements in 
order to provide decision-making information for users. A variety of related products 
including monthly variance reports, inputs for revenue forecasts and load shape analyses, 
are produced to supplement the forecasts presented in this report. 


Forecast Methodology  


BC Hydro produces 21-year forecasts (remainder of current year plus a 20 year 
projection) for both energy and peak demand. These forecasts are compiled separately 
but undergo a number of checks to ensure consistency. The load forecasts are prepared 
before and after incremental Demand Side Management (DSM). The load forecast 
presented in the Executive Summary and the remainder of the document is before 
incremental DSM. This is done to keep continuity with previous Annual Load Forecast 
documents and is consistent with the British Columbia Utilities Commission’s (BCUC) 
Resource Planning Guidelines. Load Forecasts with incremental DSM are presented in 
other documents such as BC Hydro’s Integrated Resource Plan (IRP) or Revenue 
Requirements Applications. 


BC Hydro incorporates relatively certain loads and demand trends into its load forecast.    
BC Hydro’s makes use of its Residential and Commercial End Use surveys to calibrate its 
end use models to historical trends in various end uses and space heating trends.  
Similarly, BC Hydro includes verifiable information regarding specific customer loads in its 
load forecast in order to reflect possible reductions due to customer attrition. 


BC Hydro is closely monitoring technological trends such as the future effects of 
electrification loads for possible inclusion into its base (Reference, which is the mid) load 
forecast.  In terms of incremental electrification loads, demands from future electrical 
vehicle (EV) loads are included in the Reference load forecast.  EV load estimates are 
lower as compared to the 2011 Load Forecast for the forecast period; EV load is 
estimated to be about 1,000 gigawatts per annum (GWh/year) towards the end of the 20 
years.  Other potential electrification loads are monitored for inclusion into the forecast.  
The impacts of possible future electricity rate increases (i.e. rate impacts) are also 


                                                
1 BC Hydro’s fiscal year end is March 31; thus, F2012 covers April 1, 2011 to March 31, 2012. 
2 The NIAs include the Purchase Areas, Zone II and Fort Nelson. A number of small communities located in 
the northern and southern areas of B.C. that are not connected to BC Hydro’s electrical grid make up the 
Purchase Areas and Zone II. 
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reflected in BC Hydro’s load forecasts.  Load forecasts presented in this document are 
designated as being ‘with rate impacts’ unless otherwise noted.   


The energy forecast is produced for each of the three major customer classes: residential, 
commercial and industrial. Sales to the three customer classes are combined with sales to 
other utilities to develop total BC Hydro firm sales. These sales estimates are adjusted for 
system line losses resulting in total gross energy requirements. To determine gross 
energy requirements for only the integrated system, sales and losses to all NIAs are 
excluded. 


Residential 
The residential sector forecast is the product of accounts and use per account. The 
account forecast is driven by projections of regional housing starts. This sector is most 
responsive to variations in temperature relative to the other sectors. 


The residential use per account forecast (before Rates Impacts, electric vehicles and 
adjustments for codes and standards) are developed with Statistically Adjusted End-Use 
(SAE) models.  These models combine traditional regression-based forecasting with 
detailed end-use data to produce forecasts. The key drivers of these end-use models are 
regional economic variables (i.e., disposable income and population, etc.) and non-
economic variables such as weather and average stock efficiency of the various end uses 
of electricity. 


Commercial 
The total commercial sales forecast includes commercial general distribution loads, other 
commercial distribution loads such as irrigation and street lighting, and commercial 
transmission-connected loads such as pipelines and institutions such as universities. In 
terms of forecasting complexity, larger commercial accounts are forecast using similar 
methods for large industrial accounts. These methods are forward-looking information that 
includes expected sector trends, whereas the forecasts for the smaller sales categories 
such as street lighting rely upon historical sales trends.  


The commercial general distribution sales forecasts (before including Rates Impacts, 
electric vehicles and adjustments for codes and standards) are developed with SAE 
models.  The key drivers of these end-use models are regional economic variables (i.e., 
commercial output (Gross Domestic Product (GDP)), employment, retail sales, and non-
economic variables such as weather and average stock efficiency of the various end uses 
of electricity.  
 
Industrial 


The industrial sector is made up of distribution and transmission-connected customers. 
The industrial distribution forecast is developed for specific sub-sectors; where sub-sector 
analysis has not undertaken, GDP growth projections are used to develop the forecast. 
The forecasts for larger transmission-connected industrial customers are primarily done 
on an individual customer account basis and sector basis, utilizing specific customer and 
sector expertise from inside and outside of BC Hydro (e.g., third party consultant studies). 
BC Hydro applies a risk assessment to specific accounts within each sector to quantify 
their individual contribution to a total system forecast. These assessments are based on 
industry and customer-specific risk factors such as commodity prices, and First 
Nations/environmental issues.  


Forestry is made up of wood, pulp and paper and chemicals, where wood and pulp and 
paper are most of the sales. Mill specific information on production, intensity and on-site 
generation as well global outlooks for forestry products such as Kraft pulp, papers and 
packaging are used to develop the forestry forecast.   
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For the mining sector, the forecast is developed using industrial sector reports from 
consultants, government mining reports, production forecasts and energy intensity factors. 
BC Hydro applies risk adjustments to mining project loads, which are intended to factor 
development risks. Some of the considerations that inform these weights include the 
financial viability of projects; the status of environmental approvals and whether or not the 
potential mine proponent has formally applied to BC Hydro for electrical service.  


For the oil and gas sector, BC Hydro employs two approaches to develop load forecasts, 
specifically the top-down and the bottom-up methodology. For the top-down approach, 
BC Hydro uses internal and third party predictions of oil and gas production and energy 
intensities to create annual load forecasts. The bottom-up method involves the 
development of forecasts of customer-specific loads, which are then risk adjusted and 
summed to produce composite loads. The risk adjustment factors are informed by 
discussions with BC Hydro’s key account managers, potential new customers, and 
government/industry experts. 


Future LNG Load 
To date, several Liquefied Natural Gas (LNG) proponents have approached BC Hydro 
and/or the B.C. Government with respect to LNG projects for the B.C. north coast. 


Over the past couple of years, BC Hydro and government have been working with LNG 
proponents on options for meeting all or some of the energy needs of LNG plants with 
power from the BC Hydro system.  The two key options available to LNG developers that 
involve BC Hydro providing electrical service include: 


a) Provide power for entire plants with electricity. There is currently a single LNG 
plant in the world that uses electricity to power liquefaction compressors for 
making LNG. 
 


b) Provide power under a hybrid approach.  Natural gas would power liquefaction 
compressors — about 85 per cent of a plant’s energy needs — and BC Hydro 
would supply the rest of the plant’s needs. 


The potential new demands of non-compression loads are material and could be between 
800 GWh/year to 6,600 GWh/year of additional energy demand, corresponding to about 
100 megawatts (MW) to 800 MW of additional peak demand. Given the materiality and 
binary nature of these outcomes, consideration of these loads in context of the load 
forecast and its impact of the supply and demand load resource balance will be addressed 
in BC Hydro’s long term plans (e.g., IRPs).  Hence the 2012 Reference (mid) load forecast 
as presented in this document does not include potential LNG loads apart from very small 
allocations associated with on-site construction (for example, at its highest LNG on-site 
construction load is forecast to be 86 GWh in F2015).  New gas processing and chilling 
demands from LNG facilities would significantly increase the requirements for electricity 
above BC Hydro’s mid load forecast as presented below. A range of LNG loads are 
considered as scenarios, and are addressed separately in BC Hydro’s planning process. 


 


 
Peak Demand 
A peak demand forecast is produced for each of BC Hydro’s distribution substations and 
for individual transmission customer accounts. Distribution substation forecasts are 
prepared for 15 distribution planning areas using energy forecasts and other drivers such 
as smaller distribution loads or spot loads. These substation forecasts are further 
aggregated on a coincident basis to develop a total system coincident distribution peak 
forecast. Relevant production and account information from the transmission energy 
forecast informs the peak forecasts for each of BC Hydro’s large transmission customers. 
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The transmission peak forecasts for each account are aggregated on a coincident basis to 
develop a total system coincident transmission peak forecast. The total system peak 
forecast includes the system coincident distribution, transmission, peak demand transfers 
from BC Hydro to other utilities and system transmission losses.  


Comparative Load Forecasts 


The 2012 Load Forecast was prepared in the fall of 2012 as part of BC Hydro’s annual 
forecasting cycle. The forecast methodology is similar to that used for the 2008 Load 
Forecast, which was reviewed by BCUC in the 2008 Long Term Acquisition Plan (LTAP) 
proceeding. The major changes in methodology since the 2008 Load Forecast include:  


1. A portion of the industrial distribution sector is now forecast on a sub-sector basis (i.e., 
mining, oil and gas, wood) versus the previous use of a regression analysis for the 
entire sector. This change has enhanced the Load Forecast by improving upon the 
regional and total system load projections by incorporating load drivers such as the 
pine beetle infestation and specific industrial customer expansions; 


2. EV load is now included in the 2012 (Reference) Load Forecast. The EV load 
estimates are moderate over the first 10 years of the forecast with 14 GWh projected 
for F2017.  By F2032, the EV load rises to 1,270 GWh; and  


3. The potential for DSM double counting issue was raised in the 2008 LTAP 
proceeding.3 Adjustments to the load forecast for DSM double counting were first 
made in the 2009 Load Forecast, and have been continued up to the current (2012) 
Load Forecasts.  Appendix 5 shows the annual adjustments for the overlap in codes 
and standards. 


As shown in the tables below at the total system level, the 2012 Load Forecast is below 
the 2011 Load Forecast for all years of the forecast for both energy and peak demand.  
  


                                                
3 Refer to 2008 LTAP Decision, Directive 6, page 180. BC Hydro’s load forecasting models assume the U.S. 
Energy Information Administration’s (EIA) level of end-use efficiencies. These EIA efficiency levels form the 
basis of the double counting which results in a lower forecast. In addition, DSM savings due to codes and 
standards are subtracted in the Load Forecast.  
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Table E1   Comparison of Integrated System Energy before DSM with Rate 
Impacts  


Fiscal Year 
 


 
 
 
 


2012 
Forecast 


(GWh) 


 
 
 
 


2011 
Forecast 


(GWh) 


2012 
Forecast 


minus 
2011 


Forecast 
(GWh) 


Change 
over 
2011 


Forecast 
(percent) 


F2013 57,153  59,260 (2,107) -3.6% 
F2017 63,238  67,457 (4,219) -6.3% 
F2023 71,721  74,171 (2,450) -3.3% 
F2028 75,475  77,766 (2,291) -2.9% 
F2032 79,486  83,309 (3,823) -4.6% 


 


Table E2   Comparison of Integrated System Peak Demand before DSM with 
Rate Impacts  


Fiscal 
Year 


 


 
 
 
 


2012 
Forecast 


(MW) 


 
 
 
 


2011 
Forecast 


(MW) 


2012 
Forecast 


minus 
2011 


Forecast 
(MW) 


Change 
over 
2011 


Forecast 
(percent) 


F2013 10,719  11,026  (308) -2.8% 
F2017 11,681  12,389  (708) -5.7% 
F2023 12,950  13,382  (432) -3.2% 
F2028 13,817  14,232  (415) -2.9% 
F2032 14,701  15,174  (474) -3.1% 


 


The residential forecast is below last year’s forecast for all years of the forecast due to 
lower housing starts and account growth projections, and lower loads anticipated from 
EVs. The residential sector approximately makes up about 8% of the difference in the 
forecast after 5 years into the forecast, 16% 11 years into the forecast and 27% 20 years 
into the forecast.  


The commercial forecast is below last year’s forecast within the first five years of the 
forecast, above last year’s forecast in the middle period and below last year forecast in the 
later years. The lower difference early on comes from the commercial distribution sales; 
sales are below last year forecast primarily due to a lower anticipated economic forecast 
in drivers such as employment, retail sales and commercial GDP.  In the middle period of 
the forecast, increased sales to larger commercial transmission customers offset the 
decline in commercial distribution sales. Sales to large transmission connected pipelines 
are higher in this year’s forecast as well as sales to larger ports and terminals.  Towards 
the end of the forecast, commercial transmission sales are relatively stable and overall 
commercial sales are below last year’s forecast due to lower commercial distribution 
sales. The commercial sector makes up about 9% of the difference 5 years into the 
forecast, 1.5% 11 years into the forecast and1 8% 20 years into the forecast. 


Industrial sales are projected to be lower than last year’s forecast for all years of the 
forecast. Industrial distribution sales, which makes up 20% of all industrial sales, are lower 
for all years of the forecast because of: i) lower GDP growth forecast and ii) lower sales 
from the forestry sector and mining sector. On a sub sector basis, industrial transmission 
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sales have changed as follows:  
 
1. Mining sales are lower due to deferred start-ups and reduced probabilities for new 


mines driven by lower commodity price expectations and global uncertainty; 
 


2. Sales to forestry are lower as a result of lower load expectations for several Kraft pulp 
mills and continued trends in digital substitution away from print media; 
 


3. Other transmission sales are lower because of brief delays for expansions for some 
bulk terminals; and 
 


4. Oil and gas over the short-term as natural gas prices are anticipated to be lower in the 
short term resulting from deferrals in drilling plans and activities. 


Overall total industrial sales make up about 63% of the difference in the overall forecast 5 
years into the forecast, 72% 11 years into the forecast and 45% 20 years into the forecast. 


2012 Annual Sector and Peak Demand Forecasts 


Residential Forecast  


Load in the residential sector, while subject to short-term variability due to weather events, 
tends to exhibit more predictable growth compared to the other sectors. The residential 
sector is forecast on a regional basis with the key forecast features including the following: 


• Electricity Use – BC Hydro’s residential sector currently consumes about 35 percent of 
BC Hydro’s total annual firm billed sales. This electricity is used to provide a range of 
services (end uses) including space heating, water heating, refrigeration, and 
miscellaneous plug-in load which includes computer equipment and home 
entertainment systems.  


• Drivers – The drivers of the residential forecast are number of accounts and the 
average annual use per account. Growth in the total number of accounts is driven 
largely by growth in housing starts. The use per account forecast is developed on a 
regional basis from the SAE models. The drivers of the model include economic 
variables such as disposable income, weather and average stock efficiency of 
residential end uses of electricity.   


• Trends – The residential sales forecast is below the 2011 Load Forecast for all years 
of the forecast primarily from lower predicted housing starts growth and therefore 
accounts growth is expected to be slower relative to the previous forecast. The energy 
impact of EVs over the long term is considerably lower than the 2011 forecast 
reflecting revised drivers of the EV load model. The 21-year compound growth rate4, 
before DSM and with Rate Impacts, is projected to be 1.8 percent per annum. 


Refer to Chapter 6 for a detailed description of the residential forecast. 


Commercial Forecast 


BC Hydro’s commercial sector encompasses a wide variety of commercial and publicly-
provided services, including irrigation, street lighting and BC Hydro’s own use. The most 
diverse commercial segment consists of customers who operate a range of facilities such 
as office buildings, retail stores and institutions (i.e., hospitals and schools) provided at 
distribution voltages. It also includes transportation facilities in the form of pipelines and 
bulk transportation terminals which receive electricity at transmission voltages.  


The key features of the commercial forecast include the following:  


                                                
4
 Unless otherwise noted, all growth rates are calculated as annual compound growth rates. 
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• Electricity Use – BC Hydro’s commercial sector currently consumes 30 percent of 
BC Hydro’s total annual firm billed sales. On the distribution system, electricity is used 
to provide a range of services such as lighting, ventilation, heating, cooling, 
refrigeration and hot water. These needs vary considerably between different types of 
buildings and types of loads.   


• Drivers – Consumption in commercial distribution sales is closely tied with economic 
activity in the province. Key drivers for the commercial distribution sales include retail 
sales, employment and commercial output.  Other drivers of the end use forecasting 
model for this sector include weather and commercial end use stock average 
efficiency forecasts. For the commercial transmission sector, individual customer load 
projections are developed.  Historical load trends are a good indicator of future trends 
for accounts with relatively stable loads.   


• Trends – Electricity consumption in the commercial sector can vary considerably from 
year to year, reflecting the level of activity in B.C.’s service sector. Total commercial 
forecast is below the 2011 Forecast in the initial period of the forecast; this primarily 
reflects lower commercial distribution sales driven by slower growing economic 
drivers. Towards the middle the forecast, the 2012 Forecast is above 2011 Forecast 
as stronger sales to large pipelines are expected. Total commercial sales towards the 
end of the forecast are projected to be below last year’s forecast due to lower EV load 
expectations and a lower long term economic growth projection. Over a 21-year 
period, the 2012 Load Forecast growth rate, before DSM and with Rate Impacts, is 2.0 
percent per annum.  


• Refer to Chapter 7 for a detailed description of the commercial forecast. 


 
Industrial Forecast  


BC Hydro’s industrial sector is concentrated in a limited number of industries, the most 
important of which are pulp and paper, wood products, chemicals, metal mining, coal 
mining and oil and gas sector loads. The remaining industrial load is made up of a large 
number of small and medium sized manufacturing establishments. Key features of the 
industrial forecast include the following: 


• Electricity Use – BC Hydro’s industrial sector currently consumes 32 percent of 
BC Hydro’s total annual firm billed sales. This electricity is used in a variety of 
applications including fans, pumps, compression, conveyance, processes such as 
cutting, grinding, stamping and welding and electrolysis.  At distribution voltages, wood 
products manufacturing is the major component of industrial sales.   


• Drivers – Industrial electricity consumption is tied closely with economic conditions in 
the province, and the broader export markets, product commodity prices, and world 
and domestic events that impact product demand.  The key drivers of the forecasts are 
production, intensity levels, third party industry reports and changes in customer plant 
operations as identified by BC Hydro’s Key Account Managers. Probability 
assessments are undertaken for existing accounts and new accounts to determine 
specific customer load projections. 


• Trends – Electricity consumption in the industrial sector is quite volatile, driven 
substantially by external economic conditions that affect commodity markets.  The 
current forecast is lower for all years of the forecast. This reflects several factors such 
as deferrals and lower probabilities for mining loads, less sales expected for Kraft pulp 
mills, lower wood sector sales due to slower recovery of US housing starts and 
reduced gas producer loads in the short term as drilling activity has been pushed 
back.  The 21-year growth rate in the current forecast, before DSM and with Rate 
Impacts is 1.3 percent per annum.  


Refer to Chapter 8 for a detailed description of the industrial forecast. 
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Peak Demand  


Peak demand is composed of the demand for electricity at the distribution level, 
transmission level plus inter-utility transfers and transmission losses on the integrated 
system. Key features of the peak forecast include the following: 


• Electricity Use – Peak demand is forecast as the maximum expected one-hour 
demand during the year.  For BC Hydro’s load, this event occurs in the winter with the 
peak driven particularly by space heating load.  As with the 2011 Load Forecast, 
BC Hydro’s peak forecast is based on normalized weather conditions, which is the 
rolling average of the coldest daily average temperature over the most recent 30 
years.  


• Drivers – Key drivers of electricity peak include the level of economic activity, number 
of accounts, employment and the other discrete developments such as new shopping 
malls, waste treatment plants or industrial facilities that drive substation peak demand. 


• Trends – BC Hydro’s total system peak forecast has grown moderately over the past 
couple of years.  Slower economic growth has tempered increases in distribution and 
transmission peak demand. The current total system peak forecast is below the 2011 
Forecast for all years of the forecast. This is due to lower housing starts and 
residential account growth projection, slower growth in economic variables such as 
employment, retails sales and GDP, and lower peak demand from larger industrial 
customers. The 21-year growth rate in the current forecast, before DSM and with Rate 
Impacts is 1.8 percent per annum. 


• Refer to Chapter 10 for a detailed description of the peak demand forecast     


Similar to the 2011 Load Forecast, the energy and peak demand requirements for 
unconventional gas producers within the Horn River Basin are not included in the 2012 
Reference load projections for Fort Nelson.  BC Hydro has constructed scenarios that 
examine various Horn River shale gas play load requirements and alternatives on how to 
supply these loads. These scenarios are examined in BC Hydro’s IRP.  


Reference Energy and Peak Forecasts 


Table E3 provides a summary of forecast sector sales, total energy requirements and total 
peak demand requirements for selected years before DSM and with Rate Impacts. The 
forecasts include the impact of EVs and an adjustment for overlap in codes and 
standards.  


Table E3.   Reference Energy and Peak Forecast before DSM and With Rate 
Impacts 


Fiscal  
Year 


BC Hydro 
Residential 


(GWh) 


BC Hydro 
Commercial 


(GWh) 


BC Hydro 
Industrial 


(GWh) 


Total 
Firm 


Sales* 
(GWh) 


Total Integrated System 


Energy 
Requirements 


(GWh) 


Peak 
Demand** 


(MW) 


F2012 18,035  15,617  16,352  51,284  56,800  10,319  


F2013 18,211  16,387  16,468  52,220  57,152  10,719  


F2017 19,761  17,815  19,016  57,898  63,238  11,681  


F2023 22,291  20,323  21,207  65,667  71,721  12,950  


F2028 24,409  21,865  20,836  69,038  75,475  13,817  


F2033 26,471  23,700  21,273  73,408  80,316  14,915  


5 years: 
F2012-17 1.8% 2.7% 3.1% 2.5% 2.2% 2.5% 
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11 years: 
F2012-23 1.9% 2.4% 2.4% 2.3% 2.1% 2.1% 
21 years: 
F2012-33 1.8% 2.0% 1.3% 1.7% 1.7% 1.8% 


* Total firm sales includes sales to all residential, commercial and industrial customers and sales to all 
other utilities including Seattle City Light, City of New Westminster and FortisBC and Hyder. 


** Peak Demand for F2012 is weather normalized as shown in the table. 
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1 Introduction 


BC Hydro's Load Forecast is typically published annually. The Load Forecast consists of a 
21-year forecast (remainder of the current year plus a 20-year projection) for future energy 
and peak demand requirements.  These forecasts focus on the annual Reference Load 
Forecast or the most likely electricity demand projections that are used for planning future 
energy and peak supply requirements. 


The Load Forecast is used to provide decision-making support for several aspects of 
BC Hydro’s business including: the Integrated Resource Plan, revenue requirements, rate 
design, system planning and operations and the Service Plan.  


Ranges in the load forecasts, referred to as uncertainty bands, are developed using 
simulation methods. These bands represent the expected ranges around the annual 
Reference load forecasts at certainty levels of statistical confidence. These forecasts are 
produced because there is uncertainty in the variables that predict future loads and in the 
predictive powers of the forecasting models. 


The Reference energy forecast consists of a sales forecast for three main customer 
sectors (residential, commercial and industrial) plus the other utilities supplied by 
BC Hydro. The Reference Total Gross energy requirements forecast consists of the sector 
sales forecast, other utility sales forecast plus total line losses.  


The sales forecast is developed by analyzing and modeling the relationships between 
energy sales and the predictors of future sales, which are referred as forecast drivers. 
Drivers consist of both economic variables and non-economic variables. Economic 
variables include GDP, housing starts, retail sales, employment and electricity prices 
(rates). Non-economic variables include weather and average stock efficiency of various 
residential and commercial end uses of electricity.   


The Rate Impacts are reflected in the Reference forecasts; these impacts consist of the 
effect on load due to potential electricity rate changes under flat rate structures or a single 
tier rate design5.  Savings or reductions in the load due to changes in rate structures are 
considered to be part of BC Hydro’s 20-year DSM Plan. These savings are not included in 
the load forecasts contained in this document but are contained in other applications such 
as BC Hydro’s Revenue Requirements Application. 


The total Reference peak forecast consists of peak demands for BC Hydro’s coincident 
distribution substations, large transmission-connected customers and other utilities, along 
with total transmission losses.  The distribution peak demand forecast is developed by 
analyzing and modelling the relationship between aggregate substation peak demands 
and economic variables. Distribution peak forecasts are prepared under average cold 
weather conditions or a design temperature. The transmission peak demand is based on 
estimating the future demands of larger customers which are driven by future market 
conditions and company-specific production plans.  


BC Hydro continuously attempts to improve the accuracy of its forecasting process by 
monitoring trends in forecasting approaches and tracking developments that may affect 
the load forecasts.  Forecasts are continually monitored and compared to sales, and are 
adjusted for variances. Additionally, the load forecasts are adjusted if new information on 
forecast drivers becomes available during the year they are developed.  


                                                
5 The electricity price elasticity of demand used to develop the rate impacts is assumed to be -0.05 for all rate 
classes.  Additional rate-induced savings resulting from stepped rates (conservation rates) are counted 
separately as DSM savings. 
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For continuity between the 2011 Load Forecast and the 2012 Forecast, load estimates of 
EVs are shown in Appendix 4, and adjustment for double counting in codes and standards 
is shown in Appendix 5.  These load categories are necessarily included in the Reference 
load forecast.   


Comparisons between the 2011 and the 2012 Forecasts for the Residential and 
Commercial section are with rate impacts.  The Industrial section is compared before rate 
impacts so as to highlight the key differences between the two vintages of forecasts. The 
2012 large industrial transmission loads do not include any LNG loads.  These loads are 
considered in separate load scenarios in BC Hydro’s planning process.   
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2 Regulatory Background and Current Initiatives 
The British Columbia Utilities Commission (BCUC), various intervenors and other 
stakeholders have reviewed BC Hydro’s Electric Load Forecasts in past years by way of 
the following regulatory review processes: 


• 2003 Vancouver Island Generation Project – Certificate of Public Convenience and 
Necessity (CPCN) Application 


• F2005 and F2006 Revenue Requirements Application (RRA) 


• 2004 Vancouver Island Call for Tenders – Electricity Purchase Agreement (EPA) 


• F2006 Call for Tenders  


• F2007 and F2008 RRA 


• 2006 Integrated Electricity Plan (IEP) and Long Term Acquisition Plan (LTAP) 


• 2008 LTAP 


• F2009 and F2010 RRA  


• 2009 Waneta Transaction  


• F2011 RRA  


• F2012-F2014 RRA (Order G-77-12A June 20, 2012) 


• Dawson Creek/Chetwynd Area Transmission (DCAT) Project. (Decision October 
10, 2012) 


During F2012, there were no major directives that impact the development of the 2012 
Forecast from the most recent Decisions and Orders noted above.  


In its decision on the 2008 LTAP, the BCUC issued two directives related to the 2008 
Load Forecast. BC Hydro’s 2010 Annual Load Forecast document addresses these two 
directives in detail. At this time, BC Hydro believes that there is no additional work 
required to fulfill Directive 7.  


As for Directive 6 which centers issues related to DSM/Load integration BC Hydro has 
continued its work in this area and made adjustments to its current load forecast to 
account for potential overlap between the Load Forecast and the DSM Plan estimates for 
codes and standards. Please see Appendix 5 for further details on the adjustments.   
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3 Forecast Drivers, Data Sources and Assumptions 


3.1 Forecast Drivers 


Table 3.1 provides a summary of the load forecast components and key data drivers.  


Table 3.1.  Key Forecast Drivers 


Forecast Component Data  
1. Residential Forecast  • Historical number of accounts and use per account  


• Housing starts and personal income 
• Heating Degree Day (HDD) and Cooling Degree Day (CDD) 
• Appliance saturation rates from Residential End Use Survey 


and efficiency data from the EIA 
2. Commercial 


(Distribution) Forecast 
• Billing data 
• Commercial GDP Output 
• Employment and Retail Sales 
• HDD and CDD 
• End use saturation rates from Commercial End Use Survey 


and efficiency data from the EIA 
3. Industrial Distribution 


Forecast 
• Billing data 
• GDP 
•  Production Forecast 


4. Large Commercial and 
Industrial Transmission 
Forecast 


• Billing data 
• GDP  
• Forecasts from consultants 
• Information from various reports and Key Account Managers 


5. Non-Integrated Area 
(NIA) Forecast  


• Billing data 
• Historical number of accounts 
• Local conditions in the short-term 
• Population forecasts 


6. Peak Forecast • Distribution energy forecast and  housing starts  
• Weather data and load research data on load shape 


3.2 Data Sources  


Information on the sources and uses of the data is shown in Table 3.2. 


Table 3.2.  Data Sources for the 2012 Load Forecast 
Variable Application Forecast 


Period 
Source 


GDP  • Industrial 
distribution energy 
forecast  


• 2012-2016 
 
• 2017-2032 


• BC Ministry of Finance - First 
Quarter Report, Sept 13, 2012 


• Stokes Economic Consulting, 
Aug 2012 


Commercial GDP 
Output 


• Commercial 
distribution energy 
forecast  


• 2012-2032 • Stokes Economic Consulting, 
Aug 2012 


Housing Starts  • Residential 
accounts forecast 


• 2012-2032 • Stokes Economic Consulting, 
Aug 2012 


Employment,  
Retail Sales 


• Commercial 
distribution sales 


 


• 2012-2032 
 
 


• Stokes Economic Consulting, 
Aug 2012 
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3.3 Growth Assumptions 


The growth assumptions for key drivers used in the Reference load forecast are shown in 
Table 3.3 below.   


 


Table 3.3.  Growth Assumptions (Annual rate of growth)  


Fiscal 
Year 


Residential 
Accounts 


(%)  


Calendar 
Year 


Employment 
(%) 


Real GDP*  
(%) 


Retail Sales 
(%) 


Actual 
F2012 1.0 2011 1.2 2.7 2.2 
Forecast 
F2013 1.3 2012 2.4 2.0 3.0 
F2014 1.3 2013 2.0 1.8 1.2 
F2015 1.4 2014 1.5 2.3 1.6 
F2016 1.5 2015 1.8 2.5 1.8 
F2017 1.6 2016 2.0 2.5 2.7 
F2018 1.7 2017 1.9 4.4 3.0 
F2019 1.7 2018 1.0 3.2 2.8 
F2020 1.7 2019 0.9 2.8 2.5 
F2021 1.7 2020 0.6 2.6 2.4 
F2022 1.6 2021 0.7 2.4 2.1 
F2023 1.5 2022 0.7 2.5 2.0 
F2024 1.4 2023 0.7 2.2 1.9 
F2025 1.4 2024 0.9 2.1 1.8 
F2026 1.3 2025 0.7 1.7 1.6 
F2027 1.2 2026 0.4 1.3 1.5 
F2028 1.2 2027 0.7 1.4 1.5 
F2029 1.1 2028 0.7 1.6 1.8 
F2030 1.1 2029 0.7 1.6 1.9 
F2031 1.1 2030 0.8 1.7 1.9 
F2032 1.0 2031 0.7 1.5 1.7 
F2033 1.0 2032 0.8 1.4 1.5 


 
* Real GDP is total provincial GDP 
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4 Comparison of 2011 and 2012 Forecasts 


4.1  Integrated System Gross Energy Requirements before DSM with Rate Impact 


Table 4.1 compares this year’s total integrated gross requirements Reference 
forecast with the 2011 Forecast.  Both the 2011 and 2012 Forecasts are before 
DSM, with rate impacts, and includes the impact of electric vehicles (EVs) and 
adjustments for Load Forecast / DSM overlap in codes and standards.   


Table 4.1 Comparison of Integrated Gross System Requirements Before DSM 
With Rate Impacts (Including Impacts of EVs and Overlap for Codes and 
Standards) (GWh) 


Fiscal 
Year 


 


 
 
 
 


2012 
Forecast 


 


 
 
 
 


2011 
Forecast 


 


 
2012 


Forecast 
minus 
2011 


Forecast 
 


 
Change 


over 
2011 


Forecast 
(%) 


Actual 
F2007 57,982 57,982 - - 
F2008 58,735 58,735 - - 
F2009 57,381 57,381 - - 
F2010 55,190 55,220 - - 
F2011 55,047 55,047 - - 
F2012 56,800 56,803* -3 0.0% 


Forecast 
F2013       57,152  59,260 -2,107 -3.6% 
F2014       58,714  61,743 -3,029 -4.9% 
F2015       60,378  63,895 -3,517 -5.5% 
F2016       61,855  65,796 -3,941 -6.0% 
F2017       63,238  67,457 -4,219 -6.3% 
F2018       65,769  69,055 -3,287 -4.8% 
F2019       67,545  70,432 -2,887 -4.1% 
F2020       69,111  71,659 -2,548 -3.6% 
F2021       70,207  72,476 -2,269 -3.1% 
F2022       70,811  73,419 -2,608 -3.6% 
F2023       71,721  74,171 -2,451 -3.3% 
F2024       72,707  75,164 -2,457 -3.3% 
F2025       73,428  75,860 -2,432 -3.2% 
F2026       73,812  75,544 -1,732 -2.3% 
F2027       74,512  76,573 -2,061 -2.7% 
F2028       75,475  77,766 -2,291 -2.9% 
F2029       76,386  78,911 -2,525 -3.2% 
F2030       77,420  80,315 -2,894 -3.6% 
F2031       78,433  82,075 -3,642 -4.4% 
F2032       79,486  83,309 -3,823 -4.6% 
F2033       80,316     


Note. * = forecast  
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4.2  Total Integrated Peak Demand before DSM with Rate Impacts 


Table 4.2 compares this year’s total integrated peak requirements forecast with the 
2011 Forecast.  Both the 2011 and 2012 Forecasts are before DSM, with rate 
impacts, and include the impact of electric vehicles (EVs) and adjustments for Load 
Forecast DSM overlap in codes and standards.  An explanation of the changes in 
the forecast is contained in Chapter 10 on the Peak Forecast.   


Table 4.2.   Comparison of Integrated Gross System Requirements Before DSM 
With Rate Impacts (Including Impacts of EVs and Overlap for Codes and 
Standards) (MW) 


Fiscal 
Year 


 


 
 
 
 


2012 
Forecast 


 


 
 
 
 


2011 
Forecast 


 


 
2012 


Forecast 
minus 
2011 


Forecast 
 


 
Change 


over 
2010 


Forecast 
(%) 


Actual 
F2007 10,371* 10,371* - - 
F2008 9,861* 9,861* - - 
F2009 10,297* 10,297* - - 
F2010 10,112* 10,112* - - 
F2011 10,203* 10,203* - - 
F2012 10,319* (10,303)** 10,651 -322 (-348) -3.1% (-3.3%) 


Forecast 
F2013 10,719 11,026 (308) -2.8% 
F2014 11,011 11,505 (494) -4.3% 
F2015 11,222 11,832 (610) -5.2% 
F2016 11,451 12,140 (689) -5.7% 
F2017 11,681 12,389 (708) -5.7% 
F2018 11,971 12,558 (587) -4.7% 
F2019 12,230 12,737 (507) -4.0% 
F2020 12,443 12,923 (481) -3.7% 
F2021 12,613 13,053 (440) -3.4% 
F2022 12,743 13,197 (454) -3.4% 
F2023 12,950 13,382 (432) -3.2% 
F2024 13,125 13,579 (453) -3.3% 
F2025 13,288 13,775 (487) -3.5% 
F2026 13,438 13,891 (453) -3.3% 
F2027 13,609 14,021 (412) -2.9% 
F2028 13,817 14,232 (415) -2.9% 
F2029 14,036 14,436 (400) -2.8% 
F2030 14,258 14,673 (416) -2.8% 
F2031 14,482 14,945 (463) -3.1% 
F2032 14,701 15,174 (474) -3.1% 
F2033 14,915 -   


Note. * = actuals 
 **= Weather normalized peak in brackets and forecast variance for F2012 is computed on a 
weather normalized basis. 
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5 Sensitivity Analysis  


5.1  Background 


Future electricity consumption is fundamentally uncertain and dependent on many 
variables such as economic activity, weather, electricity rates and DSM.  The future 
impact of these variables on load is characterized by significant uncertainty.  Moreover, 
load is affected by extraordinary events such as strikes, trade disputes, pine beetle 
infestations and volatility in commodity markets.  Additionally, world events such as recent 
economic crises, wars and revolutions impact electricity demand.    


BC Hydro tries to quantify the uncertainty in future load as much as possible by 
developing accurate, reliable and stable models that specify the relationship between load 
and its key drivers, and by using reliable and credible sources for forecasts of the key 
drivers of load.   


BC Hydro uses a Monte Carlo model to estimate the potential distribution of future loads, 
and to represent this against the Reference load forecast (see Appendix 2 for details on 
the Monte Carlo model). This model produces high and low uncertainty bands for each 
customer category around the Reference forecast by examining the impact on load from 
the uncertainty in a set of key drivers. 


For the industrial sector high and low uncertainty bands are generated by a discrete Low 
and High forecast of the four main industrial sectors (Forestry, Mining, Oil and Gas, and 
other).   Uncertainty for electricity rates and response to electricity rate changes (price 
elasticity) are also considered in the overall high and low industrial uncertainty bands.   


For the residential and small commercial sectors, high and low uncertainty bands are 
generated from the Monte Carlo model using the following major causal factors: economic 
growth rate (measured by GDP), the electricity rates charged by BC Hydro to its 
customers, the sales response to electricity rate changes (price elasticity) and weather 
(reflected by heating degree-days).  Probability distributions are assigned to each of these 
major causal factors, and a further distribution is assigned to a residual uncertainty 
variable which is also included in the Monte Carlo model.  As with the 2011 Forecast, 
BC Hydro added to the Monte Carlo model a probability distribution for electric vehicles 
(EVs) and DSM/ load forecast integration on overlap of codes and standards. The Monte 
Carlo model uses simulation methods to quantify and combine the probability distributions, 
reflecting the relationships between all factors and electricity consumption with a 
correlation factor between the Residential, Commercial and Industrial loads.  A probability 
distribution for the overall load forecast (i.e. total Gross Requirements) is thus obtained 
which shows the likelihood of various total load levels resulting from the simultaneous 
combined effect of all factors.  
 


The intention of this analysis is the creation of high and low forecast bands with 
approximately 10% and 90% exceedance probabilities, respectively. For planning 
purposes, BC Hydro uses its mid-load forecast. The high and low forecast bands are used 
to provide an indication of the magnitude of load uncertainty. The high and low load 
forecasts before DSM with rate impacts (excluding LNG Load) are shown in Figures 5.1 
and 5.2. The high and low total peak forecasts contained in these tables are based on 
applying a load factor to Monte Carlo simulation outcomes of the total energy 
requirements.  
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Figure 5.1   High and Low Bands for Integrated System Energy Requirements 
before DSM with Rate Impacts  


 


 


 


 


 


 


 


 


 


 


 


 


 
 
 
 
 
Figure 5.2   High and Low Bands for Integrated System Peak Demand           


before DSM with Rate Impacts  
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6. Residential Forecast 


6.1. Sector Description  


The residential sector currently comprises about 35% of BC Hydro’s total annual sales. 
This electricity is used to provide a range of services for customers (referred to as “end-
uses”).  Examples of residential end-uses of electricity are space heating, water heating, 
refrigeration, and miscellaneous plug-in loads which include computer equipment and 
home entertainment systems.  Since space and water heating loads are dependent on the 
outside temperature, residential sales can be strongly affected by the weather.   


Of the 1.67 million residential accounts served by BC Hydro at the end of F2012, 58% are 
located in the Lower Mainland, 21% are on Vancouver Island, 13% are in the South 
Interior, and 8% are in the Northern Region. With regard to residential sales, 53% occur in 
the Lower Mainland, 26% on Vancouver Island, 13% in the South Interior and 8% in the 
Northern Region.  


6.2   Forecast Summary 


Of the three major customer classes, apart from short-term weather impacts, the 
residential sector is the most stable in terms of demand variability. Sales to the residential 
sector are driven by two main factors – accounts and use per account. Growth in the 
number of residential accounts has been 1.6 percent per annum over the last 10 years. 
The annual growth rate in the number of accounts is expected to remain at 1.4 percent 
over the next 21 years. Growth in accounts is expected be strong the near and middle 
terms of the forecast period due to the significant investment expected to take place in the 
province.   


Historical use per account reflects several factors such as the recent lingering recession, 
efficiency-related modifications to building standards, and changes in appliance efficiency 
and BC Hydro’s DSM efforts. The forecast in use per account is expected to grow (before 
rate impacts and adjustments) on an average annual basis of 0.2 percent over the 20-year 
forecast period.  


The residential load forecast is shown in Table 6.1, including a breakdown by the four 
main regions.  The average annual growth in residential sales over the entire forecast 
period is expected to be about 400 GWh per annum, including rate impacts and the 
adjustments for electric vehicles and the Load Forecast/DSM overlap for codes and 
standards. 


6.3   Residential Forecast Comparison 


Residential sales in the 2012 Forecast are projected to be lower than the 2011 Forecast 
over the entire forecast period (see Figure 6.1).  Before DSM with rate impacts the 
decrease in the residential sales forecast is 440 GWh (-2.4%) in F2013, 327 GWh (-1.7%) 
in F2017, 399 GWh (-1.8%) in F2023 and 1,043 GWh (-3.8%) in F2032.  The key 
variables that account for the lower residential sales are the residential accounts forecast 
and electrical vehicle loads projections. 


The ending number of accounts for F2012 was 1,671,358 which is 7,584 accounts 
(or 0.5%) below the level assumed in the 2011 Forecast.  The lower starting point 
for the number of accounts and projections for housing starts are the main reasons 
why the total residential accounts forecast has been reduced.  


In the 2011 Forecast, the 5, 11, and 21-year growth rates for number of accounts 
were 1.6%, 1.7%, and 1.5% respectively. In the 2012 Forecast, the growth rates for 
number of accounts are 1.4%, 1.5% and 1.4%, respectively. 
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Figure 6.2 below illustrates the residential accounts forecast for the 2012 Forecast 
compared to the 2011 Forecast. 


Figure 6.1  Comparison of Residential Sales before DSM and with Rate 
Impacts  


 
 


 


 


 


 


 


 


 


 


 


 


 


Figure 6.2   Comparison of Forecasts of Number of Residential Accounts 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


6.4. Key Issues 


Over the longer term, the slow growth trend in usage per residential account is not 
expected to change significantly because of the offsetting effects of the following factors: 


• Increased electric space heating market share is expected to be offset by smaller 
housing units. Due to limited availability of land for residential development, the trend 
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in metropolitan centres is expected to be towards denser housing. Since row houses 
and apartments are more likely to be built with electric heat compared to single family 
homes, the market share for electrically-heated housing is expected to increase. 
Although new row houses and apartments tend to be larger than existing similar 
dwellings, they generally have a smaller floor area than detached single family homes, 
and therefore have lower space heating load requirements. The increase in market 
share of electric space heating is also offset to some extent by the improvements in 
building standards.     


• Manufacturers throughout Canada and the U.S. are expected to continue to improve 
the energy efficiency of major electrical appliances. As older models wear out and are 
replaced by newer ones, electricity consumption for major appliances such as 
refrigerators, freezers, ovens and ranges is forecast to decrease. However, the new 
models of these appliances tend to be larger and include more features than models 
currently in use.  Therefore, some of the reduction in electricity use resulting from 
improvements in electricity efficiency will be offset by increases in appliance size and 
extra features. 


• The projected decrease in the number of people per household tends to reduce 
electricity use per account. However, this reduction is expected to be offset by 
changes to lifestyle and technological improvements, which are expected to cause an 
increase in demand for electronic, entertainment and telecommunication devices in the 
home. A trend towards home offices is also expected to produce a long-term increase 
in residential electricity consumption. 


In the long term, the expected overall impact of these various trends is that the factors 
working to increase use rates will be offset by the factors working to decrease use rates.  


6.5   Forecast Methodology 


The forecast for residential sales is calculated as the product of the forecast number of 
accounts times the forecast use per account.   


To develop the overall residential sales forecast, BC Hydro’s total service area was 
divided into four customer service regions – Lower Mainland, Vancouver Island, South 
Interior and Northern Region. For each region, a third party housing stock forecast was 
prepared based on the housing starts forecast in the region. 


The 2012 residential load forecast was prepared using the Statistically Adjusted End-Use 
(SAE) model.  Refer to Appendix 1.1 for further details on the residential sales 
methodology and drivers of the SAE model. 


6.6 Risks and Uncertainties  


Uncertainty in the residential sales forecast is due to uncertainty in three factors:  forecast 
of number of accounts, forecast of use per account, and weather. 


(a) Number of Accounts: In the short term, an error in the forecast for account growth 
would not result in a significant error in the forecast for total number of accounts.  This 
is because account growth is on average 1.4% per year, so in the first year, an error of 
1% in the forecast for account growth would result in an error of about 0.014% to the 
forecast for total number of accounts.  However, in the long term, there is increased 
risk due to the cumulative effect of errors in the forecast for account growth. 


(b) Use per Account:  Most of the risk in the residential forecast resides in the forecast of  
use per account for the following reasons: 


i. Unlike the forecast of account growth, an error of 1% in the forecast for use per 
account in any year would contribute to a direct error of 1% to the forecast for 
residential sales for that year. 
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ii. The forecast for use per account is the net result of many counteracting factors.  


Some of the forces working to increase use rate are: 


• increases in home sizes; 


• natural gas prices increasing faster than electricity prices; 


• increases in electric space heating share; 


• increases in real disposable income; and 


• increases in saturation levels for appliances 


Some of the forces working to decrease use rate are: 


• increases in heating system efficiencies; 


• electricity prices increasing faster than natural gas prices; 


• new dwellings being built with higher insulation standards; 


• heat omissions from additional appliances reducing electric heating load; 


• increased use of programmable thermostats; and 


• decreases in household sizes 


Although these positive and negative forces were recognized when the forecast for 
use rate was developed, there is uncertainty inherent in all of these factors. 


(c) Weather:  In the short term, weather is highly variable.  Therefore, in any one year, 
there is a risk that weather may have a significant impact on residential sales.  For 
example, the El Nino event of F1998 is estimated to have reduced residential sales by 
about 4%.  Since average weather is expected to be close to the rolling 10-year 
normal values used in the 2012 Forecast, weather is not viewed as being a high risk to 
the long-term forecast for residential sales.
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Table 6.1    Residential Sales before DSM and with Rate Impacts          


 


Fiscal 


Year 


Residential Sales (GWh) 


Lower 
Mainland 


Vancouver 
Island 


South  
Interior 


Northern  
Region 


Total 
Residential 


Actual  
F2007 8,879 4,426 1,975 1,574 16,853 
F2008 9,122 4,631 2,057 1,652 17,462 
F2009 9,255 4,730 2,153 1,675 17,813 
F2010 9,241 4,553 2,179 1,677 17,650 
F2011 9,404 4,676 2,296 1,522 17,898 
F2012 9,494 4,750 2,276 1,514 18,034 


Forecast 
F2013 9,594 4,686 2,348 1,583 18,211 
F2014 9,846 4,747 2,407 1,663 18,663 
F2015 10,099 4,828 2,454 1,727 19,109 
F2016 10,274 4,884 2,483 1,776 19,416 
F2017 10,481 4,951 2,512 1,817 19,761 
F2018 10,731 5,028 2,547 1,857 20,163 
F2019 11,001 5,106 2,583 1,888 20,578 
F2020 11,302 5,198 2,624 1,918 21,041 
F2021 11,575 5,273 2,657 1,950 21,455 
F2022 11,852 5,355 2,694 1,983 21,885 
F2023 12,114 5,432 2,728 2,017 22,291 
F2024 12,401 5,520 2,768 2,052 22,742 
F2025 12,658 5,591 2,800 2,084 23,133 
F2026 12,935 5,671 2,835 2,113 23,554 
F2027 13,206 5,750 2,865 2,138 23,959 
F2028 13,504 5,841 2,900 2,164 24,409 
F2029 13,767 5,918 2,929 2,186 24,800 
F2030 14,048 6,004 2,964 2,211 25,226 
F2031 14,329 6,088 3,000 2,235 25,653 
F2032 14,626 6,180 3,041 2,261 26,107 
F2033 14,873 6,247 3,070 2,281 26,471 


Growth Rates  
5 years:   
F2007 to F2012 1.3% 1.4% 2.9% -0.8% 1.4% 
5 years:   
F2012 to F2017 2.0% 0.8% 2.0% 3.7% 1.8% 
11 years:  
F2012 to F2023 2.2% 1.2% 1.7% 2.6% 1.9% 
21 years:  
F2012 to F2033 2.2% 1.3% 1.4% 2.0% 1.8% 


* Historical growth rates are not weather normalized.  Forecast is prepared based on normal weather. 
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7 Commercial Forecast 


7.1   Sector Description 


The commercial sector currently comprises about 31 per cent of BC Hydro’s total 
domestic sales.  The commercial sector consists of distribution voltage sales (below 60 
kV) and transmission voltage sales (above 60 kV). Also included within the commercial 
sector are street lighting, irrigation and BC Hydro Own Use, which is electricity for 
BC Hydro’s buildings and facilities. 


Within the commercial distribution subsector (94% of commercial sales), there are 
currently two major demand levels: (i) General Under 35 kW, which includes small offices, 
small retail stores, restaurants, and motels, and (ii) General Over 35 kW, which includes 
large offices, large retail stores, universities, hospitals and hotels. 


The commercial transmission subsector (6% of commercial sales) includes universities, 
major ports and oil and gas pipelines. 


7.2  Forecast Summary 


Table 7.1 provides a summary of the historical and forecast sales before DSM and with 
rate impacts6. 


Electricity consumption in the commercial sector can vary considerably from year to year 
reflecting the level of activity in the service sector of B.C.’s economy. During F2011, 
reported billed sales increased by 265 GWh or 1.7 percent, while during F2012 the 
reported billed sales decreased by 279 GWh or 1.8 percent. The annual average growth 
rate for commercial sales forecast over the next 5, 11 and 21 years (before DSM with rate 
impacts) is forecast to be 2.7 per cent, 2.4 per cent and 2.0 per cent, respectively. 
Commercial distribution, which is the largest portion of total commercial sales, is expected 
to grow on average by about 300 GWh per annum. Commercial transmission sales are 
expected to increase in the near term and moderate over the long term; overall 
commercial transmission sales are expected to grow on average about 80 GWh per 
annum. 


7.3  Commercial Forecast Comparison 


Figure 7.1 shows the 2012 Forecast of total commercial sales before DSM with rate 
impacts. Compared to the 2011 Forecast, the current total commercial sales forecast is 
lower by 73 GWh (-0.4%) in F2013, 381 GWh (-2.1%) in F2017, 29 GWh (-0.1%) in F2023 
and 695 GWh (-2.9%) in F2032. 


The overall commercial distribution load has been revised downwards which is primarily 
due to lower projections of economic drivers. Slower economic growth projections for the 
U.S. and global economies impact tourism and retail spending in BC.  Sales to the larger 
commercial customers such as ports and pipelines are projected to grow significantly over 
the first five years of the forecast; after these expansions are completed, sales are then 
expected to remain relatively flat. The forecast for oil and gas loads (i.e., pipelines) are 
further discussed in Appendix 3.1. 


                                                
6  Commercial general distribution sales as shown in Table 7.1 include the impact of EV and double counting 
adjustments for codes and standards. 
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Figure 7.1   Comparison of Commercial Sales Forecast before DSM with Rate 
Impacts 


 


 


 


 


 


 


 


 


 


 


     


 


 


  


 


7.4 Key Issues 


This section discusses the commercial sales growth projections for each of BC Hydro’s 
four main service regions. Given that the health of the economy and business activity are 
key drivers of growth in commercial distribution sales, the comments below centre on the 
economic outlook for each region. 


Lower Mainland 
Approximately 66 percent of the sales in the commercial sector are in the Lower Mainland. 
Commercial sales growth in this region over the next 5, 11 and 21 years is expected to be 
2.7 per cent 2.5 percent and 2.2 percent. 


After two relatively flat years, commercial economic output showed a strong increase of 3 
per cent in 2011. Commercial GDP output is expected to increase by 2 to 3 per cent per 
year until it slows down to below 2 per cent in the last 8 years of forecast. As new job 
seekers are attracted to the Lower Mainland, employment in the service sector is 
expected to grow to serve the expanding population. Retail, health, education, 
accommodation and food, and other personal services sectors are likely to see increasing 
activity. 


Vancouver Island 
Vancouver Island makes up 17 percent of BC Hydro’s total commercial sales. Commercial 
sales growth in this region is expected to be 0.1 per cent, 0.3 per cent and 0.5 per cent, 
over the next 5, 11 and 21 years of the forecast, respectively. 


During 2011, employment, commercial GDP output and retail sales in Vancouver Island 
experienced modest or negative growth. Moderate growth in employment is expected, 
averaging about 0.7% throughout the forecast period. The growth in employment is mainly 
concentrated in the provincial capital region and in the health, post-secondary education 
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and government services sector. High paying jobs in these areas are expected to boost 
disposable income and retail sales. 


South Interior 
About 10 percent of BC Hydro’s total commercial sales are in the South Interior. 
Commercial sales growth in this region is expected to be 2.1 per cent, 3.5 per cent and 
2.3 per cent, over the next five, 11 and 21 years, respectively. 


Commercial GDP output grew by 1% in 2011 and is expected to grow by an average of 
over 2% in the first 10 years of forecast, slowing down to below 2% later in the forecast 
horizon. The growth is mainly supported by future mining and utility projects, especially in 
the near term. 


Similarly, employment is expected to grow at an average of about 1.5% in the near term 
and 0.5% thereafter. Retail sales will track employment growth but will generally outpace 
employment, since most new jobs are in high-paying industries such as mining, utilities, 
health care, government services and education. 


Northern Region 
The Northern Region makes up 8 percent of the BC Hydro’s total commercial sales. 
Commercial sales growth in this region is expected to be 7.4 per cent, 4.3 per cent and 
2.3 per cent, over the next five, 11 and 21 years, respectively. 


Industrial investment is the main driver of economic growth in the Northern Region.  
Economic conditions in the region’s industrial base influence migration decisions to the 
region and drive employment growth, thus influencing income and services sector output 
growth. 


Employment, output and population growth are expected to be strong in the first 5 or 6 
years of forecast, supported by major projects in natural gas, transportation (pipelines) 
and mining. Thereafter, employment and population growth slowdown and commercial 
GDP output stabilizes near the end of the forecast period. Retail sales will follow a similar 
trend, but will outpace employment because of the creation of higher-paying jobs. 


7.5 Forecast Methodology 


The main determinant of the commercial electricity sales forecast is the level of future 
economic activity in the province and sub provincial or regional level. The stronger the 
economy, the more services are needed and the greater the electricity consumption of the 
commercial sector. Economic drivers such as retail sales, employment, and commercial 
GDP output are good indicators of future electricity consumption in the commercial sector.  
These economic variables are combined in the BC Hydro’s SAE models that are used to 
develop the commercial distribution sales forecast for each of BC Hydro’s four major 
service regions. The methodology for the commercial distribution sales forecast is 
described in Appendix 1.1. 


Commercial transmission customer forecasts are developed on individual account basis, 
which is similar to the approach used for developing individual forecasts for industrial 
customers.  


7.6 Risk and Uncertainties 


Commercial sales models are dependent on the outcome of the regional economic 
drivers. The regional economic forecasts are provided by Stokes Economic Consulting.  In 
the SAE model, heating degree days and cooling degree days are used to calculate the 
heating and cooling variables. Total commercial sales are not as sensitive to weather as 
compared to residential sales.  The increase in the large commercial sales in the Forecast 
is attributed to larger commercial projects including pipelines and storage facilities; there is 
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some uncertainty regarding the completion of large individual projects and their need for 
electrical service. 


Factors Leading to Lower than Forecast Commercial Sales: 


• A change in the economic conditions as commercial sales tends to follow the major 
indicators of the economy; 


• The pine beetle infestation will cause forestry employment to decline in the long 
term; this may impact local commercial activity and growth 


• Improved equipment efficiency across the end uses; and 


• The aging provincial population will suppress future employment growth. 


Factors Leading to Higher than Forecast Commercial Sales: 


• A robust economic recovery and increased tourism activity that would create 
additional demands for commercial services; 


• Low interest rates encourage consumer spending; and 


• Substantially warmer summers (increasing air conditioning loads) or colder winters 
(increasing heating loads) relative to historical patterns. 
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Table 7.1    Commercial Sales before DSM with Rate Impacts  


Fiscal               
Year 


Commercial Sales (GWh) 


Irrigation, 
Street Lights 


and 
BC Hydro 
Own Use 


Commercial 
General 


Distribution 


Commercial 
Transmission 


Total  
Commercial 


Sales1 


 Actual  
F2007 380  13,991  734  15,105  
F2008 379  14,230  831  15,439  
F2009 368  14,398  811  15,577  
F2010 371  14,235  1,025  15,631  
F2011 359  14,475  1,062  15,896  
F2012 346  14,283  988  15,617  


Forecast 
F2013 366  14,909  1,112  16,387  
F2014 368  15,106  1,278  16,752  
F2015 370  15,208  1,493  17,071  
F2016 371  15,436  1,577  17,384  
F2017 372  15,736  1,707  17,815  
F2018 374  16,103  2,382  18,859  
F2019 376  16,417  2,423  19,216  
F2020 379  16,718  2,454  19,551  
F2021 382  16,954  2,468  19,804  
F2022 384  17,197  2,483  20,064  
F2023 387  17,436  2,500  20,323  
F2024 389  17,722  2,549  20,660  
F2025 391  17,993  2,564  20,948  
F2026 394  18,280  2,587  21,260  
F2027 396  18,542  2,598  21,536  
F2028 399  18,856  2,611  21,865  
F2029 401  19,176  2,625  22,202  
F2030 403  19,535  2,639  22,577  
F2031 406  19,909  2,653  22,968  
F2032 408  20,298  2,667  23,374  
F2033 411  20,616  2,673  23,700  


Growth Rates 
5 years*: 
F2007 to F2012 


-1.9% 0.4% 6.1% 0.7% 


5 years: 
F2012 to F2017 


1.5% 2.0% 11.6% 2.7% 


11 years: 
F2012 to F2023 


1.0% 1.8% 8.8% 2.4% 


21 years: 
F2012 to F2033 


0.8% 1.8% 4.9% 2.0% 


* Historical growth rates are not weather normalized.  Forecast is prepared based on normal weather. 


1. Total commercial sales are the sum of Irrigation, Street Lights and BC Hydro Own Use plus 
Commercial Distribution and Commercial Transmission.  
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8 Industrial Forecast 


8.1   Sector Description 


The industrial sector currently comprises about 32 percent of BC Hydro’s total annual 
sales.  It is organized into four main sub-sectors: forestry, mining, oil and gas and other.  
Industrial customers are involved in extracting, processing and manufacturing resource 
based commodities which are largely destined for exports. 


The industrial sector is also organized by voltage service (transmission vs. distribution). 
Approximately 80% of the total industrial sales are served at transmission voltages (above 
60 kV) with the remaining 20% served at distribution voltages (below 60 kV).   


New LNG facilities, which are categorized as industrial sector load, potentially represent 
the biggest additional loads on BC Hydro’s system.  BC Hydro continues to monitor the 
development of several potential LNG projects, which are treated as separate scenarios in 
BC Hydro’s long-term planning processes.  More information on potential new LNG 
demands can be found in Appendix 3.3.   


          8.2    Forecast Summary 


Total industrial sales forecast before DSM and rate impacts are shown in Table 8.1 and 
Table 8.2.  Table 8.1 shows a consolidated projection of industrial sales broken down by 
industry sub-sectors.  Table 8.2 shows total industrial sales broken down between 
transmission and distribution voltage customers. 


Over the past five years, total industrial sales declined by about 16 percent. This was 
primarily due to a decline in forestry sales due to structural changes and permanent 
closures of pulp and paper mills. Total industrial sales in F2013 are expected to increase 
by 151 GWh or 0.9 percent relative to F2012, with growth in most of the sub-sectors.   


The five, 11 and 21-year year growth projection of total industrial sales, before DSM and 
rate impacts is 3.3 percent, 2.5 percent and 1.3 percent, respectively. Looking forward, 
BC’s industrial customers are expected to have a strong global position due to the quality 
of the resource base, the demand for B.C.’s natural resources and advanced 
infrastructure to supply industrial products to market. 


 8.3   Industrial Forecast Comparison  


Figure 8.1 compares the 2012 Forecast to the 2011 Forecast (before DSM and rate 
impacts).  
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Figure 8.1   Comparison of Industrial Sales Forecast before DSM and Rate 
Impacts 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


8.4 Key Issues and Sector Outlook 


The following sections describe the outlook, drivers and risk factors for the major industrial 
sub-sectors. Unless otherwise stated, the comparison between the 2011 Forecast and the 
2012 Forecast is based on sales by transmission class customers only. 


8.4.1  Forestry  


The forestry sector accounts for about 60 percent of industrial sales.  Forestry is 
categorized into three sub-sectors: pulp and paper, wood products and chemicals.  
Although generalizations can be made across the forestry sector (for instance, the impact 
of the pine beetle infestation and the recent recession), each sub-sector has different 
sales history, drivers and market characteristics.  


Forestry sales have changed significantly over the past number of years.  It is expected 
that the demand for forestry sector goods will continue to recover from the 2008-2009 
recession.  During the past four years, forestry sales declined by about 20 percent, largely 
due to the pulp and paper and wood product sub-sectors which both experienced 
shutdowns. In F2013, forestry sales are forecast to decrease by three percent relative to 
F2012.   


For the five years ending in F2017, projected sales steadily decline.  The decline is 
attributable to further restructuring measures in the pulp and paper sub-sector and 
increasing constraints in the wood products sub-sector due to the continuing impact of the 
pine beetle Infestation. During the F2017-F2022 period, forestry sales remain relatively 
unchanged with moderate growth in pulp and paper sales being offset by anticipated 
declines in wood products sales. 


For the latter 10 years of the forecast period, forestry sales are relatively unchanged from 
sales in F2023.  For details, please see the Overview section below.  Pulp and paper 
sales are forecast to be relatively flat.  However, wood products sales remain unchanged 
as the pine beetle infestation continues to hamper production levels.  
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Compared with the 2011 Forecast, the 2012 Forecast is approximately 1,300 GWh lower 
at the end of the forecast period.  This is primarily due to the pulp and paper sub-sector 
where production expectations for certain product grades have been reduced relative to 
the 2011 Forecast.           


8.4.1.1   Pulp and Paper Overview 


Transmission pulp and paper sales represent 61 percent of forestry sector sales and 37 
percent of industrial sales. Pulp and paper sales are concentrated in 19 mills located 
primarily in the south-western and north-eastern parts of B.C.  These mills produce and 
export a wide variety of products including newsprint, coated and uncoated groundwood 
paper, unbleached kraft (UBK) pulp, bleached chemical pulp, thermo-mechanical pulp 
(TMP) and marked bleached thermo-mechanical pulp (CTMP). Softwood is predominantly 
used by mills in the Prince George, Quesnel, South Interior and Vancouver Island regions. 
Hardwood is used by northern mills located in the Chetwynd area. Vancouver Island uses 
softwood to produce TMP and CTMP.  


The main drivers for this sub-sector are pulp and paper market prices, the U.S. economy 
and increasingly, the global economy. 


 
Pulp and Paper Outlook 
Over the past five years, transmission pulp and paper sales declined by about 30 percent 
largely due to pulp and paper mill and line closures.  The factors contributing this large 
decrease include: aging equipment, declining fibre availability (due to pine beetle 
infestation), rising prices of recycled feedstock (due to Chinese demand), strong 
competition from mills in South America, displacement of newspaper by digital media and 
increased targeting of  electronic media by advertisers.   


In F2013, sales are forecast to decline over the prior year as global economic condition 
and pulp and paper demand soften.  For the first 10 years of the 2012 Forecast, pulp and 
paper sales are projected to decline by approximately 1,000 GWh or 17 percent.  Further 
mill and line closures are expected to occur as the industry continues to restructure in 
order to become more competitive.  


In the latter half of the forecast period, sales are projected to remain flat. During this 
period, further mill and line closures are expected but there will also be mill and line 
expansions into areas that better leverage the operational and fibre environment in which 
B.C. pulp and paper mills operate.  


Compared to the 2011 Forecast, the 2012 Forecast for pulp and paper is lower by roughly 
600 GWh in the first 10 years and lower by over 1,300 GWh in F2032.  These reductions 
are primary the result of lowered production expectations for certain product grades. 


Pulp and Paper Drivers and Risk 
Drivers: 
• North American paper demand for advertising; 


• Growing demand for paper products and market pulp by China and other developing 
economies because of increased needs for packaging materials and tighter markets for 
fibre (positive factors for B.C.); 


• Global demand for B.C.’s attractive wood fibre which adds strength to recycled papers 
and a growing number of other applications and products; 


• Growing demand for B.C.’s environmentally-friendly pulp and paper (i.e. produced with 
renewable fuel); 
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• Ability of B.C. mills to transition away from kraft pulp and newsprint to higher value 
products; 


• Incentive programs for increased electricity self-generation at kraft mills; and 


• B.C. having one of the lowest industrial electricity costs in the world. 


Risk Factors: 
• Economic swings in the U.S.; 


• Fibre shortage due to pine beetle infestation. This will reduce fibre supply for B.C. pulp 
mills which use residual chips from lumber and whole log chipping; 


• Competition for fibre supply from bio-fuel and pellet operations; 


• Ongoing decline in the North American newsprint market, where both shipments and 
advertising expenditures have been progressively declining over the last 10 years;   


• Displacement of B.C. softwood with hardwood pulp by low-cost competitive mills which 
continue to be built in the Southern Hemisphere; 


• Risk of major equipment failure as some assets near end-of-life, with some mills being 
forced to close due to a lack of cash flow to fix or replace such capital-intensive assets; 


• Long-term Chinese demand for pulp and paper; and  


• Long-term global demand for tissue. 


8.4.1.2    Wood Products Overview 


Wood products represent about 23 percent of forestry sector sales.  BC Hydro provides 
electricity to more than 100 wood products mills located in every major region of B.C., 
particularly the North Coast, Central Interior and Southern Interior which contain 75 
percent of the mills.  These facilities produce dimensional and structural lumber, oriented 
strand board (OSB), medium density fiberboard, plywood, fuel pellets and other specialty 
products. 


The primary drivers for wood products demand are housing starts and repair and 
remodeling. B.C.’s share of the U.S. lumber market is greater than all other non-U.S. 
producers combined.  Furthermore, B.C. could soon displace Russia as the dominant 
lumber supplier to the Chinese market. 


The B.C. Interior has some of the lowest cost producers of lumber in the world. However, 
sawmill and plywood plant production will be constrained by saw-log availability due to the 
mountain pipe beetle (MPB) devastation in the forests of B.C.  Although the Ministry of 
Forests is undertaking measures to address the impact, it is anticipated that forest 
management practices will be imposed (i.e., limiting the annual allowable cut) such that 
lumber production will be dramatically reduced.  A sustainable level of logging and annual 
allowable cut is expected to be reached around 2024.  Thereafter, wood products sales 
are expected to remain flat for the duration of the forecast period. 


Wood Products Outlook 
The 2008-09 recessions had a devastating effect on the wood products sub-sector. Over 
the last five years, sales fell by 21 percent due primarily to depressed U.S. housing starts. 
In F2013, wood products sales are forecast to increase modestly due to growth in U.S. 
housing starts and lumber exports to China. 
 
In the near term, sales are expected to increase moderately due to growing demand from 
China, a recovery in U.S. housing starts and construction activity in post-tsunami Japan. 
For the five year period starting in F2017, B.C. wood products sales are expected to 
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progressively decline.  As demand for B.C. wood products will exceed the industry’s ability 
to supply due to constraints caused by the Mountain Pine Beetle.  For beetle-killed trees, 
the amount of useable lumber diminishes over time due to deterioration. 


Over the last 10 years of the forecast period, wood product sales are projected to remain 
flat, although below historical levels, and below market demand.  BC Hydro expects B.C. 
forest management practices to successfully achieve a sustainable annual cut level which 
in turn will stabilize lumber production.  


Compared to the 2011 Forecast, the 2012 Forecast for wood products is lower in the short 
to medium term (demand weakness and a more constraining effect of the MPB impact on 
useable log availability) and slightly higher in the long term due to assumptions with 
respect to the severity of the pine beetle infestation on the wood products sub-sector.  


Wood Products Drivers and Risk 


Drivers: 
• U.S. housing starts (currently are less than one half/the level required to match U.S. 


population growth); 


• Repair and remodeling demand in the U.S., 


• Chinese demand for roof trusses and framing for houses and small apartments; 


• Japanese housing starts (demand for hemlock and SPF); and 


• Demand from other areas in the world such as Korea, India, Taiwan, Hong Kong, 
Singapore and the Middle East.  


Risk Factors: 
• The effect of the U.S. economy on the recovery of U.S. housing starts; 


• A softwood lumber trade issues with the U.S.; 


• Harvest life of trees killed by the Mountain Pine Beetle;  


• Medium to long run severity of pine beetle infestation; 


• Higher harvesting costs for B.C. coastal sawmills (caused by steep terrain, outdated 
equipment and relatively high labour costs);  


• Ability of industry in B.C. Interior to transition towards processing higher volumes of 
beetle-killed timber; and 


• Ability of B.C.-based OSB producers to continue to improve products for markets. 


 


8.4.1.3    Chemicals Overview  


Chemicals represent about 16 percent of forestry sector sales.  Sales are primarily to 
customers who produce bleaching agents for the pulp and paper industry, for customers 
who produce cleaning agents for the oil and gas industry and for water purification. 
Chemical sales are strongly correlated to the health of the pulp and paper industry, 
particularly the global industry given that much of the product is destined for export. Since 
chemical companies use electrolysis to producer their bleaching agents, electricity forms a 
large part of their operating costs.  


Chemicals Outlook  
Over the past four years, sales in this sector have remained relatively flat with modest dips 
that arose due to closures of pulp and paper mills and lines in B.C.  In F2011, sales were 
particularly low due to an extended downtime at a large customer facility experiencing a 
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complete plant makeover. In F2013, sales are forecast to decrease slightly from the 
previous year as plant operational improvements were recently made at a couple of 
facilities thereby decreasing electricity requirements per unit of output. 


In the near term, chemical sales are expected to slowly increase as some facilities are 
expanded to meet growing demand for bleaching and cleaning agents, some of which is 
driven by exports. In the medium and long term, sales are projected to only modestly grow 
due to weak demand in the B.C. pulp and paper sector, but otherwise stimulated by 
growing demand for cleaning agents (for the oil and gas industry) and water purification 
agents (for municipalities).  Much of this demand growth in the latter half of the forecast 
period will be export-based.   


Chemical Drivers and Risk 
Drivers: 
• Pulp and paper demand;  


• Global economy; and 


• Oil and gas activity.  


Risk Factors: 
• Electricity rate increases;  


• Closure of B.C. pulp mills; and 


• Capability of some chemical customers to transition into producing the type of 
bleaching agents that can be exported outside of B.C.     


 


8.4.1.4    Forestry Methodology  


The 2012 Forecast for the forestry sector was developed by initially assessing last year’s 
forecast. BC Hydro determined that updated information was required for several areas 
including: (i) a forecast of lumber exports to China (ii) the expected impact of the pine 
beetle infestation; and (iii) customer mill production.  To obtain the necessary information, 
BC Hydro retained consultants with relevant forestry expertise. 


The consulting team produced mill production forecasts for all B.C. mills and for various 
product lines, using several inputs, including long term GDP forecast for countries that 
purchase B.C. forestry products. BC Hydro incorporated these production forecasts into its 
load forecasting model to create a sector forecast. The forestry forecast also considered 
issues such as customers with onsite generation, electricity purchase agreements, 
historical consumption and electricity consumption intensities, as well as input from 
BC Hydro’s Key Account Managers. 


BC Hydro developed the forestry sector forecast by multiplying facility production 
forecasts by the electricity intensity forecast. 


8.4.2   Mining  


The mining sector accounts for about 17 percent of total industrial sales. It is categorized 
into two sub-sectors: metal and coal mines. Metal mining makes up for 78% of the current 
mining sector load. For mining customers, electricity is mostly used for ore extraction, 
crushing and processing. 


In the short run, mining sales are not highly sensitive to economic drivers and mineral 
price movements since existing mines tend to produce continuously through commodity 
price cycles. In the medium to long term, mining expansions (or attritions), start-ups (or 
closures) and new project advancements (or deferrals) are sensitive to economic 
conditions and mineral prices. 
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The Asia-Pacific region is important for the health of mining in B.C. because more than 
two-thirds of mining exports are shipped to Japan, China and South Korea. The future 
outlook for mining is also shaped by mineral exploration, which in turn is influenced by 
provincial policy. 


Exploration expenditures in BC increased to record highs following the recession of 2008-
2009 to meet the surging demand for metal from Chinese and Indian markets. The mining 
sector invested an estimated $680 million in exploration in 2012, a 47% increase over the 
previous year’s $462 million which was a record year for exploration in British Columbia.  


Nonetheless, due to a recent slowdown in growth in China’s economy, recession in the 
EU and Japan and prolonged recovery process in other developed countries such as the 
US, the rate of acquisition and foreign investment in the mining sector has cooled off in 
2012, after intense activity between 2009 and 2011. Part of the explanation is that mining 
companies are starting to feel the pressure of higher costs and tighter budgets. 


2012 represented a challenging year for the mining sector. On the positive side, New 
Afton mine was brought into production last summer; Thompson Creek has successfully 
completed the expansion project at Endako mine replacing the old mill in March 2012.  In 
addition, construction is well underway at Mount Milligan mine with expected start-up in 
mid-2013, while construction work at Red Chris mine has begun. Expansion projects are 
continuing on schedule at Gibraltar Mine and Highland Valley Copper while Mount Polley 
has publically announced the extension of mining operations to 2022. 


Nonetheless, access to financing has become an issue for smaller companies, while lower 
commodity outlooks for molybdenum, copper or coal have affected most of the 
competitors.  


Faced with continued depressed prices for molybdenum as well as operational problems, 
Thompson Creek has decided to temporarily shut down mining operations at Endako in 
July 2012. While the newly commissioned $500 million mill would still operate on 
stockpiles, the low molybdenum prices may continue to hamper profitability. Additionally, 
cost outruns at Mt Milligan have forced Thompson Creek to sell rights to future gold 
production and implement cost saving measures at other mining operations in order to 
raise necessary financing to complete the project.  


Teck has also announced in the fall of 2012 that the $1.5-billion of planned spending in 
2012 and 2013 is being pushed out to the future. The company is facing permitting delays 
at the Quintette coal mine project in Northeast BC. 


Disputes over the employment of foreign workers in coal mining operations in Northeast 
BC as well as First Nation opposition to a series of projects (most notably New Prosperity) 
could delay or cancel the development of several new mines. 


In spite of the recent pressure on the mining sector, the 2012 Mining Forecast load still 
grows significantly in the next few years of the forecast.  Most of the growth is, however, 
the result of new projects recently energized and expected to wrap up or expansions to 
existing operations.  


The 2012 Mining Forecast is lower compared to the 2011 Forecast due to increased 
uncertainty in the economic outlook and lower commodity price outlooks. Short term 
surplus and depressed prices continue to be a concern for molybdenum operations, while 
a slowdown in steelmaking activity has cooled off the metallurgical coal markets after 
several years of steady increases, driven by construction activity in Asia. The forecast is 
also lower as a result of a recent decision of the Provincial government to reject Morrison 
mine environmental permit. 


While the current environment has negatively affected some metal mine projects, the 
increased economic uncertainty has maintained the interest in gold operations. 
Additionally, existing copper-gold mines that are not facing large investment decisions are 
still fairly well positioned to increase production and push back shutdown dates. 
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Despite a recent slowdown in growth, China is still expected to fuel long-term activity in 
the BC mining sector. 


  


8.4.2.1   Metal Mines Overview 


Metal Mines Outlook  
BC metal mining sector includes copper, gold, silver, molybdenum, lead and zinc 
operations.  


In the long term, electricity sales to mines are tied to price expectations for copper, 
molybdenum and gold. The prices of these commodities are influenced by global demand 
and supply and the state of the global economies. In the short term on a month to month 
basis, electricity sales to metal mines are relatively independent of commodity price 
fluctuations because these mines are predominantly fixed-cost operations which typically 
need to run continuously. Mining sales are not overly dependent on domestic economic 
activity but are more correlated to the global economy since the most of BC metal mining 
production is exported. The top destinations for BC metallic mineral exports include 
Japan, the United States, China and Korea. 


Since early 2009, the metal mining sector in B.C. has benefited from strong copper and 
gold prices. British Columbia is viewed as an attractive environment for global mining 
investment.  


Sales to metal mining customers in short term are expected to increase due to start-up or 
ramp ups of several newly commissioned mines as well as expansions to existing 
facilities.  


In the medium to long term, metal mine sales are expected to peak at approximately 5,000 
GWh per year around 2020 as new mines come online and several existing mines ramp 
up production. The long term demand for copper and molybdenum is expected to be 
driven by high demand from Asia and to some extent recovering Western economies. The 
forecast decreases to 4,000 GWh per year long term as some of the large operations shut 
down. 


Compared to the 2011 Forecast, this year’s metal mining sales forecast is significantly 
lower overall as several new projects have deferred start dates. Probabilities to several 
new mines have been lowered due to increased uncertainty in the economic and 
commodity outlook.  


Metal Mine Drivers and Risk 
Drivers: 


• Copper, gold and molybdenum prices which in turn are driven by economic activity 
• Industry perception of the resource friendliness of the B.C. government and its 


present and future tax regime; and 
• Level of supporting infrastructure (ports, roads, power and proximity to 


communities) and the potential for future development. 


Risk Factors: 


• Future provincial and federal government actions that increase or decrease clarity 
of Regulatory policy, conflict resolution measures, and tax efficiencies; 


• Outcome of future Environmental Assessment applications, particularly with regard 
to First Nations issues; and 


• Aging workforce and the looming wave of retirements over the next years. 
According to a report released in 2012 by the Mining Industry Human Resources 
Council in partnership with the BC Mining HR Task Force, British Columbia will 
employ over 16,700 mining professionals in the next 10 years. However the study 
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acknowledges that human resources challenges continue to threaten the future 
competitiveness of the BC mining industry. 


8.4.2.2   Coal Mines Overview 


Coal mines comprise about 22% percent of BC Hydro’s mining sector sales. The coal is 
predominantly produced in southeastern B.C. with the larger coal mining customers in this 
region accounting for roughly 90 percent of total sales. Coal is also produced in the 
northeastern B.C., which currently has a small production share but is expected to grow 
significantly. The single mine on Vancouver Island produces thermal coal. 


Elk Valley Coal Partnership, which owns five mines in southeastern B.C., is the second 
biggest supplier of metallurgical coal in the world. Metallurgical coal is an export 
commodity which is sold worldwide to integrated steel mills for steel-making purposes. 


In the long term, coal mining sales are tied to price expectations for coal, which is largely 
driven by metallurgical coal demand. Markets for British Columbia coal include Japan, 
China, South Korea and India, Europe, South America and the US but shipments to Asian 
countries represent more than 50% of BC coal exports. As a result, the state of the BC 
economy has little effect on coal sales but provincial regulatory and policy actions can 
have a significant impact. 


Most of the coal produced in southeast BC is transported by rail to the Westshore 
Terminals; coal produced by the northeast BC mines is shipped via Ridley Terminals Inc.’s 
in Prince Rupert while the coal produced on Vancouver Island is exported via Texada 
Island and Neptune Terminals in Vancouver. The aforementioned terminals were or will be 
subject to significant upgrades in the coming years to accommodate the higher volume of 
coal shipments and cargo traffic.  The provincial and federal governments recently 
pledged $750 million "that will improve rail efficiency and add capacity for coal and other 
export bulk commodities.”7   


Coal Mines Outlook 
The price for metallurgical coal has weakened recently after a strong five-year run spurred 
by rising demand from Asia, and particularly China. Additionally, global uncertainty has 
forced several companies to revise capital expenditures in short term. 


In the 2012 Forecast, short-term coal mining sales are expected to stay relatively flat in 
the next couple of years and increase past F2014 with the anticipated start-up of new 
mines. 


Over the long term, the distribution and transmission coal sales growth is projected to slow 
due to more moderate expectations of growth in the global economy, rail line and mine 
constraints in BC. 


Compared to the 2011 Forecast, the current forecast is lower in short, medium and long 
term. 


This is largely the result of decreased expectations for several new coal mine projects as 
a result of lower global economic outlook and deferred capital expenditure. 


Nonetheless, the coal forecast is still increasing by more than 30% by F2017 relative to 
F2012 sales, sustained by global demand for metallurgical coal, particularly from China 
and India.  


Coal Mine Drivers and Risk 
Drivers: 


                                                
7 http://www2.news.gov.bc.ca/news_releases_2009-2013/2010TRAN0104-001386.htm 
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• Demand for steel in Japan, South Korea, China, the European Union and India; 
and 


• Global economic outlook, particularly in Asia and the U.S. 
• Increased coal export capacity 


Risk Factors: 
• Expanded Australian coal production. Australia accounts for roughly two-thirds of 


the 
• global metallurgical coal production; 
• First Nation opposition and increasing environmental and local opposition  
• Disputes over the employment of foreign workers in coal mining operations have 


the potential to delay projects such as Murray River or Gething 
• B.C. mining construction costs;  
• Rail and terminal capacity constraints; and  
• Future policies or regulations that could impact coal exploration or development. 


 


8.4.2.3 Mining Methodology  


To develop the 2012 Forecast for coal mining, BC Hydro relied upon a consulting team 
with a proven record that annually publishes a BC mining report which includes production 
forecasts and metrics. In addition to the consultant’s report, BC Hydro used several other 
internal sources (BC Hydro Key Account Managers, Marketing, Powersmart, intelligence 
from BC Hydro’s Interconnection Group), external sources (company reports, industry 
reports) as well as its own judgement to assign risk probability weightings to new mines 
and expansion projections.   


As such, the forecast is developed on an in depth analysis that involves intensity, 
production and probability assessments or risk factors. 


8.4.2 Oil and Gas  


Oil and gas loads exist in both the industrial and commercial sectors.  The forecast 
outlook and drivers for the oil and gas sector are fully described in Appendix 3.1.  In 
addition, Appendix 3.2 provides an overview of the unconventional shale gas sub-sector in 
northeastern B.C. 


8.4.3. Other Industrials 


In F2012, sales to Industrial Other category, as shown in Table 8.2, makes up 2.1 per cent 
of total industrial sales.  


8.4.3.1.   Other Industrials Overview  


A sizable portion of the transmission customers includes cement companies and auto 
parts manufacturers.  Accordingly, sales are relatively sensitive the provincial economy. 


8.4.3.2.   Other Industrials Outlook 


As shown in Table 8.2, sales in F2013 are expected to rise by 8.7 per cent over the 
previous year.   


Cement sales are expected to remain relatively strong driven by a rebound in construction 
activity in North America and continuing growth in Asia. 


In long run, sales growth slows down to roughly 0.7 per cent per year as it is expected that 
the provincial and global economic growth rate slows down. 







ELECTRIC LOAD FORECAST F13-F33 


  P A G E  4 5  


Compared with the 2011 Forecast, the 2012 Forecast is generally slightly below the 2011 
Forecast. This reflects updated information on the expansion plans for several customers 
as well as a marginally lower long term economic growth.   


Other Sector Drivers and Risk: 
Drivers  


• Provincial economic growth. 
• Construction activity, which in turn affects the demand for cement companies. 


 


Risk factors: 


• Economic slowdown or sectorial shifts in BC economy 
• Increased environmental regulations may affect competitiveness of large cement 


producers. 
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Table 8.1 Consolidated Industrial Forecast by Sector before DSM and Rate 
Impacts  


Fiscal Year Industrial Customers       


 Mining  Forestry     Total Sales 


         


 Metal 
Mines 


Coal Mines Wood Pulp & 
Paper 


Chemical Oil & Gas Other  


Actual         


F2007 2,297 513 2,850 8,678 1,587 660 2,884 19,469 


F2008 2,259 545 2,674 8,024 1,591 693 2,950 18,737 


F2009 2,282 530 2,228 7,184 1,494 770 2,894 17,382 


F2010 2,308 524 2,039 5,830 1,521 691 2,696 15,608 


F2011 2,302 534 2,189 5,928 1,380 771 2,680 15,783 


F2012 2,169 616 2,216 6,046 1,600 982 2,723 16,352 


 Forecast          


F2013 2,579 614 2,287 5,715 1,557 955 2,798 16,504 


F2014 2,959 644 2,384 5,459 1,565 1,091 2,930 17,031 


F2015 3,480 699 2,446 5,156 1,605 1,499 3,001 17,887 


F2016 3,868 778 2,467 5,084 1,601 1,750 3,116 18,664 


F2017 4,111 803 2,357 4,863 1,612 2,358 3,130 19,234 


F2018 4,438 815 2,330 4,943 1,614 2,877 3,151 20,167 


F2019 4,735 804 2,268 5,178 1,615 3,263 3,187 21,050 


F2020 5,006 804 2,206 5,298 1,617 3,521 3,222 21,675 


F2021 5,048 804 2,206 5,278 1,619 3,679 3,223 21,857 


F2022 4,795 804 2,203 5,016 1,621 3,764 3,275 21,477 


F2023 4,669 804 2,186 5,038 1,627 3,897 3,257 21,478 


F2024 4,682 804 2,165 5,012 1,633 3,934 3,311 21,542 


F2025 4,635 804 2,165 4,937 1,639 3,967 3,361 21,509 


F2026 4,136 804 2,165 4,959 1,645 3,994 3,399 21,102 


F2027 4,007 804 2,165 4,977 1,651 4,020 3,424 21,048 


F2028 4,027 804 2,165 4,982 1,657 4,045 3,451 21,131 


F2029 4,047 804 2,165 4,987 1,663 4,070 3,486 21,222 


F2030 4,067 804 2,165 4,991 1,669 4,129 3,522 21,348 


F2031 4,087 803 2,165 4,996 1,675 4,152 3,561 21,440 


F2032 4,108 802 2,165 5,000 1,681 4,173 3,594 21,522 


F2033 4,118 801 2,165 5,000 1,683 4,183 3,624 21,575 


Growth Rates:         


5 years: -1.1% 3.7% -4.9% -7.0% 0.2% 8.3% -1.1% -3.4% 
F2007 to F2012         


5 years: 13.6% 5.5% 1.2% -4.3% 0.1% 19.1% 2.8% 3.3% 
F2012 to F2017         


11 years: 7.2% 2.5% -0.1% -1.6% 0.2% 13.3% 1.6% 2.5% 
F2012 to F2023         


21 years: 3.1% 1.3% -0.1% -0.9% 0.2% 7.1% 1.4% 1.3% 
F2012 to F2033         
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Table 8.2   Industrial Forecast by Voltage Service before DSM and Rate 
Impacts 


Fiscal Year Transmission Voltage Customers    Distribution  


 Mining  Forestry   Oil & 
Gas 


Other All Total 
Sales 


 Metal 
Mines 


Coal 
Mines 


Wood Pulp & 
Paper 


Chemical   Sectors  


          


Actual          


F2007 2,297 475 1,195 8,678 1,587 551 434 4,252 19,469 


F2008 2,259 496 1,162 8,024 1,591 587 436 4,181 18,737 


F2009 2,282 478 1,001 7,184 1,494 664 389 3,891 17,382 


F2010 2,308 474 973 5,830 1,521 575 314 3,613 15,608 


F2011 2,302 484 1,051 5,928 1,380 608 327 3,704 15,783 


F2012 2,169 552 1,105 6,046 1,600 712 349 3,819 16,352 


 Forecast           


F2013 2,579 545 1,170 5,715 1,557 687 387 3,865 16,504 


F2014 2,959 565 1,202 5,459 1,565 776 393 4,017 16,937 


F2015 3,480 616 1,215 5,156 1,605 1,235 395 4,066 17,768 


F2016 3,868 680 1,216 5,084 1,601 1,471 480 4,166 18,567 


F2017 4,111 701 1,128 4,863 1,612 1,998 482 4,279 19,173 


F2018 4,438 699 1,117 4,943 1,614 2,441 487 4,402 20,141 


F2019 4,735 685 1,099 5,178 1,615 2,749 487 4,476 21,023 


F2020 5,006 685 1,074 5,298 1,617 2,984 492 4,492 21,648 


F2021 5,048 685 1,074 5,278 1,619 3,114 492 4,547 21,857 


F2022 4,795 685 1,074 5,016 1,621 3,181 492 4,613 21,477 


F2023 4,669 685 1,069 5,038 1,627 3,290 420 4,680 21,478 


F2024 4,682 685 1,055 5,012 1,633 3,319 425 4,730 21,542 


F2025 4,635 685 1,055 4,937 1,639 3,346 429 4,783 21,509 


F2026 4,136 685 1,055 4,959 1,645 3,366 433 4,823 21,102 


F2027 4,007 685 1,055 4,977 1,651 3,386 436 4,852 21,048 


F2028 4,027 685 1,055 4,982 1,657 3,405 439 4,882 21,131 


F2029 4,047 685 1,055 4,987 1,663 3,423 442 4,920 21,222 


F2030 4,067 685 1,055 4,991 1,669 3,476 446 4,958 21,348 


F2031 4,087 684 1,055 4,996 1,675 3,494 450 4,999 21,440 


F2032 4,108 682 1,055 5,000 1,681 3,510 453 5,033 21,522 


F2033 4,118 682 1,055 5,000 1,683 3,525 457 5,055 21,575 


Growth Rates:          


5 years: -1.1% 3.0% -1.5% -7.0% 0.2% 5.3% -4.2% -2.1% -3.4% 
F2007 to F2012          
5 years: 13.6% 4.9% 0.4% -4.3% 0.1% 22.9% 6.7% 2.3% 3.2% 
F2012 to F2017          


11 years: 7.2% 2.0% -0.3% -1.6% 0.2% 14.9% 1.7% 1.9% 2.5% 
F2012 to F2023          


21 years: 3.1% 1.0% -0.2% -0.9% 0.2% 7.9% 1.3% 1.3% 1.3% 
F2012 to F2033          
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9 Non-Integrated Areas and Other Utilities Forecast 


9.1. Non Integrated Area Summary 


Characteristics – The Non Integrated Areas (NIA) include the Purchase Areas, Zone II and 
Fort Nelson. Load estimate for Fort Nelson is not included in the Integrated System Load 
forecast as it is connected to the Alberta transmission grid instead of the BC Hydro grid. A 
number of small communities located in the Northern and Southern parts of B.C. that are 
not connected to BC Hydro’s electrical grid make up the Purchase Areas and Zone II. 


The Purchase Area consists of six locations in the South Interior, namely Lardeau, 
Crowsnest, Newgate, Kingsgate-Yahk, Kelly Lake, and Keenleyside Dam. To serve 
customers in the Purchase Area, BC Hydro purchases electricity from a number of 
neighbouring electric utilities. 


Zone II consists of ten locations in the Northern Region, namely Masset, Sandspit, Atlin, 
Dease Lake, Eddontenajon, Telegraph Creek, Anahim Lake, Bella Bella, Bella Coola and 
Toad River. 


In F2012, sales to the total NIA represented about 0.5% of total BC Hydro service area 
sales. In F2012, annual sales in the Purchase Area, Zone II, and Fort Nelson were 
approximately 13 GWh, 103 GWh, and 167 GWh respectively. Fort Nelson sales 
accounted for about 60% of all the sales in the NIA. 


Drivers – For the Purchase Area, the forecast is developed by a trend analysis of the total 
energy and capacity requirements for each location that makes up the Purchase 
Area.  For Zone II and Fort Nelson, forecasts are developed on a customer sector basis. 
The drivers for residential sales are housing starts and the average annual use per 
account. A housing starts forecast is provided by external sources. The average annual 
use per account in Zone II is based on a statistically adjusted end use (SAE) model. 


For Zone II, the driver for commercial and industrial sales is the population forecast 
provided by BC Stats. The driver for small commercial and industrial sales within the Fort 
Nelson area is the employment forecast provided by consultants. For Fort Nelson, the 
large industrial accounts at the distribution and transmission level represent a significant 
part of the load.  The forecast for each large industrial customer is developed separately. 
Increased activity in the oil and gas sector in the Horn River basin, north of the city of Fort 
Nelson, is anticipated to have an impact on sales within the municipality.  As such Fort 
Nelson sales are expected to have the highest growth rates amongst all NIA communities. 


Trends and New Developments 


Table 9.1, 9.2 and 9.3 show the sales, total gross requirements and total peak demand 
forecast for the Purchase Areas, Zone II and Fort Nelson.  
 
Sales within Zone II grew at an average annual rate of 0.4% over the last 5 years and they 
are expected to grow by 2%, 1.2% and 0.7% annually over the next 5, 11 and 21 years. 
Total sales within Fort Nelson have declined by 15% since F2009 mainly due to reduced 
sales to the wood products sector. It is expected that sales will recover and grow relatively 
steadily into the medium term. This growth will be fuelled by future oil and gas activity 
which is anticipated to increase sales to residential and commercial customers connected 
to the Fort Nelson distribution system. In addition, some increase in sales to larger 
conventional oil and gas customers is expected over the forecast period. 


Consistent with the 2011 Forecast, sales and peak demand requirements for 
unconventional gas producers within the Horn River basin are not included in the 2012 
load projections for Fort Nelson. BC Hydro has constructed scenarios that examine 
various Horn River shale gas play load requirements and alternatives on how to supply 
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these loads8. 
 
Risks and Uncertainties – The main risks to the NIA forecast are discrete events such as 
the opening or closing of a large new account and developments in Northeast BC, 
particularly the rate of gas resource development. This is impacted by natural gas prices 
and the rate of economic growth. 


                                                
8 These supply scenarios are in BC Hydro planning process. 
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Table 9.1  NIA Total Sales before DSM with Rate Impacts (GWh) 
 


Fiscal  
Year 


Purchase 
Area 
Sales 


 


Zone II 
Sales 


 
 


Fort 
Nelson 
Sales 


 


Total NIA  
Sales 


 
 


Actual 
F2007  15(estimate)   101   157   272  
F2008  14(estimate)  101   163   278  
F2009  12(estimate)  106   196   315  
F2010  13(estimate)  102   175   291  
F2011  15(estimate)  102   178   295  
F2012  13(estimate)  103   167   283  


 Forecast  
F2013  13   105   179   298  
F2014  14   110   240   364  
F2015  14   112   258   383  
F2016  14   112   267   393  
F2017  14   114   271   399  
F2018  14   115   276   404  
F2019  14   116   279   408  
F2020  14   116   283   413  
F2021  14   117   285   416  
F2022  14   117   289   420  
F2023  14   118   291   423  
F2024  14   118   293   425  
F2025  14   118   294   427  
F2026  14   119   297   430  
F2027  14   119   298   431  
F2028  15   119   301   434  
F2029  15   119   301   435  
F2030  15   119   302   436  
F2031  15   119   304   438  
F2032  15   119   305   440  
F2033  15   119   306   441  


Growth Rates 
5 years: F2007 
to F2012 


-2.4% 0.4% 1.3% 0.8% 


5 years: F2012 
to F2017 


1.1% 2.0% 10.2% 7.1% 


11 years: 
F2012 to F2023 


0.8% 1.2% 5.2% 3.7% 


21 years: 
F2012 to F2033 


0.7% 0.7% 2.9% 2.1% 


 


Note: the sales in the table above represent part of the total sales for residential, commercial and 
industrial sales as shown in other sections of this document.  
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Table 9.2  Non Integrated Area Peak Requirements before DSM with Rate 
Impacts (MW) 
 


Fiscal  
Year 


Purchase 
Area 
Peak 


 


Zone II 
Peak 


 
 


Fort 
Nelson 
Peak 


 


Total  
NIA  


Peak 
 


Actual 
F2007  5   24   29   58  
F2008  4   25   28   57  
F2009  4   25   34   62  
F2010  4   25   31   60  
F2011  5   24   29   58  
F2012  4   26   30   61  


 Forecast  
F2013  4  26   30   60  
F2014  4  27  39   71  
F2015  4  27  41   72  
F2016  4  28  42   74  
F2017  4  28  43   76  
F2018  4  28  44   77  
F2019  4  29  45   78  
F2020  4  29  46   79  
F2021  4  29  46   79  
F2022  5  29  47   80  
F2023  5  29  47   81  
F2024  5  29  48   81  
F2025  5  29  48   82  
F2026  5  29  49   82  
F2027  5  29  49   83  
F2028  5  29  49   83  
F2029  5  29  49   84  
F2030  5  29  50   84  
F2031  5  29  50   84  
F2032  5  29  50   84  
F2033  5  29  50   85  


Growth Rates 
5 years: F2007 
to F2012 


-1.3% 1.6% 0.8% 1.0% 


5 years: F2012 
to F2017 


-0.4% 1.3% 7.5% 4.5% 


11 years: 
F2012 to F2023 


0.1% 0.9% 4.2% 2.6% 


21 years: 
F2012 to F2033 


0.3% 0.5% 2.5% 1.6% 


Note:  NIA peak requirements, including Fort Nelson, are not included in the peak demand          
forecast shown in Chapter 10. 
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9.2 Other Utilities & Firm Export 


The other utilities served by BC Hydro are: City of New Westminster, FortisBC, Seattle 
City Light and Hyder.  The City of New Westminster is surrounded by BC Hydro’s Lower 
Mainland region. The FortisBC service area is part of southeastern B.C., Seattle City Light 
is in the state of Washington, and Hyder is in the state of Alaska.  Hyder is served at 
distribution voltage whereas the other three utilities are served at transmission voltage. 


Pursuant to a BCUC decision dated June 9, 1993, BC Hydro is obligated to provide 
FortisBC with up to 200 MW of capacity and associated energy under tariff rates. 


BC Hydro is obligated to serve Seattle City Light in accordance with a treaty between 
British Columbia and Seattle dated March 30, 1984. The treaty expires on January 1, 
2066. 


The community of Stewart, B.C. is connected to BC Hydro’s grid. Since Hyder, Alaska is 
only five km away from Stewart, BC Hydro also serves the Alaskan community. 


In F2012, annual energy sales to City of New Westminster, FortisBC, Seattle City Light, 
and Hyder were 454 GWh, 514 GWh, 311 GWh, and 1 GWh, respectively.   


9.2.1 Forecast Drivers  


The forecast for the City of New Westminster is based on trend analysis and information 
from BC Hydro’s distribution planners on new potential larger projects.   


Previously, BC Hydro’s forecast of sales to FortisBC was based on information received 
annually from that utility. For the 2012 Forecast, projected sales to FortisBC are 
additionally based on a comparison of the relative cost of purchasing electricity from BC 
Hydro (including rate projections) under the 3808 Tariff versus the cost of spot market 
purchases. The results of this analysis was to decrease the forecasted sales to FortisBC 
by about 500 GWh per year in the near and middle of the forecast period.  Long-term 
sales forecasts were only slightly modified. 
 
The forecast for Seattle City Light is prescribed within the treaty, and the sales forecast for 
Hyder remains at 1 GWh per year. 


9.2.2 Trends and Risks  


The City of New Westminster is forecast to have modest average annual growth rate of 
about 1.3 per cent over the entire forecast period.  The forecast for sales to FortisBC is 
lower than last year’s forecast given that market prices have recently been lower than BC 
Hydro’s 3808 Tariff.  Both Seattle City Light and Hyder are forecast to have no significant 
growth. 


The main risk to the forecast for the City of New Westminster is a discrete event such as a 
large new account.  The main risk to the forecast for FortisBC would be a possible change 
in how that utility plans to meet its supply requirements.  Given that the forecast for Seattle 
City Light is based on a signed treaty, there is minimal sales risk over the entire forecast 
period.  The sales risk for Hyder is also minimal given that its load is so small.
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Table 9.3  Sales to Other Utilities & Firm Export before DSM and Rate Impacts 
(GWh) 


 


Fiscal 
Year 


Sales to Other Utilities and Firm Export (GWh) 


City of New 
Westminster 


 


 
FortisBC 


 
 


Seattle 
City 


Light 
 


Hyder, 
Alaska 


 


Total 
Other 


Utilities & 
Firm 


Export 
Actual 


F2007  429   972   310   1   1,712  
F2008  442   921   310   1   1,674  
F2009  440   851   306   1   1,598  
F2010  444   754   305   1   1,504  
F2011  449   523   316   1   1,289  
F2012  454   514   311   1   1,280  


 Forecast  
F2013  453   390   310   1   1,154  
F2014  464   526   310   1   1,301  
F2015  472   516   310   1   1,299  
F2016  480   541   312   1   1,333  
F2017  488   512   310   1   1,311  
F2018  495   511   310   1   1,317  
F2019  503   511   310   1   1,325  
F2020  512   511   312   1   1,336  
F2021  521   645   310   1   1,477  
F2022  531   845   310   1   1,687  
F2023  542   1,000   310   1   1,853  
F2024  550   1,041   312   1   1,904  
F2025  558   1,041   310   1   1,910  
F2026  566   1,041   310   1   1,918  
F2027  574   1,041   310   1   1,926  
F2028  581   1,041   312   1   1,935  
F2029  589   1,041   310   1   1,942  
F2030  597   1,041   310   1   1,950  
F2031  605   1,041   310   1   1,958  
F2032  613   1,041   312   1   1,967  
F2033  621   1,041   310   1   1,973  


Growth Rates 
5 years:  
F2007 to F2012 


1.1% -12.0% 0.1% 1.1% -5.6% 


5 years:  
F2012 to F2017 


1.5% -0.1% -0.1% -1.1% 0.5% 


11 years:  
F2012 to F2023 


1.6% 6.2% 0.0% -0.5% 3.4% 


21 years:  
F2012 to F2033 


1.5% 3.4% 0.0% -0.3% 2.1% 
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10 Peak Demand Forecast 


10.1 Peak Description 


BC Hydro’s peak demand is defined as the maximum expected amount of electricity 
consumed in a single hour under an average cold temperature assumption referred to as 
the design temperature. BC Hydro is a winter peaking utility, as its demand is more 
sensitive to colder temperatures than warmer temperatures. The total BC Hydro system 
typically reaches its annual peak on a cold winter day between 5:00 pm and 6:00 pm. 
Vancouver Island has a morning and an evening peak as residential space heating is a 
larger component of the Island load. 


The Domestic peak includes distribution substation peaks, transmission customer peaks 
and the peak demand of the City of New Westminster and system transmission losses. 
The Integrated system peak demand is the domestic peak demand plus the peak 
demands from the other served utilities including FortisBC and system transmission 
losses. 


Distribution substation peaks are the most sensitive to ambient temperature. The 
distribution peak demand is driven by various factors including residential accounts and 
growth in distribution energy sales, which in turn is driven by economic forecasts. In 
addition, larger discrete loads such as shopping malls, waste treatment facilities and other 
infrastructure projects contribute to the peak at specific distribution substations are also 
considered. 


Transmission peak demand is responsive to external market conditions and changes in 
demands for BC’s key industrial commodities such as wood, pulp and paper and mining 
sectors. 


10.2  Peak Demand Forecast  


The 2012 peak forecast presented in the section and the comparison to the 2011 forecast 
is with rate impacts and before incremental DSM. The forecasts below include the impact 
of EVs and other adjustment for overlap in savings from codes and standards.  


BC Hydro’s all-time total domestic system peak was 10,113 MW which occurred on 
November 29, 2006. The daily average temperature for that day recorded at the 
Vancouver International Airport (YVR) was -5.9 ºC. For F2012, the actual domestic peak 
demand of 9,929 MW was recorded at 6:00 pm on January 18, 2012. The average 
temperature for the day at YVR was -5.7 ºC. The weather-adjusted domestic peak for the 
winter of F2012 was estimated at 10,054 MW, this value also includes an adjustment for 
curtailment of a transmission customer and a substation outage at the time of the peak. 


For the winter of F2012, the total integrated system peak forecast, including peak 
requirements from the other utilities served by BC Hydro, was 10,352 MW before weather 
adjustments but including outages and curtailments and 10,319 MW, after weather 
adjustments including outages and curtailments. 


The integrated system peak forecast, before DSM and with rate impacts (excluding LNG 
related loads) is expected to 11,681 MW in F2017, 12,950 MW in F2023, and 14,915 MW 
in F2033. These increases represent growth rates of 2.5 per cent over the next five years 
(F2012 to F2017), 2.1 per cent over the next 11 years (F2012 to F2023), and 1.8 per cent 
over the next 21 years of the forecast (F2012 to F2033). 


Between F2011 and F2012, the total system coincident distribution peak increased after 
weather adjustments, by 66 MW or about 0.9%. The moderate growth in the peak is 
attributed to a moderate economic growth over this time period which impacted both 
energy and peak demand. The coincident transmission peak demand grew very 
moderately by 33 MW or 2.4% over the same time period.  
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10.3  Peak Forecast Comparison 


10.3.1 Distribution Peak Comparison 
Figure 10.1 and Table 10.1 show last year’s coincident distribution peak forecast and the 
current projection for BC Hydro’s coincident distribution substation peak forecasts before 
DSM and with rate impacts. 


The distribution peak demand forecast is below last year’s forecast. A slower growth in 
residential accounts is projected in this year’s forecast relative to last year forecast. 


In addition, economic drivers of employment, retail sales and GDP are projected to grow 
slower in this year’s forecast relative to last year which resulted in lower growth in the 
general service contribution to the distribution peak demand. 


The reduction in energy sales for the distribution wood sector has also contributed to a 
lower expected growth in distribution peak demand from over the short term. As well, a 
reduction in peak demand is expected in near term from distribution connected oil and gas 
loads as natural gas prices have remained low. 


The distribution forecast is also affected by the reduction in peak demand from electrical 
vehicles. This decrease is attributed to reduced drivers of EV load; for additional details 
please Appendix 4. 
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Table 10.1   Comparison of BC Hydro’s Distribution Peak Demand Forecasts before 
DSM with Rate Impacts  


 Distribution Peak Demand (MW) 


 
Fiscal 
Year 


 


2012 
Forecast 


 


2011 
Forecast 


2012 Forecast 
Less 


2011 Forecast 


 
% 


Difference 
F2011 7,771* 7,771* 0 0.0% 
F2012 7,837* 7,879 -42 -0.5% 
F2013 8,027 8,079 -52 -0.6% 
F2014 8,198 8,281 -83 -1.0% 
F2015 8,297 8,441 -144 -1.7% 
F2016 8,407 8,608 -201 -2.3% 
F2017 8,549 8,748 -199 -2.3% 
F2018 8,710 8,892 -182 -2.0% 
F2019 8,868 9,029 -161 -1.8% 
F2020 9,019 9,167 -148 -1.6% 
F2021 9,154 9,290 -136 -1.5% 
F2022 9,285 9,417 -132 -1.4% 
F2023 9,482 9,595 -113 -1.2% 
F2024 9,642 9,768 -126 -1.3% 
F2025 9,802 9,945 -143 -1.4% 
F2026 9,970 10,125 -155 -1.5% 
F2027 10,144 10,309 -165 -1.6% 
F2028 10,332 10,497 -165 -1.6% 
F2029 10,527 10,689 -162 -1.5% 
F2030 10,723 10,885 -162 -1.5% 
F2031 10,920 11,085 -165 -1.5% 
F2032 11,118 11,289 -171 -1.5% 
F2033 11,309    


                 * = Weather Normalized Actual 


Figure 10.1   Comparison of BC Hydro’s Distribution Peak Demand 
Forecast before DSM with Rate Impacts  
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10.3.2 Transmission Peak 
Figure 10.2.1 and Table 10.2.1 compare the 2012 and 2011 BC Hydro total coincident 
transmission peak forecast before DSM and with rate impacts, and excluding LNG.   


The transmission coincident peak forecast is substantially lower in the 2012 Forecast 
compared to last year.  


In the short-term, the current transmission peak forecast is below the 2011 Forecast due 
to a several factors consistent with the transmission energy forecast. This includes 
reduced forestry related peak demand from revised production and specific mill forecasts, 
and new in-service date information on peak demand requirements for new mines 
expected over the five years.  Additionally the near-term peak demand from oil and gas 
sector is lower. 


Over the medium to long-term, the transmission peak forecast is lower than last year 
forecast driven by a decrease in the mining sector energy and peak forecast. The 
uncertainty in global economic conditions, lower commodity outlook and the tightening of 
financing conditions for many mining companies have resulted in lower probabilities for 
new projects and pushed out start dates for several mines.  


While expectations for mining peak loads are considerably lower over the medium to long 
term, the oil and gas producer load forecasts (energy and peak demands) are somewhat 
high over this period. For further details, on long term gas producers and oil pipeline loads 
see Appendix 4. 
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Table 10.2   Comparison of BC Hydro’s Transmission Peak Demand Forecast before 
DSM with Rate Impacts  


 
Fiscal 
Year 


 


Transmission Peak Demand (MW) 
2012 


Forecast (NO 
LNG) 


 
 


 
2011 


Forecast  
 


 
2011 Forecast 


Less 
2011 Forecast  


 


 
 


% 
Difference 


 F2011 1,385 1,385 0 0.0% 
F2012 1,418 1,515 -97 -6.4% 
F2013 1,469 1,659 -190 -11.5% 
F2014 1,565 1,896 -331 -17.5% 
F2015 1,660 2,036 -376 -18.5% 
F2016 1,761 2,151 -390 -18.1% 
F2017 1,830 2,239 -409 -18.3% 
F2018 1,935 2,249 -314 -13.9% 
F2019 2,016 2,275 -259 -11.4% 
F2020 2,059 2,308 -249 -10.8% 
F2021 2,079 2,303 -224 -9.7% 
F2022 2,067 2,307 -240 -10.4% 
F2023 2,059 2,297 -238 -10.4% 
F2024 2,060 2,304 -244 -10.6% 
F2025 2,048 2,309 -261 -11.3% 
F2026 2,018 2,233 -215 -9.6% 
F2027 2,001 2,169 -168 -7.7% 
F2028 2,006 2,174 -168 -7.7% 
F2029 2,012 2,170 -158 -7.3% 
F2030 2,021 2,191 -170 -7.7% 
F2031 2,029 2,240 -211 -9.4% 
F2032 2,034 2,246 -212 -9.4% 
F2033 2,038    


Figure 10.2  Comparison of Transmission Peak Demand Forecast 
before DSM with Rate Impacts  
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10.3.3 Integrated System Peak 


Table 10.3.1 and Figure 10.3.1 compare the total integrated system peak demand 
forecasts for the 2011 and 2012 Forecasts before DSM and with rate impacts. The 
integrated peak demand forecast is the sum of the peak forecast for coincident 
distribution, transmission, and other utilities plus system transmission losses. 


Table 10.3   Comparison of Total Integrated Peak Demand Forecast                                   
before DSM with Rate Impacts  


 
Fiscal 
Year 


Integrated System – Peak Demand (MW) 


2012 
Forecast 


2011 
Forecast  


2012 
Forecast 


Less 2011 
Forecast 


 
% 


Difference 


F2011 10,335* 10,335* 0 0.0% 
F2012 10,319*  10,651 -348 -3.3% 
F2013 10,719 11,026 -307 -2.8% 
F2014 11,011 11,505 -494 -4.3% 
F2015 11,222 11,832 -610 -5.2% 
F2016 11,451 12,140 -689 -5.7% 
F2017 11,681 12,389 -708 -5.7% 
F2018 11,971 12,558 -587 -4.7% 
F2019 12,230 12,737 -507 -4.0% 
F2020 12,443 12,923 -480 -3.7% 
F2021 12,613 13,053 -440 -3.4% 
F2022 12,743 13,197 -454 -3.4% 
F2023 12,950 13,382 -432 -3.2% 
F2024 13,125 13,579 -454 -3.3% 
F2025 13,288 13,775 -487 -3.5% 
F2026 13,438 13,891 -453 -3.3% 
F2027 13,609 14,021 -412 -2.9% 
F2028 13,817 14,232 -415 -2.9% 
F2029 14,036 14,436 -400 -2.8% 
F2030 14,258 14,673 -415 -2.8% 
F2031 14,482 14,945 -463 -3.1% 
F2032 14,701 15,174 -473 -3.1% 
F2033 14,915    


               * = Weather Normalized Actual 
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Figure 10.3   Comparison of BC Hydro’s Integrated System Peak Demand 
Forecast before DSM with Rate Impacts  


 


 


 


 


 


 


 


 


 
 
 
 
 
 
 
 
10.4  Peak Demand Forecast Methodology  
This section provides an overview of how the distribution, transmission and total system 
peak demand forecast is developed. The detailed methodology is described in section 
Appendix A1.3.  The methodology description excludes additional peak load impacts of 
electric vehicles and the DSM overlap between codes and standards. These additional 
adjustments to the distribution peak forecasts are shown in Appendices 4 and 5.   


10.4.1   Distribution Peak Methodology 
At the distribution level, electricity demand is closely linked to the historical trends in 
distribution substation load growth and the economic outlook for each forecast region.  
Thus, the regional economic outlook is one of the primary inputs into distribution peak 
demand forecasts, with such input being provided to BC Hydro by Stokes Consulting Inc.  


The distribution peak forecast is developed using forecasts from two main sources: (1) 
outputs from an econometric model referred to as the distribution peak guideline forecast; 
and (2) load forecast information consistent with  BC Hydro’s individual distribution 
substations. The substation forecasts are based on the growth in the guideline forecasts, 
expected transfers among substations and anticipated new large loads (i.e., discrete 
projects) that are specific to each substation.  


The distribution peak guideline forecast is prepared for 15 different planning areas for the 
first 11 years of the forecast period. The forecast provides a guideline for the total non-
coincident (MVA) growth for all of the substations serving distribution customers in that 
area. The main drivers used in the model are the forecasts of distribution energy and the 
number of residential customer accounts, which is driven by housing starts.  


After the distribution peak guideline and substation forecasts are completed for each of 
the 15 areas, a final distribution peak forecast is prepared. These forecasts are 
aggregated for the 15 planning areas to develop a total distribution substation peak for 
each the four major service regions (Lower Mainland, Vancouver Island, South Interior 
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and Northern Region). Regional power factors and coincidence factors are applied to 
aggregated forecasts to produce four regional coincident distribution peak forecasts in 
MW. For the second 10 years of the forecast period, the distribution peak forecast for 
each region is derived using the growth rate in the distribution energy sales forecast. 


A total BC Hydro distribution substation peak forecast is prepared as a coincident sum of 
the four regional distribution peak forecasts.    


The equations and other details describing the development of the distribution peak 
forecast are contained in Appendix A1.3. 


10.4.2 Transmission Peak Methodology 
The transmission peak demand forecast is prepared on a customer-by-customer account 
basis for the entire forecast period. Individual transmission customer forecasts are 
developed using market intelligence from BC Hydro’s key account managers, historical 
peak demand trends, reports on industry outlooks, plus production and intensity 
estimates.  These forecasts are aggregated into regional peak forecasts (i.e.; a total 
transmission peak demand forecast) for each of the four main service regions. Regional 
coincidence factors and power factors are applied to each of these total regional peak 
forecasts to establish regional coincident transmission peak forecasts.   


A total BC Hydro transmission peak demand forecast is prepared as a coincident sum of 
the four regional transmission peak forecasts.  The equations and other details describing 
the development of the transmission peak forecast are located in Appendix A1.3. 
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10.4.3   Integrated System Peak Forecast Methodology 
A total system peak demand forecast is prepared as the sum of the total coincident 
distribution peak, total coincident transmission peak, peak demands for other utilities and 
total system transmission losses. The coincident distribution peak and transmission peak 
forecasts are informed from the individual substation forecasts. As such, the substation 
demands at the distribution and transmission level are counted once in developing the 
total system peak forecast. The system transmission losses are assumed as 7.5 percent 
of the total system peak demand forecast.   
 


The system peak demand forecast is prepared for the BC Hydro’s domestic system and 
the total integrated system. The domestic peak demand is the sum of the total domestic 
distribution and transmission peaks, the peak demand of the City of New Westminster and 
system transmission losses. The integrated system peak demand is the domestic peak 
demand plus the peak demands from the other utilities (i.e., Seattle City Light and 
FortisBC) and system transmission losses. 
 


10.5   Risks and Uncertainties 


Uncertainties and risks in the peak demand forecast come from several factors such as 
the assumptions on the growth of forecast drivers and model parameters to the 
anticipated normal weather assumption and its impact on the peak demand.  


Upward Pressure on Peak Demand: 
• The strong housing demand in B.C. as evidenced by residential accounts growth;  
• Stronger regional growth; 
• Continued high commodity prices and market demand for B.C.’s exports; and 
• Increased number of discrete distribution-connected spot loads. 


Downward Pressure on Peak Demand: 
• Slowdown in the housing market with more vacancies and less development than 


expected; 
• Lower commodity prices and a slowdown in the U.S. or Asian economies; and 
• Pine beetle infestation resulting in additional forestry sector challenges. 


BC Hydro quantifies the overall uncertainty in the peak demand using the results of the 
Monte Carlo uncertainty model as described in Chapter 5.  
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11 Glossary 
Accrued Sales are an estimate of electricity delivered within a specific month.  Most 


customer meters are not read at every month-end, so the amount of electricity 
delivered in a month is not known precisely.  In accordance with GAAP, monthly 
accrued sales are used for monthly financial reporting. 


Backcasting  Estimating econometric or other models over a historical time period and 
comparing the predictions of the models to actual results over the same time period. 


Billed Sales The amount of electricity billed.  Because bills are produced after the 
electricity has been delivered, monthly billed sales lag monthly delivery of electricity. 


Binary Variable is a variable whose value is either zero or one. Binary variables are often 
used as independent variables in regression models in order to account for events 
that either occur or do not occur.  In this latter context, binary variables are often 
referred to as “dummy variables” in regression. 


Calibration  Estimating econometric or other models over a historical time period. 


Coincidence Factor A ratio reflecting the relative magnitude of a region’s (or customer’s 
or group of customers’) demand at the time of the system’s maximum peak demand 
to the region’s (or customer’s or group of customers’) maximum peak demand. 


Commercial Output Commercial output focuses on the provisions of services in the 
economy and so includes such things as public administration, insurance agents, 
bankers, wholesale and retail trade, food services, accommodation provisions etc. 


Consumer Price Index (CPI) An inflation index calculated by comparing the price of a 
typical bundle of goods in the year in question to the price of the same goods in a set 
reference year. 


Cooling Degree Day (CDD) is a measure of warmness, defined by the number of 
degrees above 18 degrees Celsius for the average daily temperature.  CDDs are 
drivers of utility air-conditioning electricity loads. 


Demand-Side Management (DSM) Activities that occur on the demand side of the 
revenue meter and are influenced by the utility.  DSM activities result in a change in 
electricity sales.  Past DSM savings include incremental load displacement and 
energy efficiency savings.  Note that BC Hydro’s historical sales include the impact 
of DSM savings realized up to that year. 


Design Temperature Rolling average of the coldest daily average temperature over the 
most recent 30 years 


Distribution voltage customer A BC Hydro customer who receives electricity via 
distribution lines that operates at lower voltages (60 kV and less). 


Domestic System Peak includes the peak requirements for BC Hydro’s distribution and 
transmission customers in its service territory; sales to the City of New Westminster 
and system transmission and distribution losses. 


Econometric Modelling The use of statistical techniques, typically regression analysis of 
time-series and/or cross-sectional data, to detect statistically verifiable relationships, 
coherent with economic theory, between an explained variable (e.g. electricity 
consumption) and explanatory variables (e.g. industry output, prices of alternative 
energy inputs and GDP). 


Elasticity The proportionate change in a dependent variable (e.g. electricity consumption) 
divided by the proportionate change in a specified independent variable (e.g. 
electricity price). A dependent variable is highly elastic with respect to a given 
independent variable if the calculated elasticity is much greater than one. The 
dependent variable is inelastic if the elasticity is less than one. 
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End-use Model A model used to analyze and forecast energy demand, which focuses on 
the end uses or services provided by energy. Typical end uses are lighting, process 
heat and motor drive. For a given industry, the model estimates the influence of 
prices and technological change on the evolution of the secondary energy inputs 
required to satisfy the industry's end uses over time. 


Energy The amount of electricity delivered or consumed over a certain time period, 
measured in multiples of watt-hours. A 100-watt bulb consumes 200 watt-hours in 
two hours.  


Energy Efficiency Is the ratio of the energy service delivered from a process or piece of 
equipment to the energy input.  Energy efficiency is a dimensionless number, with a 
value between 0 and 1 or, when multiplied by 100, is given as a percentage. 


EV Electric Vehicle 


GAAP Generally Accepted Accounting Principles 


Gigawatt-hour (GWh) A measure of electrical energy, equivalent to one million kilowatt-
hours. (See Units of Measure.) 


Gross Domestic Product (GDP) A measure of the total flow of goods and services 
produced by the economy over a specified time period, normally a year or quarter. It 
is obtained by valuing outputs of goods and services at market prices (alternatively 
at factor cost), and then aggregating the total of all goods and services. 


Heating Degree Day (HDD) Is a measure of coldness, defined by the number of degrees 
below 18 degrees Celsius for the average daily temperature.  HDDs are drivers of 
utility space heating electricity loads. 


Integrated System That portion of the BC Hydro electricity system which is connected as 
one whole by a high voltage transmission grid. 


Integrated System Peak includes the peak requirements for BC Hydro’s distribution and 
transmission customers in its service territory; sales to Other Utilities, which includes 
Seattle City Light, New Westminster, FortisBC and Hyder Alaska (Tongass Power 
and Light Co. Inc.); and system transmission and distribution losses. 


Intensity A unitized measure of energy consumption, typically in kilowatt-hours per unit of 
stock. For example, kWh per account in the residential sector or kWh per unit of 
production in the industrial sector. 


Kilowatt-hour (kWh) A measure of electrical energy, equivalent to the energy consumed 
by a 100-watt bulb in 10 hours. (See Units of Measure) 


Liquefied Natural Gas (LNG) is natural gas that has been converted temporarily to liquid 
form for ease of storage or transport.  This process involves refrigeration, and 
requires no chemical transformations. 


Load The total amount of electrical power demanded by the utility's customers at any 
given time, typically measured in megawatts. 


Load Displacement Projects that involve the installation of self-generation facilities at 
customer sites, with the electricity generated being used on-site by the customer, 
with a resultant decrease in the purchase of electricity from BC Hydro. 


Megawatt (MW) A unit used to measure the capacity or potential to generate or consume 
electricity. One MW equals one million watts. (See Units of Measure.) 


Megawatt-hour (MWh) A measure of electrical energy, equivalent to 1,000 kWh. (See 
Units of Measure) 


Monte Carlo Method A technique for estimating probabilities involving the construction of 
a model and the simulation of the outcome of an activity a large number of times. 
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Random sampling techniques are used to generate a range of outcomes. 
Probabilities are estimated from an analysis of this range of outcomes. 


Megavolt-Amps (MVA) – a unit of apparent power, which is real power in MW, divided by 
power factor. 


Natural conservation The increase in energy efficiency that would occur in the absence 
of any utility-induced demand-side management program, all other things being 
equal. 


Non-coincident In general is the magnitude of a region’s (or customer’s or group of 
customers’) demand at the time of its peak. 


Non-Integrated Area (NIA) Non-integrated facilities refer to generating facilities that are 
not connected to the system, located in remote areas of the province 


Normalization The correction of actual customer sales and peak demand for factors such 
as unusually warm or cold weather. 


Ordinary Least Squares (OLS) is a method of estimating parameters to minimize the 
sum of squares errors in a regression model. 


Price Elasticity of Demand The percentage change in quantity demanded, divided by the 
percentage change in price that caused the change in quantity demanded. 


Real Price Increases that have been adjusted for changes in prices of all goods. The 
nominal price of an item may rise by 10 per cent over a year, but inflation (and 
assumed wages) may have risen by seven per cent over the same time period. 
Therefore the effective price increase faced by the consumer is close to three per 
cent. It is necessary to deflate current prices by an appropriate inflation index (the 
CPI in Canada) to convert money values to constant prices or real terms. 


Reference Forecast before DSM and Rate Impacts is the energy and peak demand 
forecast developed under the current methodology.  It is developed under the 
assumption that electricity rates increase at the rate of inflation and normal weather 
conditions.  


Region A geographical sub-division of the BC Hydro service area used for Load Forecast 
purposes. Four regions exist: Lower Mainland, Vancouver Island, South Interior and 
the Northern Region. 


Stock A quantity representing a number of energy consuming units. For example, in the 
residential sector, stock is the number of accounts or housing units; in the 
commercial sector, stock is represented by the floor area of commercial building 
space. 


System Coincident Peak Demand The greatest combined demand of all BC Hydro 
customers faced by the generation system during a given fiscal year. 


Transmission Voltage Customer A BC Hydro customer that is supplied its electricity via 
high-voltage transmission lines (60 kV or above).  


Units of Measure The large amounts of electricity generated and consumed on a system-
wide basis are discussed in multiples of the basic units of watt and watt-hours. 
Kilowatts and megawatts are used to measure power, and kilowatt-hours, megawatt-
hours, and gigawatt-hours are used to measure energy. The equivalence is: 
 
1 kilowatt (kW) = 1,000 watts 
1 megawatt (MW) = 1,000 kilowatts or 1 million watts 
1 kilowatt-hour (kWh) = 1,000 watt-hours 
1 megawatt-hour (MWh) = 1,000 kilowatt-hours or 1 million watt-hours 
1 gigawatt-hour (GWh) = 1,000 megawatt-hours or 1 billion watt-hours 
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Appendix 1 Forecast Processes and Methodologies 
There are a number of key components to the demand and sales forecast: the residential 
forecast; the commercial forecast (distribution and transmission voltage), the industrial 
forecast (distribution voltage and transmission voltage), and the regional and system peak 
forecasts.  The peak forecast includes the distribution voltage and transmission voltage 
peak demands. This section covers the methodology used for these forecast components.   


A1.1.  Statistically Adjusted Forecast Methodology 


Distribution 


BC Hydro forecasts residential and commercial distribution sales9 by using the Statistically 
Adjusted End-Use model (SAE).  This model incorporates end-use information, economic 
data, weather data and market data to construct regional forecasts. 


The statistically adjusted end-use modeling framework begins by defining energy use 
(Usem) in year and month (m) as the sum of energy used by heating equipment (Heatm), 
cooling equipment (Coolm), and other equipment (Otherm).  Formally, 


 


(A1.1)   mmmm CoolHeatUSE Other++=     


 


Equation (A1.1) can be shown in a regression form, as shown below in (A1.2): 
 


 (A1.2)  mmmmm XOtherbXCoolbXHeatbaUSE ε+×+×+×+= 321     


 


Here, XHeatm, XCoolm, and XOtherm are explanatory variables constructed from end-use 
information, economic drivers, dwelling data and weather data and mε  is the error term for 
the regression. The estimated model can then be thought of as a statistically adjusted 
end-use model, where the estimated coefficients are the adjustment factors or the relative 
contribution by the major end uses to the total consumption.  


The equations used to construct these X-variables are simplified end-use models, and the 
X-variables are the estimated usage levels for each of the major end uses based on the 
end use models.   


BC Hydro also includes other variables in equation A1.2.  Other variables include binary 
variables to account for migration of accounts between customer classes. In addition 
seasonal variables are included. 


Constructing XHeat.  Space heating energy is specified to depend on the following types 
of variables:   


• Heating degree days (weather), 


• Heating equipment saturation levels (fraction of building stock for the 
commercial sector), 


• Assumptions about heating equipment operating efficiencies, 


• Average number of days in the billing cycle for each month,  


                                                
9 The commercial sales are composed of commercial general rate class, transmission and BC Hydro Own 
Use, Irrigation, Street-lighting. The SAE model is used to forecast the sales for the commercial general rate 
class. The sales forecast for BC Hydro Own Use, Irrigation, and Street-lighting is done using historical sales 
data and trend analysis. The SAE models are calibrated over a 10 year rolling period. 
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• Economic variables include employment, retail sales and commercial output. 


The heating variable is represented as the product of an annual equipment index and a 
monthly usage multiplier.  That is,   


 
  (A1.3) mmm HeatUseHeatIndexXHeat ×=     


where, XHeatm is estimated heating energy use in a year (y) and month (m), HeatIndexy is 
the annual index of heating equipment in the year (y), and HeatUsem is the monthly usage 
multiplier. 
 
The sub equation for HeatIndexm in (A1.3) is:  
 
 
 
 
 
 
 
Where, y means year, e refers to the category of space heating, Share means saturation 
level of space heating, Eff means efficiency level of space heating based on Energy 
Information Administration (EIA) data 
 
The sub equation for XHeatUsem in (A1.3) is: 
 


HeatUsem = Commercial GDPIndexβ1m × EmploymentIndexβ2m × 
RetailSalesIndexβ3m × Heating Degree Days Indexm.   


 


Where m refers to month specific values and the β values are the elasticity that apply to 
the various regional economic indices above (i.e., commercial GDP, employment, and 
retail sales) and small commercial sales. The residential SAE model some of the 
economic drivers are different to the commercial sector economic drivers.  The residential 
sector drivers include: disposable income, household sizes and weather as non-economic 
drivers. The economic indices for each variable are developed based on a 12 month 
rolling average of the economic variable weighted by its average monthly value in the last 
historical year. 


The heating equipment index (HeatIndex) depends on the space heating equipment 
saturation levels normalized by average operating efficiency levels.  As a result, the index 
will increase over time if there are increases in heating equipment saturation levels, and 
will decrease over time if there are improvements in equipment and building efficiency 
levels.  Heating system usage levels (HeatUse) are driven on a monthly basis by 
economic variables and non-economic factors, such as weather (Heating Degree Days).  


Constructing XCool.  The explanatory variable for cooling loads is constructed in a similar 
manner.  The amount of energy used by cooling systems depends on the following types 
of variables:   


 


• Cooling degree days (weather), 


• Cooling equipment saturation levels (fraction of building stock for the 
commercial sector), 


• Assumptions about cooling equipment operating efficiencies,  


• Average number of days in the billing cycle for each month,  
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• Economic variables include employment, retail sales and commercial output. 


 


The cooling variable is represented as the product of an equipment-based index and 
monthly usage multiplier.  That is,   


 


  (A1.4) mmm CoolUseCoolIndexXCool ×=   


 


where, XCoolm is estimated cooling energy use in a year and month (m),  


CoolIndexy is an index of cooling equipment for the year (y), and  


CoolUsem is the monthly usage multiplier. 


As with space heating, the cooling equipment index (CoolIndex) depends on the cooling 
equipment saturation levels normalized by average operating efficiency levels.  As a 
result, the cooling index will increase over time if there are changes in cooling equipment 
saturation levels, and will decrease over time if there are improvements in equipment 
efficiencies or the thermal efficiency of buildings.  Space cooling system usage levels 
(CoolUse) are driven on a monthly basis by several factors, including weather (Cooling 
Degree Days) and similar economic factors used to develop heating usage. 


Constructing XOther.  Monthly estimates of consumption for non-weather sensitive end 
uses can be derived in a similar fashion. Non-weather sensitive end-uses include lighting, 
refrigeration, cooking, clothes washing and drying, entertainment and other miscellaneous 
equipment.  Based on end-use concepts, other sales are driven by: 


 
• Appliance and equipment saturation levels, 


• Appliance efficiency levels, 


• Average number of days in the billing cycle for each month, and 


• Economic variables include employment, retail sales and commercial output. 


 


The explanatory variable for other uses is defined as follows: 


 


  (A1.5) mmm OtherUseIndex OtherEqpXOther ×=   


The first term on the right hand side of this expression (OtherEqpIndexy) embodies 
information about appliance saturation and efficiency levels. The second term (OtherUse) 
captures the impact of changes in economic variables that impact use of other equipment. 
These economic variables are similar to those used for explaining heating and cooling. 
 


Figure A1.1 below summarized the inputs that are used in the construction of the 
regression variables (i.e. the predictor variables) for the commercial sector. 
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Figure A1.1 Statistically Adjusted End Use (SAE) Model 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


The main reason BC Hydro adopted the statistically adjusted end use model for the 
commercial sector is to enhance transparency.  In the 2005 Forecast, the commercial 
sector load forecast was based on a regression approach using GDP as the main driver.  
Since the 2006 Forecast, BC Hydro has run the SAE models for the distribution class by 
the four regions.    


 


A1.2. Industrial Forecast Methodology 


Industrial Distribution 


As indicated in the industrial section, BC Hydro applies a regression model to estimate the 
sales for the remaining sectors of the industrial distribution customers. The customers do 
not include sectors such as wood, mining, and oil and gas but includes customers such as 
agriculture, chemical, and other types of manufacturing and processing.  The methodology 
used to develop the forecast for oil and gas loads please see Appendix A3.2.  For mining 
and wood, the methodology follows from production and intensity, where the production 
estimates come from third party consultants.  


The industrial distribution energy forecast for the remaining segment is developed using 
regression methods based on the following expression: 


 


(A1.6)   INDD = (e
α + β * T


 )*GDP     
 


Where:  


• INDD is industrial distribution sales 
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• α and β are the regression coefficients from a time series regression of 
industrial distribution sales over provincial real GDP and a time trend 
and appropriate binary variables.  


• e  is exponential base 


• T is a time trend variable 


 
The results of the industrial distribution regression forecast, for the remaining segment, 
are provided in the table below.  


 
 


Model A1.1 Model A1.1 


Estimation 
Method 


 


OLS 


Constant 2.76 


Independent 
Trend Variable 


-0.006 


Economy  
Binary Variable 


N/A 


Adjusted R-sq 0.14 


Autocorrelation 
Range (AR) 


< 1.01  or > 1.34 


Durbin-Watson 1.71 


Autocorrelation 
Detected? No 


 
   


The forecast as produced by estimated regression and the forecasts for oil and gas, 
mining and wood sectors are provided in the table below. 


 


Table A1.1 Industrial Distribution Forecast before DSM and Rates 
 


Fiscal 
Year 


Regression 
Forecast 


Remaining 
Industrial  


Distribution 
(GWh) 


Total Distribution 
Oil and Gas 


Mining 
and Wood 


(GWh) 


Total 
Industrial 


Distribution 
Forecast 


(GWh) 


 F2013  2,411 1,454 3,865 
 F2014  2,442 1,575 4,017 
 F2015  2,487 1,579 4,066 
 F2016  2,538 1,628 4,166 
 F2017  2,587 1,692 4,279 
 F2018 2,637 1,765 4,402 
 F2019  2,673 1,803 4,476 
 F2020  2,703 1,788 4,492 
 F2021  2,731 1,816 4,547 
 F2022  2,783 1,830 4,613 
 F2023  2,837 1,843 4,680 
 F2024  2,886 1,844 4,730 
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 F2025  2,932 1,850 4,783 
 F2026  2,966 1,857 4,823 
 F2027  2,988 1,864 4,852 
 F2028  3,012 1,870 4,882 
 F2029  3,043 1,876 4,920 
 F2030 3,076 1,882 4,958 
 F2031 3,111 1,888 4,999 
 F2032 3,140 1,893 5,033 
 F2033 3,167 1,888 5,055 


 
Industrial Transmission  


 
Development of the load forecast for the gas loads is described in Appendix A3.2. The 
following information is supplemental to the process outline in the forestry and mining 
sections in Chapter 8. 


The methodology used in forecasting the industrial, transmission-voltage consumption 
incorporates expertise from many sources.  Although the forecast is performed on a sector 
and customer basis, the methodology within each is basically a three step process: 1) 
creation of consultant reports, 2) internal verification of the reports and 3) application of 
the reports to the forecast.  The consultant reports, used to develop the forestry and 
mining are produced by independent industry experts.  Most of the reports generated 
provide a long-term economic outlook for that sector and individual production forecasts 
within that sector.  


During the compilation and forecasting process, the following information is compiled and 
used to produce the individual account forecasts:  


• Historical loads, power factors, load factors, production forecasts, energy 
intensity factors (such as kWh/ unit of output); 


• Expansion and expected in-service dates; 


• The perceived risk of projects and new loads; and 


• Discussions with BC Hydro’s Key Account Managers and other expert 
contacts.  


These are compiled to develop a forecast for each transmission account in the areas of 
forestry, coal and metal mining.   


For the other large transmission industrial sector, which includes cements companies and 
auto parts manufacturers, the forecasts are developed on account-by-account basis for 
the first 11 years of the forecast and then extended by growth rate in GDP and elasticity to 
GDP in a similar manner to equation (A1.6).   
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Transmission Other Sector 


Sales to the Other sector in this section refers to: 1) large industrial Other sales as shown 
in Table 8.2 and 2) commercial transmission non-Oil & Gas customers.   


The following regression model was used to develop elasticity to GDP estimates for these 
customers.  The elasticity is 0.49 which was used to develop the long term forecast for this 
sector. 


 


 (A1.7)  Sales = α + β*GDPt   


Where: 


• Sales is sales for the remaining transmission sector 


• GDP is total provincial real output 


 


 
Model A1.3 Model A1.3 


Estimation 
Method 


 


OLS 


Constant 536.46 (81.53) 


Independent X 
Variable 


3.25 (0.54) 
(X = GDP) 


Adjusted R-sq 0.75 


Durbin-Watson 1.13 


Autocorrelation 
Range (AR) 


< 1.01  or > 1.34 


Autocorrelation 
Detected? 


Neither accept 
or reject. 
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A1.3. Peak Demand Forecast Methodology 


Figure A1.2 below shows that the bottom-up peak forecast methodology involves several 
steps for each of the distribution and transmission peak forecasts.  The general 
description of the development stages in system peak forecast is provided following. 


 


Figure A1.2  Peak Demand Forecast Roll-up 
 
 


 


 


 


 


 


 


 


 


The peak demand forecast is built up in three main stages, each incorporating several 
steps. First stage is the creation of the substation peak in MVA non-coincident10, second, 
the four main service region peak forecasts in MW are determined on a region coincident 
basis and third, the system peak in MW on a system coincident basis. 


 


Stage 1: Substation Peak Demand Forecast 


The substation peak forecast is built up in several sub steps: 1 (a) first the weather 
normalized peak loads by substation/area and short-term forecasts are developed; 1 (b) 
second the substation peak forecast guidelines are developed from an econometric model 
for each planning area; 1(c) third an 11-year substation forecast for each substation is 
created; and, 1 (d) finally the substation and guideline peak forecast are averaged 
together.   


The appropriate equations and description of the sub steps are provided below. 
 


1 (a) Weather Normalized Substation Peak and Short-term Forecast  
 


The equation below is the basis for a linear regression model that estimates the 
relationship between substation peak demand and temperature:  


  (A1.8) KVA =  α + β*min 
 


Where:  


• KVA is the metered peak load; and 


• min is the minimum mean temperature for the coldest day during the 
metered period.  


• α and β are the regression coefficients from a time series regression of 
peak substation demands on temperatures. 


                                                
10 Non-coincident is defined in the glossary. 
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Using the estimated regression coefficients, the weather-normalized peak is then 
calculated based on the design day temperature for that substation11: 


 


(A1.9) NKVA =  α + β*designmin 
 


Where:  


• NKVA is weather-normalized peak; and 


• designmin is the design temperature for the substation. 
 


The first step involves estimating a relationship between substation peak demand and 
temperature and determining weather-normalized substation peak for each substation for 
the previous winter.  This is produced by equation A1.15. The weather normalized 
substation peak along with historical growth rates of substation peak demands, expected 
transfers of substation load and expected discrete load additions or closures are used by 
BC Hydro Distribution planners to prepare a short-term forecast for each substation for the 
upcoming winter. The first step is completed with an estimate of the weather normalized 
peak for each substation for the base year or the most recent historical year.  
 


1(b) Distribution Peak Guideline Forecast. 


In the section sub step, a distribution substation peak guideline forecast is prepared for 15 
planning areas for the first 11 years of the forecast period using the following forecasting 
and (econometric model) equation: 


 


 (A1.10) SKit = [α1SFDHTG + α2SFDNON + α3MULTHTG + α4MULNON + α5U35E + 
α6O35E] 


 


Where: 


• SKit  is the total substation peak for the ith planning area; 


• SFDHTG is the number of single-family electrically heated homes; 


• SFDNON is the number of single-family non-electrically heated homes; 


• MULTHTG is the number of multi-family electrically heated homes; 


• MULTNON is the number of multi-family non-electrically heated homes; 


• U35E is annual energy consumption General under 35 kW; 


• O35E is annual energy consumption General over 35 kW; 


• the coefficients α1, α2, α3, and α4 are kW contribution to the distribution 
peak per dwelling in area i, for the four dwelling types under normal 
temperature conditions; and the coefficients, α5 and α6 represent the 
increase in peak demand due to a one-kWh increase in the General rate 
class Under 35 and Over 35 kW energy consumption. 
 
The forecasting equation for the distribution peak guideline model is 
provided in equation A1.18. The guideline forecast provides the expected 
total substation growth from the base year for each planning area. The 


                                                
11 


A regression model using non-linear variables was also used for weather normalization. 


 







ELECTRIC LOAD FORECAST F13-F33 


  P A G E  7 5  


drivers of the guideline forecast are based on regional economic 
information such as housing starts and employment. The guideline 
forecast is provided to BC Hydro Distribution planners from Market 
Forecast without adjustments for specific capacity additions or transfers. 


 


1(c) Long-term Substation Forecast 


In the third sub-step, an eleven-year substation peak forecast is prepared for each 
substation using the guidelines, trends in substation growth, forecast load transfers 
between substations and larger substation load additions.  During this step, BC Hydro 
planners may have additional and information or revised information from field engineers 
on expected increases or decreases on discrete customer loads as well as operational 
requirements for substations. This new information, along with the impact of the guideline 
forecast, may result in a change to the initial short-term forecast for each substation 
forecast from the first step. The long-term forecasts for each substation are summed up to 
fifteen planning region totals. These are the total long-term substation forecasts for each 
planning region. 


1(d) Average of Long-term Substation Forecast and Guideline Forecast  


The fourth sub step is the calculation of the blending or averaging of the long-term 
substation forecast and the guideline forecast for each of the 15 planning areas. Prior to 
the forecasts being averaged, the long-term substation peak forecast and the guideline 
are aggregated from 15 planning areas into four regional total substation forecasts. These 
sets substation forecasts (i.e. the long-term substation forecast and the peak guideline 
forecast) are then averaged together for each of the four service regions based on the 
following equation: 


 


 (A1.11) PKit =  Σit SKitGuideline + SKi Substation Forecast 


 


Stage 2: Regional Peak Forecast 


The regional peak is forecast developed using:  
 


  (A1.12) RPKjt = Σj [PKit*DCFj*PFj + TPj*TCFj*PFj + OPj*OCFj] 
 


Where:  


• DCF is the regional distribution peak coincidence factor; 


• PF is the regional power factor for distribution and transmission; 


• TP is the transmission peak; this is the aggregate of the transmission 
account peak forecast in each service region. 


• TCF is the transmission coincident factor; 


• OP is the other utility peak sales; 


• OCF is the other utility coincident factor; and 


• PK is the weighted average distribution substation forecast 


A transmission peak forecast is prepared for each commercial and industrial transmission 
account using a bottom-up approach. This involves using the historical peak data, 
information from Key Account Managers and market information and industry reports.  
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Stage 3: System Coincident Peak Forecast 


Finally, system coincident peak is created as the sum of coincidence-adjusted regional 
peaks and it includes transmission losses:  


 


(A1.13) SPK = (1 + TL)*Σj RPKjt *SCFj 
 


Where: 


• TL is the transmission loss factor; and 


• SCF are the system coincidence factors for each of the four regions. 
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Appendix 2 - Monte Carlo Methods  
 


This Appendix describes the Monte Carlo model that is used to assess the uncertainty 
associated with BC Hydro's Load Forecast.  The description includes a discussion of the 
methodology, assumptions and parameters of the model. 


Load forecasting involves considerable uncertainty.   The demand for electricity depends 
on a large number of factors which fluctuate widely with time and which are difficult to 
measure.  Some of these factors include population, gross domestic product, weather, 
technology, energy conservation programs (DSM), alternate energy source options, the 
business climate experienced by major customers and the changing tastes and 
customers.  The challenge of assessing the uncertainty of the load forecast is to quantify 
the way in which uncertainty in the major causal factors flows through to impact the 
resultant load. 


To quantify load forecast uncertainty, BC Hydro uses a Monte Carlo model and   Monte 
Carlo simulation techniques.  The model and simulation analysis proceeds as follows: 


• First, several major input variables or causal factors are identified.  These are: 
economic growth (measured by GDP); price of electricity (electricity rates); weather 
(measured by heating degree days) and elasticity of load (with respect to GDP and 
BC Hydro electricity rates).  In addition to the major causal factors, uncertainty for 
residual load impacts, Electrical Vehicles and Load Forecast DSM/Integration overlap 
with codes and standards are included in the model.    


• Second, probability distributions are assigned to each input variable. A model 
represented by a mathematical relationship between the input variable and the output 
variables is determined for each sector and the overall load. 


• Third, a large number of random samples are taken from the input probability 
distributions. The mathematic model is used, with each sample as input, to calculate a 
large number of simulations of the output variables. These simulations are used to 
construct probability distributions for the output variables. 


The model perturbs the Reference forecast for each sector by calculating the impact 
factors for each of the causal factors and other uncertainty variables. The impact factors 
are random variables shown in the equations below. For the 2012 forecast, each of the 
sectors - Residential, Commercial and Industrial – have separate formulas to which their 
respective Reference forecast is perturbed by separate impact factors. As such the Monte 
Carlo model has two major components; the energy demand model for the residential and 
general service sector and the energy demand model for the transmission sector.  
Previously, the same methodology and essentially the perturbation formula were applied 
to all the sectors. As for peak demand, the probability distribution for the overall system 
peak demand is generated using an overall system load factor the energy model. The 
model is implemented in Microsoft EXCEL augmented with Palisade Corporation’s @RISK 
software.   


The energy demand model for the residential, small commercial and industrial sector is 
the following equation: 


(A2.1) 
U
t


W
t


G
t


P
ttt IIIIEE 0=  


 


The energy demand model for the transmission sector, which is most of the overall 
industrial sector, is the following equation: 


(A2.1a) 
S
t


P
ttt IIEE 0=  







ELECTRIC LOAD FORECAST F13-F33 


  P A G E  7 8  


Here Et is perturbed energy demand,  0Et is base case or Reference energy demand, and 
the major impact factors are identified by their superscripts; P for electricity price (rates), G 
for GDP, W for weather, U for residual load uncertainty. For the transmission sector the 


S
tI is a new impact factor developed for the forestry, oil and gas, mining and remaining 


portions of the transmission load 


The equation S
tI  is as follows:  


   (A2.1b)     S
tI = S


tE0 + ( S
tE0 - S


tE ) 
 


Where, S stands for forestry, oil and gas, mining and remaining transmission sectors, S
tE0


is the Reference forecast for those sectors and S
tE is a randomly drawn forecast for those 


sectors from a triangular distribution.  


The following describes the impact factors for the major causal factors and other variables 
in more detail. 
   


Impact of GDP Uncertainty:  This applies to the residential and general service loads and 
correlation with the transmission loads. In order to assess the impact of uncertainty in 
future GDP, the base case GDP is perturbed.  The base case GDP is denoted by 0Gt  and 
the perturbed GDP is denoted by Gt . The perturbed GDP starts off being equal to the base 
case GDP in the first year. It then grows at a growth rate equal to the base case GDP 
growth rate ( 0gt ) plus a random perturbation growth rate ( gt ). This random perturbation is 
a normally distributed random variable with zero mean and a standard deviation of 1.70%. 
That is: 


(A2.2) gt  ∼  N(0,1.70%) 


The perturbed GDP is calculated by: 


(A2.3.) Gt  =  Gt-1 [ 1 +  0gt  +  gt   ] . 


The impact factor for GDP is then given by the following equation: 


(A2.4) IGt  = exp( α ln(Gt / 0Gt ))  = ( Gt / 0Gt )
α


    


where α0  is the elasticity of load with respect to GDP. 


Impact of Price Uncertainty: (BC Hydro electricity rates): This applies to all major sector 
loads. The calculation of the impact factor for price changes ( IP


t )  is  treated similarly.  A 
random variable, the perturbed price Pt , is calculated starting from the base case price 0Pt 


. The perturbed price starts out being equal to the base case price in the initial year.  It 
then grows at a rate equal to the base case growth rate plus a random perturbation.  In 
the model, the random perturbation has a triangular distribution with parameters (-2.5%, 0, 
+2.5%). However, unlike the case of GDP, the impact of price change is assumed to take 
place on a cumulative basis.   


Impact of Elasticity Uncertainty: Table A2.1 gives the elasticity parameters and 
distributions around the elasticity used in the current Monte Carlo model. This elasticity 
are part of the price and GDP impact factors for the respective sectors. 
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Table A2.1. Elasticity Parameter for Monte Carlo Model 
                                                


 Mean Probability Distribution (a,b,c) 
Price Elasticity 
Residential 
 
Commercial and Industrial 
General Service 
 
Transmission  


 
-0.05 
 
-0.05 
 
 
-0.05 


 
Triangular (-0.075, -0.05, -0.025) 
 
Triangular (-0.075, -0.05, -0.025) 
 
 
Triangular (-0.075, -0.05, -0.025) 


GDP Elasticity 
Residential  
Commercial and Industrial 
General Service. 
 


 
0.670 
0.780 
 


 
Triangular (0.470, 0.670, 0.870) 
Triangular (0.580, 0.780, 0.980) 
 


 


In Table A2.1, Triang(a,b,c) refers to a probability distribution known as a triangular 
distribution because its graph is a triangle.  This distribution is zero for values of its 
random variable less than a or greater than c.  It has a maximum (most probable) value at 
b. 


Impact of Residual Uncertainty in Load:  This factor incorporates the effect on load of 
other factors such as changes in technology, consumer taste, household structure, 
business type, and inter-regional differences. This applies to the residential and general 
service load.  The residual error factor starts out at 1.00 in the base year and grows at a 
rate that is, in each year, a random variable with the triangular distribution. The impact 
factor is defined by the following equations: 


(A2.5) IUt  = IUt-1 ( 1 + gU
t) IU0  = 1 


where gU
t  denotes a random variable with a triangular distribution.  Again, the @RISK 


software allows the specification of probability distributions in the model. 


Impact of Weather: Variations in weather are an important source of uncertainty in load. 
This applies to the residential and to a lesser extend the commercial general service 
loads.  The weather impact is most important for the residential and commercial loads, so 
weather impact is modeled only for these sectors.  In British Columbia, the impact of cold 
weather on residential heating load is the most important weather effect and is modeled 
using heating degree days (HDD).  HDD is an indicator of how much energy is needed to 
heat housing up to a comfortable temperature.  BC Hydro’s summer cooling load is much 
smaller than the heating load, so the small effect of cooling degree days (CDD) is not 
modeled. 


The weather analysis is based on the last 10 years of daily temperature data at Vancouver 
International Airport.  For every day, the number of heating degree days is calculated by 
the formula: HDD=max(0, Daily Temperature -18).  Then, the annual sum of HDD is 
calculated for each year.  


A standard probability distribution of the Beta type was found to provide the best fit to this 
data.  The Beta distribution has 4 parameters, and is written Beta(a1,a2,Min,Max).  Min 
and max are the maximum and minimum, while a1 and a2 determine the shape of the 
distribution.   


The weather impact factor is calculated by: 


(A2.7) IWt = exp{ εW  log( HDDt / 2,776) } 
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where  εW  is the elasticity of Residential or Commercial load with respect to HDD.  
εW is estimated judgmentally to be 0.374 for Residential and 0.05 for Commercial. 
The number 2,782 is the mean value of HDD in the Lower Mainland as calculated 
from a 10-year rolling historical average.   


IWt  is a random variable as are the other impact factors.  However it differs from 
the other impact factors in that its properties are the same for all years.  This is 
because weather in each year is independent of weather in all other years.  
Therefore the width of the 80% confidence region for IWt  does not increase with 
time.  


Impact of EVs and Codes and Standards: The Monte Carlo uncertainty model also 
considers the uncertainty in EVs and for overlap in codes and standards between Load 
Forecast and DSM.  This work involved developing distributions for each of these new 
items and including them in the model.  For EVs the distribution is log normal where the 
mean and standard deviation come from the reference and high EV load scenario as 
contained in Appendix 4.  For Load Forecast/DSM Integration, there is a tri-angular 
distribution around the estimates of the overlap between the DSM plan and pre-DSM 
forecast in the area of coder and standards. The distribution is +/-  50 % the mean 
estimates in the overlap in codes and standards. 


 


Other Modifications of the Monte Carlo Model 


The Monte Carlo model has been modified this year for the large transmission sector to 
include a more detailed analysis of the potential risk bandwidth. 
 
Separate long term high and low forecasts for forestry, oil and gas (including commercial 
such as pipelines), mining and the remaining portion of the transmission sector were 
developed based on a qualitative appraisal of reasonable high and low load scenarios 
specific to these sectors. These high and low forecasts, along with the Reference 
forecasts, are used to determine the end points of a triangular distribution for each of 
these sectors. The triangular distribution for the random variable  S


tE  is provided in the 
table below for F2017, F2022 and F2032. 


 


Table A2.2. Triangular distribution for random variable in Monte Carlo Model 


 


 Sector (S) Mean 
GWh 


Probability Distribution of Variable 
S
tE    


(GWh)  
F2017 Forestry 


Oil and Gas 
Mining  
Remaining 


7,603 
2,655 
4,812 
1,546 


Triangular (4,933, 7,603,  11,018) 
Triangular (1,009, 2,655,  4,990) 
Triangular (3,017,  4,812, 5,983) 
Triangular (1,160, 1,546,  1,852) 


F2022 Forestry 
Oil and Gas 
Mining  
Remaining 


7,711 
4,568 
5,480 
1,620 


Triangular (5,007,  7,711, 11,389) 
Triangular (1,432, 4,568,   9,267) 
Triangular (2,015, 5,480,   8,230) 
Triangular (1,147, 1,620,   1,940) 


F2032 Forestry 
Oil and Gas 
Mining  
Remaining 


7,735 
4,941 
4,790 
1,727 


Triangular (4,881,  7,735,  11,621) 
Triangular (1,446,  4,941,  10,094) 
Triangular (1,961,  4,790,    6,965) 
Triangular (1,042,   1,727,    2,202) 
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Next a correlation matrix between the transmission subsectors in the table above was 
developed.  This correlation matrix ensures that a high draw of say mining load is 
correlated with a high draw of load from the other sectors. 


Finally a correlation matrix was developed between the transmission subsectors and the 
GDP growth disturbance term which impacts the residential and general service load. This 
ensures that if a series of high draws for the industrial sub-sector occurs in any single 
simulation then a high draw of a random GDP disturbance term occurs. This brings 
together the element of correlation between high transmission load with a higher 
residential and general service load. 
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Appendix 3.1 - Oil and Gas (transmission serviced) 
This appendix documents BC Hydro’s commercial and industrial oil and gas forecast, and 
the reasoning behind the forecast for oil and gas sales.     


The oil and gas sector is categorized into four sub-sectors: 


• Oil Pipelines 
• Oil Refineries 
• Gas Pipelines 
• Gas Producers. 


Figure A3.1 illustrates the sub-sector components of the oil and gas load forecast.  As 
shown, significant load growth is expected for the Gas Pipelines and the Gas Producer 
sub-sectors. 


 


Figure A3.1: Oil and Gas Sector 
 


 


 


 


 


 


 


 
 
 
 
 
 


Oil and gas customers take electricity service at both transmission and distribution 
voltages.   


 


A3.1.1 Oil and Gas Overview  


Currently, the oil and gas sector makes up five percent of BC Hydro’s industrial sales.  
These operations primarily produce, process and ship petroleum and natural gas.  
Electricity is mainly used to drive compressors for production and pipeline transportation.  
In the medium to long term, it is expected that the majority of new gas production will be 
for export to markets in the U.S. and Asia. The main driver to this sector in the medium to 
long term is the price for natural gas. 


Sales to this sector have been aggressively trending upward (by 28 percent over the last 5 
years), consistent with significant increases in oil and gas production. In F2013, sales are 
forecast to decrease by 3 percent over the previous year.  In the short term (F2012-2017), 
sales are predicted to more than double, primarily due to increased gas producer and 
pipeline load in the Montney Basin. 
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In the medium term (F2017-F2022), oil and gas sales increase by about 60 percent, 
largely due to increased activity in oil and gas producer and pipeline load.  For the latter 
10 years of the forecast period, sales flatten in line with a levelling-off of gas production. 


Compared with the 2011 Forecast, the 2012 Forecast is lower in the short term but higher 
in the medium to long term.  This is due to deferred gas production in the short term and 
increased gas production and Oil & Gas pipeline load in the medium and long term. 
Details are provided below.  Note that gas producer load for the Horn River is treated as a 
separate scenario in the analysis for BC Hydro planning process.   


                   


A3.1.2 Oil Pipelines Overview   


Sales to oil pipelines currently make up 17 percent of BC Hydro’s sales to the oil and gas 
sector.  These customers operate pipelines which serve to transport crude oil and 
petroleum products.  Electricity is primarily used in pumping stations and the power sales 
are correlated to the volume of liquids shipped.  Since these customers are providing a 
service, as opposed to manufacturing a product, they are classified as commercial load. 


The main advantage enjoyed by B.C. pipeline operators is that the proximity to Asian 
markets is conducive to export.  


 


Oil Pipelines Outlook  


Over the last four years, sales have generally trended up as new pipeline capacity had 
been added to meet growing demand for exporting crude.  In F2013, sales are forecast to 
increase materially compared to previous year, as operational constraints that were 
previously in place have been removed. 


For the first five years of the 2012 Forecast sales significantly increases as incremental 
pipeline capacity is expected to increase.  From F2018 onward, oil pipelines sales are 
forecast to only marginally grow.  


 


Oil Pipelines Drivers and Risk 


Drivers: 
• Addressing capacity constraints along the pipeline;  
• Demand for crude from California and Asia;  
• B.C. demand for crude, gasoline and jet fuel, and; 
• Economic conditions. 


Risk Factors: 
• Environmental and social approvals for pipeline expansions and new 


pipelines. 
• Construction risks and delays 


 


A3.1.3 Oil Refineries Overview   


Sales to oil refineries make up 30 percent of the oil and gas sector. These customers 
extract, refine and store crude oil and are thus classified as industrial load. A small 
number of these customers (primarily located in the Lower Mainland) refine crude oil to 
produce gasoline and jet fuel. They also refine diesel by removing sulphur and provide 
liquid fuel storage. 


Sales in this sub-sector primarily depend on domestic demand from automobiles and air 
travel. In the future, oil refineries sales are expected to be relatively more dependent on 
export demand for crude oil and petroleum products. B.C. operators have a competitive 
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advantage due to proximity to petroleum sources, dependability of shipping and receiving, 
and access to ports.  


 


Oil Refineries Outlook 


Over the last four years, sales have increased by 44 percent due to increases in oil 
production and refining activity. In F2013, sales are forecast to increase by 8 percent due 
to the expected recovery in gasoline, diesel and aircraft fuel sales. 


Over the entire forecast period, sales are expected to increase by 13 percent. Compared 
to the 2011 Forecast, oil refineries sales in the current forecast are relatively unchanged. 


 


Oil Refineries Drivers and Risk 


Drivers  
•   Demand for gasoline, diesel and jet fuel; 
•   Oil and gasoline prices; and 
•   Asian demand. 


Risk Factors 
• Environmental concerns;  
• GHG regulations which might impact refineries; and 
• Local and global economic conditions. 


 


A3.1.4 Gas Pipelines Overview  


Sales to this sub-sector compromises 10 percent of the total oil and gas sector sales.  
Pipeline companies use electricity for compressing gas for shipping and processing;  this 
is not a manufacturing process, they are categorized as commercial customers.  


 


Gas Pipelines Outlook  


Over the last five years, the load in this sector has been relatively small and highly 
correlated to North American natural gas prices.  Please see Appendix A3.2 for more 
information on northeastern B.C. gas production and electricity demand expectations.   


 


Gas Pipeline Drivers and Risk 


Drivers: 


• Potential for the conversion of coal-fired generation to less carbon-intensive 
natural gas-fired generation; 


• Possible conversion of some of the Japanese nuclear fleet to gas-fired 
generation; 


• Medium to long term expectations for gas and oil prices; 
• Carbon tax and fuel switching for GHG reduction purposes; BC Hydro would 


tend to service more industry loads at higher carbon prices; and 
• Electrification of NE BC gas production. 


 
Risk factors: 


• Social concerns over the footprint of the extraction operations and the 
shipping and exporting of oil; 


• Rate impacts to BC Hydro customers; and 
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• The speed at which industry customers need electricity supply, and the ability 
of BC Hydro and the regulatory process to respond to these requests. 


 


A3.1.5 Gas Producers Overview 


Sales to this sub-sector currently make up 45 percent of the oil and gas sales.  The gas 
producers are located in northeastern B.C. and primarily use electricity to power their 
compressors.  These customers are categorized as industrial because they produce and 
process either conventional gas or shale gas for sale.  Although the production of 
conventional gas in B.C. is expected to progressively decline, shale gas production is 
forecast to grow substantially. BC Hydro anticipates it will be servicing a large portion of 
shale gas production (see Appendix 3.2).    


Gas Producer Outlook 


Over the past five years, sector sales have risen by over 60 percent.  In F2013, sales are 
forecast to remain relatively unchanged due to weak gas prices in the near term, which 
will dampen B.C. gas production.   


In the first five years of the 2012 Forecast, sales are projected to increase nearly six-fold; 
most of this growth attributable to shale gas development in the Montney Basin (refer to 
Appendix 3.2).   


During the F2018-23 period, sales growth is forecast to slow and flatten out as new drilling 
is expected to be directed at maintaining infrastructural efficiency. For the latter 10 years 
of the forecast, sales are expected to increase marginally with new drilling directed at 
maintaining gas flows at close to capacity to realize efficiencies.   


Compared to the 2011 Forecast, the current forecast for the Gas Producer sub-sector is 
lower in the short term but higher in the medium to long term.  This is due to currently low 
natural gas prices in North America and uncertain financial markets have caused gas 
producers in the Montney gas basin to deferred drilling projects in the short term; 
however, in the medium to long term, greater than expected production activity is 
expected. 


 
Gas Producer Drivers and Risk – See Appendix 3.2 
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Appendix 3.2 - Shale Gas Producer Forecast – (Montney) 
Gas Producer Overview 


As indicated in Appendix A3.1, transmission and distribution customers serviced by 
BC Hydro for the production of shale gas are included in BC Hydro’s industrial customer 
sector. This appendix documents BC Hydro’s estimates of future load requirements for 
these shale gas producers. 


Shale gas refers to natural gas enclosed in a fine-grained sedimentary formation with low 
reservoir porosity and low permeability.  Although such basins have been uneconomic in 
the past, new technological advancements such as horizontal drilling and multi-stage 
hydraulic fracturing have enhanced commercial production of shale gas. 


Sales for servicing shale gas production are expected to occur in northeast B.C.  
BC Hydro’s 2010 Load Forecast included expected sales from both the Horn River and 
Montney shale gas plays; the 2011 and 2012 Forecasts include sales from only the 
Montney play and treats potential Horn River sales as a separate scenario for analysis in 
BC Hydro’s long-term planning processes.  For more detail on this point, refer to Chapter 
9.  Regarding the Montney, (in the vicinity of Dawson Creek, see Figure A3.1), sales are 
expected to increase substantially over the next 10 years, from current low levels, 
primarily due to regional shale gas development.  The Montney Basin shales are believed 
to contain among the largest untapped reserves of unconventional gas in North America.   


 


Figure A3.1. Map of Montney and Horn River Basins 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


BC Hydro is closely following a significant number of developments in the Montney area 
and potential liquid natural gas projects on BC’s North Coast.  Below are recent public 
industry announcements which reflect continued global interest in the Montney Basin:   


• In January 9, 2013, TransCanada Corp. announces plans to build a $5-billlion 
pipeline to transport gas to the North Coast from the North East to PETRONAS’ 
planned LNG plant near Prince Rupert. 
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• In December 2012, PETRONAS announces plans to proceed with $9-billion LNG 
plant after completing a detailed feasibility study.  


• In December 2012, Chevron announces intent to purchase 50 percent ownership 
of the proposed pipeline and related export terminal in Kitimat. 


• In December 2012, Painted Pony completes a $108-million deal, further 
expanding its Montney land holdings. The company has one of the largest 
contiguous northeast BC Montney land blocks.   


• In October 2012, Exxon Mobil offers $3.1-billion for Celtic Exploration Ltd, to 
acquire its 545,000 net acres of land in the liquids-rich Montney shale in West 
Central Alberta. Exxon-controlled Imperial Oil Ltd. is in the early stages of 
assessing the viability of an LNG export facility. 


• In June 2012, PETRONAS makes a $5.9-billion offer to acquire all of Progress 
Energy Resources Corp. Progress has the largest acreage in the Montney. 


• In February 2012, British Gas (BG) Group announces that it will begin 
conducting a feasibility study on developing an LNG terminal in Prince Rupert. 


• In February 2012, Encana enters into a C$2.9 billion agreement with Mitsubishi 
Corporation for a 40 % interest in the Cutbank Ridge Partnership. This includes 
409,000 net acres of Encana’s undeveloped Montney-formation natural gas 
lands in its Cutbank Ridge resource play in northeast British Columbia. 


The major advantages for Montney producers are the thickness and richness of the gas 
reservoirs and their proximity to markets.  Montney formations are among the thickest in 
North America reaching up to 350 meters; which increases the resource base and 
simplifies drilling.  The Montney is also relatively rich in liquids, for which the sale price is 
more related to an oil-price proxy than a lower gas price.  Given foreseeable oil prices, this 
is a major incentive to production economics.  Montney gas is relatively free of 
contaminants such as CO2 and sulphur compounds.  In terms of infrastructure (roads, 
personnel, servicing industry) the Montney region is well developed, relative to the more 
remote Horn River.  Finally, Montney gas production may form a significant basis for LNG 
exports from the BC west coast, which is the closest potential export point from North 
America to Asian load centers.  These advantages serve as primary drivers for investment 
and drilling activity in the Montney Basin. 


 


Gas Producer Outlook 


Sales to gas producers are forecast to continue to rise as it is expected that producers will 
continue with drilling and completions programs.  Drilling in F2013 will likely be motivated 
less by gas prices and more by high liquids prices, existing supply contracts (where gas 
prices were previously locked in at higher levels) and drilling obligations for the 
maintenance of land leases.  


In the short term (to F2017), sales are forecast to substantially increase, driven mainly 
from expectations of new drilling operations.  These projections are based on customer 
requests for service and from BC Hydro’s forecasting model (see next section for further 
details).  
 
In the medium term (F2017-F2022), sales are forecast to continue to rise but at a slower 
pace.  It is expected that gas production will continue to expand and that the number of 
sites serviced by BC Hydro will increase.  By the end of F2022, gas production is 
expected to reach 4,600 million cubic feet per day (MMcf/d) in the Montney Basin.  This 
current increase relative to the previous forecast is in line with third party projections.  The 
primary reason for the change is that BC Hydro has revised upward its forecast for the 
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northwestern part of the Montney Basin.  This area has experienced a great deal of 
investor activity as of late and is reportedly very rich in valuable natural gas liquids.   


For the last 10 years of the forecast, sales peak, then level-off and are not expected to 
decline until after the forecast horizon.  


Compared to the 2011 Forecast, as driven by updated gas production expectations, the 
2012 Forecast for Montney gas producers is lower in the initial years but becomes higher 
afterwards.  As shown in Table A3.1 below.  This can be attributed to a number of factors 
including: (i) BC Hydro has experienced increased inquires for electricity service, (ii) 
industry experts have increased their gas production forecasts; and (iii) additional industry 
capital is being committed towards gas production and export infrastructure.  


 


Table A3.1 Montney Gas Production and Sales Forecasts – Before DSM and Rate 
Impacts 


 Integrated Area (Peace Region) 
 Total Gas 


Production 
(MMCf/day) 


Electrical Load 
(GWh) 


 2012 2011 2012 2011 
F2013 1,383 1,382 312 391 
F2014 1,648 1,800 385 1,068 
F2015 2,298 2,332 822 1,637 
F2016 2,889 2,859 1,095 2,136 
F2017 3,362 3,428 1,788 2,323 
f2018 3,770 3,792 2,305 2,477 
F2019 4,151 4,029 2,682 2,610 
F2020 4,436 4,204 2,936 2,681 
F2021 4,533 4,345 3,067 2,845 
F2022 4,642 4,463 3,179 2,889 
F2023 4,749 4,563 3,312 2,922 
F2024 4,846 4,646 3,349 2,952 
F2025 4,849 4,714 3,382 2,979 
F2026 4,854 4,768 3,409 3,005 
F2027 4,884 4,808 3,435 3,030 
F2028 4,920 4,836 3,461 3,055 
F2029 4,954 4,853 3,486 3,079 


F2030 4,964 4,858 3,509 3,101 
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Montney Shale Gas – Drivers and Risk  


Drivers 


• Natural gas prices in North America – a high price stimulates sector demand 
because it makes it more profitable to produce shale gas; 


• Price of oil – a high price elevates load demand. The Montney Basin is one of 
a limited number of North American gas plays that is rich in natural gas 
liquids; since liquids prices closely follow oil prices, a high oil price stimulates 
production in liquids-rich gas plays; 


• Fracturing technology – evolving hydraulic fracturing technology produces 
proportionally greater benefits to the large rich shale gas plays such as the 
Montney. 


Risk Factors 
• Greenhouse gas regulation – GHG emission reduction targets in B.C. and 


the U.S.; 


• Regulation of formation fracturing operations – a number of provincial, state 
and federal agencies are reviewing this, which may lead to constrained 
shale gas production; 


• Other new N. American gas supply – which includes methyl hydrates, coal 
bed methane and other shale gas plays on the continent and associated 
gas in Alaska; 


• New global gas supplies.  Russia, China and Australia have shale gas 
potential.  However, shale gas development in Asia is significantly behind 
that in N. America; and 


• Montney development and operational costs – the Montney is relatively far 
from the major gas markets.   


 


Shale Gas Forecast Methodology 


BC Hydro employs two approaches to develop the forecast, referred to as the bottom-up 
and top-down methodologies. The bottom-up forecast is based on customer-specific 
information and analysis and serves as BC Hydro’s official load forecast. The top-down 
forecast is a macro forecast that is used to guide and confirm the bottom-up forecast.  


 


Bottom-up Forecast 


The 2012 gas producer load forecast is generated using a bottom-up approach; it also 
includes an iterative exercise with the top-down forecast.  The bottom-up forecast 
originates from a compilation of current and expected customer load requests.  In arriving 
at an ‘expected’ or most likely net customer service requirement, each customer request is 
evaluated, shaped and discounted based on information from various sources internal and 
external to BC Hydro.  External factors come from a number of areas such as industry, 
producer publications and the top-down forecast, as explained below. 


 


Top-down Forecast 


The top-down forecast uses macro information to arrive at the Montney load forecast.  In 
doing so, it serves as a guide to check and improve the accuracy of the bottom-up 
forecast. 
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As discussed below, the top-down forecast is derived by creating and then multiplying 
three data sets, as follows: 


  Top-down Forecast = Production  x  Intensity  x  Service Percent 


 


Production Table  


The production table is a forecast of annual natural gas volume over the life of the gas 
play. The production table is constructed using a forecast of two drivers – wells drilled (per 
year) and a well production profile. These parameters are determined by setting the 
expected well life, initial production level and well decline rate.   


The production table results need to be consistent with expectations for total gas 
recovered, total wells drilled, average well production, planned pipeline capacities, gas 
price forecasts and full-cycle economic costs for B.C. gas plays and competing plays in 
North America. To ensure that the results are reasonable, BC Hydro conducts a 
comparative analysis with those of industry associations, producers, pipeline companies, 
and government and industry experts. 


For the Montney Basin, the major drivers for the production table are shown in Table A3.2 
below:  


 


Table A3.2 Major Driver Characteristics and Production Assumptions 
 


Well life  25 years 


Initial well production level first 
month  5.25 MMcf/day 


Well decline rate - month 1 
(annualized) 10.3% 


Well decline rate - month 60 0.60% 


Well decline rate - month 240 0.60% 


Drilling pattern 
Assumed to be uniform 


throughout the year  


Total recoverable gas  68 trillion cubic feet 


Wells drilled 14,000 


Average production per well  4.4 billion cubic feet (Bcf) 


Peak production year for Montney  F2031 


Montney peak production year 
volume  5.0 Bcf/day 


Number of years of drilling 46 


Number of years in modelling   70 years 


 


Figure A3.2 shows BC Hydro’s shale gas production forecast for the Montney Basin (bold 
line).  This is used to produce the Base Case Forecast.  Also shown are production 
forecasts from other third parties.  
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Figure A3.2   Montney Shale Gas Production Forecast 
 
 
 
 
 
 
 
 
 
 
 
 


 


Figure A3.3 shows the production profile of a typical well in BC Hydro’s model and typical 
well projections from other expert sources.  As with Figure A3.2, source of the other well 
curves is blanked out in the chart legend for the purposes of confidentiality. 


 


Figure A3.3   Well Production Curve (with other industry projections) 
 


 


 


 


 


 


 


 


 


 


 


 


 


Multiplying the production table by an intensity level yields the energy needed to produce 
the gas over the next 60 years. This represents the total energy required to bring gas to 
the high pressure pipeline grid. A percentage of this is assumed to be serviced by 
BC Hydro (see below). 
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The intensity factor is multiplied against gas production estimates to determine the total 
energy requirement needed to produce the gas.  Intensity times production equals total 
energy needed, as shown in the equation below: 


 
 Intensity (MW/MMcf/day) x  Production (MMcf/day) = Power Requirement (MW) 


  where:  MW is megawatts of power consumption and 
 MMcf/day is million cubic feet of gas per day  
 


BC Hydro’s intensity rate is a compilation of two approaches: (a) determining the energy 
requirements of the major processes within a typical plant, and (b) conducting an industry 
survey.  BC Hydro’s calculation factors for estimating the typical plant requirement are 
detailed below: 


   Compression   0.105 MW/MMcf/d 


+ Processing   0.025 MW/MMcf/d 


+ Additional Compression  0.001 to 0.01 MW/MMcf/d    


= Total     0.131 to 0.140 MW/MMcf/d  


As shown above, the total intensity rate range is 0.131 to 0.140 MW/MMcf/d. This is 
comparable to industry information indicating a range of 0.08 to 0.14 MW/MMcf/day, with 
a number of estimates clustered around a value of 0.120.   


The compression intensity of 0.105 MW/MMcf represents the energy needed to move the 
gas from the wellhead, through the field gathering system and into a centralized 
processing facility (where electricity is also used in the processing process, (which 
includes the removal of gas liquids) and then eventually to the high-pressure, downstream 
pipeline.  This calculation assumes: 


• Well-head pressures of 140 to 240 Psi 


• Mainline pipe pressure of 900 to 1,440 Psi 


• 2 or 3 stages of compression. 


The processing intensity of 0.025 MW/MMcf/d is for ancillary electric loads for removing 
water, acid gases and liquids.  In the Montney, gas can be processed at the processing 
facility since gathering pressures are low and the gas generally is only slightly sour. This 
estimate assumes: 


• Only a small portion of gas in the Montney is sour (in the regions closest to 
the Alberta border), per industry sources; and  


• The water content of the gas is low and much of the gas meets pipeline 
specifications of about four pounds of water per MMcf of gas. 


The additional compression intensity of 0.001 to 0.01 MW/MMcf/d is BC Hydro’s estimate 
for additional load that is expected to be required to move gas from the processing facility 
to the downstream pipeline.  As the Montney play develops, additional pipeline 
compression is expected to be required to move gas downstream. 


Other assumptions: 


• Hydraulic fracturing operations would not require service from BC Hydro; 
these operations are of a short duration and generally in remote locations; 


• Water recycling loads would not be material; 


• Downstream pipeline loads would not be served by BC Hydro. 
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Service Percent Table 


The service percent is the proportion of total energy to be provided by BC Hydro’s 
electricity service.  A number of factors have been considered by BC Hydro in arriving at 
this figure – namely, evolving trends for the areas, engineering calculations and economic 
analysis, discussion with BC Hydro staff who work directly with the new customers and 
industry surveys conducted by BC Hydro.  For the Montney Basin, the forecast is divided 
into five areas with the following service percentages:  


• Dawson Creek:  40% ramping up to 85% over the forecast horizon 


• Groundbirch:   30% ramping up to 95% 


• Chetwynd:   40% ramping up to 85% 


• Fox/Fort St. John:  5% ramping up to 70% 


• G.M. Shrum:   15% ramping up to 25%. 
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Appendix 3.3 – LNG Load Outlook 
 


Demand for natural gas is growing in Asia and Europe, primarily for electricity generation 
and heating purposes, as well as in transportation. China and Japan are both pursuing 
new supply options – China to fuel its massive modernization and Japan to diversify its 
fuel supply. With demand growing quickly, gas prices in Asia are considerably higher than 
they are in North America. This creates the opportunity for natural gas exports to these 
markets in the form of LNG.   


To date, several LNG proponents have approached BC Hydro and/or the B.C. 
Government with respect to LNG projects for the B.C. north coast. Canadian producers 
are increasingly looking to take advantage of this price differential, with a number of LNG 
export projects being proposed.  LNG is a very capital intensive undertaking; these 
operations typically run at very high load factors, with minimal downtime, and little 
seasonal or intra-day load variations.  


Over the past couple of years, BC Hydro and government have been closely working with 
LNG proponents on options for meeting all or some of the energy needs of LNG plants 
with power from the BC Hydro system. 


LNG-related electricity demand falls in to two general categories: compression and non-
compression.  The compression work energy is about 85% of the total plant’s energy 
needs. The remaining (non-compression) energy requirement is from plant pumps, 
motors, other equipment, heating and lighting.   Compression energy is typically supplied 
with direct-drive natural gas turbines, although this can also be accomplished with electric 
drives.  


Nevertheless, LNG non-compression demand is still significant, and could be one of BC 
Hydro’s biggest system loads.  Potential non-compression LNG demand could be 
between about 800 GWh/year to about 6,600 GWh/year of additional energy demand, 
corresponding to about 100 MW to 800 MW of additional peak demand.  


A range of potential LNG loads are considered as scenarios in BC Hydro’s planning 
processes.  The 2012 Reference Load Forecast presented in this document does not 
include any specific LNG demand beyond very small allocations associated with on-site 
construction. 
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Appendix 4 - Electric Vehicles (EVs) 
 


Overview 


In the past two years automobile manufactures have launched several models of electric 
vehicles (EVs) in North America while announcing plans for mass production of EVs in the 
near future. However, the market is still new and uncertainties remain around the timing 
and extent of large-scale adoption of EVs. The operating cost and environmental 
advantages of EVs make them attractive alternatives to conventional gasoline vehicles. 
On the other hand, the generally higher purchase price of EVs and lower gasoline prices 
may dampen the market share growth of EVs. 


EVs have a large fuel cost advantage over gasoline vehicles, offering drivers lower 
ongoing operating costs. The low price of electricity in BC compared to other North 
American jurisdictions further magnifies the operating cost advantage of EVs.  Large-scale 
adoption of EVs may help lower greenhouse gas emissions and related environmental 
costs. 


Some of the key barriers that need to be overcome before EVs gain a significant market 
share include:  higher costs, limited driving range of EVs, and overall consumer 
acceptance as alternative to gas vehicles. The purchase price of EVs remains significantly 
higher than the price of comparable gasoline vehicles, in part due to the high cost of 
batteries. Despite major research and development investments in battery technology by 
the private sector and governments, battery prices remain high and some battery 
manufacturers have faced financial difficulties. 


The limited range of all-electric vehicles is an obstacle for drivers who drive long 
distances; this may be a challenge for both urban and rural drivers in various parts of the 
province. Even drivers who seldom travel distances longer than the current range of EVs 
may forego this option due to “range anxiety” – the perceived threat of being stranded. 
While plug-in hybrid electric vehicles (PHEVs) offer extended range and therefore reduce 
range anxiety, their higher costs compared to pure EVs limits their attractiveness to 
potential buyers. Availability of public charging infrastructure and consumer education are 
ways to reduce range anxiety. 


EV Impacts on Energy Demand 


The load forecast of EVs consists of a reference case and a high case scenario. A 
forecast of the number of EVs and annual energy consumption of EVs is created. 


The forecast is produced using a model that takes into account many variables including 
driving-age population and vehicle growth, gasoline and electricity price forecasts, and 
efficiencies for both electric and conventional vehicles. The EV reference case forecast 
includes the following main assumptions: 


• A constant energy efficiency of 30 miles per gallon for gasoline vehicles and 
0.20 KWh per km for EVs. 


• Existing government subsidies are taken into account, but no new policies or 
initiatives are assumed. 


• The supply and demand for EVs is initially constrained because the EV fleet 
is currently very small and the rate of development depends upon several 
factors. These factors include: consumers’ tastes and acceptance of EVs, 
and time needed for manufacturing capacity to expand in areas of battery 
production, retrofitting current factories or creating new facilities dedicated to 
EV manufacturing. 
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As such, BC Hydro expects the rate of market uptake to be gradual, making the load 
growth on its system manageable in the near future. 
 
The EV adoption rate produced by the model is driven primarily by economics.  
Competition between the fuel cost advantage of EVs and the lower capital cost of 
conventional vehicles affects consumer choice. Purchase price of a representative EV is 
assumed to be about $11,000 higher than a similar gasoline car. The market share of EVs 
is very small in the early years but increases rapidly in later years due to the relaxation of 
availability constraints that have been assumed. As shown in Figure A4.1, the market 
share of EVs as a percentage of all light duty vehicles increases from 5% in 2020 to 20% 
in 2028, in the reference case. 


Figure A4.1 Electric Vehicles in BC: Market Share (Percentage of New Vehicle 
Sales) 


  
 


In the High case, EV market share reaches over 50% in the same timeframe, as a series 
of potential developments are assumed to facilitate the introduction of EVs. In particular, it 
is assumed that the government will extend the $5,000 EV purchase price subsidy past 
the current expiry date in 2013. Similarly, it’s assumed that the additional rebate of $500 
towards home charging equipment costs will persist. Also, gasoline prices are assumed to 
be higher by about 10% throughout the forecast horizon, favouring EVs.  Finally, the upper 
range of EVs is assumed to increase over time based on the assumption of technological 
improvements and a significant increase in the number of public EV charging stations in 
BC Hydro’s service territory. 


The annual energy load due to EVs is forecast for both scenarios. In the EV reference 
case, load from electric vehicles increases from 14 GWh in 2017 to 1,270 GWh in 2032.  
In the High case (scenario), EV load increases from 28 GWh in 2017 to 2,939 GWh in 
2032. Figure A4.2 illustrates both load scenarios before rate impacts. As seen in Figures 
A4.1 and A4.2, the High case assumptions significantly increase the adoption rate and 
energy requirements of EVs compared to the reference case. 
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Figure A4.2 EV Load Forecast 


 
 
 


Table A4.1 at the end of this appendix shows the residential EV load, commercial EV load 
and the total EV load included in the 2012 reference load forecast. 


EV Impacts on Peak Demand 


BC Hydro developed an EV peak model to study the impact of EVs on BC Hydro’s system 
peak. The peak EV model was updated in the 2012 Forecast with consistent inputs from 
the EV energy model. The EV peak model is a simulation model that has several inputs 
including: (i) number of EVs per year; (ii) daily distance travelled; (iii) EV efficiency in kWh 
per km; (iv) power of the charging equipment in kW; and (v) a charging time profile. These 
inputs combine in the simulation model to determine an EV daily peak shape which is 
used to estimate the EV impact on BC Hydro system coincident peak demand. 


The model does not account for specific peak shifting behaviour. This means the model 
produces the impact on the peak demand without any constraints to shift EV load impact 
away from the system peak hours. It is possible that when EVs become available in large 
numbers, incentives or policies may be used to mitigate EV contribution to the system 
peak load.  


Overall, the impact of EVs on BC Hydro peak in the reference case is approximately 4 
MW in F2017 and 459 MW in F2032. Figure A4.3 below and table A4.1 show the EV 
impact on BC Hydro’s total distribution system coincident peak before DSM and rate 
impacts and before system transmission losses. 
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Figure A4.3 EV Impact on System Peak Demand 


 


Forecast Risks and Uncertainties 


The EV forecast is uncertain. The relatively slow penetration of hybrid vehicles in the 
North American market over the past decade is an indication of challenges facing EVs. 
Some of the sources of uncertainty are discussed here: 


 
• Future measures taken by governments to encourage adoption of EVs can 


accelerate EV adoption. These measures can include new fuel efficiency 
regulations, continued subsidies to reduce the initial price of EVs, continued 
investments in charging infrastructure, government fleet purchases, grants to 
automotive and battery manufacturers, access to HOV lanes and provision of free 
parking to EVs. 


• A sustained slowdown in the growth of global economy can delay investments in 
EVs by manufacturers and consumers, postponing the mass adoption of EVs by 
several years. 


• Changes in gasoline price expectations can have significant impacts on the market 
share of EVs. EVs become more economical at higher gasoline prices. For 
example, emergence of new global sources of oil and a slower expected growth in 
the global economy have somewhat alleviated concerns about long-term oil supply 
shortages and put downward pressure on the long-term outlook for gasoline 
prices. This has in turn reduced the expected operating cost advantage of electric 
vehicles over gasoline vehicles.  


• As the high price of EVs is one of the major hurdles to their widespread adoption, 
potential technological advances in battery technology can bring down the price 
and contribute to rapid adoption of EVs. The outcome of various research and 
development projects is highly uncertain, but any breakthrough can have major 
consequences.  
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• Similarly, increased competition from alternative technologies can reduce the 
appeal of EVs. For example, gasoline vehicles continue to improve in efficiency as 
a result of lighter components, turbochargers, regenerative braking and energy 
recovery technologies and other technological advances. Clean diesel, natural 
gas, and hybrid vehicles also compete with EVs for market share 


• Changes in driving habits of drivers and increased use of public transit and other 
alternative transportation can also impact the market share of EVs. Statistics show 
a general trend of decreasing vehicle kilometers driven. Drivers who commute 
shorter distances or regularly take public transit will not benefit as much from the 
operating cost advantage of EVs and may favour conventional vehicles. 


• In recent years consumers have been keeping their cars longer and delaying new 
car purchases. If this trend continues, the replacement of existing fleet of 
predominantly gasoline vehicles is expected to occur at a slower pace. 


 


Comparison to 2011 Forecast 


Figures A4.4 and A4.5 compare the F2011 and F2012 EV reference forecasts. The 
energy consumption by EVs is 188 GWh (54%) lower by F2022 and almost 1000 GWh 
(46%) lower by F2032.  Factors contributing to a lower forecast include: 


 
• The new forecast considers the downward trend in distances travelled by BC 


drivers 
• Conventional vehicles are continuing to show improvements in efficiency 
• New vehicle purchase statistics have declined, reducing expectations of new 


vehicle sales and expected rate of replacement of the existing fleet of vehicles 
• Technological advances and new sources of oil have led to lower gasoline price 


forecasts 


The EV peak model was not updated in 2011. The peak impact of EVs beyond the first 10-
year period of the load forecast was assumed in 2011 to follow the energy load growth 
rates that are used to develop the distribution peak forecast over this period. The growth 
rates in the total of EV energy sales, residential sales and small commercial and industrial 
sales were used to grow the overall peak demand rather than adding the EV model peak 
impact to the overall System peak forecast. In 2012, the EV peak model was updated as 
described earlier in this section. Although the EV energy forecast is lower in 2012 as a 
result of lower number of EVs and distance travelled, the EV peak values are relatively 
close between 2011 and 2012.  This is mainly due to the fact that EV peak values in 2012 
are generated by the EV peak model instead of following the overall distribution energy 
load growth. 
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Figure A4.4 Changes in Reference EV Energy Forecast 
 


 
 
 
 
 
 
 
 
 
 
 
 
 


Figure A4.5 Changes in Reference EV Peak Demand Forecast 
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Table A4.1   Residential and Commercial EV Load (GWh) and (MW) 
 


 A B C=A+B D 


 


2012 
Forecast - 
Residential 


EV Load 


2012 
Forecast - 


Commercial 
EV Load 


Total EV 
Load 


Reference 
Case 


Total EV 
Peak 
Load 


Reference 
Case 


Fiscal 
Year 


(GWh) (GWh) (GWh) (MW) 


F2013 0 0 0 0 
F2014 1 0 1 0 
F2015 1 0 2 1 
F2016 4 1 5 1 
F2017 10 3 14 4 
F2018 22 7 29 8 
F2019 38 13 50 15 
F2020 58 19 78 24 
F2021 85 28 113 35 
F2022 121 40 161 50 
F2023 166 55 222 69 
F2024 221 74 295 94 
F2025 286 95 381 123 
F2026 363 121 484 159 
F2027 451 150 602 201 
F2028 549 183 733 251 
F2029 652 217 869 305 
F2030 755 252 1006 357 
F2031 856 285 1142 409 
F2032 953 318 1270 459 
F2033 1,047 349 1396 507 


 


Note: The values in the table above do not include any rate impacts. 
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Appendix 5 - Codes and Standards Overlap with DSM 
Codes and standards are minimum end-use efficiency requirements that come into effect 
in a jurisdiction, and that are enabled by legislation or by regulation of manufacturers. U.S 
based codes and standards are reflected in the average stock efficiency forecast of 
residential and commercial end uses of electricity produced by the U.S. Department of 
Energy’s Energy Information Administration (EIA). This EIA efficiency forecast is one of 
the main drivers of the residential and small commercial end-use models that are used to 
produce the BC Hydro load forecast before incremental Demand Side Management 
(DSM) savings. BC Hydro’s DSM plan also considers savings that can be achieved from 
B.C. and Canadian Federal codes and standards that target similar end uses as those 
represented in the EIA efficiency forecast data. As such, there is a potential for 
inconsistency in codes and standards baseline assumptions between the before DSM 
Forecast and the DSM plan. 
  
Areas of Overlap between EIA and DSM Plan Codes and Standards 
  
The EIA assumes that no new legislation or regulations fostering efficiency improvements 
beyond those currently embodied in law or government programs will take place over the 
forecast horizon. As such, the end-use efficiency levels assumed in the EIA forecast only 
consider the targeted efficiency level from the mostly recently passed legislation or 
regulations. These efficiency level assumptions are documented by the EIA12. BC Hydro 
reviewed the EIA baseline codes and standards efficiency assumptions and compared it 
to the codes and standards baseline efficiency assumptions as of December 2011. Using 
this information, BC Hydro was able to determine where there were overlaps in 
assumptions between the before DSM and rate impacts forecast and the savings from 
codes and standards. The areas are shown as follows: 


 
Areas of Overlap between EIA Codes and Standards and BC Hydro DSM Plan13 


Residential Sector  Lighting, ceiling fans, dishwashers, stand-
by power, set top boxes, TVs, freezers, 
refrigerators and external power supply  
 


Commercial Sector Lighting, large clothes washers, traffic 
lights, large refrigerators, air conditioning, 
packaged terminal air conditioning, dry 
transformers, and building code. 


 
Estimates of Overlap between EIA Codes and Standards and the DSM 
Savings from Codes and Standards 
 
The method used in the 2012 Forecast to estimate the impact of codes and standards 
double counting was to rely upon on the estimated codes and standard savings included 
in the BC Hydro DSM plan14.  For lighting codes and standards double counting, a process 


                                                
12 Appendix A of the EIA Annual Energy Outlook 2009 documents titled “Handling of Federal and Selected 
State Legislation and Regulation in the Annual Energy Outlook”.  In addition information from EIA 2011 Annual 
Energy Outlook and website www.appliance-standards.org was used to develop estimates of the overlap. 
13 Note that in all of the end uses listed, the EIA provides an efficiency forecast for lighting separately. The 
other end uses listed above are reflected in the “other” category and the EIA provides an efficiency forecast for 
other category as a total group. 
14 The codes and standards savings forecast included in BC Hydro’s DSM plan contained in the F12-F14 
Revenue Requirement Application Evidentiary Update was used to inform estimates of the overlap in codes 
and standards.  
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of freezing the input efficiency levels to the 2007 lighting efficiency forecast was used. 
This method for lighting was chosen to provide consistency with previous forecasts that 
had already identified a double counting issue with lighting codes and standards. 
 
BC Hydro applied 50 percent of the DSM savings estimates of the various codes and 
standards which overlapped with the EIA. The main reasons for discounting half of the 
DSM estimates were: 
 


• There is the potential for some error in the double counting impact estimating 
process because there is uncertainty as to compliance levels for codes and 
standards. 
 


• At the time the load forecast was developed BC Hydro was exploring several 
future DSM options. As such the overlap associated with the double counted end-
uses might vary pending which DSM option would be used for planning purposes. 
 


Table A5.1 and Table A5.2 below show the estimates of the overlap between the 
residential and commercial sector energy forecasts for the overlap areas. Table A5.3 
below shows the BC Hydro’s distribution peak forecast with an estimate of the overlap 
between codes and standards over the long-term.  
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Table A5.1 Residential Energy Forecast (before DSM and rate impacts) with Overlap 
for Codes and Standards 
 


  A B C=A+B 


  


2012 
Forecast  
Residential 
Sales 


Adjustment 
for Overlap 
in 
Residential 
Code and 
Standards 


Residential 
Sales 
Forecast 
with Codes 
and 
Standards 
Overlap 


Fiscal 
Year 


(GWh) (GWh) (GWh)1 


F2013 18,179 71 18,251 
F2014 18,593 110 18,703 
F2015 19,092 125 19,217 
F2016 19,439 148 19,587 
F2017 19,779 199 19,978 
F2018 20,172 238 20,410 
F2019 20,565 268 20,833 
F2020 20,981 290 21,271 
F2021 21,343 309 21,652 
F2022 21,712 325 22,037 
F2023 22,072 338 22,410 
F2024 22,461 359 22,820 
F2025 22,789 371 23,160 
F2026 23,133 384 23,517 
F2027 23,457 390 23,848 
F2028 23,801 405 24,206 
F2029 24,081 420 24,500 
F2030 24,397 433 24,830 
F2031 24,717 444 25,160 
F2032 25,068 457 25,525 
F2033 25,343 457 25,800 


 
 


Notes:  all the values in columns above do not include any adjustments for the impact of 
EVs and rate impacts.  
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 Table A5.2 Commercial Energy Forecast (before DSM and rate impacts) with 
Overlap for Codes and Standards 


 


  A B C=A+B 


  


2012 Forecast  
Commercial 
Distribution 
Sales (GWh) 


Adjustment 
for Overlap in 
Commercial 
Code and 
Standards 
(GWh) 


Commercial 
Distribution 
Sales with 
Codes and 
Standards 
Overlap 
(GWh) 1 


Fiscal 
Year 
F2013 14,912 29 14,941 
F2014 15,101 37 15,138 
F2015 15,249 45 15,294 
F2016 15,518 55 15,573 
F2017 15,840 72 15,913 
F2018 16,224 86 16,311 
F2019 16,538 100 16,637 
F2020 16,814 113 16,927 
F2021 17,019 128 17,148 
F2022 17,230 141 17,371 
F2023 17,452 152 17,604 
F2024 17,714 167 17,881 
F2025 17,961 179 18,140 
F2026 18,218 194 18,412 
F2027 18,448 206 18,654 
F2028 18,718 223 18,941 
F2029 18,992 239 19,231 
F2030 19,305 256 19,561 
F2031 19,635 271 19,906 
F2032 19,979 289 20,269 
F2033 20,270 289 20,560 


 
Notes:  all the values in columns above do not include any adjustments for the impact of 
EVs and rate impacts.  
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Table A5.3 Distribution Peak Forecast with Overlap for Codes and Standards 
 


  A B C=A+B 


  


2012 Forecast 
Distribution 
Peak (MW) 


Adjustment 
for Overlap in 
Code and 
Standards 
(MW) 


Peak Forecast 
with Codes and 
Standards 
Overlap (MW) 1 


Fiscal 
Year 
F2013         8,020            25          8,045  
F2014         8,180            37          8,217  
F2015         8,303            43          8,346  
F2016         8,436            47          8,484  
F2017         8,590            58          8,648  
F2018         8,759            64          8,822  
F2019         8,920            64          8,983  
F2020         9,063            59          9,122  
F2021         9,194            49          9,243  
F2022         9,323            30          9,354  
F2023         9,455            81          9,536  
F2024         9,581            95          9,676  
F2025         9,710          102          9,812  
F2026         9,840          109          9,949  
F2027         9,972          113        10,085  
F2028       10,106          118        10,224  
F2029       10,242          124        10,366  
F2030       10,380          130        10,510  
F2031       10,520          136        10,656  
F2032       10,662          143        10,805  
F2033       10,806          143        10,949  


 
Notes:  all the values in columns above do not include any adjustments for the impact of 
EVs and rate impacts.  
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Appendix 6 - Forecast Tables 
 


Table A6.1 shows the Regional coincident peak (MW) forecast for distribution before 
DSM with rate impacts  


Table A6.2 shows the Regional coincident peak (MW) forecast for transmission 
before DSM with rate impacts  


Table A6.3 shows the Domestic and Regional peak forecast before DSM with rate 
impacts  


Table A6.4 summarizes BC Hydro’s 2012 Reference Load Forecast before DSM 
with rate impacts  
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Table A6.1 Regional Coincident Distribution Peaks Before DSM with Rate 
Impacts (MW) 
 


Fiscal 


Year 


Coincident Peak (MW) 


Lower 
Mainland 


Vancouver 
Island 


South  
Interior 


Northern  
Region 


Actual 
F2012 4,505 1,801 1,024 735 


Weather-Normalized Actual 
F2012 4,554 1,862 1,035 737 


Forecast (Weather-Normalized) 
F2013 4,664 1,905 1,051 765 
F2014 4,777 1,937 1,070 782 
F2015 4,837 1,948 1,084 799 
F2016 4,914 1,963 1,094 813 
F2017 5,008 1,980 1,106 839 
F2018 5,118 2,001 1,120 862 
F2019 5,224 2,021 1,133 888 
F2020 5,333 2,039 1,145 907 
F2021 5,430 2,057 1,158 922 
F2022 5,527 2,074 1,168 935 
F2023 5,661 2,103 1,187 959 
F2024 5,779 2,129 1,201 968 
F2025 5,899 2,155 1,216 976 
F2026 6,025 2,182 1,231 984 
F2027 6,156 2,210 1,247 992 
F2028 6,296 2,240 1,264 1,001 
F2029 6,441 2,272 1,282 1,010 
F2030 6,588 2,303 1,300 1,019 
F2031 6,736 2,335 1,317 1,029 
F2032 6,884 2,366 1,335 1,038 
F2033 7,030 2,396 1,352 1,046 


5 years:   
F2012 to F2017 1.9% 1.2% 1.3% 2.6% 
11 years:  
F2012 to F2023 2.0% 1.1% 1.3% 2.4% 
21 years:  
F2012 to F2033 2.1% 1.2% 1.3% 1.7% 


 
 
Notes: 


1.  Growth rates based on weather normalized actual peak. 
2.  Vancouver Island peak values include Gulf Island’s peak requirements. 
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Table A6.2 Regional Coincident Transmission Peaks Before DSM with Rate Impacts 
(MW) 


 


Fiscal 


Year 


Coincident Peak (MW) 


Lower 
Mainland 


Vancouver 
Island 


South  
Interior 


Northern  
Region 


Actual 
F2012 326 249 289 605 


Forecast  
F2013 424 238 312 590 
F2014 424 241 324 630 
F2015 430 238 330 723 
F2016 432 237 342 816 
F2017 437 237 343 883 
F2018 445 234 366 966 
F2019 448 234 364 1,051 
F2020 451 234 365 1,093 
F2021 453 234 366 1,112 
F2022 453 234 365 1,099 
F2023 455 234 365 1,087 
F2024 463 234 359 1,086 
F2025 465 228 360 1,077 
F2026 469 228 323 1,079 
F2027 470 228 268 1,115 
F2028 472 228 249 1,136 
F2029 474 229 250 1,140 
F2030 476 229 251 1,147 
F2031 479 229 253 1,151 
F2032 481 228 256 1,151 
F2033 482 228 261 1,149 


5 years:   
F2012 to F2017 6.0% -1.0% 3.5% 7.8% 
11 years:  
F2012 to F2023 3.1% -0.6% 2.2% 5.5% 
21 years:  
F2012 to F2033 1.9% -0.4% -0.5% 3.1% 


 
  







ELECTRIC LOAD FORECAST F13-F33 


  P A G E  1 1 0  


Table A6.3 Domestic System and Regional Peak Forecast Before DSM with Rate 
Impacts (MW) 


 


  
  


  


Lower 
Mainland 


 


(MW) 


Vancouver 
Island 


 


(MW) 


South 
Interior 


 


(MW) 


Northern 
Region 


 


(MW) 


Domestic 
System 


 


(MW) 


Vancouver Island 
with Transmission 


Losses 


(MW) 
Actual             


F2012 5,024 2,050 1,463 1,341 10,088 2,050 
Weather-Normalized Actual 


F2012 5,079 2,111 1,474 1,343 10,054 2,206 
Forecast (Weather Normalized)     


F2013 5,314 2,143 1,563 1,356 10,376 2,238 
F2014 5,429 2,177 1,594 1,412 10,668 2,275 
F2015 5,496 2,186 1,614 1,522 10,879 2,283 
F2016 5,577 2,200 1,636 1,629 11,108 2,298 
F2017 5,678 2,217 1,649 1,722 11,339 2,316 
F2018 5,797 2,236 1,686 1,829 11,628 2,335 
F2019 5,908 2,255 1,697 1,940 11,888 2,355 
F2020 6,022 2,273 1,710 2,001 12,100 2,374 
F2021 6,123 2,291 1,724 2,034 12,270 2,393 
F2022 6,222 2,308 1,733 2,034 12,400 2,410 
F2023 6,361 2,338 1,752 2,047 12,607 2,441 
F2024 6,488 2,363 1,761 2,054 12,783 2,468 
F2025 6,612 2,383 1,776 2,053 12,946 2,489 
F2026 6,741 2,410 1,754 2,063 13,095 2,517 
F2027 6,875 2,438 1,714 2,107 13,266 2,546 
F2028 7,018 2,469 1,713 2,138 13,474 2,577 
F2029 7,167 2,500 1,731 2,150 13,693 2,610 
F2030 7,315 2,532 1,750 2,167 13,915 2,643 
F2031 7,467 2,563 1,771 2,180 14,139 2,676 
F2032 7,618 2,595 1,791 2,189 14,358 2,708 
F2033 7,767 2,625 1,813 2,196 14,572 2,740 


Growth Rates: 
5 years:   
F2012 to F2017 


2.3% 1.0% 2.3% 5.1% 2.4% 1.0% 


11 years:  
F2012 to F2023 


2.1% 0.9% 1.6% 3.9% 2.1% 0.9% 


21 years:  
F2012 to F2033 


2.0% 1.0% 1.0% 2.4% 1.8% 1.0% 


 
Notes: 


1. Regional peaks include distribution losses only, unless otherwise stated in the table. Regional peaks 
are not system coincident, as such they do not sum to the Domestic System Peak. 


2. Lower Mainland includes peak supply requirement to City of New Westminster and Seattle City Light. 
3. South Interior peak includes supply requirement to FortisBC. 
4. Northern Peak includes supply requirement to Hyder, Alaska but does not include Fort Nelson or other 


Non-Integrated Areas. 
5. The Domestic System peak recorded for the winter F2012 was 9,929 MW, excluding curtailment and 


outages. 
6. Actual, weather normalized and forecast values for all Vancouver Island peaks values include Gulf 


Island peak demand. 
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Table A6.4 2012 Reference Load Forecast before DSM with Rate Impacts  
 


 


 
  


  


Total Hydro 2012 REFERENCE FORECAST - PROBABLE - BEFORE DSM WITH RATE IMPACTS 


Residential Commercial Industrial Total BCH Nwest Total Firm Total Losses Total Total Peak
Fortis BC Domestic Export Firm Gross Gross


Sales Sales Requirement Requirement
(GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (GW.h) (MW) 


Actual
F2008 17,462         15,439       18,737      51,639      1,363       53,002    311          53,313    5,722           59,036         58,735         9,861          
F2009 17,813         15,577       17,382      50,771      1,291       52,062    308          52,370    5,345           57,715         57,381         10,297        
F2010 17,650         15,631       15,608      48,889      1,198       50,087    306          50,393    5,100           55,494         55,190         10,112        
F2011 17,898         15,896       15,783      49,577      972          50,550    317          50,867    4,502           55,368         55,045         10,203        
F2012 18,035         15,617       16,352      50,004      968          50,971    312          51,284    5,800           57,083         56,800         10,319        


Forecast
F2013 18,211         16,387       16,468      51,067      842          51,909    311          52,220    5,260           57,480         57,152         10,719        
F2014 18,663         16,752       16,995      52,410      989          53,399    311          53,710    5,403           59,113         58,714         11,011        
F2015 19,109         17,071       17,785      53,965      985          54,950    311          55,261    5,537           60,799         60,378         11,222        
F2016 19,416         17,384       18,499      55,299      1,016       56,315    313          56,627    5,659           62,286         61,855         11,451        
F2017 19,761         17,815       19,016      56,592      995          57,587    311          57,898    5,778           63,676         63,238         11,681        
F2018 20,163         18,859       19,902      58,924      1,000       59,924    311          60,235    5,978           66,213         65,769         11,971        
F2019 20,578         19,216       20,755      60,548      1,007       61,555    311          61,867    6,126           67,993         67,545         12,230        
F2020 21,041         19,551       21,382      61,975      1,016       62,991    313          63,303    6,261           69,564         69,111         12,443        
F2021 21,455         19,804       21,574      62,833      1,160       63,993    311          64,304    6,360           70,664         70,207         12,613        
F2022 21,885         20,064       21,213      63,162      1,370       64,532    311          64,843    6,429           71,272         70,811         12,743        
F2023 22,291         20,323       21,207      63,821      1,535       65,356    311          65,667    6,518           72,185         71,721         12,950        
F2024 22,742         20,660       21,262      64,664      1,584       66,247    313          66,560    6,614           73,174         72,707         13,125        
F2025 23,133         20,948       21,223      65,304      1,591       66,896    311          67,207    6,690           73,896         73,428         13,288        
F2026 23,554         21,260       20,814      65,628      1,599       67,227    311          67,538    6,745           74,283         73,812         13,438        
F2027 23,959         21,536       20,754      66,249      1,606       67,855    311          68,167    6,819           74,985         74,512         13,609        
F2028 24,409         21,865       20,836      67,110      1,614       68,725    313          69,038    6,914           75,951         75,475         13,817        
F2029 24,800         22,202       20,925      67,927      1,622       69,549    311          69,860    7,004           76,864         76,386         14,036        
F2030 25,226         22,577       21,049      68,853      1,630       70,483    311          70,794    7,104           77,898         77,420         14,258        
F2031 25,653         22,968       21,140      69,761      1,638       71,399    311          71,710    7,204           78,914         78,433         14,482        
F2032 26,107         23,374       21,221      70,701      1,646       72,347    313          72,660    7,309           79,968         79,486         14,701        
F2033 26,471         23,700       21,273      71,443      1,654       73,097    311          73,408    7,391           80,799         80,316         14,915        


Growth Rates: 
5 yrs F2012- 1.8% 2.7% 3.1% 2.5% 0.5% 2.5% -0.1% 2.5% -0.1% 2.2% 2.2% 2.5%


F2017
11 yrs F2012- 1.9% 2.4% 2.4% 2.2% 4.3% 2.3% 0.0% 2.3% 1.1% 2.2% 2.1% 2.1%


F2023
21 yrs F2012- 1.8% 2.0% 1.3% 1.7% 2.6% 1.7% 0.0% 1.7% 1.2% 1.7% 1.7% 1.8%


F2033


BC Hydro Service Area Sales Integrated System
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Subject: Reservoir Impact Lines 


1. Purpose 
This technical memo addresses questions raised during the comment period on the EIS about potential 
slope instability, erosion and flooding around the shoreline of the proposed reservoir. 


The information contained in the following sections of this technical memo is taken from EIS 
Section 11.2.3 and Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines, unless stated 
otherwise. 


This technical memo: 


• Describes the development of the impact lines approach to characterize the potential changes to 
flooding, erosion, landslides, and landslide-generated wave hazards around the proposed reservoir 
shoreline as a result of the impoundment and operation of the reservoir 


• Summarizes some of the results of the impact lines study that are contained in the EIS 


• Addresses information requests received during the comment period 


2. Impact Lines Approach 
2.1 The Historical Safeline  


The operating parameters for the proposed reservoir have changed little since the initial designs for the 
dam were prepared by BC Hydro in 1981. Numerous reservoir shoreline geotechnical investigations 
were undertaken by BC Hydro and its consultants in the 1970s and early 1980s. 


Results of the historical shoreline geotechnical investigations and analyses were used to establish a 
‘residential safeline’ around parts of the proposed reservoir. The safeline was defined as “a 
conservatively located line beyond which the security of residents and residential improvements can be 
reasonably assured”. The safeline took into consideration the combined potential spatial extent of 
flooding, erosion, landslides and landslide-generated waves. The position of the safeline was based on 
the hazard that could potentially affect land furthest from the reservoir, plus a margin of safety. A 
shoreline stability classification was established to describe the expected degree of change to slope 
stability caused by the reservoir. 


2.2 1983 BC Utilities Commission Recommendation  


In 1983, the BC Utilities Commission issued a report in which it concluded that the approach taken by 
BC Hydro to characterize potential reservoir hazards, combined with commitments made for continued 
and ongoing investigation and monitoring, were sufficient to protect the public. However, the 
Commission also recommended that every effort be made to distinguish between lands that were truly 
hazardous and those that could be used safely for certain purposes. 
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2.3 Stage 2 Public Consultation  


Round 1 of the Project Definition Consultation undertaken in May and June 2008 included reservoir 
impact lines as a topic. The Round 1 Consultation Discussion Guide1 presented information on 
BC Hydro’s proposal to replace the safeline approach with a series of “reservoir impact lines” based on 
the different physical processes that would be affected by the reservoir. The proposed approach was 
based on guidelines by the International Commission on Large Dams2. 


Schematic representations of the Flood, Erosion and Stability Impact Lines taken from Volume 2 
Appendix B Part 2 are appended to this memo. 


The Round 1 Consultation Discussion Guide: 


• Summarized the history of the safeline 


• Noted that studies were underway as part of Stage 2 to establish reservoir impact lines, to provide 
more information to land owners and residents, and to allow BC Hydro to tailor land use restrictions 
and property acquisitions 


• Noted that the impact lines would be conservatively located based on the information available, but 
could be modified after some years of experience with reservoir operation, should the project 
proceed 


• Asked for public feedback on the proposed reservoir impact lines approach 
Participants in the public consultation that provided feedback were generally in agreement with the 
impact lines approach. 


3. Environmental Impact Statement 
Section 9.2.1 of the EIS Guidelines outlines the information to be included in the EIS on the 
characterization and classification of the reservoir shoreline including: 


• Predicted changes to shoreline erosion and slope stability due to the Project 


• A series of reservoir impact lines to delineate areas where limitations on residential land use or 
other measures may be required to manage public safety 


Section 11.2.3 of the EIS presents the information required by Section 9.2.1 of the EIS Guidelines. 
Additional information is provided in EIS Volume 2 Appendix B Part 2. 


Several IRs (gov_0010-080, gov_0010-085, gov_0010-086, gov_0010-087, gov_0010-088, 
gov_0010-091, gov_0010-098) questioned the level of detail provided in EIS Volume 2 Section 11.2.3, 
which is a summary of the results of the impact lines studies. More detail on the studies and original 
data are provided in EIS Volume 2 Appendix B Part 2 Preliminary Reservoir Impact lines. The 
appendices form part of the EIS and it is not practical or required to reproduce all the information 
contained within the appendices in the body of the EIS. 


                                                 
1  Peace River Site C Hydro Project, An Option to Help Meet B.C.’s Future Electricity Needs, Project Definition 


Consultation, Discussion Guide and Feedback Form, Round 1: May/June 2008.  
2  International Commission on Large Dams (ICOLD), 2002. Reservoir Landslides: Investigation and 


Management, Guidelines and Case Histories. Bulletin 124 December 2009. 
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Several IRs (gov_0010-080, gov_0010-084, gov_0010-086, gov_0010-091, gov_0010-606, 
gov_0010-607) recommended additional work to characterize geological processes that are extremely 
unlikely to affect the Project (for example, landslide dams and outbreak floods on tributary creeks), 
including the development of terrain hazard and constraint maps for such processes. 


The objectives of the reservoir impact lines study were to characterize potential changes to the stability 
of the reservoir shoreline as a result of the impoundment and operation of the proposed Site C 
reservoir, and to inform land use plans to manage public safety as it relates to these potential changes. 
Natural landslides originating from outside the Stability Impact Line are not expected to have an impact 
on the project. Potential exceptions include the management of slope hazards along proposed 
Highway No. 29 re-alignment sections. At these locations, management of terrain hazards and risks will 
be carried out through ongoing monitoring of slope stability, and other means consistent with how 
terrain hazards are managed elsewhere along highways throughout the province.  


Conservative assumptions have been used for the purpose of the EIS and the land use impacts and 
hazards of the project. If the project proceeds, additional hazard assessments will be conducted, as 
required, in final design and construction for the various Project components. It was not the objective of 
the study to create hazard or development constraint maps for areas within the region where the 
stability of natural slopes or other terrain hazards would not be altered by the project. 


3.1 Impact Lines Methodology  


As described in EIS Section 11.2 and Volume 2 Appendix B Part 2, the methodology used to establish 
the reservoir impact lines consisted of the following: 


• Desktop studies, including a review of: 


o Historical air photographs, orthophotographs and satellite imagery 


o Geotechnical reports prepared for and by BC Hydro on the proposed reservoir slopes between 
1978 and 1983 that document surface mapping, geotechnical drilling, slope movement and 
groundwater monitoring, and slope stability analyses 


o Published reports and maps on the regional bedrock and overburden geology 


o Published reports and academic research on the Cache Creek, Attachie and Halfway River 
landslides, a regional landslide inventory, and landslide case histories 


o Historical geotechnical site investigation results and reports prepared for the B.C. Ministry of 
Transportation and Infrastructure in the vicinity of Highway No. 29 


o Climate monitoring data from Fort St. John 


o High resolution topography and digital elevation models of the proposed reservoir slopes, 
generated from a LiDAR (light detection and ranging) survey 


o Case histories of reservoir shoreline and slope stability performance for reservoirs located in 
similar geological materials and environments, including Williston Reservoir (Dunlevy Section), 
Dinosaur Reservoir, Nechako Reservoir, Lake Roosevelt, and others 


• Field studies, including: 


o Surface inspections and mapping of the proposed reservoir shoreline, with emphasis on 
accessible north bank slopes with existing residential development or infrastructure and south 
bank slopes identified as having potentially elevated landslide-generated wave initiation 
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potential, with the objectives to field verify the shoreline geology, collect evidence of 
groundwater seepage, and to field check the landslide inventory 


o Excavations of test pits at locations where old landslide deposits have been preserved on 
elevated river terraces, including sampling of buried organic materials for radiocarbon dating to 
indicate the age of the landslides 


o North bank geotechnical drilling, sampling, laboratory soil and rock testing, and groundwater 
monitoring, to confirm shoreline geology and to determine geotechnical parameters and 
groundwater levels to facilitate slope stability analyses and refinement of the reservoir impact 
lines 


o South bank geotechnical drilling, sampling, laboratory soil and rock testing, and groundwater 
and slope movement monitoring, to confirm shoreline geology and to determine geotechnical 
parameters and groundwater levels to facilitate slope stability analyses and refinement of the 
reservoir impact lines 


o Installation of a total of 65 standpipe piezometers in drill holes completed as part of the 
shoreline geotechnical investigations 


o Evaluation of current groundwater conditions around the proposed reservoir from records of 
seepage during the surface inspections, by measuring water levels in the installed standpipe 
piezometers using dip meters and level loggers, and by estimating hydraulic conductivity by 
testing 


o Installation of level loggers in selected piezometers in the south bank and the north bank 


• Characterization of current shoreline conditions, including bedrock and overburden geology, and a 
detailed inventory and characterization of landslides and slope angles that have formed in the 
geological material types present throughout the Peace River valley 


• Assessment of the potential flood hazard around the proposed reservoir shoreline as a result of 
wind-generated waves, inflows from upstream and from tributary valleys, and operation of the 
Project 


• Development of conservative predictions of shoreline erosion over a period of 100 years of 
reservoir operations 


• Assessment of current groundwater conditions within the proposed reservoir slopes and prediction 
of groundwater changes as a result of proposed reservoir impoundment and operation 


• Slope stability analyses to assess the stability of slopes under current and proposed reservoir 
conditions 


• Assessment of potential landslide-generated waves, in which slope segments susceptible to large 
and potentially extremely rapid landslides were investigated 


• Establishment of preliminary impact lines for the proposed reservoir 


• Development of a shoreline erosion and stability classification system to provide a qualitative 
assessment of the potential change in shoreline erosion and stability under reservoir conditions 


• Additional considerations for land use and public safety around the proposed reservoir stemming 
from the results of the impact lines study 


• Recommendations for ongoing shoreline monitoring and impact line review 
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The reservoir shoreline topographic and geotechnical information was compiled, reviewed and 
interpreted by qualified registered professional engineers and geoscientists, and interpretations of the 
data were reviewed by technical reviewers and a technical advisory panel convened for the Project. 
One IR (gov_0010-105) questioned the 100 year look-ahead period adopted for this study and 
suggested that the impact lines should consider the full intended life span of the reservoir. As described 
in Volume 2 Section 11.2.3 and Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines, the 
largest changes to shoreline stability and erosion are expected to occur within the first 3 to 5 years of 
the impoundment of the proposed reservoir. For example, erosion predictions, taking into consideration 
the stratigraphy of the soils around the proposed reservoir, indicate that as much as 50% of the 
predicted shoreline erosion over a 100 year period would occur within the first 5 years of reservoir 
operation. Long-term (steady state) groundwater conditions under reservoir operations scenarios, as 
well as rapid drawdown scenarios, have been considered in determining the position of the reservoir 
impact lines. Changes to groundwater conditions that could affect slope stability would largely 
equilibrate within the first 3 to 5 years of the impoundment of the reservoir. The positions of the 
reservoir impact lines, which incorporate long-term anticipated groundwater conditions and shoreline 
erosion predictions for a period of 100 years, appropriately reflect the potential long term changes to 
slope stability resulting from the impoundment and operation of the reservoir. As described in the EIS 
and in Section 3.6 of this technical memo, BC Hydro is committed to monitoring the stability of the 
reservoir shoreline for as long as the dam is in operation and the intent is, through ongoing investment 
in maintenance and sustaining capital, to operate the dam and reservoir in perpetuity. 


One IR (gov_0014-023) requested clarification on the derivation and use of the digital elevation model 
that was derived from the LiDAR data. The LiDAR data was flown at a height of approximately 1,200 m 
using 0.75 m point spacing with an expected horizontal accuracy of 0.45 m and an expected vertical 
accuracy of 0.3 m. As noted in Volume 2 Appendix B Part 2 Section 4.2.1, the LiDAR data was 
provided in the form of a bare-earth digital elevation model with a 1 m by 1 m horizontal resolution. The 
LiDAR imagery was used to map terrain units, in combination with orthophotos, air photos and satellite 
imagery. 


One IR (gov_0010-608) commented that the LiDAR data set was not provided to government 
reviewers. LiDAR-based digital elevation models and orthophotos were used extensively in the 
reservoir impact lines study. PDF copies of shaded relief imagery were used as a base map for several 
of the figures and drawings included in the EIS and appendices. 


3.2 Summary of Results of Impact Lines Studies  


Geological Model and Simplified Geological Mapping Units.  


Section 11.2.3.2 of the EIS describes the grouping of select geological units for the purposes of the 
Impact Lines Studies. The geology of the proposed reservoir shoreline is described in detail in 
Volume 2 Appendix B Part 2 and was summarized in Section 11.2.2. 


One IR (gov_0010_609) questioned the wide spacing of geotechnical drill holes in some areas and the 
potential to overestimate impacts of the Project on existing and future development. Interpreted 
geological sections were created at no more than 1 km intervals for both the north and south banks of 
the reservoir, and were used to create geological fence diagrams that illustrate interpolation of the 
geological model between cross sections, as detailed in Volume 2 Appendix B Part 2 Preliminary 
Reservoir Impact Lines. The cross sections were developed from historical and recent geotechnical 
boreholes, but also relied upon extensive surface mapping of soil and bedrock exposures in the valley 
walls, interpretation of LiDAR topography and orthophotos, and from literature review from prior 
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geological mapping work by others. Borehole locations were prioritized based on the locations of 
homes and other existing and proposed infrastructure that were potentially located inside the 
anticipated limits of the reservoir impact lines. The reservoir shoreline geological model forms the basis 
for the delineation of the reservoir impact lines. The geological model and suitability of investigations 
were reviewed by the Project team, including external reviewers comprising nationally and 
internationally respected geologists and geological engineers, who found it to be suitable for the 
purpose of establishing the reservoir impact lines and Project Environmental Assessment. The 
reservoir impact lines project team and review process is described in further detail in Volume 2 
Appendix B Part 2 Preliminary Reservoir Impact Lines. 


Two IRs (gov_0010-098, gov_0010-091) suggested more investigation and description of Holocene 
(post-glacial) geological processes. A detailed description of the evolution of the Peace River valley, 
including major features related to post-glacial processes, is provided in Volume 2 Appendix B Part 2 
Preliminary Reservoir Impact Lines Section 3.3. The Holocene geomorphic information most relevant to 
the determination of the position of the reservoir impact lines was captured in the detailed landslide 
inventory (including estimates of landslide frequency, volume, basal failure material, and runout 
behaviour), and inventory of short-term (eroded) and long-term (ultimate) slope angles that have 
formed in the various geological materials, as detailed in Volume 2 Appendix B Part 2 Preliminary 
Reservoir Impact Lines Sections 4 and 5. It is recognized that variability in the paleoclimate has 
influenced the landslide record and the development of valley slope angles. The geotechnical 
investigations have focused on the information most relevant to the determination of the reservoir 
impact lines and, where required, conservative assumptions have been used to define the position of 
the impact lines. 


Published and un-published radiocarbon dates of buried organic materials in fans and landslide 
deposits within the proposed reservoir area, as well as dates obtained from samples from recent 
BC Hydro geotechnical investigations, were taken into consideration in establishing the age of the 
modern Peace River valley and historic rates of landslide activity, as detailed in Volume 2 Appendix B 
Part 2 Preliminary Reservoir Impact Lines Sections 3 and 4. It is believed that the frequency of 
landslide occurrence and reactivation has diminished since the modern Peace River valley was first 
formed, and again since the river was regulated with the construction of the W.A.C. Bennett Dam. It is 
expected that additional investigations, as suggested in the information request, would support 
assumptions that the rate of geomorphic activity has declined over the past several thousand years. 
However, the conservative assumption has been used in defining the impact lines that long-term 
historic rates of landslide activity also are representative of current and future rates of landslide activity. 


One IR (gov_0014-024) indicated that the individual complexities and modes of failures of the individual 
geological units, specifically the glaciolacustrine units, could be lost in the grouping of simplified 
geological mapping units. 


Differences between the distinct overburden units included in each simplified mapping group are 
acknowledged and described further in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines 
Section 3.3. These differences were taken into account in assessing the susceptibility to failure and the 
dominant failure mechanisms of the different materials, particularly the different glaciolacustrine units, 
as described further in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Sections 4.1.1, 
4.2.3, 8.3.1, 8.3.4, 9.2.2 and 10.2.2. Wherever the units were grouped and assigned the same 
parameter values, the assignments were based on the material within each group that produced the 
most conservative result. 
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Landslide Inventory 


Section 11.2.3.3 of the EIS summarizes a comprehensive inventory of landslides that have occurred in 
the modern Peace River valley that was completed for the proposed reservoir area. Further details are 
provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 4. 


One IR (gov_0010-097) recommended further investigation and monitoring of the Cache Creek Slide 
(at Bear Flat) and asked about the potential for future movement of this slide to block this section of the 
reservoir. 


Historical geotechnical investigations of the Cache Creek Slide, including geotechnical drilling and 
monitoring of groundwater levels and slope movements were carried out by BC Hydro and are 
documented in Volume 2 Appendix B Part 2 of the EIS. A detailed description of the Cache Creek 
Slide, including volume, mechanisms and movement rates, is provided in Volume 2 Appendix B Part 2 
Preliminary Reservoir Impact Lines Section 4.1.2.1. The proposed reservoir would be approximately 
800 to 900 m wide and approximately 43 m deep at the location in question. Average movement rates 
at the toe of the Cache Creek Slide are slow. Therefore, unanticipated blockage of reservoir flow at this 
location would be extremely unlikely. To maintain operation of the powerhouse, only a small fraction of 
the reservoir area would be needed to safely pass flows. BC Hydro would monitor groundwater levels 
and the stability of the slopes in the vicinity of the Cache Creek Slide, and undertake additional 
geotechnical investigation to support the final design of the proposed Highway No. 29 re-alignment 
through Bear Flat should the Project proceed. 


Two IRs (pub_0601-003 and pub_0601-008) indicated that the landslide inventory should include 
assessment of landslides from the Alberta region. One IR specifically referenced the Eureka River Slide 
of June 1990 at 50 million cubic metres of landslide material and indicated that index testing of material 
from this slide was within the same range found at the Attachie Slide. 


As described in Volume 2 Appendix B Part 2 Section 4.1, landslide investigations in similar geological 
settings along tributaries of Peace River and east of the B.C.-Alberta border have been studied. A list of 
supplemental references is provided below. The list includes the paper on the Eureka River landslide. 


Development of the preliminary impact lines is described in detail in Volume 2 Appendix B Part 2. The 
preliminary Stability Impact Line and Landslide-Generated Wave Impact Line were derived based on a 
comprehensive landslide inventory and detailed geotechnical investigations within the reservoir project 
activity zone. The information from within the project activity zone is considered sufficient for 
development of the preliminary Stability Impact Line and Landslide-Generated Wave Impact Line. In 
addition, however, landslide case histories for landslides originating in glaciolacustrine materials along 
Peace River and its major tributaries in Alberta were compiled and reviewed. The main objective of this 
review was to search for case histories of landslides in similar geological materials as the 1973 Attachie 
Slide that failed extremely rapidly; no such case histories were identified. In addition to the landslide 
investigations along Peace River between Hudson's Hope and the B.C.-Alberta border that are 
specifically referenced in Volume 2 Appendix B Part 2 Section 4.1, the following publications were 
studied: 


Cruden, D.M., Ruel, M., Thomson, S., 1990. Landslides along the Peace River, Alberta. In Proc. 43rd 
Canadian Geotechnical Conference, Geotechnical Society of Canada, vol. 1, pp. 61‐68. 


Cruden, D.M., Keegan, T.R. and Thomson, S., 1993. The landslide dam on the Saddle River near 
Rycroft. Canadian Geotechnical Journal, vol. 30(6), pp. 1003-1015. 
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Cruden, D.M., Thomson, S., Kim, H.J., and Peterson, A.E., 1995. The Edgerton landslides. Canadian 
Geotechnical Journal, vol. 32(6), pp. 989–1001. 


Cruden, D.M., Lu, Z.Y. and Thomson, S., 1997. The 1993 Montagneuse River landslide, Alberta. 
Canadian Geotechnical Journal, vol. 34(5), pp. 799-810. 


Cruden, D.M., Peterson, A.E., Thomson, S. and Zabeti, P,. 2002. Thirty‐five years of activity at the 
Lesueur Landslide, Edmonton, AB. Canadian Geotechnical Journal, vol. 39, pp. 266‐278. 


Dewar, D. and Cruden, D.M., 1998. The largest historic landslide in the MacKay River Valley, N.E. 
Alberta. Proceedings of the 51st Canadian Geotechnical Conference, vol. 1, pp.73‐80. 


Eshragian, A., Martin, C.D. and Cruden, D.M., 2007. Complex Earth Slides in the Thompson River 
Valley, Ashcroft, British Columbia. Environmental & Engineering Geoscience, vol. XIII, pp. 161–181. 


Geertsema, M., 1998. Flowslides in waterlain muds of northwestern British Columbia, Canada. 
Proceedings 8th International IAEG Congress, vol 3, pp. 1913-1921. 


Jones, F.O., Embody, D.R. and Peterson, W.L. 1961. Landslides Along the Columbia River Valley 
Northeastern Washington. Geological Survey Professional Paper 367. 


Kim T.H., Cruden D.M., Martin C.D., and Froese C.R., 2009. The 2007 Fox Creek landslide, Peace 
River Lowland, Alberta, Canada. Landslides, Journal of the International Consortium on Landslides, vol. 
7, pp. 89-98. 


Krahn, J. and Weimer, N.F., 1984. The W.I.D. Landslide. Proceedings of the 37th Canadian 
Geotechnical Conference, pp. 209‐215. 


Lu, Z.Y., Cruden, D.M., Thomson, S., 1999. Landslides and preglacial channels in the western Peace 
River lowland, Alberta. In Proc. 51st Canadian Geotechnical Conference. Geotechnical Society of 
Canada. pp. 267‐274. 


Maber, C.T. and Stewart, P., 1976. The Peace River Hill Landslide; Proceedings, sponsored by the 
Canadian Geotechnical Society, 29th Canadian Geotechnical Conference, Vancouver, BC, pp. 33‐47. 


Martin, R.L., Lewycky, D.M., and Ruban, A.F., 1998. Long term movement rates in a large, translational 
landslide. Proceedings of the 51st Canadian Geotechnical Conference, pp. 23‐30. 


Miller, B.G.N. and Cruden, D.M., 2002. The Eureka River landslide and dam, Peace River Lowlands, 
Alberta. Canadian Geotechnical Journal, vol. 39, pp. 868-878. 


Miller, B.G.N. and Cruden, D.M., 2001. Landslides, landslide dams, and the geomorphology of 
tributaries in the Peace River Lowland, Alberta. Proceedings of the 54th Canadian Geotechnical 
Conference, pp. 363-370. 


Nasmith, H., 1964. Landslides and Pleistocene deposits in the Meikle River valley of northern Alberta. 
Canadian Geotechnical Journal, vol. 1, pp. 155-166. 


Raymond, E.L., Evans, S.G. and Couture, R., 2002. Geological log of two boreholes at 2001 Cecil Lake 
Road landslide near Fort St. John, BC. GSC Open File 4294. 
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SoeMoe, K.W., Cruden, D.M., Martin, C.D., Lewycky, D., and Lach, P.R., 2009. Mechanisms and 
kinematics of three translational slides along the North Saskatchewan River Valley, Edmonton. 
Proceedings, 52nd Canadian Geotechnical Conference, September 2009, Halifax, 8p. 


Thomson, S. and Hayley, D.W., 1975. The Little Smoky Landslide. Canadian Geotechnical Journal, vol. 
12, pp. 379‐392. 


Slope Angle Inventory 


Section 11.2.3.4 of the EIS summarizes the results of the slope angle inventory, which were combined 
with results from the geotechnical site investigations and slope stability analyses to establish predicted 
eroded and ultimate slope angles for each of the geological units around the proposed reservoir. 
Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines 
Section 5. IRs on this section are addressed under Stability Impact Line below. 


Groundwater Flow 


Section 11.2.3.5 of the EIS summarizes the predicted changes in groundwater flow that might affect 
slope stability as a result of proposed reservoir operations. Further details are provided in Volume 2 
Appendix B Part 2 Preliminary Reservoir Impact Lines Section 8. 


One IR recommended that modelling work be consistent with best practices documented in the 
Guidelines for Groundwater Modelling to Assess Impacts of Proposed Natural Resource Development 
Activities3. 


As stated on Page 3 of the guidelines, the objective of the guidelines was "to provide guidelines for 
groundwater modelling undertaken to identify and assess the impacts of natural resource projects in 
British Columbia, with specific emphasis on: hardrock mining (metal, coal), aggregate mining (gravel), 
and large groundwater extraction projects (> 75 L/s)." The Site C Clean Energy Project is not in a 
category contemplated by the guidelines. Nevertheless, the groundwater modelling completed for the 
Site C Clean Energy Project is consistent with the intent of the guidelines and is appropriate to meet the 
EA objectives. 


Another IR commented that it would be useful to include maps in the EIS to show groundwater flow 
directions and flow rates, and potential changes caused by the Project. 


The groundwater assessment presented in Sections 11.2 and 11.6 of the EIS meets the requirements 
described in Section 9.3.3 of the EIS Guidelines. The Technical Study Area for the groundwater regime 
study extends 83 km, from Peace Canyon Dam to the proposed Site C dam, and is less than 5 km wide 
(Figure 11.6.1 of the EIS). The cross-sectional depictions of groundwater flow conditions are 
appropriate to the study area geometry and observed groundwater conditions. Volume 2 Appendix B 
Part 2 Section 8 describes groundwater conditions. Interpreted groundwater flow regimes are described 
in Volume 2 Appendix B Part 2 Section 8.1 for current conditions and for proposed reservoir conditions. 


                                                 
3  B.C. Ministry of Environment, 2012. Guidelines for Groundwater Modelling to Assess Impacts of Proposed 


Natural Resource Development Activities, April 2012. 
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Flood and Wind-Generated Waves 


Section 11.2.3.6 of the EIS summarizes the potential for flood discharges from Peace Canyon Dam 
upstream of the proposed reservoir, and from tributary valleys within the proposed reservoir, combined 
with wind-generated waves, to temporarily inundate lands above the Maximum Normal Reservoir Level. 
The possible operation of the proposed Site C dam auxiliary spillway could also surcharge the reservoir 
is also described. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir 
Impact Lines Section 6. 


IRs on this section are addressed under Flood Impact Line below.  


Reservoir Shoreline Erosion 


Section 11.2.3.7 of the EIS summarizes the characterization and modelling of erosion by 
wind-generated waves around the proposed Site C reservoir. Further details are provided in Volume 2 
Appendix B Part 2 Preliminary Reservoir Impact Lines Section 7. 


IRs on this section are addressed under Erosion Impact Line below. 


Slope Stability 


Section 11.2.3.8 of the EIS summarizes two-dimensional limit equilibrium slope stability analyses that 
were carried out to refine an understanding of the effect of groundwater changes and shoreline erosion 
on the stability of slopes around the proposed Site C reservoir. Further details are provided in Volume 2 
Appendix B Part 2 Preliminary Reservoir Impact Lines Section 9. 


One IR (pub_0601-009) requested additional rationale for the selected seismic parameters used in the 
pseudo-static (seismic) slope stability analysis, in particular, the reason for using median ground 
motions for the reservoir slope analyses and mean ground motions for the dam design. Mean values 
from the seismic hazard assessments described in EIS Section 11.2.5 are higher than median values.  


The seismic hazard for the design of the dam is based on mean values, which is consistent with the 
2007 Canadian Dam Association guidelines (see EIS Section 11.2.5 Regional Seismicity and Seismic 
Hazard and the Technical Memo on Seismic Considerations). Median ground motions have been 
utilized for impact line studies that focus on the residential land use and the relocation of 
Highway No. 29. As described in Volume 2 Appendix B Part 2 Section 9.2.4, the methods adopted for 
pseudo-static stability analysis of the reservoir slopes (i.e. use of 2,475-year median PGA values) are 
consistent with the requirements of the National Building Code of Canada4 and the APEGBC 
Guidelines for Legislated Landslide Assessments for Proposed Residential Development in B.C.5. It is 
acknowledged that ground conditions vary between sites, however, NBCC site class C (firm ground 
conditions - soft rock and very dense soil) is generally applicable as an average condition along 
potential landslide slip surfaces at all of the sites that were analyzed. The conservative use of the full 
PGA values is consistent with recommendations provided by APEGBC for screening level seismic 
slope stability analysis (i.e. to confirm that the factor of safety at the location of interest exceeds 1.0). 


                                                 
4  National Building Code of Canada (NBCC). 2010. 
5  Association of Professional Engineers and Geoscientists of British Columbia (APEGBC), 2010. Guidelines for 


legislated landslide assessments for proposed residential development in B.C. 
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Uncertainties and limitations of the reservoir slope stability analyses are described in Volume 2 
Appendix B Part 2 Sections 9.1 and 9.2 and the sensitivity of the results is described in Section 9.3. 


Landslide Generated Waves 


Landslides with the capability of achieving extremely rapid velocities (greater than 5 m/s) have the 
potential to generate impulse waves if they enter the reservoir. Section 11.2.3.9 of the EIS summarizes 
the analysis to assess the landslide-generated wave hazard along the proposed reservoir shoreline. 
Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines 
Section 10. 


IRs on this section are addressed under Landslide-Generated Wave Impact Line below. 


Flood Impact Line 


Section 11.2.3.10.1 of the EIS describes the Flood Impact Line. Further details are provided in 
Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11. 


The Flood Impact Line is the boundary beyond which land would not be expected to be affected by 
floods, wind-generated waves, the operation of the Site C auxiliary spillway, and/or waves caused by 
boats and small landslides. The Flood Impact Line is located at elevation 466 metres, or approximately 
four metres above the Maximum Normal Reservoir Level (elevation 461.8 metres). 


One IR requested clarification of whether or not mitigation, such as dykes, could be put in place to 
prevent this flooding. It is not considered practical to prevent flooding from occurring within the Flood 
Impact Line by means of impervious dykes or other measures because of the foundation conditions, 
costs, and benefits. Mitigation against erosion and slope instability is considered feasible and practical 
along the shoreline adjacent to the community of Hudson's Hope and adjacent to re-aligned segments 
of Highway No. 29, but even at these locations, the construction of impervious dykes to prevent 
flooding within the Flood Impact Line is not proposed. Further descriptions of the probabilities 
associated with the Flood Impact Line are provided in Volume 2 Appendix B Part 2 Section 11.1. 


One IR requested the anticipated depth and duration of the potential flooding. Further details are 
provided in Volume 2 Appendix B Part 2 Sections 6 and 11. The elevation of the Flood Impact Line is 
466 metres, or 4.2 metres above the Maximum Normal Reservoir Level. Therefore, the potential depth 
of inundation within the Flood Impact Line could range from 0 to 4.2 metres, depending on the local 
elevation of the land and the scenario that caused the flooding. The duration could range from seconds 
to hours for flooding caused by wind-generated waves. The most likely cause of flooding that could 
reach the position of the Flood Impact Line is from wind-generated waves from a 200 year wind storm. 
Wave runup would vary with the local geometry of the reservoir shoreline. Additional information on 
predicted wave runup from a 200 year wind storm at locations around the proposed reservoir is 
provided in Volume 2 Appendix B Part 2 Section 6. 


Several IRs (gov_0010-080, gov_0010-084, gov_0010-086) recommended additional work to 
characterize hazards related to landslide dam and outbreak flood potential on tributary creeks. 


The characteristics of prior landslide dam events in tributary valleys (e.g. the Halfway River Slide) were 
reviewed and taken into consideration when establishing the elevation of the preliminary Flood Impact 
Line. The elevation of the Flood Impact Line is based on predicted inflows from the 1,000 year return 
period flood on the Halfway River combined with predicted wave run-ups from a 200 year windstorm. It 
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also considers potential wave run-up from smaller landslide-generated waves. The impact lines are 
considered adequate for managing public safety and land use potentially affected by flooding from 
landslide dam outburst floods in tributary creeks. 


Erosion Impact Line 


Section 11.2.3.10.2 of the EIS describes the Erosion Impact Line. Further details are provided in 
Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11. 


The Erosion Impact Line is the boundary beyond which the top of the slope adjacent to the reservoir 
would not be expected to regress due to erosion caused by the impoundment and operation of the 
reservoir over a period of 100 years. It considers both predicted shoreline erosion (to the 100-year 
Beach Line) and the formation of a slope above the reservoir shoreline using appropriate eroded (short 
term, steep) slope angles for the geological units present around the shoreline. The predicted average 
range of shoreline erosion by material type is shown in the table below. 


Years of 
Operation 


Shoreline Material Type, Percent of Shoreline Length(%), and Predicted Erosion Distance 
(metres) 
ISC 
(8%) 


OC 
(15%) 


BC 
(10%) 


SG 
(36%) 


SST 
(11%) 


SSH 
(11%) 


SH 
(8%) 


5 24 18 to 43 2 to 5 1 to 6 <1 <1 1 
100 47 30 to 71 5 to 23 4 to 18 <1 2 3 


ISC = interbedded sand, silt and clay; OC = overburden colluvium; BC = bedrock colluvium; SG = sand and gravel; SST = 
siltstone; SSH = silty shale; SH = shale 


For example, overburden colluvium would be present along 15% of the reservoir shoreline and it is 
predicted that after 5 years of reservoir operation the erosion distance would be between 18 m and 
43 m. 


One IR suggested modelling to indicate what the valley may look like in the years shortly after reservoir 
filling, and discussion of the impacts to the valley and recreation. 


Sedimentation studies and a visual impact assessment have been carried out looking at potential 
changes as a result of shoreline erosion and landslides, both in the 5-year period following 
impoundment of the reservoir, and over a period of 100 years of reservoir operations. As indicated in 
the table above, in the more erodible shoreline materials, such as interbedded sand, silt and clay 
deposits, as much as half of the total erosion and associated landslide activity for the 100-year period 
could occur within the first 5 years of reservoir operation. Examples of how the shoreline erosion 
predictions have been incorporated in the visual impact assessment are provided in the EIS in 
Volume 3 Section 27. 


Another IR requested a description of the potential for beach habitats to re-form post-development. The 
shoreline erosion process is described in detail in Volume 2 Appendix B Part 2 Section 7. Where slopes 
above the Maximum Normal Reservoir Level comprise low, gentle banks in sand and gravel, gentle 
beaches are likely to re-form during reservoir operation. At other locations where the slopes above the 
Maximum Normal Reservoir Level comprise steeper and higher banks, short, steep beaches will tend to 
re-form during reservoir operations and a shallow (0.5 to 1.5 metre deep) wave cut platform will be 
created by wave erosion processes beyond the toe of the beaches. 
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Stability Impact Line 


Section 11.2.3.10.3 of the EIS describes the Stability Impact Line. Further details are provided in 
Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11. 


The Stability Impact Line is the boundary beyond which land would not be expected to be affected by 
landslide events caused by the impoundment and operation of the reservoir. The position of this line 
considers extremely unlikely landslide events. It accounts for the predicted amount of shoreline erosion 
over a 100 year period of reservoir operation, potential changes in groundwater levels and gradual 
flattening of slopes above the reservoir shoreline using appropriate ultimate (long term, shallow) slope 
angles for the geological units present around the shoreline. 


One IR commented on the straightness of the impact lines relative to the natural landscape pattern, and 
the potential to underestimate impacts due to sliding and slumping using such a straight line. 


The exact location of future landslides is difficult to predict. The Stability Impact Line is a relatively 
straight line that is intended to provide a conservative envelope around potential future landslides 
related to reservoir impoundment and operation, wherever they may occur. This conservative approach 
is consistent with the definition of the Stability Impact Line provided above. 


Landslide-Generated Wave Impact Line 


Section 11.2.3.10.4 of the EIS describes the Landslide-Generated Wave Impact Line. Further details 
are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11. 


The Landslide-Generated Wave Impact Line is a boundary applied to three areas on the north bank of 
the proposed reservoir (Lynx Creek, Farrell Creek and Halfway River), where landslide-generated 
waves could temporarily flood elevations higher than the Flood Impact Line. The position of this line is 
based on combinations of landslide volumes and velocities that are considered extremely unlikely to 
occur. 


One IR (gov_0010-096) requested details of the hybrid landslide-generated wave modelling approach 
and results. Details of the empirical and numerical modelling approach to predicting potential 
landslide-generated wave initiation, propagation and run-up, including validation through comparison 
with historical physical model tests, are documented in Volume 2, Appendix B, Part 2 Preliminary 
Reservoir Impact Lines, Section 10, and in Appendix H of that Appendix. 


One IR (gov_0014-025) requested a quantitative value to describe the risk of landslide generated wave 
potential and an explanation of its derivation to clarify the actual level of risk. 


The estimated likelihoods of landslides or landslide-generated waves caused by the impoundment and 
operation of the proposed reservoir affecting lands beyond the position of the Stability and 
Landslide-Generated Wave Impact Lines, respectively, are less than 1 in 10,000 per year. These 
likelihoods meet criteria that are being developed and used in other parts of British Columbia to guide 
the approval of new residential development in landslide prone terrain. 


Further descriptions of the landslide-generated wave analysis, including the rationale for selected study 
sites, are provided in Volume 2 Appendix B Part 2 Section 10. Further descriptions of the probabilities 
associated with the Flood Impact Line and Landslide-Generated Wave Impact Line are provided in 
Volume 2 Appendix B Part 2 Section 11.1. 
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Shoreline Classification 


The total area contained between the proposed Maximum Normal Reservoir Level and the impact lines 
is approximately 9,650 hectares. Of the land area encompassed by the impact lines, approximately 
70% is steeper than 17°. Terrain steeper than 17° in the Peace River valley is prone to erosion and 
landslides under natural conditions, and is typically not considered suitable for residential use. 
Consequently, on their own, the impact lines do not facilitate a direct quantification of the predicted 
changes to slope stability or potential land use caused by the reservoir. 


As described in Section 11.2.3.11, a shoreline classification system was developed to describe current 
conditions and the degree of potential change on slope stability caused by reservoir impoundment and 
operation. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact 
Lines Section 12. Shoreline segments were assigned to one or more shoreline erodibility classes based 
on the material type at the MNRL. Shoreline segments were also assigned to one or more landslide 
hazard classes.  


The shoreline stability classification indicated the following changes in likelihood: 


• Landslides in low bank bedrock slopes with volumes >10,000 m3 and generally limited velocities 
would not generally be expected to increase under proposed reservoir conditions. Peak landslide 
velocities would typically be less than 13 m/month and are unlikely to exceed 1.8 m/hr, but could 
exceed 5 m/s where rock falls initiate on near-vertical slopes. 


• Landslides in low bank overburden slopes with volumes >10,000 m3 and possible extremely rapid 
velocities would be expected to increase over a length of approximately 27.9 kilometres (9%) of 
reservoir shoreline, primarily at locations where interbedded sand, silt and clay would be present at 
or below the MNRL and erosion and groundwater changes could affect slope stability. Peak 
landslide velocities would typically be less than 13 m/month but could exceed 5 m/s where flow 
slides are generated. 


• Landslides in high bank bedrock slopes with volumes >100,000 m3 and generally limited velocities 
would be expected to increase over a length of approximately 48.7 kilometres (16%) of reservoir 
shoreline, primarily downstream of Wilder Creek, where weak bedding planes associated with 
previous landslides, including the Tea Creek Slide, would be subject to pore water pressure 
changes during reservoir impoundment and operation. Peak landslide velocities would typically be 
less than 13 m/month and are unlikely to exceed 1.8 m/hr. 


• Landslides in high bank overburden slopes with volumes >100,000 m3 and possible extremely rapid 
velocities would be expected to increase over a length of approximately 66.5 kilometres (21%) of 
reservoir shoreline, primarily at locations where sand and gravel and interbedded sand, silt and clay 
would be present at or below the MNRL and erosion and groundwater changes could affect slope 
stability. Peak landslide velocities would typically be less than 13 m/month but could exceed 5 m/s 
where flow slides are generated. 


Several IRs requested an estimate of the land lost to agriculture within impact lines, during the life of 
the project, and the future risk to farm operations within the Stability Impact Line. 


Estimates of potential agricultural land loss as a result of erosion and landslides caused by the creation 
and operation of the reservoir assume that 100% of the land within the Erosion Impact Line will lose all 
agricultural value within 100 years of reservoir operation. No additional potential loss of land between 
the Erosion and Stability Impact Line has been accounted for, although BC Hydro would compensate 
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private property owners for such a loss through the acquisition of property rights. In BC Hydro’s view, 
the approach to estimating potential agricultural land loss is appropriate for the following reasons: 


• It is very conservative to assume 100% land loss within the Erosion Impact Line (the position of the 
line was designed to be conservative for the purpose of managing public safety) 


• The probability of landslides caused by the creation and operation of the reservoir affecting land 
between the Erosion and Stability Impact Line is low, ranging from less than 1:100 per year at the 
position of the EIL to less than 1:10,000 per year at the position of the SIL 


• The factor of safety against landslides caused by the creation and operation of the reservoir, based 
on a range of groundwater scenarios, and assuming 100 years of reservoir shoreline erosion, was 
calculated to be greater than 1.0 at all locations around the reservoir at the position of the EIL, 
indicating that such landslides are not expected. 


• Where landslides do occur, their behaviour is expected to be similar to that of landslides currently 
present on agricultural land (movement rates will typically be slow and still suitable for some 
agricultural purposes). 


3.3 EIS Sections that Used Information from the Impact Lines Studies  


Information from the impact line studies was used and/or addressed in the following parts of the 
environmental assessment reported in the EIS: 


• Volume 1: 


o Section 4 Project Description, for design of the dam freeboard, the Hudson’s Hope shoreline 
protection and the Highway No. 29 realignment segments and bridges to accommodate 
potential landslide-generated waves 


o Section 9 Information Distribution and Consultation, listing the occasions the impact lines were 
discussed 


o Appendix A Vegetation, Clearing and Debris Management, to define the extent of clearing 
required 


• Volume 2: 


o Section 11.3 Land Status, Tenure and Project Requirements, for acquisition of property rights 
and compensation 


o Section 11.6 Groundwater Regime, to assess the interactions between the groundwater regime 
and slope or terrain stability 


o Section 11.8 Fluvial Geomorphology and Sediment Transport, sediment input from reservoir 
shoreline 


o Section 12 Fish and Fish Habitat, sediment input from reservoir shoreline 


o Section 13 Vegetation and Ecological Communities, loss of land to erosion as well as a 
boundary of its local assessment area 


o Section 14 Wildlife Resources, loss of land to erosion as well as a boundary of its local 
assessment area 
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• Volume 3 


o Section 19 Current Use of Lands and Resources for Traditional Purposes, loss of land to 
erosion 


o Section 20 Agriculture, as a boundary of its local assessment area 


o Section 21 Forestry, as a boundary of its local assessment area 


o Section 22 Oil, Gas, and Energy, as a boundary of its local assessment area 


o Section 23 Minerals and Aggregates, as a boundary of its local assessment area 


o Section 24 Harvest of Fish and Wildlife Resources, as a boundary of its local assessment area 


o Section 25 Outdoor Recreation and Tourism, as a boundary of its local assessment area, and 
as consideration for the location of new recreational boat launches and day use areas proposed 
as mitigation measures 


o Section 26 Navigation, bank stability was considered a potential effect on navigation during 
operations 


o Section 27 Visual Resources, to assess the visual landscape and provide a visual simulation of 
what the reservoir slopes would look like over the near and long term 


• Volume 4: 


o Section 30 Community Infrastructure and Services, impact lines may affect municipal 
infrastructure, such as sewer and water systems, along the shoreline, and they will be 
considered in the final engineering assessment and, where required, in design of any relocation 
or remediation measures 


o Section 32 Heritage Resources, as a boundary of its local assessment area 


o Section 33 Human Health, sediment input from the reservoir shoreline was taken into account in 
considering the potential effect of changes to water quality on human health 


• Volume 5: 


o Section 35 Summary of Environmental Management Plans, in the development of monitoring 
and reporting plans to manage public safety 


o Section 37 Requirements for the Federal EA, effects of the environment on the Project including 
the potential for landslide-generated waves affecting dam safety 


3.4 Public Safety  


3.4.1 Public Safety Management Plans  


As described in EIS Section 35.2 and Section 35.3, public safety management plans would be put in 
place to minimize and manage public safety risks near Project activity zones during construction and 
operations. Specific procedures and protocols for managing public safety risks would be developed 
prior to construction or operation phases. The plan would define the communication requirements, 
communication methods, timing, and information distribution methods to ensure that the public is aware 
of ongoing project activities as well as of specific activities that may directly affect them, such as 
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reservoir filling near the end of the construction phase. The plan would describe relevant management 
practices such as the Canadian Dam Association guidelines for public safety around dams6. 


A key component of the public safety management plan would be the reservoir shoreline monitoring, as 
described in Section 11.2.3.14 of the EIS. The objective of this plan would be to identify the 
requirements for regular monitoring of shoreline conditions, including groundwater levels, shoreline 
erosion rates and landslide activity. 


3.4.2 Waterborne Debris Removal 


BC Hydro has considerable experience managing waterborne woody debris in reservoirs, using 
catchment booms and natural shoreline collection points. The erosion of the shoreline, particularly in 
the early years of operations, would cause woody material to fall into the reservoir. BC Hydro has 
proposed to clear vegetation above the Maximum Normal Reservoir Level to the 5-year Beach Line, to 
reduce the amount of post-inundation debris entering the reservoir. The 5-year Beach Line was 
identified through the reservoir impact line mapping study, and added approximately 180 hectares to 
the clearing area. The 5-year Beach Line delineates the predicted shoreline erosion after 5 years of 
reservoir operation. 


3.4.3 Around the Shoreline 


BC Hydro has developed the following approach to land use on private property within the impact lines 
that focuses on public safety, maximizing flexibility for land owners, and minimizing the amount of land 
required by the Project: 


• No new residential structures would be permitted within the impact lines 


• Non-residential structures could remain within the impact lines, pending site-specific geotechnical 
assessment. To protect public safety, existing residential structures within the Flood, Erosion, and 
Landslide-Generated Wave Impact Lines would not be permitted to remain.  


• Within the Stability Impact Line, and outside the Flood, Erosion and Landslide-Generated Wave 
Impact Lines, existing residential structures could remain for a period of time, at the owner’s 
request, and provided a site-specific geotechnical assessment determines that it is safe to do so 


The proposed approach to land use within the reservoir impact lines is consistent with criteria that are 
being developed and used in other parts of B.C. to manage new and existing residential development in 
landslide-prone terrain7. 


Several IRs (gov_0010-611, gov_0010-612, gov_0010-613) requested clarification on when sufficient 
information would be made available to make site-specific decisions about whether or not a structure 
could remain within the impact lines, how long structures might be permitted to remain, and who would 
be responsible for the cost of these assessments. Determination on whether or not it is safe for specific 
structures to remain for a period of time within the impact lines would be made, at the request of 
property owners, should the Project proceed. A determination whether it is safe for residential 
structures to remain would be conditional upon positive confirmation that it would be safe to remain for 
a period of at least 20 years based on current predictions of shoreline erosion rates and changes in 


                                                 
6  Canadian Dam Association (CDA). 2011. Guidelines for Public Safety Around Dams. Toronto, ON. 
7  Association of Professional Engineers and Geoscientists of British Columbia (APEGBC). 2010. Guidelines for 


legislated landslide assessments for proposed residential development in B.C. 
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groundwater levels. The actual period that it would be safe to remain would be verified through ongoing 
monitoring and review. BC Hydro would be responsible for the costs of geotechnical assessments, 
where appropriate, to determine if existing residential structures could remain, for a period of time, 
within the reservoir impact lines. 


Shoreline protection adjacent to part of the community of Hudson’s Hope would be constructed prior to 
impoundment of the reservoir. Erosion and Stability Impact Lines have not been established along this 
section because the proposed shoreline protection would offset the predicted changes to erosion and 
slope stability caused by the reservoir. However, natural erosion and slope stability hazards along the 
upper portion of the slopes protected by the berm would not be mitigated by the proposed shoreline 
protection, and enforcement of development setbacks from the crest of the slope would continue to be 
required to manage these hazards. 


One IR (gov_0010-614) requested clarification that the proposed berm adjacent to Hudson’s Hope 
would fully offset the adverse effects of the reservoir on global stability. The proposed berm and slope 
re-contouring more than fully compensates for the effects of the proposed reservoir on global slope 
stability. Proposed designs and slope stability calculations are documented in Project design reports 
that are on file with BC Hydro. Should the Project proceed, the final design would be completed and the 
shoreline protection would be constructed to meet these criteria. 


One IR (gov_0010-615) asked if the applicability of the existing development guidelines in the District of 
Hudson’s Hope has been confirmed by the District should the Project proceed and a berm is 
constructed. The berm and slope re-contouring sections of the propose Hudson’s Hope shoreline 
protection measures would be designed to offset the effects of the reservoir on slope stability and 
would increase the overall stability of the slope. Because no negative change on stability is predicted, 
BC Hydro does not consider it to be the responsibility of the Project to determine if the existing 
residential development guidelines are appropriate. BC Hydro would consult with the community of 
Hudson’s Hope on the final design of the shoreline protection. With the shoreline protection measures 
in place, it may be possible to adopt less stringent development guidelines in some locations, but this 
would be a decision made by the community of Hudson’s Hope, and not BC Hydro. 


The proposed realigned segments of Highway No. 29 have been located outside of the impact lines, 
where practical. The proposed highway realignment at the Halfway River crossing is situated inside of 
the Landslide-Generated Wave Impact Line. The potential for landslide generated waves has been 
considered in determining the proposed realigned highway embankment elevation, bridge elevation, 
and bridge design parameters. The proposed highway and bridge designs at Halfway River have been 
reviewed by the Ministry of Transportation and Infrastructure and satisfy provincial design codes and 
safety guidelines. 


Some existing segments of Highway No. 29 are currently situated on marginally stable slopes inside 
the Stability Impact Line. Each of these segments has been reviewed by the Ministry of Transportation 
and Infrastructure. The potential changes to the stability of these highway segments as a result of the 
reservoir would be small and a proposed approach to ongoing highway monitoring and maintenance 
has been established in collaboration with the Ministry of Transportation and Infrastructure to manage 
the residual risks. 


One IR (gov_0010-616) asked if the presence of the reservoir would result in an adverse effect on 
global stability for the section of Highway No. 29 located within the Stability Impact Line between 
Halfway Hill and Watson Hill, and if so, what measures would be put in place to mitigate these effects. 
The results of seepage and slope stability analyses completed for the Project (Volume 2 Appendix B 
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Part 2 Preliminary Reservoir Impact Lines Sections 8 and 9) suggest that the existing global factor of 
safety along this section of Highway No. 29 is relatively high and that impoundment and operation of 
the reservoir would not have a large effect on slope stability at the location of the highway. However, 
this section of highway is subject to ongoing local instability of Glacial Lake Peace sediments that are 
located well above the proposed reservoir level. Monitoring of groundwater levels and slope stability 
would be carried out by BC Hydro and MOTI. If slope movements (regardless of cause) necessitate 
remedial action, options would likely include upslope drainage improvements, construction of retaining 
structures or toe berms, and/or adjustment of the highway centreline location. 


A reservoir shoreline monitoring and management plan would be developed for the Project. As part of 
this plan, BC Hydro would regularly monitor of shoreline conditions, including groundwater levels, 
shoreline erosion rates and landslide activity. The results of this monitoring would be used to facilitate a 
detailed review and update of the impact lines following approximately 5 years of reservoir operations.  


3.4.4 On the Reservoir  


EIS Section 26.4.8 describes the navigational restrictions that would be in place due to anticipated 
shoreline erosion and landslide potential. In the first year following reservoir impoundment, specific 
areas that would be restricted include the mouths of Lynx Creek, Farrell Creek and the Halfway River. 
After the second year, reservoir navigation access is anticipated in most areas, with the exception of 
areas downstream of Wilder Creek and at the Moberly River embayment which may be restricted 
slightly longer due to anticipated ongoing debris management activities in these areas. 


3.5 Reservoir Infilling  


As described in EIS Section 11.8.5: 


• The estimated annual input of fine sediment to the reservoir due to shoreline erosion is 1.1 million 
t/year in Year 1 of reservoir operation, dropping to 0.55 million t/year by Year 10 as beach platforms 
develop, reducing the energy of wave impact 


• In the first 10 years of reservoir life, the average annual outflow of suspended sediment at the dam 
site is estimated to be about 30% of the total sediment input into the reservoir from both tributary 
and shoreline sources. The sediment outflow would comprise 98% clay and 2% silt on average. 


• The remainder of the tributary and shoreline sediment is predicted to be deposited within the 
reservoir. The estimated thickness of sediment deposition in the reservoir after 10 years would be 
variable with more deposition near tributary confluences and highly erodible shoreline segments. It 
is estimated that the deposition thicknesses would range from about 0.1 m in the main reservoir to 
over 2 m at the Halfway confluence and adjacent to some shoreline segments. 


• After 50 years of operation, the estimated thickness of reservoir sediment deposition under average 
sediment load conditions would range from about 0.3 to about 0.5 m in the main reservoir and 3 m 
to 4 m near some shoreline sections. In the Halfway River embayment, a deposition thickness of 
3 m to 4 m is expected throughout the embayment, with up to 8 m near some shoreline segments. 


• The initial volume of the entire reservoir is 2,310 million m3. The modelled sediment deposition 
volume for the entire reservoir after the first decade is approximately 12 million m3, or 0.5% of the 
initial reservoir volume. The modelled deposition volume for the entire reservoir after 50 years is 
approximately 58 million m3, or 2.5% of the initial reservoir volume, assuming average sediment 
input conditions. For the 5th and 95th percentile sediment input conditions for Halfway River, the 
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50-year deposition volumes in the reservoir would be 46 million m3 (2.0% of reservoir volume) and 
68 million m3 (3.0% of reservoir volume), respectively. 


• The initial water volume of the Halfway River embayment at the start of reservoir operations would 
be approximately 90 million m3. The sediment deposition volume after the first decade is estimated 
at 4 million m3, or less than 5% of the initial embayment water volume. Depending on the sediment 
input rate, it is estimated that the Halfway embayment would infill by 22% to 35% after 50 years and 
would infill completely in 150 to 220 years. Once the embayment had infilled, the Halfway River 
would likely flow in a gravel-bed channel with a meandering or braided pattern within a valley 
bottom floodplain, and would have a delta slope extending out into the main body of the reservoir. 


 


3.6 Monitoring  


In EIS Volume 2, Section 11.2.3.14 BC Hydro commits to regular monitoring of shoreline conditions, 
including groundwater levels, shoreline erosion rates and landslide activity. 


An operational monitoring plan would be developed for the Project to provide regular monitoring of 
shoreline conditions, including groundwater levels, shoreline erosion rates and landslide activity. The 
results of this monitoring would be used to facilitate a review and update of the impact lines following 
approximately 5 years of reservoir operations. 


It is BC Hydro's intent that instrumentation monitoring and visual inspection program would be 
integrated into BC Hydro’s system-wide operational surveillance and dam safety programs which would 
continue as long as the dam is in operation. The long-term frequency of instrumentation monitoring and 
visual inspection should be adjusted based on the nature of the changes in instrumentation data and 
shoreline conditions that are observed.  


These monitoring programs, in conjunction with application of BC Hydro's proposed guidelines for land 
use on private property within the impact lines, will manage landslide risk to public safety in a way that 
is consistent with how landslides are managed in other parts of British Columbia. 


Several IRs requested the EIS address the uncertainty in the impact lines and the recommendation to 
review and potentially update them in the future. 


Parameter uncertainty is addressed in Volume 2 Appendix B Part 2. Where areas of uncertainty were 
identified, conservative assumptions were used in the analyses to develop the preliminary impact lines. 
Therefore, it is expected that the influence of the reservoir on flooding, erosion, landslides and 
landslide-generated waves will fall inside the preliminary impact lines. 


One IR (gov_0010-093) requested clarification of the extent and scope of the geotechnical 
investigations that are still to be completed. 


Additional geotechnical investigations are proposed to support the final designs for the Project, should it 
proceed. Within the reservoir area, these additional investigations would include, but are not 
necessarily limited to: 


• Additional geotechnical drilling, surface mapping, bathymetric surveys and slope stability analyses 
to support optimization of the berm and slope flattening designs for the Hudson’s Hope shoreline 
protection 
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• Additional geotechnical drilling, test pitting, surface mapping and slope stability analyses, and wave 
erosion protection design to support final design of proposed Highway No. 29 realignment 
segments 


• Expanding the geotechnical and slope stability monitoring program at locations where highway 
infrastructure is located on high bank slopes within the preliminary reservoir impact lines, and at 
other landslide areas including the Cache Creek Slide and near the confluence of the Peace and 
Moberly River 


• Additional surface mapping and slope stability analyses at locations where property owners have 
requested that a determination be made if it is safe for residential structures to remain within the 
reservoir impact lines for a period of time 
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Related Comments / Information Requests: 
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Reservoir Impact Lines

		MAY 8, 2013

		Subject: Reservoir Impact Lines

		1. Purpose

		This technical memo addresses questions raised during the comment period on the EIS about potential slope instability, erosion and flooding around the shoreline of the proposed reservoir.

		2. Impact Lines Approach

		The operating parameters for the proposed reservoir have changed little since the initial designs for the dam were prepared by BC Hydro in 1981. Numerous reservoir shoreline geotechnical investigations were undertaken by BC Hydro and its consultants in the 1970s and early 1980s.

		Results of the historical shoreline geotechnical investigations and analyses were used to establish a ‘residential safeline’ around parts of the proposed reservoir. The safeline was defined as “a conservatively located line beyond which the security of residents and residential improvements can be reasonably assured”. The safeline took into consideration the combined potential spatial extent of flooding, erosion, landslides and landslidegenerated waves. The position of the safeline was based on the hazard that could potentially affect land furthest from the reservoir, plus a margin of safety. A shoreline stability classification was established to describe the expected degree of change to slope stability caused by the reservoir.

		In 1983, the BC Utilities Commission issued a report in which it concluded that the approach taken by BC Hydro to characterize potential reservoir hazards, combined with commitments made for continued and ongoing investigation and monitoring, were sufficient to protect the public. However, the Commission also recommended that every effort be made to distinguish between lands that were truly hazardous and those that could be used safely for certain purposes.

		Round 1 of the Project Definition Consultation undertaken in May and June 2008 included reservoir impact lines as a topic. The Round 1 Consultation Discussion Guide presented information on BC Hydro’s proposal to replace the safeline approach with a series of “reservoir impact lines” based on the different physical processes that would be affected by the reservoir. The proposed approach was based on guidelines by the International Commission on Large Dams.

		Schematic representations of the Flood, Erosion and Stability Impact Lines taken from Volume 2 Appendix B Part 2 are appended to this memo.

		The Round 1 Consultation Discussion Guide:

		 Summarized the history of the safeline

		 Noted that studies were underway as part of Stage 2 to establish reservoir impact lines, to provide more information to land owners and residents, and to allow BC Hydro to tailor land use restrictions and property acquisitions

		 Noted that the impact lines would be conservatively located based on the information available, but could be modified after some years of experience with reservoir operation, should the project proceed

		 Asked for public feedback on the proposed reservoir impact lines approach

		Participants in the public consultation that provided feedback were generally in agreement with the impact lines approach.

		3. Environmental Impact Statement

		Several IRs (gov_0010080, gov_0010085, gov_0010086, gov_0010087, gov_0010088, gov_0010091, gov_0010098) questioned the level of detail provided in EIS Volume 2 Section 11.2.3, which is a summary of the results of the impact lines studies. More detail on the studies and original data are provided in EIS Volume 2 Appendix B Part 2 Preliminary Reservoir Impact lines. The appendices form part of the EIS and it is not practical or required to reproduce all the information contained within the appendices in the body of the EIS.

		The objectives of the reservoir impact lines study were to characterize potential changes to the stability of the reservoir shoreline as a result of the impoundment and operation of the proposed Site C reservoir, and to inform land use plans to manage public safety as it relates to these potential changes. Natural landslides originating from outside the Stability Impact Line are not expected to have an impact on the project. Potential exceptions include the management of slope hazards along proposed Highway No. 29 realignment sections. At these locations, management of terrain hazards and risks will be carried out through ongoing monitoring of slope stability, and other means consistent with how terrain hazards are managed elsewhere along highways throughout the province. 

		Conservative assumptions have been used for the purpose of the EIS and the land use impacts and hazards of the project. If the project proceeds, additional hazard assessments will be conducted, as required, in final design and construction for the various Project components. It was not the objective of the study to create hazard or development constraint maps for areas within the region where the stability of natural slopes or other terrain hazards would not be altered by the project.

		As described in EIS Section 11.2 and Volume 2 Appendix B Part 2, the methodology used to establish the reservoir impact lines consisted of the following:

		 Desktop studies, including a review of:

		o Historical air photographs, orthophotographs and satellite imagery

		o Geotechnical reports prepared for and by BC Hydro on the proposed reservoir slopes between 1978 and 1983 that document surface mapping, geotechnical drilling, slope movement and groundwater monitoring, and slope stability analyses

		o Published reports and maps on the regional bedrock and overburden geology

		o Published reports and academic research on the Cache Creek, Attachie and Halfway River landslides, a regional landslide inventory, and landslide case histories

		o Historical geotechnical site investigation results and reports prepared for the B.C. Ministry of Transportation and Infrastructure in the vicinity of Highway No. 29

		o Climate monitoring data from Fort St. John

		o High resolution topography and digital elevation models of the proposed reservoir slopes, generated from a LiDAR (light detection and ranging) survey

		o Case histories of reservoir shoreline and slope stability performance for reservoirs located in similar geological materials and environments, including Williston Reservoir (Dunlevy Section), Dinosaur Reservoir, Nechako Reservoir, Lake Roosevelt, and others

		 Field studies, including:

		o Surface inspections and mapping of the proposed reservoir shoreline, with emphasis on accessible north bank slopes with existing residential development or infrastructure and south bank slopes identified as having potentially elevated landslidegenerated wave initiation potential, with the objectives to field verify the shoreline geology, collect evidence of groundwater seepage, and to field check the landslide inventory

		o Excavations of test pits at locations where old landslide deposits have been preserved on elevated river terraces, including sampling of buried organic materials for radiocarbon dating to indicate the age of the landslides

		o North bank geotechnical drilling, sampling, laboratory soil and rock testing, and groundwater monitoring, to confirm shoreline geology and to determine geotechnical parameters and groundwater levels to facilitate slope stability analyses and refinement of the reservoir impact lines

		o South bank geotechnical drilling, sampling, laboratory soil and rock testing, and groundwater and slope movement monitoring, to confirm shoreline geology and to determine geotechnical parameters and groundwater levels to facilitate slope stability analyses and refinement of the reservoir impact lines

		o Installation of a total of 65 standpipe piezometers in drill holes completed as part of the shoreline geotechnical investigations

		o Evaluation of current groundwater conditions around the proposed reservoir from records of seepage during the surface inspections, by measuring water levels in the installed standpipe piezometers using dip meters and level loggers, and by estimating hydraulic conductivity by testing

		o Installation of level loggers in selected piezometers in the south bank and the north bank

		 Characterization of current shoreline conditions, including bedrock and overburden geology, and a detailed inventory and characterization of landslides and slope angles that have formed in the geological material types present throughout the Peace River valley

		 Assessment of the potential flood hazard around the proposed reservoir shoreline as a result of windgenerated waves, inflows from upstream and from tributary valleys, and operation of the Project

		 Development of conservative predictions of shoreline erosion over a period of 100 years of reservoir operations

		 Assessment of current groundwater conditions within the proposed reservoir slopes and prediction of groundwater changes as a result of proposed reservoir impoundment and operation

		 Slope stability analyses to assess the stability of slopes under current and proposed reservoir conditions

		 Assessment of potential landslidegenerated waves, in which slope segments susceptible to large and potentially extremely rapid landslides were investigated

		 Establishment of preliminary impact lines for the proposed reservoir

		 Development of a shoreline erosion and stability classification system to provide a qualitative assessment of the potential change in shoreline erosion and stability under reservoir conditions

		 Additional considerations for land use and public safety around the proposed reservoir stemming from the results of the impact lines study

		 Recommendations for ongoing shoreline monitoring and impact line review

		The reservoir shoreline topographic and geotechnical information was compiled, reviewed and interpreted by qualified registered professional engineers and geoscientists, and interpretations of the data were reviewed by technical reviewers and a technical advisory panel convened for the Project. One IR (gov_0010105) questioned the 100 year lookahead period adopted for this study and suggested that the impact lines should consider the full intended life span of the reservoir. As described in Volume 2 Section 11.2.3 and Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines, the largest changes to shoreline stability and erosion are expected to occur within the first 3 to 5 years of the impoundment of the proposed reservoir. For example, erosion predictions, taking into consideration the stratigraphy of the soils around the proposed reservoir, indicate that as much as 50% of the predicted shoreline erosion over a 100 year period would occur within the first 5 years of reservoir operation. Longterm (steady state) groundwater conditions under reservoir operations scenarios, as well as rapid drawdown scenarios, have been considered in determining the position of the reservoir impact lines. Changes to groundwater conditions that could affect slope stability would largely equilibrate within the first 3 to 5 years of the impoundment of the reservoir. The positions of the reservoir impact lines, which incorporate longterm anticipated groundwater conditions and shoreline erosion predictions for a period of 100 years, appropriately reflect the potential long term changes to slope stability resulting from the impoundment and operation of the reservoir. As described in the EIS and in Section 3.6 of this technical memo, BC Hydro is committed to monitoring the stability of the reservoir shoreline for as long as the dam is in operation and the intent is, through ongoing investment in maintenance and sustaining capital, to operate the dam and reservoir in perpetuity.

		One IR (gov_0014023) requested clarification on the derivation and use of the digital elevation model that was derived from the LiDAR data. The LiDAR data was flown at a height of approximately 1,200 m using 0.75 m point spacing with an expected horizontal accuracy of 0.45 m and an expected vertical accuracy of 0.3 m. As noted in Volume 2 Appendix B Part 2 Section 4.2.1, the LiDAR data was provided in the form of a bareearth digital elevation model with a 1 m by 1 m horizontal resolution. The LiDAR imagery was used to map terrain units, in combination with orthophotos, air photos and satellite imagery.

		One IR (gov_0010608) commented that the LiDAR data set was not provided to government reviewers. LiDARbased digital elevation models and orthophotos were used extensively in the reservoir impact lines study. PDF copies of shaded relief imagery were used as a base map for several of the figures and drawings included in the EIS and appendices.

		Section 11.2.3.2 of the EIS describes the grouping of select geological units for the purposes of the Impact Lines Studies. The geology of the proposed reservoir shoreline is described in detail in Volume 2 Appendix B Part 2 and was summarized in Section 11.2.2.

		One IR (gov_0010_609) questioned the wide spacing of geotechnical drill holes in some areas and the potential to overestimate impacts of the Project on existing and future development. Interpreted geological sections were created at no more than 1 km intervals for both the north and south banks of the reservoir, and were used to create geological fence diagrams that illustrate interpolation of the geological model between cross sections, as detailed in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines. The cross sections were developed from historical and recent geotechnical boreholes, but also relied upon extensive surface mapping of soil and bedrock exposures in the valley walls, interpretation of LiDAR topography and orthophotos, and from literature review from prior geological mapping work by others. Borehole locations were prioritized based on the locations of homes and other existing and proposed infrastructure that were potentially located inside the anticipated limits of the reservoir impact lines. The reservoir shoreline geological model forms the basis for the delineation of the reservoir impact lines. The geological model and suitability of investigations were reviewed by the Project team, including external reviewers comprising nationally and internationally respected geologists and geological engineers, who found it to be suitable for the purpose of establishing the reservoir impact lines and Project Environmental Assessment. The reservoir impact lines project team and review process is described in further detail in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines.

		Two IRs (gov_0010098, gov_0010091) suggested more investigation and description of Holocene (postglacial) geological processes. A detailed description of the evolution of the Peace River valley, including major features related to postglacial processes, is provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 3.3. The Holocene geomorphic information most relevant to the determination of the position of the reservoir impact lines was captured in the detailed landslide inventory (including estimates of landslide frequency, volume, basal failure material, and runout behaviour), and inventory of shortterm (eroded) and longterm (ultimate) slope angles that have formed in the various geological materials, as detailed in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Sections 4 and 5. It is recognized that variability in the paleoclimate has influenced the landslide record and the development of valley slope angles. The geotechnical investigations have focused on the information most relevant to the determination of the reservoir impact lines and, where required, conservative assumptions have been used to define the position of the impact lines.

		Published and unpublished radiocarbon dates of buried organic materials in fans and landslide deposits within the proposed reservoir area, as well as dates obtained from samples from recent BC Hydro geotechnical investigations, were taken into consideration in establishing the age of the modern Peace River valley and historic rates of landslide activity, as detailed in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Sections 3 and 4. It is believed that the frequency of landslide occurrence and reactivation has diminished since the modern Peace River valley was first formed, and again since the river was regulated with the construction of the W.A.C. Bennett Dam. It is expected that additional investigations, as suggested in the information request, would support assumptions that the rate of geomorphic activity has declined over the past several thousand years. However, the conservative assumption has been used in defining the impact lines that longterm historic rates of landslide activity also are representative of current and future rates of landslide activity.

		One IR (gov_0014024) indicated that the individual complexities and modes of failures of the individual geological units, specifically the glaciolacustrine units, could be lost in the grouping of simplified geological mapping units.

		Differences between the distinct overburden units included in each simplified mapping group are acknowledged and described further in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 3.3. These differences were taken into account in assessing the susceptibility to failure and the dominant failure mechanisms of the different materials, particularly the different glaciolacustrine units, as described further in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Sections 4.1.1, 4.2.3, 8.3.1, 8.3.4, 9.2.2 and 10.2.2. Wherever the units were grouped and assigned the same parameter values, the assignments were based on the material within each group that produced the most conservative result.

		Section 11.2.3.3 of the EIS summarizes a comprehensive inventory of landslides that have occurred in the modern Peace River valley that was completed for the proposed reservoir area. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 4.

		One IR (gov_0010097) recommended further investigation and monitoring of the Cache Creek Slide (at Bear Flat) and asked about the potential for future movement of this slide to block this section of the reservoir.

		Historical geotechnical investigations of the Cache Creek Slide, including geotechnical drilling and monitoring of groundwater levels and slope movements were carried out by BC Hydro and are documented in Volume 2 Appendix B Part 2 of the EIS. A detailed description of the Cache Creek Slide, including volume, mechanisms and movement rates, is provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 4.1.2.1. The proposed reservoir would be approximately 800 to 900 m wide and approximately 43 m deep at the location in question. Average movement rates at the toe of the Cache Creek Slide are slow. Therefore, unanticipated blockage of reservoir flow at this location would be extremely unlikely. To maintain operation of the powerhouse, only a small fraction of the reservoir area would be needed to safely pass flows. BC Hydro would monitor groundwater levels and the stability of the slopes in the vicinity of the Cache Creek Slide, and undertake additional geotechnical investigation to support the final design of the proposed Highway No. 29 realignment through Bear Flat should the Project proceed.

		Two IRs (pub_0601003 and pub_0601008) indicated that the landslide inventory should include assessment of landslides from the Alberta region. One IR specifically referenced the Eureka River Slide of June 1990 at 50 million cubic metres of landslide material and indicated that index testing of material from this slide was within the same range found at the Attachie Slide.

		As described in Volume 2 Appendix B Part 2 Section 4.1, landslide investigations in similar geological settings along tributaries of Peace River and east of the B.C.Alberta border have been studied. A list of supplemental references is provided below. The list includes the paper on the Eureka River landslide.

		Development of the preliminary impact lines is described in detail in Volume 2 Appendix B Part 2. The preliminary Stability Impact Line and LandslideGenerated Wave Impact Line were derived based on a comprehensive landslide inventory and detailed geotechnical investigations within the reservoir project activity zone. The information from within the project activity zone is considered sufficient for development of the preliminary Stability Impact Line and LandslideGenerated Wave Impact Line. In addition, however, landslide case histories for landslides originating in glaciolacustrine materials along Peace River and its major tributaries in Alberta were compiled and reviewed. The main objective of this review was to search for case histories of landslides in similar geological materials as the 1973 Attachie Slide that failed extremely rapidly; no such case histories were identified. In addition to the landslide investigations along Peace River between Hudson's Hope and the B.C.Alberta border that are specifically referenced in Volume 2 Appendix B Part 2 Section 4.1, the following publications were studied:

		Cruden, D.M., Ruel, M., Thomson, S., 1990. Landslides along the Peace River, Alberta. In Proc. 43rd Canadian Geotechnical Conference, Geotechnical Society of Canada, vol. 1, pp. 61‐68.

		Cruden, D.M., Keegan, T.R. and Thomson, S., 1993. The landslide dam on the Saddle River near Rycroft. Canadian Geotechnical Journal, vol. 30(6), pp. 10031015.

		Cruden, D.M., Thomson, S., Kim, H.J., and Peterson, A.E., 1995. The Edgerton landslides. Canadian Geotechnical Journal, vol. 32(6), pp. 989–1001.

		Cruden, D.M., Lu, Z.Y. and Thomson, S., 1997. The 1993 Montagneuse River landslide, Alberta. Canadian Geotechnical Journal, vol. 34(5), pp. 799810.

		Cruden, D.M., Peterson, A.E., Thomson, S. and Zabeti, P,. 2002. Thirty‐five years of activity at the Lesueur Landslide, Edmonton, AB. Canadian Geotechnical Journal, vol. 39, pp. 266‐278.

		Dewar, D. and Cruden, D.M., 1998. The largest historic landslide in the MacKay River Valley, N.E. Alberta. Proceedings of the 51st Canadian Geotechnical Conference, vol. 1, pp.73‐80.

		Eshragian, A., Martin, C.D. and Cruden, D.M., 2007. Complex Earth Slides in the Thompson River Valley, Ashcroft, British Columbia. Environmental & Engineering Geoscience, vol. XIII, pp. 161–181.

		Geertsema, M., 1998. Flowslides in waterlain muds of northwestern British Columbia, Canada. Proceedings 8th International IAEG Congress, vol 3, pp. 19131921.

		Jones, F.O., Embody, D.R. and Peterson, W.L. 1961. Landslides Along the Columbia River Valley Northeastern Washington. Geological Survey Professional Paper 367.

		Kim T.H., Cruden D.M., Martin C.D., and Froese C.R., 2009. The 2007 Fox Creek landslide, Peace River Lowland, Alberta, Canada. Landslides, Journal of the International Consortium on Landslides, vol. 7, pp. 8998.

		Krahn, J. and Weimer, N.F., 1984. The W.I.D. Landslide. Proceedings of the 37th Canadian Geotechnical Conference, pp. 209‐215.

		Lu, Z.Y., Cruden, D.M., Thomson, S., 1999. Landslides and preglacial channels in the western Peace River lowland, Alberta. In Proc. 51st Canadian Geotechnical Conference. Geotechnical Society of Canada. pp. 267‐274.

		Maber, C.T. and Stewart, P., 1976. The Peace River Hill Landslide; Proceedings, sponsored by the Canadian Geotechnical Society, 29th Canadian Geotechnical Conference, Vancouver, BC, pp. 33‐47.

		Martin, R.L., Lewycky, D.M., and Ruban, A.F., 1998. Long term movement rates in a large, translational landslide. Proceedings of the 51st Canadian Geotechnical Conference, pp. 23‐30.

		Miller, B.G.N. and Cruden, D.M., 2002. The Eureka River landslide and dam, Peace River Lowlands, Alberta. Canadian Geotechnical Journal, vol. 39, pp. 868878.

		Miller, B.G.N. and Cruden, D.M., 2001. Landslides, landslide dams, and the geomorphology of tributaries in the Peace River Lowland, Alberta. Proceedings of the 54th Canadian Geotechnical Conference, pp. 363370.

		Nasmith, H., 1964. Landslides and Pleistocene deposits in the Meikle River valley of northern Alberta. Canadian Geotechnical Journal, vol. 1, pp. 155166.

		Raymond, E.L., Evans, S.G. and Couture, R., 2002. Geological log of two boreholes at 2001 Cecil Lake Road landslide near Fort St. John, BC. GSC Open File 4294.

		SoeMoe, K.W., Cruden, D.M., Martin, C.D., Lewycky, D., and Lach, P.R., 2009. Mechanisms and kinematics of three translational slides along the North Saskatchewan River Valley, Edmonton. Proceedings, 52nd Canadian Geotechnical Conference, September 2009, Halifax, 8p.

		Thomson, S. and Hayley, D.W., 1975. The Little Smoky Landslide. Canadian Geotechnical Journal, vol. 12, pp. 379‐392.

		Section 11.2.3.4 of the EIS summarizes the results of the slope angle inventory, which were combined with results from the geotechnical site investigations and slope stability analyses to establish predicted eroded and ultimate slope angles for each of the geological units around the proposed reservoir. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 5. IRs on this section are addressed under Stability Impact Line below.

		Section 11.2.3.5 of the EIS summarizes the predicted changes in groundwater flow that might affect slope stability as a result of proposed reservoir operations. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 8.

		One IR recommended that modelling work be consistent with best practices documented in the Guidelines for Groundwater Modelling to Assess Impacts of Proposed Natural Resource Development Activities.

		As stated on Page 3 of the guidelines, the objective of the guidelines was "to provide guidelines for groundwater modelling undertaken to identify and assess the impacts of natural resource projects in British Columbia, with specific emphasis on: hardrock mining (metal, coal), aggregate mining (gravel), and large groundwater extraction projects (> 75 L/s)." The Site C Clean Energy Project is not in a category contemplated by the guidelines. Nevertheless, the groundwater modelling completed for the Site C Clean Energy Project is consistent with the intent of the guidelines and is appropriate to meet the EA objectives.

		Another IR commented that it would be useful to include maps in the EIS to show groundwater flow directions and flow rates, and potential changes caused by the Project.

		The groundwater assessment presented in Sections 11.2 and 11.6 of the EIS meets the requirements described in Section 9.3.3 of the EIS Guidelines. The Technical Study Area for the groundwater regime study extends 83 km, from Peace Canyon Dam to the proposed Site C dam, and is less than 5 km wide (Figure 11.6.1 of the EIS). The crosssectional depictions of groundwater flow conditions are appropriate to the study area geometry and observed groundwater conditions. Volume 2 Appendix B Part 2 Section 8 describes groundwater conditions. Interpreted groundwater flow regimes are described in Volume 2 Appendix B Part 2 Section 8.1 for current conditions and for proposed reservoir conditions.

		Section 11.2.3.6 of the EIS summarizes the potential for flood discharges from Peace Canyon Dam upstream of the proposed reservoir, and from tributary valleys within the proposed reservoir, combined with windgenerated waves, to temporarily inundate lands above the Maximum Normal Reservoir Level. The possible operation of the proposed Site C dam auxiliary spillway could also surcharge the reservoir is also described. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 6.

		IRs on this section are addressed under Flood Impact Line below. 

		Section 11.2.3.7 of the EIS summarizes the characterization and modelling of erosion by windgenerated waves around the proposed Site C reservoir. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 7.

		IRs on this section are addressed under Erosion Impact Line below.

		Section 11.2.3.8 of the EIS summarizes twodimensional limit equilibrium slope stability analyses that were carried out to refine an understanding of the effect of groundwater changes and shoreline erosion on the stability of slopes around the proposed Site C reservoir. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 9.

		One IR (pub_0601009) requested additional rationale for the selected seismic parameters used in the pseudostatic (seismic) slope stability analysis, in particular, the reason for using median ground motions for the reservoir slope analyses and mean ground motions for the dam design. Mean values from the seismic hazard assessments described in EIS Section 11.2.5 are higher than median values. 

		The seismic hazard for the design of the dam is based on mean values, which is consistent with the 2007 Canadian Dam Association guidelines (see EIS Section 11.2.5 Regional Seismicity and Seismic Hazard and the Technical Memo on Seismic Considerations). Median ground motions have been utilized for impact line studies that focus on the residential land use and the relocation of Highway No. 29. As described in Volume 2 Appendix B Part 2 Section 9.2.4, the methods adopted for pseudostatic stability analysis of the reservoir slopes (i.e. use of 2,475year median PGA values) are consistent with the requirements of the National Building Code of Canada and the APEGBC Guidelines for Legislated Landslide Assessments for Proposed Residential Development in B.C.. It is acknowledged that ground conditions vary between sites, however, NBCC site class C (firm ground conditions  soft rock and very dense soil) is generally applicable as an average condition along potential landslide slip surfaces at all of the sites that were analyzed. The conservative use of the full PGA values is consistent with recommendations provided by APEGBC for screening level seismic slope stability analysis (i.e. to confirm that the factor of safety at the location of interest exceeds 1.0).

		Uncertainties and limitations of the reservoir slope stability analyses are described in Volume 2 Appendix B Part 2 Sections 9.1 and 9.2 and the sensitivity of the results is described in Section 9.3.

		Landslides with the capability of achieving extremely rapid velocities (greater than 5 m/s) have the potential to generate impulse waves if they enter the reservoir. Section 11.2.3.9 of the EIS summarizes the analysis to assess the landslidegenerated wave hazard along the proposed reservoir shoreline. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 10.

		IRs on this section are addressed under LandslideGenerated Wave Impact Line below.

		Section 11.2.3.10.1 of the EIS describes the Flood Impact Line. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11.

		The Flood Impact Line is the boundary beyond which land would not be expected to be affected by floods, windgenerated waves, the operation of the Site C auxiliary spillway, and/or waves caused by boats and small landslides. The Flood Impact Line is located at elevation 466 metres, or approximately four metres above the Maximum Normal Reservoir Level (elevation 461.8 metres).

		One IR requested clarification of whether or not mitigation, such as dykes, could be put in place to prevent this flooding. It is not considered practical to prevent flooding from occurring within the Flood Impact Line by means of impervious dykes or other measures because of the foundation conditions, costs, and benefits. Mitigation against erosion and slope instability is considered feasible and practical along the shoreline adjacent to the community of Hudson's Hope and adjacent to realigned segments of Highway No. 29, but even at these locations, the construction of impervious dykes to prevent flooding within the Flood Impact Line is not proposed. Further descriptions of the probabilities associated with the Flood Impact Line are provided in Volume 2 Appendix B Part 2 Section 11.1.

		One IR requested the anticipated depth and duration of the potential flooding. Further details are provided in Volume 2 Appendix B Part 2 Sections 6 and 11. The elevation of the Flood Impact Line is 466 metres, or 4.2 metres above the Maximum Normal Reservoir Level. Therefore, the potential depth of inundation within the Flood Impact Line could range from 0 to 4.2 metres, depending on the local elevation of the land and the scenario that caused the flooding. The duration could range from seconds to hours for flooding caused by windgenerated waves. The most likely cause of flooding that could reach the position of the Flood Impact Line is from windgenerated waves from a 200 year wind storm. Wave runup would vary with the local geometry of the reservoir shoreline. Additional information on predicted wave runup from a 200 year wind storm at locations around the proposed reservoir is provided in Volume 2 Appendix B Part 2 Section 6.

		Several IRs (gov_0010080, gov_0010084, gov_0010086) recommended additional work to characterize hazards related to landslide dam and outbreak flood potential on tributary creeks.

		The characteristics of prior landslide dam events in tributary valleys (e.g. the Halfway River Slide) were reviewed and taken into consideration when establishing the elevation of the preliminary Flood Impact Line. The elevation of the Flood Impact Line is based on predicted inflows from the 1,000 year return period flood on the Halfway River combined with predicted wave runups from a 200 year windstorm. It also considers potential wave runup from smaller landslidegenerated waves. The impact lines are considered adequate for managing public safety and land use potentially affected by flooding from landslide dam outburst floods in tributary creeks.

		Section 11.2.3.10.2 of the EIS describes the Erosion Impact Line. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11.

		The Erosion Impact Line is the boundary beyond which the top of the slope adjacent to the reservoir would not be expected to regress due to erosion caused by the impoundment and operation of the reservoir over a period of 100 years. It considers both predicted shoreline erosion (to the 100year Beach Line) and the formation of a slope above the reservoir shoreline using appropriate eroded (short term, steep) slope angles for the geological units present around the shoreline. The predicted average range of shoreline erosion by material type is shown in the table below.

		Years of Operation

		Shoreline Material Type, Percent of Shoreline Length(%), and Predicted Erosion Distance (metres)

		ISC(8%)

		OC(15%)

		BC(10%)

		SG(36%)

		SST(11%)

		SSH(11%)

		SH(8%)

		5

		24

		18 to 43

		2 to 5

		1 to 6

		<1

		<1

		1

		100

		47

		30 to 71

		5 to 23

		4 to 18

		<1

		2

		3

		ISC = interbedded sand, silt and clay; OC = overburden colluvium; BC = bedrock colluvium; SG = sand and gravel; SST = siltstone; SSH = silty shale; SH = shale

		For example, overburden colluvium would be present along 15% of the reservoir shoreline and it is predicted that after 5 years of reservoir operation the erosion distance would be between 18 m and 43 m.

		One IR suggested modelling to indicate what the valley may look like in the years shortly after reservoir filling, and discussion of the impacts to the valley and recreation.

		Sedimentation studies and a visual impact assessment have been carried out looking at potential changes as a result of shoreline erosion and landslides, both in the 5year period following impoundment of the reservoir, and over a period of 100 years of reservoir operations. As indicated in the table above, in the more erodible shoreline materials, such as interbedded sand, silt and clay deposits, as much as half of the total erosion and associated landslide activity for the 100year period could occur within the first 5 years of reservoir operation. Examples of how the shoreline erosion predictions have been incorporated in the visual impact assessment are provided in the EIS in Volume 3 Section 27.

		Another IR requested a description of the potential for beach habitats to reform postdevelopment. The shoreline erosion process is described in detail in Volume 2 Appendix B Part 2 Section 7. Where slopes above the Maximum Normal Reservoir Level comprise low, gentle banks in sand and gravel, gentle beaches are likely to reform during reservoir operation. At other locations where the slopes above the Maximum Normal Reservoir Level comprise steeper and higher banks, short, steep beaches will tend to reform during reservoir operations and a shallow (0.5 to 1.5 metre deep) wave cut platform will be created by wave erosion processes beyond the toe of the beaches.

		Section 11.2.3.10.3 of the EIS describes the Stability Impact Line. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11.

		The Stability Impact Line is the boundary beyond which land would not be expected to be affected by landslide events caused by the impoundment and operation of the reservoir. The position of this line considers extremely unlikely landslide events. It accounts for the predicted amount of shoreline erosion over a 100 year period of reservoir operation, potential changes in groundwater levels and gradual flattening of slopes above the reservoir shoreline using appropriate ultimate (long term, shallow) slope angles for the geological units present around the shoreline.

		One IR commented on the straightness of the impact lines relative to the natural landscape pattern, and the potential to underestimate impacts due to sliding and slumping using such a straight line.

		The exact location of future landslides is difficult to predict. The Stability Impact Line is a relatively straight line that is intended to provide a conservative envelope around potential future landslides related to reservoir impoundment and operation, wherever they may occur. This conservative approach is consistent with the definition of the Stability Impact Line provided above.

		Section 11.2.3.10.4 of the EIS describes the LandslideGenerated Wave Impact Line. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 11.

		The LandslideGenerated Wave Impact Line is a boundary applied to three areas on the north bank of the proposed reservoir (Lynx Creek, Farrell Creek and Halfway River), where landslidegenerated waves could temporarily flood elevations higher than the Flood Impact Line. The position of this line is based on combinations of landslide volumes and velocities that are considered extremely unlikely to occur.

		One IR (gov_0010096) requested details of the hybrid landslidegenerated wave modelling approach and results. Details of the empirical and numerical modelling approach to predicting potential landslidegenerated wave initiation, propagation and runup, including validation through comparison with historical physical model tests, are documented in Volume 2, Appendix B, Part 2 Preliminary Reservoir Impact Lines, Section 10, and in Appendix H of that Appendix.

		One IR (gov_0014025) requested a quantitative value to describe the risk of landslide generated wave potential and an explanation of its derivation to clarify the actual level of risk.

		The estimated likelihoods of landslides or landslidegenerated waves caused by the impoundment and operation of the proposed reservoir affecting lands beyond the position of the Stability and LandslideGenerated Wave Impact Lines, respectively, are less than 1 in 10,000 per year. These likelihoods meet criteria that are being developed and used in other parts of British Columbia to guide the approval of new residential development in landslide prone terrain.

		Further descriptions of the landslidegenerated wave analysis, including the rationale for selected study sites, are provided in Volume 2 Appendix B Part 2 Section 10. Further descriptions of the probabilities associated with the Flood Impact Line and LandslideGenerated Wave Impact Line are provided in Volume 2 Appendix B Part 2 Section 11.1.

		The total area contained between the proposed Maximum Normal Reservoir Level and the impact lines is approximately 9,650 hectares. Of the land area encompassed by the impact lines, approximately 70% is steeper than 17°. Terrain steeper than 17° in the Peace River valley is prone to erosion and landslides under natural conditions, and is typically not considered suitable for residential use. Consequently, on their own, the impact lines do not facilitate a direct quantification of the predicted changes to slope stability or potential land use caused by the reservoir.

		As described in Section 11.2.3.11, a shoreline classification system was developed to describe current conditions and the degree of potential change on slope stability caused by reservoir impoundment and operation. Further details are provided in Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Section 12. Shoreline segments were assigned to one or more shoreline erodibility classes based on the material type at the MNRL. Shoreline segments were also assigned to one or more landslide hazard classes. 

		The shoreline stability classification indicated the following changes in likelihood:

		 Landslides in low bank bedrock slopes with volumes >10,000 m3 and generally limited velocities would not generally be expected to increase under proposed reservoir conditions. Peak landslide velocities would typically be less than 13 m/month and are unlikely to exceed 1.8 m/hr, but could exceed 5 m/s where rock falls initiate on nearvertical slopes.

		 Landslides in low bank overburden slopes with volumes >10,000 m3 and possible extremely rapid velocities would be expected to increase over a length of approximately 27.9 kilometres (9%) of reservoir shoreline, primarily at locations where interbedded sand, silt and clay would be present at or below the MNRL and erosion and groundwater changes could affect slope stability. Peak landslide velocities would typically be less than 13 m/month but could exceed 5 m/s where flow slides are generated.

		 Landslides in high bank bedrock slopes with volumes >100,000 m3 and generally limited velocities would be expected to increase over a length of approximately 48.7 kilometres (16%) of reservoir shoreline, primarily downstream of Wilder Creek, where weak bedding planes associated with previous landslides, including the Tea Creek Slide, would be subject to pore water pressure changes during reservoir impoundment and operation. Peak landslide velocities would typically be less than 13 m/month and are unlikely to exceed 1.8 m/hr.

		 Landslides in high bank overburden slopes with volumes >100,000 m3 and possible extremely rapid velocities would be expected to increase over a length of approximately 66.5 kilometres (21%) of reservoir shoreline, primarily at locations where sand and gravel and interbedded sand, silt and clay would be present at or below the MNRL and erosion and groundwater changes could affect slope stability. Peak landslide velocities would typically be less than 13 m/month but could exceed 5 m/s where flow slides are generated.

		Several IRs requested an estimate of the land lost to agriculture within impact lines, during the life of the project, and the future risk to farm operations within the Stability Impact Line.

		Estimates of potential agricultural land loss as a result of erosion and landslides caused by the creation and operation of the reservoir assume that 100% of the land within the Erosion Impact Line will lose all agricultural value within 100 years of reservoir operation. No additional potential loss of land between the Erosion and Stability Impact Line has been accounted for, although BC Hydro would compensate private property owners for such a loss through the acquisition of property rights. In BC Hydro’s view, the approach to estimating potential agricultural land loss is appropriate for the following reasons:

		 It is very conservative to assume 100% land loss within the Erosion Impact Line (the position of the line was designed to be conservative for the purpose of managing public safety)

		 The probability of landslides caused by the creation and operation of the reservoir affecting land between the Erosion and Stability Impact Line is low, ranging from less than 1:100 per year at the position of the EIL to less than 1:10,000 per year at the position of the SIL

		 The factor of safety against landslides caused by the creation and operation of the reservoir, based on a range of groundwater scenarios, and assuming 100 years of reservoir shoreline erosion, was calculated to be greater than 1.0 at all locations around the reservoir at the position of the EIL, indicating that such landslides are not expected.

		 Where landslides do occur, their behaviour is expected to be similar to that of landslides currently present on agricultural land (movement rates will typically be slow and still suitable for some agricultural purposes).

		Information from the impact line studies was used and/or addressed in the following parts of the environmental assessment reported in the EIS:

		 Volume 1:

		o Section 4 Project Description, for design of the dam freeboard, the Hudson’s Hope shoreline protection and the Highway No. 29 realignment segments and bridges to accommodate potential landslidegenerated waves

		o Section 9 Information Distribution and Consultation, listing the occasions the impact lines were discussed

		o Appendix A Vegetation, Clearing and Debris Management, to define the extent of clearing required

		 Volume 2:

		o Section 11.3 Land Status, Tenure and Project Requirements, for acquisition of property rights and compensation

		o Section 11.6 Groundwater Regime, to assess the interactions between the groundwater regime and slope or terrain stability

		o Section 11.8 Fluvial Geomorphology and Sediment Transport, sediment input from reservoir shoreline

		o Section 12 Fish and Fish Habitat, sediment input from reservoir shoreline

		o Section 13 Vegetation and Ecological Communities, loss of land to erosion as well as a boundary of its local assessment area

		o Section 14 Wildlife Resources, loss of land to erosion as well as a boundary of its local assessment area

		 Volume 3

		o Section 19 Current Use of Lands and Resources for Traditional Purposes, loss of land to erosion

		o Section 20 Agriculture, as a boundary of its local assessment area

		o Section 21 Forestry, as a boundary of its local assessment area

		o Section 22 Oil, Gas, and Energy, as a boundary of its local assessment area

		o Section 23 Minerals and Aggregates, as a boundary of its local assessment area

		o Section 24 Harvest of Fish and Wildlife Resources, as a boundary of its local assessment area

		o Section 25 Outdoor Recreation and Tourism, as a boundary of its local assessment area, and as consideration for the location of new recreational boat launches and day use areas proposed as mitigation measures

		o Section 26 Navigation, bank stability was considered a potential effect on navigation during operations

		o Section 27 Visual Resources, to assess the visual landscape and provide a visual simulation of what the reservoir slopes would look like over the near and long term

		 Volume 4:

		o Section 30 Community Infrastructure and Services, impact lines may affect municipal infrastructure, such as sewer and water systems, along the shoreline, and they will be considered in the final engineering assessment and, where required, in design of any relocation or remediation measures

		o Section 32 Heritage Resources, as a boundary of its local assessment area

		o Section 33 Human Health, sediment input from the reservoir shoreline was taken into account in considering the potential effect of changes to water quality on human health

		 Volume 5:

		o Section 35 Summary of Environmental Management Plans, in the development of monitoring and reporting plans to manage public safety

		o Section 37 Requirements for the Federal EA, effects of the environment on the Project including the potential for landslidegenerated waves affecting dam safety

		As described in EIS Section 35.2 and Section 35.3, public safety management plans would be put in place to minimize and manage public safety risks near Project activity zones during construction and operations. Specific procedures and protocols for managing public safety risks would be developed prior to construction or operation phases. The plan would define the communication requirements, communication methods, timing, and information distribution methods to ensure that the public is aware of ongoing project activities as well as of specific activities that may directly affect them, such as reservoir filling near the end of the construction phase. The plan would describe relevant management practices such as the Canadian Dam Association guidelines for public safety around dams.

		A key component of the public safety management plan would be the reservoir shoreline monitoring, as described in Section 11.2.3.14 of the EIS. The objective of this plan would be to identify the requirements for regular monitoring of shoreline conditions, including groundwater levels, shoreline erosion rates and landslide activity.

		BC Hydro has considerable experience managing waterborne woody debris in reservoirs, using catchment booms and natural shoreline collection points. The erosion of the shoreline, particularly in the early years of operations, would cause woody material to fall into the reservoir. BC Hydro has proposed to clear vegetation above the Maximum Normal Reservoir Level to the 5year Beach Line, to reduce the amount of postinundation debris entering the reservoir. The 5year Beach Line was identified through the reservoir impact line mapping study, and added approximately 180 hectares to the clearing area. The 5year Beach Line delineates the predicted shoreline erosion after 5 years of reservoir operation.

		BC Hydro has developed the following approach to land use on private property within the impact lines that focuses on public safety, maximizing flexibility for land owners, and minimizing the amount of land required by the Project:

		 No new residential structures would be permitted within the impact lines

		 Nonresidential structures could remain within the impact lines, pending sitespecific geotechnical assessment. To protect public safety, existing residential structures within the Flood, Erosion, and LandslideGenerated Wave Impact Lines would not be permitted to remain. 

		 Within the Stability Impact Line, and outside the Flood, Erosion and LandslideGenerated Wave Impact Lines, existing residential structures could remain for a period of time, at the owner’s request, and provided a sitespecific geotechnical assessment determines that it is safe to do so

		The proposed approach to land use within the reservoir impact lines is consistent with criteria that are being developed and used in other parts of B.C. to manage new and existing residential development in landslideprone terrain.

		Several IRs (gov_0010611, gov_0010612, gov_0010613) requested clarification on when sufficient information would be made available to make sitespecific decisions about whether or not a structure could remain within the impact lines, how long structures might be permitted to remain, and who would be responsible for the cost of these assessments. Determination on whether or not it is safe for specific structures to remain for a period of time within the impact lines would be made, at the request of property owners, should the Project proceed. A determination whether it is safe for residential structures to remain would be conditional upon positive confirmation that it would be safe to remain for a period of at least 20 years based on current predictions of shoreline erosion rates and changes in groundwater levels. The actual period that it would be safe to remain would be verified through ongoing monitoring and review. BC Hydro would be responsible for the costs of geotechnical assessments, where appropriate, to determine if existing residential structures could remain, for a period of time, within the reservoir impact lines.

		Shoreline protection adjacent to part of the community of Hudson’s Hope would be constructed prior to impoundment of the reservoir. Erosion and Stability Impact Lines have not been established along this section because the proposed shoreline protection would offset the predicted changes to erosion and slope stability caused by the reservoir. However, natural erosion and slope stability hazards along the upper portion of the slopes protected by the berm would not be mitigated by the proposed shoreline protection, and enforcement of development setbacks from the crest of the slope would continue to be required to manage these hazards.

		One IR (gov_0010614) requested clarification that the proposed berm adjacent to Hudson’s Hope would fully offset the adverse effects of the reservoir on global stability. The proposed berm and slope recontouring more than fully compensates for the effects of the proposed reservoir on global slope stability. Proposed designs and slope stability calculations are documented in Project design reports that are on file with BC Hydro. Should the Project proceed, the final design would be completed and the shoreline protection would be constructed to meet these criteria.

		One IR (gov_0010615) asked if the applicability of the existing development guidelines in the District of Hudson’s Hope has been confirmed by the District should the Project proceed and a berm is constructed. The berm and slope recontouring sections of the propose Hudson’s Hope shoreline protection measures would be designed to offset the effects of the reservoir on slope stability and would increase the overall stability of the slope. Because no negative change on stability is predicted, BC Hydro does not consider it to be the responsibility of the Project to determine if the existing residential development guidelines are appropriate. BC Hydro would consult with the community of Hudson’s Hope on the final design of the shoreline protection. With the shoreline protection measures in place, it may be possible to adopt less stringent development guidelines in some locations, but this would be a decision made by the community of Hudson’s Hope, and not BC Hydro.

		The proposed realigned segments of Highway No. 29 have been located outside of the impact lines, where practical. The proposed highway realignment at the Halfway River crossing is situated inside of the LandslideGenerated Wave Impact Line. The potential for landslide generated waves has been considered in determining the proposed realigned highway embankment elevation, bridge elevation, and bridge design parameters. The proposed highway and bridge designs at Halfway River have been reviewed by the Ministry of Transportation and Infrastructure and satisfy provincial design codes and safety guidelines.

		Some existing segments of Highway No. 29 are currently situated on marginally stable slopes inside the Stability Impact Line. Each of these segments has been reviewed by the Ministry of Transportation and Infrastructure. The potential changes to the stability of these highway segments as a result of the reservoir would be small and a proposed approach to ongoing highway monitoring and maintenance has been established in collaboration with the Ministry of Transportation and Infrastructure to manage the residual risks.

		One IR (gov_0010616) asked if the presence of the reservoir would result in an adverse effect on global stability for the section of Highway No. 29 located within the Stability Impact Line between Halfway Hill and Watson Hill, and if so, what measures would be put in place to mitigate these effects. The results of seepage and slope stability analyses completed for the Project (Volume 2 Appendix B Part 2 Preliminary Reservoir Impact Lines Sections 8 and 9) suggest that the existing global factor of safety along this section of Highway No. 29 is relatively high and that impoundment and operation of the reservoir would not have a large effect on slope stability at the location of the highway. However, this section of highway is subject to ongoing local instability of Glacial Lake Peace sediments that are located well above the proposed reservoir level. Monitoring of groundwater levels and slope stability would be carried out by BC Hydro and MOTI. If slope movements (regardless of cause) necessitate remedial action, options would likely include upslope drainage improvements, construction of retaining structures or toe berms, and/or adjustment of the highway centreline location.

		A reservoir shoreline monitoring and management plan would be developed for the Project. As part of this plan, BC Hydro would regularly monitor of shoreline conditions, including groundwater levels, shoreline erosion rates and landslide activity. The results of this monitoring would be used to facilitate a detailed review and update of the impact lines following approximately 5 years of reservoir operations. 

		EIS Section 26.4.8 describes the navigational restrictions that would be in place due to anticipated shoreline erosion and landslide potential. In the first year following reservoir impoundment, specific areas that would be restricted include the mouths of Lynx Creek, Farrell Creek and the Halfway River. After the second year, reservoir navigation access is anticipated in most areas, with the exception of areas downstream of Wilder Creek and at the Moberly River embayment which may be restricted slightly longer due to anticipated ongoing debris management activities in these areas.

		As described in EIS Section 11.8.5:

		 The estimated annual input of fine sediment to the reservoir due to shoreline erosion is 1.1 million t/year in Year 1 of reservoir operation, dropping to 0.55 million t/year by Year 10 as beach platforms develop, reducing the energy of wave impact

		 In the first 10 years of reservoir life, the average annual outflow of suspended sediment at the dam site is estimated to be about 30% of the total sediment input into the reservoir from both tributary and shoreline sources. The sediment outflow would comprise 98% clay and 2% silt on average.

		 The remainder of the tributary and shoreline sediment is predicted to be deposited within the reservoir. The estimated thickness of sediment deposition in the reservoir after 10 years would be variable with more deposition near tributary confluences and highly erodible shoreline segments. It is estimated that the deposition thicknesses would range from about 0.1 m in the main reservoir to over 2 m at the Halfway confluence and adjacent to some shoreline segments.

		 After 50 years of operation, the estimated thickness of reservoir sediment deposition under average sediment load conditions would range from about 0.3 to about 0.5 m in the main reservoir and 3 m to 4 m near some shoreline sections. In the Halfway River embayment, a deposition thickness of 3 m to 4 m is expected throughout the embayment, with up to 8 m near some shoreline segments.

		 The initial volume of the entire reservoir is 2,310 million m3. The modelled sediment deposition volume for the entire reservoir after the first decade is approximately 12 million m3, or 0.5% of the initial reservoir volume. The modelled deposition volume for the entire reservoir after 50 years is approximately 58 million m3, or 2.5% of the initial reservoir volume, assuming average sediment input conditions. For the 5th and 95th percentile sediment input conditions for Halfway River, the 50year deposition volumes in the reservoir would be 46 million m3 (2.0% of reservoir volume) and 68 million m3 (3.0% of reservoir volume), respectively.

		 The initial water volume of the Halfway River embayment at the start of reservoir operations would be approximately 90 million m3. The sediment deposition volume after the first decade is estimated at 4 million m3, or less than 5% of the initial embayment water volume. Depending on the sediment input rate, it is estimated that the Halfway embayment would infill by 22% to 35% after 50 years and would infill completely in 150 to 220 years. Once the embayment had infilled, the Halfway River would likely flow in a gravelbed channel with a meandering or braided pattern within a valley bottom floodplain, and would have a delta slope extending out into the main body of the reservoir.

		In EIS Volume 2, Section 11.2.3.14 BC Hydro commits to regular monitoring of shoreline conditions, including groundwater levels, shoreline erosion rates and landslide activity.

		An operational monitoring plan would be developed for the Project to provide regular monitoring of shoreline conditions, including groundwater levels, shoreline erosion rates and landslide activity. The results of this monitoring would be used to facilitate a review and update of the impact lines following approximately 5 years of reservoir operations.

		It is BC Hydro's intent that instrumentation monitoring and visual inspection program would be integrated into BC Hydro’s systemwide operational surveillance and dam safety programs which would continue as long as the dam is in operation. The longterm frequency of instrumentation monitoring and visual inspection should be adjusted based on the nature of the changes in instrumentation data and shoreline conditions that are observed. 

		These monitoring programs, in conjunction with application of BC Hydro's proposed guidelines for land use on private property within the impact lines, will manage landslide risk to public safety in a way that is consistent with how landslides are managed in other parts of British Columbia.

		Several IRs requested the EIS address the uncertainty in the impact lines and the recommendation to review and potentially update them in the future.

		Parameter uncertainty is addressed in Volume 2 Appendix B Part 2. Where areas of uncertainty were identified, conservative assumptions were used in the analyses to develop the preliminary impact lines. Therefore, it is expected that the influence of the reservoir on flooding, erosion, landslides and landslidegenerated waves will fall inside the preliminary impact lines.

		One IR (gov_0010093) requested clarification of the extent and scope of the geotechnical investigations that are still to be completed.

		Additional geotechnical investigations are proposed to support the final designs for the Project, should it proceed. Within the reservoir area, these additional investigations would include, but are not necessarily limited to:

		 Additional geotechnical drilling, surface mapping, bathymetric surveys and slope stability analyses to support optimization of the berm and slope flattening designs for the Hudson’s Hope shoreline protection

		 Additional geotechnical drilling, test pitting, surface mapping and slope stability analyses, and wave erosion protection design to support final design of proposed Highway No. 29 realignment segments

		 Expanding the geotechnical and slope stability monitoring program at locations where highway infrastructure is located on high bank slopes within the preliminary reservoir impact lines, and at other landslide areas including the Cache Creek Slide and near the confluence of the Peace and Moberly River

		 Additional surface mapping and slope stability analyses at locations where property owners have requested that a determination be made if it is safe for residential structures to remain within the reservoir impact lines for a period of time
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Subject: Seismic Considerations 


1. PURPOSE 
This technical memo addresses questions raised during the comment period on the EIS about seismic 
considerations. 


The information contained in the following sections of this technical memo is taken from EIS 
Sections 11.2.5, 37.1.6, 37.1.7 and 37.1.8 unless stated otherwise. 


This technical memo: 


• summarizes the information on the seismicity considerations contained in the EIS 


• describes the regional and site-specific seismic hazard analyses 


• describes how the results of the seismic hazard analysis were incorporated into the engineering 
design of the Project 


2. REGIONAL SEISMICITY  
This section of the technical memo addresses the following IRs that relate to regional seismicity: 


• pub_0601-002, pub_0601-004 and pub_0601-007 from Peace River Environmental Society 


• gov_0014-012 from Natural Resources Canada 


EIS Section 11.2.2 provides an overview of the regional geology and regional glacial history that is 
pertinent to the regional seismicity and the seismic hazard analysis for the Project. This section of the 
EIS primarily focuses on the surface and near-surface rocks which affect the geotechnical design of the 
proposed Site C dam, or which influence the conditions along the proposed reservoir shoreline. 


Additional details of the regional geology are included in EIS Section 11.2.5.1, which includes a 
description of the Peace River Arch, a regional-scale geological feature in the basement rocks that 
extend under Site C. 


As described in the EIS, the proposed Project site is located on the western edge of the Interior Plains, 
which comprise up to several kilometres of sedimentary rocks that were deposited in an inland sea that 
existed from Jurassic1 to Cretaceous time. These sedimentary rocks overlie the geologically-ancient 
and massive rocks of the North American craton. The surface bedrock in the region around the 
proposed Project site consists of flat to gently-dipping sedimentary rocks of Cretaceous age. These 
rocks are relatively undeformed by tectonic activity compared to the highly folded and faulted rocks of 
the Rocky Mountains to the west. 


The Peace River Arch is a portion of the North American craton that was the site of recurrent uplift and 
deformation periodically through the late Mesozoic or early Cenozoic eras. The western portion of the 
initial uplift subsequently failed and became a depositional basin, referred to as the Peace River 
Embayment, through the early Cenozoic era. Repeated faulting of the embayment left a series of 
northeast and northwest-striking faults that bound grabens2 along the former arch. None of these faults 
are reported to extend into the middle or upper Cenozoic deposits of the Peace River Embayment. 


                                                 
1  For geologic periods referenced herein see Table 1.  
2  A graben is a depressed block of rock bordered by parallel faults. 
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Table 1 – Geologic Periods Referenced in this Technical Memo 


Era Period Start 
(Millions of years ago) 


Cenozoic  


Quaternary 2.6 


Neogene  23.0 


Paleogene 65.5 


Mesozoic 


Cretaceous  145.5 


Jurassic 200 


Triassic 251 


One published paper (Berger et al, 2009) cited by IR PUB_0601-002 describes some interpreted 
relations between basement faults in the Peace River Arch and several of the petroleum fields in the 
overlying sedimentary rocks. The locations of basement faults and their extensions into the Cretaceous 
rocks have been interpreted from various well, geophysical and remote sensing data. The paper also 
states that “most of the deeply incised stream valleys are largely controlled by the (Fort St John) 
graben’s faults”, and cite the area near the confluence of the Peace and Moberly Rivers as an example. 
This would require that either the basement faults propagate to the surface where they were 
preferentially eroded by the rivers or that the faults have caused enough surface 
deformation/displacement that the rivers eroded along the edges of grabens or folds. Geological site 
investigations at the Site C damsite have not found any evidence of major faulting along the Peace 
River (distinct marker beds in the bedrock are visible on each side of the river indicating no offset), and 
the near-surface sedimentary rocks are nearly horizontal except for local shears that are interpreted to 
be related to valley rebound effects rather than tectonic origin. In addition, the course of the pre-last 
glacial Peace and Moberly Rivers is different than that of the modern rivers (see EIS Section 11.2.2.4 
page 11-17, lines 37-40) as shown schematically on EIS Figure 11.2.5, and does not correspond to the 
faulting pattern implied by Berger et al. (2009). Thus, in the area of the proposed dam site, there is no 
evidence to support the geologically-young near-surface fault movements that are implied by Berger et 
al (2009). 


IR pub_0601-007 refers to a linear feature at the ground surface in the vicinity of a landslide along the 
Montagnuese River near its confluence with the Peace River in Alberta. The IR subsequently refers to 
this linear feature as a fault and suggests a possible connection with a deep basement fault that is 
shown on figures in published technical papers. BC Hydro has not investigated this specific feature 
which is located downstream in Alberta, but notes that this interpretation is speculative and similar in 
nature to the cited example near the Moberly and Peace Rivers. Based on research done for the 2012 
seismic hazard analysis, BC Hydro is not aware of any supporting evidence that would demonstrate 
that these deep bedrock faults extend to the bedrock surface and the overlying unconsolidated surficial 
deposits. 


As noted in EIS Section 11.2.5.1 (page 11-43, lines 16-22), inland from the plate boundary region, 
seismic activity generally occurs at low to moderate rates across B.C. (EIS Figure 11.2.15). Although 
various trends and concentrations can be interpreted in the locations of recorded earthquakes, it has 
generally not been possible to correlate these inland earthquakes with specific fault sources. There are 
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only a small number of faults in southern B.C. that are considered active or potentially active; all of 
these faults are more than 600 km away and do not contribute to the seismic hazard at the Project. 


IR gov_0014-012 requested clarification on whether it is the lack of seismicity and results from 
geological observations at the Project site that lead to the conclusion that the faults are inactive. As 
described in EIS Section 11.2.5.2.2 one of the models used in the 2012 seismic hazard assessment 
assumed that faults in the Peace River Arch zone were potential locations for earthquakes, even 
though the these faults are not known to be active.  


It should be noted that the difficulty in identifying active faults applies to most of Canada, not only to the 
region around the proposed Project. It was not concluded that the faults are inactive. Rather, given that 
some earthquakes occur, there must be active faults that caused the earthquakes. However, it has not 
been possible to identify the specific faults that are active. Work that was done in an effort to identify 
active faults included review of recorded earthquake locations and depths and comparison with 
available geological mapping, and discussions with geological specialists familiar with the regional 
geology. In addition, known locations of Cretaceous faults and shears show no surface expression in 
LIDAR mapping done for the Project, nor are offsets visible in the overlying Quaternary deposits.  


3. SITE-SPECIFIC SEISMIC HAZARD ANALYSIS 
This section of the technical memo addresses questions raised during the comment period on the EIS 
about seismic hazard analyses for the proposed Project. 


IRs received: 


• pub_0601-005 from Peace River Environmental Society 


• gov_0014-014 and gov_0014-015 from Natural Resources Canada 


EIS Section 11.2.5.2 describes two seismic hazard analyses that were performed for the Project. The 
first analysis, described in EIS Section 11.2.5.2.1, was undertaken in 2009 by the Site C engineering 
team, with specialist input and review by a consulting seismologist with substantial experience in 
seismic hazard analysis (Klohn Crippen Berger and SNC Lavalin Inc. 2009). The second analysis, 
described in EIS Section 11.2.5.2.2, was completed in 2012 by BC Hydro. This analysis was a system-
wide Level 3 probabilistic seismic hazard analysis performed in accordance with the guidance provided 
by the Senior Seismic Hazard Analysis Committee (SSHAC, 1997). The SSHAC guidance originated in 
the nuclear industry in the 1990s and is now starting to be applied on probabilistic seismic hazard 
analyses for other facilities such as dams. 


Seismic hazard analysis is based on models that have inherent uncertainties, such as those related to 
whether specific geological features are seismically active or not, and if a feature is active, what are the 
rate of activity and the maximum magnitude that can be produced by the feature. Such uncertainties 
are addressed in seismic hazard analyses by incorporating alternative weighted models. Both of the 
seismic hazard analyses performed adopted this approach. In addition, the SSHAC process was 
designed with the objective of representing the centre, body and range of technically-defensible 
interpretations of possible models. 


IR pub_0601-005 commented that the full details of the 2012 BC Hydro seismic hazard analysis were 
not made available for public review, and that “without the openness of peer review and public 
disclosure of the data and information to the private, public sector or academia the public cannot be 
assured that the work was completed in the public interest”. 


Peer review by qualified reviewers is an inherent element of the SSHAC process. As described in EIS 
Section 11.2.5.2 (page 11-46), the SSHAC project participants included over 20 earth scientists, 
engineers, and seismologists who served as evaluators, analysts, or technical integrators. This team 
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was drawn from several major consulting companies, universities, individual consultants, and 
BC Hydro. A three-person participatory Peer Review Panel was involved throughout the SSHAC 
project, in particular through attendance and feedback at major SSHAC project workshops and through 
review of draft and final SSHAC project reports. During the SSHAC project, over 25 resource experts 
formally participated, and numerous other members of the scientific community were contacted to 
provide specific information, for example in relation to published technical papers. Resource experts 
were largely drawn from the Canadian and US Geological Surveys and universities, along with some 
independent consultants. The review by the three person panel and the involvement of the Canadian 
and US Geological Surveys provides confidence that the assessment was robust and completed in the 
public interest. 


Due to the difficulty in identifying specific active faults, the seismic sources developed for the 2009 
seismic hazard analysis were all defined as area sources, which is standard practice. In an area 
source, seismicity is modeled as being uniformly distributed across the source. 


In the 2012 BC Hydro seismic hazard analysis, the seismic source model also included area source 
zones, including the Peace River Arch areal source zone (labelled PRA on EIS Figure 11.2.15). The 
Peace River Arch source zone includes the location of the 2001 MW5.4 Dawson Creek earthquake, 
which has not been correlated to any specific geologic feature. The Peace River Arch zone is defined 
by and delineated around a distinctive group of faults in the underlying craton. Although these faults are 
not known to be active, they are favourably oriented for reactivation relative to the present crustal stress 
regime. Therefore, as an alternative to the areal source zone, a source model for the Peace River Arch 
used in the seismic hazard analysis included this set of faults as “embedded faults” that are considered 
to have some potential to be the location of future earthquakes in the present tectonic environment. As 
such, these faults provided an alternative model for the spatial distribution of future earthquake 
occurrences within the Peace River Arch source zone without adding to the overall estimated rate of 
earthquake occurrences. 


The embedded faults used in the alternative model are shown on EIS Figure 11.2.15. The fault 
locations and orientations are generalized from the pattern of faults mapped by O’Connell (1994) and 
Mei (2007), two of the references cited in IR pub_0601-007. These faults represent two near-orthogonal 
sets of northeast- and northwest-striking, relatively high-angle faults that are considered to be generally 
favourably oriented for reactivation with the present regional stress regime. 


As stated in EIS Section 11.2.5.2 (page 11-47, lines 36-38), the seismic source model allows for 
maximum magnitudes of up to MW7.6 in the Peace River Arch, Interior Plains, and Northern Foreland 
Belt source zones, though at very low rates and with low weightings. 


Within the seismic hazard analysis, there were numerous alternative seismic source model variations, 
each with their own set of alternative recurrence models and maximum magnitude alternatives. It is not 
possible to present the full range of maximum magnitudes and weightings in a simple manner. 
However, the overall low activity rates for large magnitude earthquakes are illustrated in the following 
table that summarizes the composite model recurrence rates for earthquakes greater than or equal to 
magnitudes 6 and 7 in the Peace River Arch (PRA) and Interior Plains (IP) seismic source zones which 
are shown on EIS Figure 11.2.15. 


Seismic 
Source Zone 


Earthquake Recurrence (years) 


M≥6 M≥7 


Mean 5th 95th Mean 5th 95th 


IP 503 2,045 162 17,746 >1010 2,316 


PRA 792 12,839 213 13,635 >1010 3,377 
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As an example of how to interpret this table, the mean recurrence time for a magnitude M≥7 occurring 
in the PRA zone is 13,635 years. There is a 5 percent confidence that a magnitude M≥7 has a 
recurrence time of >1010 years (i.e. 10 billion years), and a 95 percent confidence that a magnitude M≥7 
has a recurrence time of 3,377 years. 


4. CURRENT UNDERSTANDING OF HOW PETROLEUM INDUSTRY-RELATED ACTIVITIES 
MAY AFFECT SEISMICITY 


This section of the technical memo addresses questions raised during the comment period on the EIS 
about current understanding of how petroleum industry-related activities may affect seismicity.  


IRs received: 


• gov_0010-698  


• pub_0601-006 from the Peace River Environmental Society 


EIS Sections 22.3.1 to 22.3.4 describe the baseline conditions for oil and gas production in the Peace 
River region of B.C. EIS Section 22.3.5 describes the directional drilling and high pressure fracturing 
technologies that are being increasingly adopted to extract natural gas from tight shale formations. This 
process is commonly referred to as hydraulic fracturing or “fracking”. 


EIS Section 11.2.5.5 describes the current understanding of how petroleum industry-related activities 
may affect seismicity. It is noted that the US National Research Council (NRC) recently investigated the 
scale, scope, and consequences of seismicity induced during fluid injection and withdrawal activities 
related to geothermal energy development and oil and gas development, including shale gas recovery 
and carbon capture and storage (US National Research Council, 2012). It was found that only a very 
small fraction of injection and extraction activities at hundreds of thousands of energy development 
sites in the United States have induced seismicity at levels that are noticeable to the public. With 
respect to shale gas, it was found that:  


• The process of hydraulic fracturing a well as presently implemented for shale gas recovery does not 
pose a high risk for inducing felt seismic events (only one confirmed case in the world)  


• Injection for disposal of waste water derived from energy technologies into the subsurface does 
pose some risk for induced seismicity, although very few events have been documented over the 
past several decades relative to the large number of disposal wells in operation 


With the expanding shale gas industry in northeastern B.C., the BC Oil & Gas Commission has also 
investigated the potential for induced earthquakes related to that activity (BC Oil & Gas Commission, 
2012). That investigation found that more than 8,000 high-volume hydraulic fracturing completions have 
been performed in northeast British Columbia with no associated anomalous seismicity. However, it 
was found that 38 earthquakes from magnitude ML2.2 to ML3.8 that occurred in two areas of the Horn 
River Basin in 2011 were induced by movements on pre-existing faults due to fluid injection during 
hydraulic fracturing. Only one of these earthquakes was physically felt at surface and there were no 
reports of injury or property damage. Several well bores intersected faults that were mapped by 2D and 
3D seismic surveys, but no earthquake events could confidently be linked to most of these faults. 


The Oil & Gas Commission is now establishing procedures and requirements for monitoring and 
reporting of induced seismicity. Each case of induced seismicity will be evaluated on the basis of its 
unique site-specific characteristics, but it is proposed that hydraulic fracturing would be suspended 
upon detection of an earthquake of magnitude M4 or larger. It should be noted that earthquakes less 
than about magnitude M5 do not release enough energy to cause damage to engineered structures. 
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At the time of submission of the EIS there was no rationale for defining a specific distance within which 
to restrict hydraulic fracturing near a dam or reservoir. EIS Section 22.5, page 22-10, lines 24-30, 
identifies one case where fracking is already being done under a man-made reservoir.  


In North Dakota, oil companies have begun tapping crude oil and gas underneath Lake Sakakawea 
(the state’s biggest lake) using advanced horizontal drill techniques. The 180-mi.-long reservoir was 
created when the Garrison Dam was built on the Missouri River in the 1950s. The lake flooded more 
than 60,703 ha and has more than 2,736 km of shoreline. With the new technologies, wells can be 
situated at an environmentally safe distance from shore, drilled vertically to about 3,048 m, and then 
pushed an equal distance horizontally to reach the resource  (MacPherson 2008). 


BC Hydro has ongoing contact with the BC Oil & Gas Commission (BCOGC) with regard to fracking. 
The current understanding is that the BCOGC will continue to monitor fracking activity and any 
associated seismic activity and to restrict activities that result in unacceptable fracking-related seismic 
effects. BC Hydro closely monitors oil and gas activities near its facilities and would take steps if 
required to protect its facilities. BC Hydro also continuously reviews international standards, policies 
and practices with respect to hydraulic fracturing. 


As described in Section 3 of this Technical Memo, the 2012 seismic hazard analysis has included the 
potential for large magnitude earthquakes on such faults. It should be noted that the fracking process 
by itself cannot generate large magnitude earthquakes, but could potentially trigger earthquakes on 
existing faults with stress conditions that are already close to rupturing. If such a case were to occur, 
the fracking would only be causing the earthquake to occur sooner than it would have occurred due to 
natural tectonic stress buildup. 


5. SEISMIC PERFORMANCE REQUIREMENTS 
This technical memo addresses questions raised during the comment period on the EIS about seismic 
performance requirements. 


IRs received: 


• gov_0014-015 


EIS Sections 37.1.6 to 37.1.8 provide an overview of lessons learned from major earthquakes 
regarding the performance of concrete and earthfill dams. EIS Sections 37.1.8.1.1 to 37.1.8.1.5 provide 
a description of the seismic performance requirements for the proposed Project structures and a brief 
overview of the approaches to seismic design of those structures.  


Seismic design of the proposed structures is based on the results of the seismic hazard analyses 
described in EIS Section 11.2.5.2. As noted on page 11-48, lines 1 to 10, there is a range of possible 
earthquake magnitudes and distances that contribute to the seismic hazard for the Project. For dynamic 
analysis, time histories meeting the following criteria and scaled to the response spectrum would be 
representative of the seismic hazard:  


• Fault mechanisms: strike-slip, reverse, and reverse-oblique 


• Magnitude target: MW6.6 


• Magnitude range; MW5.5 to 7.5 excluding aftershocks 


• Distance target: 50 km 


• Distance range: 0 km to 200 km 
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These criteria do not imply that seismic design of the Project is based on earthquake scenarios 
matching all possible combinations of these parameters. For example, there are no existing recordings 
of large magnitude earthquakes at zero distance (i.e. immediately below the recording site). 


EIS Table 37.3 lists 8 earthquake records that were selected for dynamic analyses of the proposed 
concrete structures because they were representative of the seismic for the Project. In each case, the 
original earthquake acceleration time history record was scaled such that its response spectrum 
matched the target response spectrum that was developed in the seismic hazard analyses. The scaled 
record was then used in numerical analyses that analysed how the structure would perform when 
subjected to the dynamic shaking. Multiple earthquake records were selected for the analyses in order 
to account for the natural variation in factors such as duration of shaking and frequency content. 
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		1. PURPOSE

		This technical memo addresses questions raised during the comment period on the EIS about seismic considerations.

		The information contained in the following sections of this technical memo is taken from EIS Sections 11.2.5, 37.1.6, 37.1.7 and 37.1.8 unless stated otherwise.

		This technical memo:

		 summarizes the information on the seismicity considerations contained in the EIS

		 describes the regional and site-specific seismic hazard analyses

		 describes how the results of the seismic hazard analysis were incorporated into the engineering design of the Project

		2. REGIONAL SEISMICITY 

		This section of the technical memo addresses the following IRs that relate to regional seismicity:

		 pub_0601-002, pub_0601-004 and pub_0601-007 from Peace River Environmental Society

		 gov_0014-012 from Natural Resources Canada

		As described in the EIS, the proposed Project site is located on the western edge of the Interior Plains, which comprise up to several kilometres of sedimentary rocks that were deposited in an inland sea that existed from Jurassic to Cretaceous time. These sedimentary rocks overlie the geologically-ancient and massive rocks of the North American craton. The surface bedrock in the region around the proposed Project site consists of flat to gently-dipping sedimentary rocks of Cretaceous age. These rocks are relatively undeformed by tectonic activity compared to the highly folded and faulted rocks of the Rocky Mountains to the west.

		The Peace River Arch is a portion of the North American craton that was the site of recurrent uplift and deformation periodically through the late Mesozoic or early Cenozoic eras. The western portion of the initial uplift subsequently failed and became a depositional basin, referred to as the Peace River Embayment, through the early Cenozoic era. Repeated faulting of the embayment left a series of northeast and northwest-striking faults that bound grabens along the former arch. None of these faults are reported to extend into the middle or upper Cenozoic deposits of the Peace River Embayment.

		3. SITE-SPECIFIC SEISMIC HAZARD ANALYSIS

		This section of the technical memo addresses questions raised during the comment period on the EIS about seismic hazard analyses for the proposed Project.
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		 pub_0601-005 from Peace River Environmental Society

		 gov_0014-014 and gov_0014-015 from Natural Resources Canada
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		As an example of how to interpret this table, the mean recurrence time for a magnitude M≥7 occurring in the PRA zone is 13,635 years. There is a 5 percent confidence that a magnitude M≥7 has a recurrence time of >1010 years (i.e. 10 billion years), and a 95 percent confidence that a magnitude M≥7 has a recurrence time of 3,377 years.

		4. CURRENT UNDERSTANDING OF HOW PETROLEUM INDUSTRY-RELATED ACTIVITIES MAY AFFECT SEISMICITY

		This section of the technical memo addresses questions raised during the comment period on the EIS about current understanding of how petroleum industry-related activities may affect seismicity. 
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		 gov_0010-698 

		 pub_0601-006 from the Peace River Environmental Society

		 The process of hydraulic fracturing a well as presently implemented for shale gas recovery does not pose a high risk for inducing felt seismic events (only one confirmed case in the world) 

		 Injection for disposal of waste water derived from energy technologies into the subsurface does pose some risk for induced seismicity, although very few events have been documented over the past several decades relative to the large number of disposal wells in operation

		With the expanding shale gas industry in northeastern B.C., the BC Oil & Gas Commission has also investigated the potential for induced earthquakes related to that activity (BC Oil & Gas Commission, 2012). That investigation found that more than 8,000 high-volume hydraulic fracturing completions have been performed in northeast British Columbia with no associated anomalous seismicity. However, it was found that 38 earthquakes from magnitude ML2.2 to ML3.8 that occurred in two areas of the Horn River Basin in 2011 were induced by movements on pre-existing faults due to fluid injection during hydraulic fracturing. Only one of these earthquakes was physically felt at surface and there were no reports of injury or property damage. Several well bores intersected faults that were mapped by 2D and 3D seismic surveys, but no earthquake events could confidently be linked to most of these faults.

		5. SEISMIC PERFORMANCE REQUIREMENTS

		This technical memo addresses questions raised during the comment period on the EIS about seismic performance requirements.
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Subject: Spatial Boundary Selection  


1. PURPOSE 
A number of comments have been received during the Comment period regarding the spatial 
boundaries (in particular, the downstream boundaries) established for several environmental 
background topics and Valued Components (VCs) studied as part of the environmental assessment of 
the Site C Clean Energy Project. The EIS describes all boundaries for all VCs including the 
downstream boundaries used in the Fish & Fish Habitat, Vegetation & Ecological Communities, and 
Wildlife Resources Sections. BC Hydro has also considered the report prepared by Dr. Martin Carver 
for the Athabasca Chipewyan First Nation, Dene Tha' First Nation, and Mikisew Cree First Nation 
(Review of Hydrologic & Geomorphic Downstream Impacts of Site C, December 2012) and the Draft 
Technical Memorandum prepared by Kerr Wood Leidal on behalf of the Deninu Kue First Nation 
(Report Review – Site C Clean Energy Project, Potential Downstream Changes, January 2013).   
 
The purpose of this memorandum is to respond to the comments received and Dr. Carver’s report and 
the Kerr Wood Leidal report to provide clarification on the rationale for spatial boundary selection. This 
includes a description of:  
 
1. the approach used to establish downstream spatial boundaries for the study of environmental 


background topics and Valued Components 
 
2. the rationale for selection of spatial boundaries for key environmental background topics 
 
3. the rationale for selection of spatial boundaries for Local and Regional Assessment Areas (LAAs 


and RAAs, respectively) for environmental Valued Components 


 
 


2. APPROACH TO ESTABLISHING DOWNSTREAM BOUNDARIES 
 


The spatial boundaries for the environmental background studies were developed considering 
preliminary results of the studies and a general understanding of the mechanisms by which the Project 
would influence the various physical characteristics of the water flow downstream of the dam site (e.g. 
magnitude and timing of flows, water temperature, suspended sediment concentrations). Conservative 
study areas were selected for modelling to account for the uncertainty in preliminary results of the 
studies. Final results of the studies were reviewed to confirm that the study area included the entire 
area in which the Project could lead to changes that could influence the Valued Components. Since this 
was the finding for all studies, revisions to the study boundaries were not required. 
 
Table 1 summarizes the downstream boundaries of the technical study areas for several environmental 
background topics. Additional discussion about these downstream boundaries is provided later in this 
Technical Memo. 
 
Table 1 – Downstream Boundaries of Technical Study Areas for Environmental Background Topics 


Environmental Background Topic Downstream Boundary of Technical Study Area 
 


Surface Water Regime Peace Point, Alberta 
Thermal and Ice Regime Fort Vermilion, Alberta 
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Fluvial Geomorphology and Sediment   Transport Peace Point, Alberta 
 
The spatial boundaries for Fish & Fish Habitat, Vegetation & Ecological Communities, and Wildlife 
Resources were developed with consideration of preliminary results of various background environment 
studies (e.g. surface water regime, fluvial geomorphology and sediment transport, thermal and ice 
regime) as well as relevant biological information on the distribution, pattern of movement, habitat 
requirements, and sensitivity of the Valued Components to changes in physical habitat conditions. 
Using this information, the spatial boundaries for the Local and Regional Assessment Areas were 
established by taking into account the potential for the Project to result in changes to key aspects of 
effects for each of the Valued Components, as directed by the EIS Guidelines. Final results of the 
surface water regime, fluvial geomorphology and sediment transport, thermal and ice regime, and other 
background environment studies demonstrated that the spatial extent of each VC assessment fully 
captured the area in which the predicted change could influence the VC. 
 
Table 2 summarizes the downstream boundaries of the Local and Regional Assessment Areas for the 
environmental Valued Components. Additional discussion about these downstream boundaries is 
provided later in this Technical Memo. 
 
Table 2 – Downstream Boundaries of Local and Regional Assessment Areas for Environmental Valued 
Components 


 
Environmental Valued 


Component 


 
Downstream Boundary of Local 
Assessment Area  


 
Downstream Boundary of Regional 
Assessment Area  


Fish and Fish Habitat Many Islands, Alberta Vermilion Chutes 
Vegetation and Ecological 
 Communities 


B.C.- Alberta Border B.C.- Alberta Border 


Wildlife Resources B.C.- Alberta Border B.C.- Alberta Border 
 


3. ENVIRONMENTAL BACKGROUND STUDIES 


3.1 Surface Water 
The technical study area selected for the characterization of potential changes to the surface water 
regime as a result of the Project extends from the outlet of the Peace Canyon Dam to Peace Point, 
Alberta, over 1,000 km downstream. Peace Point is located approximately 108 km upstream of the 
confluence with the Slave River. 
 
The final results of the surface water regime study demonstrated that changes predicted downstream of 
the Town of Peace River (located approximately 300 km downstream of the Site C dam site) are 
negligible, considering the magnitude of the predicted change in relation to the variability of the 
baseline flow regime. The EIS presents comparisons of various statistics with and without the Project 
including water levels on an annual and seasonal basis, timing of releases, magnitude and frequency of 
high and low flows, daily range of water levels, hourly rate of change of water level, wetted width, and 
average cross sectional velocity1.  
 


                                                 
1  EIS, Section 11.4 and Volume 2 Appendix D. 
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Additional figures and tables have been included in this technical memo to further illustrate the 
predicted changes and the reduction of the change with increasing distance downstream. Figure 1 
illustrates the location of the Water Survey of Canada stations and the river chainage system that is 
used to identify locations on the Peace River. Chainage refers to the distance downstream of the 
W.A.C. Bennett Dam. Figures 2 and 3 show the average, minimum, and maximum daily flows predicted 
for the two future scenarios (with and without the Project), by month, for locations at the Site C tailrace; 
at Water Survey of Canada stations at Taylor, Alces River confluence (near the B.C. - Alberta border), 
Town of Peace River, and Peace Point; and at Many Islands which is located at river chainage 227 km. 
As shown on these plots, at Taylor, Alces, Many Islands, Town of Peace River, and Peace Point the 
predicted change in minimum, maximum, and average daily flows as a results of the Project are 
negligible for every month of the year relative to the range of historic and simulated flows. For reference 
purposes, Figures 2 and 3 also show the historic range of flows observed at these locations.  
 
Figure 1 - Water Survey of Canada Station Locations and River Chainage 
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Figure 2 – Minimum, Average, and Maximum Daily Flows (Site C Tailrace, Taylor, Alces) 
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Figure 3 - Minimum, Average, and Maximum Daily Flows 
(Many Islands, Town of Peace River, Peace Point) 
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Statistics on daily range of water levels have also been extracted to illustrate the changes in the surface 
water regime downstream of the Town of Peace River, and to support the discussion of spatial 
boundaries for the assessment of potential impacts to Valued Components. Table 3 summarizes the 
average simulated daily range of water levels with and without the Project for winter and summer 
periods, defined as November 15 to May 15, and May 16 to November 14, respectively. 


Table 3 Average Simulated Daily Range of Water Levels (with and without the Project) 


 Winter (Nov 15 – May 15) Summer (May 16 – Nov 14) 


Location Without the 
Project 


With the 
Project 


Difference Without the 
Project 


With the 
Project 


Difference 


Site C Tailrace 0.43 m 0.89 m +0.46 m 0.53 m 1.13 m +0.60 m 
Taylor 0.39 m 0.69 m +0.30 m 0.46 m 0.84 m +0.38 m 
Alces 0.46 m 0.75 m +0.29 m 0.54 m 0.95 m +0.41 m 
Many Islands  0.36 m 0.51 m +0.15 m 0.43 m 0.64 m +0.21 m 
Town of Peace River 0.14 m 0.17 m +0.03 m 0.18 m 0.22 m +0.04 m 
Peace Point 0.05 m 0.05 m 0.00 m 0.09 m 0.09 m 0.00 m 


 
Statistics (duration curves) of wetted width, average cross sectional velocity, and hourly rate of 
change of water level are provided in the EIS2. 


3.2 Downstream Ice Regime 
The technical study area for the downstream ice regime study extended from the Peace Canyon Dam 
(for the case without the Project) or the Site C dam (for the case with the Project) to Fort Vermilion, 
Alberta, approximately 730 km downstream of Site C. Fort Vermilion was selected as the downstream 
boundary of the study as it is the farthest downstream location at which reliable and consistent 
observations of the ice front location are recorded in each ice season. Also, preliminary results of the 
study indicated that this location was well downstream of where the Project would influence the ice 
regime. It is relevant to note that the downstream ice study conducted for the proposed Dunvegan 
Hydropower Project used the same downstream boundary for the same reasons3. 
 
Results of the downstream ice study indicate that there would be no change in the ice regime of the 
Peace River as a result of the Project downstream of Carcajou, Alberta, which is located approximately 
550 km downstream of Site C and approximately 180 km upstream of Fort Vermilion. This finding held 
true for a simulated future scenario taking into account predicted climate change4. 
 
Consideration was also given to the potential influence of the Project on the frequency of break-up ice-
jamming in the lower reaches of the Peace River that can lead to flooding of the Peace-Athabasca 
Delta. Although the downstream ice study predicted no change in the ice regime downstream of 
Carcajou, that study did not consider the changes in flow regime which were predicted as part of the 
surface water regime study. This was an appropriate assumption for the study of potential changes to 
ice conditions, and the CRISSP model used in that study cannot predict dynamic break-up events in 


                                                 
2  EIS, Volume 2 Appendix D, Part 2 Downstream Flow Modelling (1D). 
3  Effects of Dunvegan Hydropower Project on the Ice Regime of the Peace River. Northwest Hydraulic 


Consultants Ltd., Sept 2006. 
4  EIS, Section 11.7 and Volume 2 Appendix G. 
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any case. As described in the EIS5, and further in the Peace Athabasca Delta technical memo6, the 
predicted changes in flows would not influence the frequency of ice-jam flooding in the lower reaches of 
the Peace River.  


3.3 Fluvial Geomorphology and Sediment Transport 
The downstream boundary for the study of fluvial geomorphology and sediment transport was Peace 
Point, Alberta, corresponding to the downstream boundary of the closely related surface water regime 
study area. This boundary was selected largely based on an understanding of the current fluvial 
geomorphology and sediment transport regime of the Peace River gained through research conducted 
at the University of British Columbia7.  
 
Regarding geomorphology or channel shape, the Fluvial Geomorphology and Sediment Transport 
Study concludes that the Project is not expected to result in any changes in channel erosion or 
deposition patterns other than possible local erosion of the channel bed in the first few kilometers 
downstream of Site C under unusually large flow conditions. In terms of suspended sediment transport, 
changes due to the Project would diminish in a downstream direction due to the moderating influence of 
water and sediment inputs from tributaries. Sediment yields from tributaries on the Alberta Plateau 
(downstream of the Site C dam site) are known to be higher than tributaries of the proposed Site C 
reservoir8; as such the reduction in suspended sediment load due to the formation of the Site C 
reservoir was expected to be small in comparison to the sediment loads entering the Peace River 
downstream. The results of the Fluvial Geomorphology and Sediment Transport Study demonstrated 
that the reduction in the mean annual suspended sediment load at both the Town of Peace River and at 
Peace Point would be in the order of 2%9 which is considered to be negligible relative to the natural 
variability in annual suspended sediment load that is observed between years. As an example, the 
estimated annual suspended sediment loads at the B.C.-Alberta border during  the 10 year simulation 
period ranged from approximately -84 % to +234 % of the 10-year mean annual load. Similar variability 
would also be expected at other locations along the river. 


3.4 Water Quality  
The technical study area for the assessment of the potential for the Project to change water quality 
parameters of the Peace River extended from Peace Canyon Dam downstream to the confluence of 
the Peace River and the Alces River. The selection of the downstream boundary for water quality 
assessment (Alces River confluence) was based on the following considerations: 1) a review of 
historical information on water quality of the Peace River and its tributaries; 2) geographic location and 
characteristics of tributaries to the Peace River downstream of the proposed Project, with consideration 
for the relative scope for mixing of mainstem flows with tributary flows; 3) judgment of experienced 
professional biologists on the sensitivity of Valued components  (predominantly Fish and Fish habitat) 
to potential water quality changes; 4) recommendations about sensitivity of aquatic life to water quality 
changes based on water quality guidelines (CCREM, BC).   
 


                                                 
5  EIS, Section 11.4.5.2.4, pages 11-80 and 11-81. 
6  Technical Memo on the Peace Athabasca Delta, BC Hydro 2013. 
7  Church 2011. 
8  Church 2011. 
9  EIS, Section 11.8.5.2, Table 11.8.5, page 11-141. 
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Changes to water quality were predicted using a two dimensional water quality model, CEQUAL-W2 
which extended from the Peace Canyon Dam to the Alces River confluence. The downstream boundary 
coincided with the Water Survey of Canada hydrometric station which provides a long term surface 
water quality monitoring record which permitted calibration of the model outputs. Between Site C and 
the Alces River confluence, three large tributaries (Pine, Beatton and Kiskatinaw Rivers) contribute 
considerable flow volume, nutrients concentration, and suspected sediment loads to the mainstem of 
the Peace River. 
 
As described in the EIS, the CEQUAL-W2 model predictions confirmed: 1) the attenuating effect of 
these tributaries on water quality as predicted changes due to the Project diminish between the Site C 
Dam location and Alces River; and, 2) predicted changes to specific water quality parameters at the 
Alces River were 10% or less. Further attenuation would occur downstream of the Alces River 
confluence due to contributions from the Alces, Pouce Coupe, Clear and other major tributaries of the 
Peace River as well as lands draining directly into the Peace River.   
 
A detailed analysis confirming the sufficiency of the downstream boundary is presented in the EIS10. 


4.  ENVIRONMENTAL VALUED COMPONENTS 


4.1 Fish & Fish Habitat  
Spatial boundaries for the Fish and Fish Habitat Valued Component were selected by taking into 
account the nature of the VC, the appropriate scale and spatial extent of the capacity of the Project to 
cause adverse changes (LAA), and the potential for interaction with effects of other projects (RAA) on 
fish and fish habitat. Boundaries were selected based on information derived from a variety of biological 
and physical studies and data sources that characterized: 1) the existing distribution of fish populations 
in the Peace River with consideration of life history, habitat requirements, and observed patterns of 
habitat use; and 2) the potential for the project to alter physical conditions both within the project area 
and downstream from it. This information, was used with an understanding of the sensitivity of the 
Valued Component (in particular, the aspects of fish habitat, health and survival of populations, and fish 
movement) to changes to the physical environment, to inform the technical judgment of professional 
biologists on the selection of the spatial boundaries for Fish and Fish Habitat. 


 As described in the EIS11, the LAA for assessing the potential adverse effects to Fish and Fish Habitat 
was defined as the Peace River downstream from the Peace Canyon Dam to Many Islands, Alberta, 
including the tributaries entering the proposed reservoir. Analysis of existing information on fish 
populations of the Peace River, combined with baseline fish and fish habitat studies for the Project 
indicated that the fish populations that could potentially be adversely affected by the Project were 
located between the Peace Canyon Dam and Many Islands12.  


 


                                                 
10  Volume 2 Appendix P Aquatic Productivity Reports Part 2 Hydrodynamic, Water Quality and Productivity 


Modeling, Section 4.5, page 44 
11  EIS Section 12.1.5. 
12  EIS Section 12 and Volume 2 Appendix O. 
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4.1.1 Fish Communities of the Peace River 
A principal factor supporting the preliminary selection of the spatial boundary for the assessment was 
the distinct distribution of fish communities in the Peace River in B.C. and Alberta. As discussed in the 
EIS13 two distinct communities of fish are observed in the Peace River in the Project area. “Coldwater” 
species typically require low temperature conditions, large-textured sediments and clean, well-
oxygenated water to complete their life requisites typical of the Peace River flowing from the Rocky 
Mountains. “Coolwater” species typically are able to tolerate higher water temperatures and are better 
adapted to cope with higher suspended sediment loads as found in the Peace River, typical of the 
reach of the Peace River flowing across the Alberta Plateau. The transition zone for the two distinct fish 
communities is located near the Pine River, approximately 16 km downstream of the proposed dam 
site. This zone forms due to the inflow of water, nutrients and suspended sediment from the Pine, 
Beaton, Kiskatinaw, Alces, Clear and Pouce Coupe Rivers. This transition zone does not act as a 
complete barrier to movement of fish, but defines distinct habitat conditions which define the typical 
resident fish communities which inhabit them. Coldwater species dominate the fish community primarily 
upstream of the Pine River confluence, and are only infrequently found downstream in Alberta. The 
presence of coolwater species increases downstream of the Pine River, with populations residing 
between the Beatton River and Many Islands. Downstream of Many Islands, fisheries studies 
associated with the Dunvegan project have demonstrated the general absence of the coldwater species 
and an overall decrease in total abundance of the fish community. Some species of coolwater fishes 
have been observed to undertake extended migrations in the mainstem Peace. Specifically, limited 
numbers of fish from Goldeye and Walleye populations will migrate as far downstream as Vermilion 
Chutes to forage, and can temporarily reside upstream of the Many Islands before returning to 
overwintering and spawning locations farther downstream on the Peace River in Alberta 14.  
 
Based on the distinct differences in the distribution of coldwater and coolwater fish communities in 
relation to the location of the Project, the movement patterns of the some species of the coolwater 
community, and the preliminary assessments of predicted changes to the physical environmental 
resulting from the project, the downstream boundaries of the LAA and RAA were established at Many 
Islands and Vermilion Chutes, respectively. The establishment of the RAA boundary at Vermilion 
Chutes was intended to capture the maximum downstream distribution of potential Peace River fish 
populations that may be affected by cumulative effects. 


4.1.2 Potential to Alter Physical Environment  
Confirmation of the downstream boundary of the LAA considered the extent of potential changes to the 
physical environment that could result from the Project, as stated in the EIS15, including: 


• Surface water regime (i.e. minimum and maximum flow, seasonal flows, rate of flow and stage 
change) 


• Water quality (i.e. nutrients available for trophic production, total dissolved gases) 


• Water temperature (magnitude of change, seasonal thermal regime) 


• Geomorphology and sediment transport (river channel morphology, bedload and suspended 
sediment transport) 


                                                 
13  EIS Volume 2, Section 12.3.2.1. 
14   EIS Volume 2 Appendix O Section 6.1.1.4 Downstream Peace River Studies. 
15  EIS Section 12, page 12-5. 
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• Downstream ice regime 
 
Considerations for each of those physical environmental factors are provided below. 
 
The Surface Water Regime study concludes that the most notable changes expected as a result of the 
Project are as follows16: 


• Reduction in the magnitude of peak flows; negligible change downstream of the Pine River 
confluence 


• More frequent high flows; negligible change at Taylor and further downstream 


• More frequent low flows; negligible change at Taylor and further downstream 


• Increase in daily range of water levels; negligible change at the Town of Peace River and further 
downstream. 


Additional results of the surface water regime modeling are presented in this technical memo to 
describe predicted changes in daily flows at locations relevant to boundary selection (i.e. Many 
Islands). The predicted change in minimum, maximum and average daily flows at Many Islands as a 
result of the Project are negligible every month of the year relative to the range of historic and simulated 
flows (see Figure 3).  
 
In regards to the predicted hourly rate of change of water levels, Figure 4 illustrates the predicted 
frequency of various rates of hourly stage change with and without the Project at the Site C tailrace and 
at Many Islands. This figure demonstrates the attenuation of the influence of the Project on rates of 
stage change with increasing distance downstream. These results confirm that, as discussed in the 
EIS17, the increase in stranding risk due to the Project would be most prominent in the section of the 
Peace River near the Site C Dam and these changes are largely attenuated by Many Islands.  
 


                                                 
16  EIS Section 11.4.5.2.7. 
17  EIS Section 12.4.4.1, page 12-58. 
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Figure 4 - Duration curves for hourly change in water surface elevation at Site C Tailrace  
and Many Islands. 
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Based on the above results, Many Islands is considered an appropriate downstream boundary for 
assessing the potential adverse effects to fish and fish habitat from surface water regime changes.  
 
Changes to water quality, nutrients, and aquatic productivity were assessed using a water quality model 
(CEQUAL-W2). This assessment predicted that changes to these parameters attenuated downstream 
to the Alces River, and beyond which changes were predicted to be 10% or less. The EIS provides a 
detailed analysis and comparison for individual water quality parameters18. Data from the Peace River 
and other evidence provided in the scientific literature19 are consistent in showing that tributary inflows 
are important in attenuating downstream effects of dams on water quality and aquatic productivity in 
rivers. Tributaries downstream of the Site C Dam include the Pine River, Beatton River, Kiskatinaw 
River, Alces River, Pouce Coupe River and numerous other inflows in Alberta. Given the importance of 
tributary inflows in providing invertebrate recruitment, it is estimated that the distance for benthic 
invertebrate biomass to recover would be about 60 km downstream of Site C,  thus it is predicted 
effects of changes to water quality on aquatic productivity (i.e. food for fish) would be attenuated 
upstream of the Many Islands LAA boundary.  
 
Based on the total dissolved gas information provided in the EIS20 it is expected that during the 
infrequent predicted spills events, total dissolved gas supersaturation levels would be attenuated from 
tributary inflows between Site C and Many Islands. This assumption will be tested with a total dissolved 
gas monitoring program as described in the EIS21.  
 
Changes to downstream water temperature were predicted with the CE-QUAL-W2 model and a 
summary of predicted annual and seasonal changes in water temperature are shown in the EIS22. The 
model predictions for water temperature changes at the Alces River meet the guidelines for the 
protection of aquatic life (< 1 degree C change), and are thus not judged to have a measureable effect 
on fish or fish habitat, as discussed in the modeling report. Therefore, the selection of Many Islands for 
the downstream boundary is sufficient for the assessment of the potential effects on Fish and Fish 
Habitat resulting from potential changes to water temperature. 
 
The potential adverse effects to fish and fish habitat resulting from changes in geomorphology and 
suspended sediment due to the Project are captured within the LAA for Fish and Fish Habitat. A 
summary of expected changes in suspended sediment and Peace River morphology are described in 
the EIS23. As summarized above, changes to channel morphology and suspended sediment are 
expected to be limited to the Peace River immediately downstream of the dam and upstream of the 
Pine River. Turbid conditions in the Peace River would be restored upstream of Many Islands due to 
relatively high suspended sediment contributions from tributaries downstream of Site C (Pine and 
Beatton Rivers).  
 
The expected ice regime downstream of Site C is described in EIS24. As described in the EIS Fish and 
Fish Habitat Section 12.4, subsection 12.4.2.2, page 12-46 the operation of the Project would move the 
average maximum extent of the ice front downstream by approximately 40 km. The estimated 
                                                 
18  EIS Volume 2 Appendix P Part 2, Section 4.5, page 45. 
19  EIS Volume 2 Appendix P Aquatic Productivity Reports: Future Aquatic Conditions in the Peace River. 
20  EIS Section 12.4.3.4 and 12.4.4.3. 
21  EIS Section 12.8, page 12-96. 
22  EIS Volume 2 Appendix P Aquatic Productivity Reports Part 2 Hydrodynamic, Water Quality and Productivity 


Modeling, Section 4.5, page 46 of 121 and EIS Volume 2 Section 11.7 Thermal and Ice Regime, subsection 
11.7.3.3.3, page 11-113. 


23  EIS Section 11.8.7, page 11-143. 
24 EIS Section 11.7.3.3.5, page 11-114. 
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probability of the ice front reaching Many Islands changes from approximately 70% of the time without 
the Project to approximately 30% of the time with the Project 25. The changes in the ice front and 
potential effects on the fish populations in the Site C project area are captured in the Many Islands 
downstream boundary because reduction in the upstream ice front is predicted to increase fish 
wintering habitat and overwintering survival rate upstream of this point26. 


4.2 Conclusion  
The downstream boundary of the assessment of the effects of the Project on Fish and Fish Habitat 
(Many Islands, Alberta) is suitable given that all potential adverse changes to Fish and Fish Habitat are 
predicted to attenuate upstream of Many Islands. This conclusion is aligned with the federal 
Department of Fisheries and Oceans preliminary review of the Site C downstream boundaries for fish 
and fish habitat assessment areas (http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ScR-
RS/2012/2012_017-eng.pdf). That review concluded that the downstream boundaries for the review of 
the impacts of the Project had been determined to be reasonable, although some revision to the LAA 
may be needed if further analysis indicates impacts to fish and fish habitat could occur downstream of 
the proposed boundary. The analyses presented in the EIS, together with the additional output in this 
memo, confirm the suitability of the boundaries for the LAA.  
 
In addition, the choice of RAA is appropriate because the Site C Project is unlikely to have any impact 
on fish or fish habitat in the Peace River downstream of Many Islands, other than the infrequent 
occurrence where fishes from the coolwater community undertake extended movements upstream into 
the LAA. 


5. VEGETATION AND ECOLOGICAL COMMUNITIES AND WILDLIFE RESOURCES 
Several questions regarding the downstream boundary used for assessing the potential Project effects 
on Vegetation and Ecological Resources and Wildlife Resources have been raised. Specifically 
questions were asked why the LAA ended at the Alberta border. The LAA is defined in the EIS27 as 
follows: 


“Local Assessment Area (LAA): the area within which the potential adverse effects of 
the Project are assessed. The LAA encompasses the Project activity zone, buffered 
by an additional 1,000 m. This buffer is larger than was suggested in Table 11.2 of 
the EIS Guidelines. A 1,000 m buffer was selected to allow adequate characterization 
of the terrestrial environment surrounding the Project activity zone, and extends far 
enough to include all potential direct and indirect effects at all construction sites and 
during operations. This includes new roads, roads requiring upgrades, quarries, the 
dam site, and the transmission line. For the proposed reservoir, the erosion impact 
line has a 1,000 m buffer.  


 
The LAA also extends downstream from the dam to the Alberta border, and includes 
a 1,000 m buffer on both the south and north banks of the Peace River (Figure 14.1). 
This considers potential effects on riparian areas that could be affected by reductions 
in the magnitude of peak flows, and more frequent high and low flows from the dam 


                                                 
25 EIS Volume 2 Appendix G Downstream Ice Regime Technical Data Report, Figure 8. 
26 EIS Volume 2, Section 12 Fish and Fish Habitat. 
27 EIS Section 13.1.5.1, page 13-7 and Section 14.1.5, page 14-12. 
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downstream to the Pine River confluence (see Section 11.4 Surface Water Regime in 
Volume 2 Section 11 Environmental Background).  


 
The process used to define and validate this boundary is described below. 
 
The LAA was defined as per Section 8.4 of the EIS-Guidelines taking into account knowledge of the 
Project location and associated activities, including results of the surface water regime analysis. The 
physical location of the Project ends upstream of Taylor, B.C.28 
 
Habitat alteration and fragmentation was the key aspect used to assess potential effects of the Project 
on Vegetation Resources and was one of the three key aspects used to assess potential effects of the 
Project on Wildlife Resources. Habitat alteration and fragmentation was defined for vegetation in the 
EIS29 as: 


“a temporary or permanent removal or loss of habitat or a reduction in habitat 
suitability. Fragmentation involves the ‘separation’ of habitat patches into one or more 
pieces – a process that requires some portion of the original habitat patch or rare 
plant occurrence to be lost or transformed into a less favourable or inhospitable 
habitat.” 


 
For Wildlife Resources habitat alteration was defined in the EIS30as:  


“as the permanent removal or loss of habitat or a reduction in habitat suitability for a 
species. Alteration of habitat can also lead to an increase in predation, decrease in 
security cover, and removal of seasonal forage, roost, nest, birthing, and den sites.” 


 
The LAA includes a 1,000 m buffer around the project activity zone to “include all potential direct and 
indirect effects at all construction sites and during operations”. Most effects are a result of physical 
works, and associated noise, except for potential changes to Peace River flows downstream of Site C. 
A review of scientific and management information was first conducted to determine appropriate buffers 
for species known to occur in the area. The provincial raptor Best Management Practices (BMP) 
recommends a 1,000 m buffer for active nests during courtship/egg-laying when blasting is occurring. 
Disturbance buffers suggested in other BMPs for a number of other species (including species groups 
known to occur in the LAA) and habitats, range between 30 m and 500 m so it was believed 1,000 m 
was conservative. The 1,000 m buffer was chosen as a distance for the inclusion of all anticipated 
effects. 
 
Results of the analysis of predicted changes to surface water regime (downstream flows and water 
levels) were used to consider potential changes in riparian vegetation communities and associated 
wildlife species that use them. These potential changes in riparian vegetation communities were 
evaluated based on predicted changes to wetted width. It was assumed that a change in the maximum 
wetted width downstream of the Project during operations could result in changes to downstream 
terrestrial ecosystems by extending the area that is subject to surface inundation, overbank flooding 
and changing characteristics of the water table. Such a change could, in the long term, result in habitat 
alteration to existing terrestrial ecosystems adjacent to the Peace River.  
 


                                                 
28 EIS Section 4, Figure 4.11. 
29 EIS Section 13.3.1, page 13-13. 
30 EIS Section 14.3.1, page 14-15. 
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Annual and seasonal duration curves of simulated hourly wetted width with and without the Project for 
Taylor and Alces hydrometric gauge locations were examined to determine if the maximum wetted 
width of the Peace River was predicted to change with the Project31. Changes to minimum wetted width 
of the flowing river are not believed to alter or fragment riparian habitats. The duration curves for Taylor 
illustrate that the wetted width would be similar with and without Site C except low wetted widths would 
be experienced more frequently with Site C (e.g. wetted widths of 400 m or less would be experienced 
approximately 7 % of the time without the Project and 10 % of the time with the Project). At Alces (near 
the Alberta border), the predicted difference between scenarios is smaller than at Taylor. At both 
locations the maximum wetted width does not change as a result of Project operations.   
 
The potential for the Project to cause changes in sediment transport and deposition and the ice 
regime downstream of the dam were reviewed in assessing the appropriateness of the LAA as 
changes in these parameters could cause changes to ecosystems and vegetation communities. 
The analyses conclude that: 


 
“Changes in river flows due to the Project are not expected to influence the erosion 
and deposition patterns; therefore, no incremental changes to the dynamic baseline 
patterns are predicted.”32. 


 
Several questions regarding the boundary used to assess potential cumulative effects of the Project 
(the RAA), have also been raised. The RAA is defined in the EIS33as follows: 
 


“Regional Assessment Area (RAA): the area within which projects and activities – the 
residual effects of which may combine with residual effects of the Project – are 
identified and taken into account in the cumulative effects assessment. The proposed 
dam, reservoir, transmission line, Highway 29 realignment, temporary access roads, 
and quarries occur within five Wildlife Management Units – designated 7‑31, 7‑32, 
7‑33, 7‑34, and 7‑35 (Figure 14.1). The Wildlife Management Unit boundaries 
provide a larger RAA boundary than what was suggested in Table 11.2 of the EIS 
Guidelines. The updated boundary includes most of the Peace Lowlands ecosection 
and incorporates all Project components and activities.” 
   


Wildlife Management Units were selected to define the boundaries of the RAA. These units were 
selected, and truncated at the B.C. - Alberta border for the following reasons: 
 


• The Project and areas within which activities occur that result in residual effects that may combine 
with residual effects of other projects and activities is located within these five Wildlife Management 
Units 


• The provincial government uses the Wildlife Management Units for population level management 
(e.g., hunter/ harvest targets) 


• Baseline data collected for the Project indicates that wildlife with large home ranges were always 
located within the five Wildlife Management Units defining the RAA 


                                                 
31 EIS Volume 2 Appendix D Part 2 Downstream Flow Modelling (1D), Appendix F. 
32 EIS Section 11.8.6, page 11-145. 
33 EIS Section 13.1.5.1, page 13-8 and Section 14.1.5, page 14-12. 
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5.1 Conclusion  
The operation of the Project would not result in a change in the current maximum wetted width of the 
Peace River downstream from Taylor (downstream of the Pine River) or further downstream at Alces. 
Nor would it result in changes to erosion and deposition patterns. Therefore, Terrestrial Vegetation and 
Ecological communities and use of these communities by Wildlife Resources downstream are not 
projected to change as a result of Project operations. For these reasons, the termination of the LAA 
boundary at the Alberta border is considered appropriate and represents a conservative approach. 
 
Based on above rationale, the selection of the RAA is considered appropriate for the assessment of the 
potential for cumulative effects of the Project on Vegetation and Ecological Communities and Wildlife 
Resources. 
 


6. SUMMARY  
 
The final results of the environmental background studies (i.e. surface water regime, downstream ice 
regime, fluvial geomorphology and sediment transport, and water quality) were reviewed and it was 
confirmed that the study areas include the entire area in which the Project could lead to changes that 
could influence the Valued Components and are thus appropriate. The LAA and RAAs for the Fish & 
Fish Habitat, Vegetation and Ecological Communities, and Wildlife Resources Valued Components 
were also determined to be appropriate. 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


gov_0010-331 gov_0008-082 gov_0008-160 gov_0010-060 gov_0010-316 
gov_0012-011 gov_0010-431 gov_0010-513 gov_0011-009 gov_0012-006 
gov_0014-002 gov_0013-030 gov_0013-036 gov_0013-049 gov_0013-051 
gov_0016_006 gov_0015-001 gov_0015-005 gov_0016_002 gov_0016_005 
gov_0018_206 gov_0016_007 gov_0016_008 gov_0016_010 gov_0018_177 
pub_0476-002 pub_0254-002 pub_0465-004 pub_0473-002 pub_0474-001 
pub_0597-001 pub_0478-008 pub_0478-010 pub_0478-011 pub_0596-001 
pub_0910-001 pub_0603-001 pub_0613-001 pub_0865-001 pub_0897-001 
ab_0001-222 pub_0980-001 pub_0984-001 pub_1018-001 ab_0001-186 
ab_0001-338 ab_0001-250 ab_0001-260 ab_0001-311 ab_0001-324 
ab_0002-009 ab_0001-419 ab_0001-521 ab_0001-549 ab_0002-006 
ab_0004-001 ab_0003-020 ab_0003-052 ab_0003-236 ab_0003-269 
ab_0004-013 ab_0004-002 ab_0004-007 ab_0004-009 ab_0004-010 
ab_0004-018 ab_0004-014 ab_0004-015 ab_0004-016 ab_0004-017 
ab_0004-025 ab_0004-019 ab_0004-020 ab_0004-021 ab_0004-023 
ab_0004-048 ab_0004-030 ab_0004-031 ab_0004-040 ab_0004-047 
ab_0004-061 ab_0004-050 ab_0004-056 ab_0004-059 ab_0004-060 
ab_0004-076 ab_0004-062 ab_0004-066 ab_0004-067 ab_0004-071 
ab_0008-013 ab_0004-094 ab_0004-101 ab_0005-004 ab_0008-009 
ab_0012-008 ab_0009-022 ab_0011-001 ab_0012-001 ab_0012-006 
ab_0012-013 ab_0012-009 ab_0012-010 ab_0012-011 ab_0012-012 
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Spatial Boundary Selection 

		MAY 8, 2013

		1. PURPOSE

		A number of comments have been received during the Comment period regarding the spatial boundaries (in particular, the downstream boundaries) established for several environmental background topics and Valued Components (VCs) studied as part of the environmental assessment of the Site C Clean Energy Project. The EIS describes all boundaries for all VCs including the downstream boundaries used in the Fish & Fish Habitat, Vegetation & Ecological Communities, and Wildlife Resources Sections. BC Hydro has also considered the report prepared by Dr. Martin Carver for the Athabasca Chipewyan First Nation, Dene Tha' First Nation, and Mikisew Cree First Nation (Review of Hydrologic & Geomorphic Downstream Impacts of Site C, December 2012) and the Draft Technical Memorandum prepared by Kerr Wood Leidal on behalf of the Deninu Kue First Nation (Report Review – Site C Clean Energy Project, Potential Downstream Changes, January 2013).  

		The purpose of this memorandum is to respond to the comments received and Dr. Carver’s report and the Kerr Wood Leidal report to provide clarification on the rationale for spatial boundary selection. This includes a description of: 

		1. the approach used to establish downstream spatial boundaries for the study of environmental background topics and Valued Components

		2. the rationale for selection of spatial boundaries for key environmental background topics

		3. the rationale for selection of spatial boundaries for Local and Regional Assessment Areas (LAAs and RAAs, respectively) for environmental Valued Components

		2. APPROACH TO ESTABLISHING DOWNSTREAM BOUNDARIES

		The spatial boundaries for the environmental background studies were developed considering preliminary results of the studies and a general understanding of the mechanisms by which the Project would influence the various physical characteristics of the water flow downstream of the dam site (e.g. magnitude and timing of flows, water temperature, suspended sediment concentrations). Conservative study areas were selected for modelling to account for the uncertainty in preliminary results of the studies. Final results of the studies were reviewed to confirm that the study area included the entire area in which the Project could lead to changes that could influence the Valued Components. Since this was the finding for all studies, revisions to the study boundaries were not required.

		Table 1 summarizes the downstream boundaries of the technical study areas for several environmental background topics. Additional discussion about these downstream boundaries is provided later in this Technical Memo.

		Table 1 – Downstream Boundaries of Technical Study Areas for Environmental Background Topics

		Environmental Background Topic

		Downstream Boundary of Technical Study Area

		Surface Water Regime

		Peace Point, Alberta

		Thermal and Ice Regime

		Fort Vermilion, Alberta

		Fluvial Geomorphology and Sediment   Transport

		Peace Point, Alberta

		The spatial boundaries for Fish & Fish Habitat, Vegetation & Ecological Communities, and Wildlife Resources were developed with consideration of preliminary results of various background environment studies (e.g. surface water regime, fluvial geomorphology and sediment transport, thermal and ice regime) as well as relevant biological information on the distribution, pattern of movement, habitat requirements, and sensitivity of the Valued Components to changes in physical habitat conditions. Using this information, the spatial boundaries for the Local and Regional Assessment Areas were established by taking into account the potential for the Project to result in changes to key aspects of effects for each of the Valued Components, as directed by the EIS Guidelines. Final results of the surface water regime, fluvial geomorphology and sediment transport, thermal and ice regime, and other background environment studies demonstrated that the spatial extent of each VC assessment fully captured the area in which the predicted change could influence the VC.

		Table 2 summarizes the downstream boundaries of the Local and Regional Assessment Areas for the environmental Valued Components. Additional discussion about these downstream boundaries is provided later in this Technical Memo.

		Table 2 – Downstream Boundaries of Local and Regional Assessment Areas for Environmental Valued Components

		Environmental Valued Component

		Downstream Boundary of Local Assessment Area 

		Downstream Boundary of Regional Assessment Area 

		Fish and Fish Habitat

		Many Islands, Alberta

		Vermilion Chutes

		Vegetation and Ecological

		 Communities

		B.C.- Alberta Border

		B.C.- Alberta Border

		Wildlife Resources

		B.C.- Alberta Border

		B.C.- Alberta Border

		3. ENVIRONMENTAL BACKGROUND STUDIES

		3.1 Surface Water

		The technical study area selected for the characterization of potential changes to the surface water regime as a result of the Project extends from the outlet of the Peace Canyon Dam to Peace Point, Alberta, over 1,000 km downstream. Peace Point is located approximately 108 km upstream of the confluence with the Slave River.

		The final results of the surface water regime study demonstrated that changes predicted downstream of the Town of Peace River (located approximately 300 km downstream of the Site C dam site) are negligible, considering the magnitude of the predicted change in relation to the variability of the baseline flow regime. The EIS presents comparisons of various statistics with and without the Project including water levels on an annual and seasonal basis, timing of releases, magnitude and frequency of high and low flows, daily range of water levels, hourly rate of change of water level, wetted width, and average cross sectional velocity. 

		Additional figures and tables have been included in this technical memo to further illustrate the predicted changes and the reduction of the change with increasing distance downstream. Figure 1 illustrates the location of the Water Survey of Canada stations and the river chainage system that is used to identify locations on the Peace River. Chainage refers to the distance downstream of the W.A.C. Bennett Dam. Figures 2 and 3 show the average, minimum, and maximum daily flows predicted for the two future scenarios (with and without the Project), by month, for locations at the Site C tailrace; at Water Survey of Canada stations at Taylor, Alces River confluence (near the B.C. - Alberta border), Town of Peace River, and Peace Point; and at Many Islands which is located at river chainage 227 km. As shown on these plots, at Taylor, Alces, Many Islands, Town of Peace River, and Peace Point the predicted change in minimum, maximum, and average daily flows as a results of the Project are negligible for every month of the year relative to the range of historic and simulated flows. For reference purposes, Figures 2 and 3 also show the historic range of flows observed at these locations. 

		Figure 1 - Water Survey of Canada Station Locations and River Chainage

		Figure 2 – Minimum, Average, and Maximum Daily Flows (Site C Tailrace, Taylor, Alces)

		Figure 3 - Minimum, Average, and Maximum Daily Flows

		(Many Islands, Town of Peace River, Peace Point)

		Statistics on daily range of water levels have also been extracted to illustrate the changes in the surface water regime downstream of the Town of Peace River, and to support the discussion of spatial boundaries for the assessment of potential impacts to Valued Components. Table 3 summarizes the average simulated daily range of water levels with and without the Project for winter and summer periods, defined as November 15 to May 15, and May 16 to November 14, respectively.

		Table 3 Average Simulated Daily Range of Water Levels (with and without the Project)

		Winter (Nov 15 – May 15)

		Summer (May 16 – Nov 14)

		Location

		Without the Project

		With the Project

		Difference

		Without the Project

		With the Project

		Difference

		Site C Tailrace

		0.43 m

		0.89 m

		+0.46 m

		0.53 m

		1.13 m

		+0.60 m

		Taylor

		0.39 m

		0.69 m

		+0.30 m

		0.46 m

		0.84 m

		+0.38 m

		Alces

		0.46 m

		0.75 m

		+0.29 m

		0.54 m

		0.95 m

		+0.41 m

		Many Islands 

		0.36 m

		0.51 m

		+0.15 m

		0.43 m

		0.64 m

		+0.21 m

		Town of Peace River

		0.14 m

		0.17 m

		+0.03 m

		0.18 m

		0.22 m

		+0.04 m

		Peace Point

		0.05 m

		0.05 m

		0.00 m

		0.09 m

		0.09 m

		0.00 m

		Statistics (duration curves) of wetted width, average cross sectional velocity, and hourly rate of change of water level are provided in the EIS.

		3.2 Downstream Ice Regime

		The technical study area for the downstream ice regime study extended from the Peace Canyon Dam (for the case without the Project) or the Site C dam (for the case with the Project) to Fort Vermilion, Alberta, approximately 730 km downstream of Site C. Fort Vermilion was selected as the downstream boundary of the study as it is the farthest downstream location at which reliable and consistent observations of the ice front location are recorded in each ice season. Also, preliminary results of the study indicated that this location was well downstream of where the Project would influence the ice regime. It is relevant to note that the downstream ice study conducted for the proposed Dunvegan Hydropower Project used the same downstream boundary for the same reasons.

		Results of the downstream ice study indicate that there would be no change in the ice regime of the Peace River as a result of the Project downstream of Carcajou, Alberta, which is located approximately 550 km downstream of Site C and approximately 180 km upstream of Fort Vermilion. This finding held true for a simulated future scenario taking into account predicted climate change.

		Consideration was also given to the potential influence of the Project on the frequency of break-up ice-jamming in the lower reaches of the Peace River that can lead to flooding of the Peace-Athabasca Delta. Although the downstream ice study predicted no change in the ice regime downstream of Carcajou, that study did not consider the changes in flow regime which were predicted as part of the surface water regime study. This was an appropriate assumption for the study of potential changes to ice conditions, and the CRISSP model used in that study cannot predict dynamic break-up events in any case. As described in the EIS, and further in the Peace Athabasca Delta technical memo, the predicted changes in flows would not influence the frequency of ice-jam flooding in the lower reaches of the Peace River. 

		3.3 Fluvial Geomorphology and Sediment Transport

		The downstream boundary for the study of fluvial geomorphology and sediment transport was Peace Point, Alberta, corresponding to the downstream boundary of the closely related surface water regime study area. This boundary was selected largely based on an understanding of the current fluvial geomorphology and sediment transport regime of the Peace River gained through research conducted at the University of British Columbia. 

		Regarding geomorphology or channel shape, the Fluvial Geomorphology and Sediment Transport Study concludes that the Project is not expected to result in any changes in channel erosion or deposition patterns other than possible local erosion of the channel bed in the first few kilometers downstream of Site C under unusually large flow conditions. In terms of suspended sediment transport, changes due to the Project would diminish in a downstream direction due to the moderating influence of water and sediment inputs from tributaries. Sediment yields from tributaries on the Alberta Plateau (downstream of the Site C dam site) are known to be higher than tributaries of the proposed Site C reservoir; as such the reduction in suspended sediment load due to the formation of the Site C reservoir was expected to be small in comparison to the sediment loads entering the Peace River downstream. The results of the Fluvial Geomorphology and Sediment Transport Study demonstrated that the reduction in the mean annual suspended sediment load at both the Town of Peace River and at Peace Point would be in the order of 2% which is considered to be negligible relative to the natural variability in annual suspended sediment load that is observed between years. As an example, the estimated annual suspended sediment loads at the B.C.-Alberta border during  the 10 year simulation period ranged from approximately -84 % to +234 % of the 10-year mean annual load. Similar variability would also be expected at other locations along the river.

		3.4 Water Quality 

		The technical study area for the assessment of the potential for the Project to change water quality parameters of the Peace River extended from Peace Canyon Dam downstream to the confluence of the Peace River and the Alces River. The selection of the downstream boundary for water quality assessment (Alces River confluence) was based on the following considerations: 1) a review of historical information on water quality of the Peace River and its tributaries; 2) geographic location and characteristics of tributaries to the Peace River downstream of the proposed Project, with consideration for the relative scope for mixing of mainstem flows with tributary flows; 3) judgment of experienced professional biologists on the sensitivity of Valued components  (predominantly Fish and Fish habitat) to potential water quality changes; 4) recommendations about sensitivity of aquatic life to water quality changes based on water quality guidelines (CCREM, BC).  

		Changes to water quality were predicted using a two dimensional water quality model, CEQUAL-W2 which extended from the Peace Canyon Dam to the Alces River confluence. The downstream boundary coincided with the Water Survey of Canada hydrometric station which provides a long term surface water quality monitoring record which permitted calibration of the model outputs. Between Site C and the Alces River confluence, three large tributaries (Pine, Beatton and Kiskatinaw Rivers) contribute considerable flow volume, nutrients concentration, and suspected sediment loads to the mainstem of the Peace River.

		As described in the EIS, the CEQUAL-W2 model predictions confirmed: 1) the attenuating effect of these tributaries on water quality as predicted changes due to the Project diminish between the Site C Dam location and Alces River; and, 2) predicted changes to specific water quality parameters at the Alces River were 10% or less. Further attenuation would occur downstream of the Alces River confluence due to contributions from the Alces, Pouce Coupe, Clear and other major tributaries of the Peace River as well as lands draining directly into the Peace River.  

		A detailed analysis confirming the sufficiency of the downstream boundary is presented in the EIS.

		4.  ENVIRONMENTAL VALUED COMPONENTS

		4.1 Fish & Fish Habitat 

		Spatial boundaries for the Fish and Fish Habitat Valued Component were selected by taking into account the nature of the VC, the appropriate scale and spatial extent of the capacity of the Project to cause adverse changes (LAA), and the potential for interaction with effects of other projects (RAA) on fish and fish habitat. Boundaries were selected based on information derived from a variety of biological and physical studies and data sources that characterized: 1) the existing distribution of fish populations in the Peace River with consideration of life history, habitat requirements, and observed patterns of habitat use; and 2) the potential for the project to alter physical conditions both within the project area and downstream from it. This information, was used with an understanding of the sensitivity of the Valued Component (in particular, the aspects of fish habitat, health and survival of populations, and fish movement) to changes to the physical environment, to inform the technical judgment of professional biologists on the selection of the spatial boundaries for Fish and Fish Habitat.

		 As described in the EIS, the LAA for assessing the potential adverse effects to Fish and Fish Habitat was defined as the Peace River downstream from the Peace Canyon Dam to Many Islands, Alberta, including the tributaries entering the proposed reservoir. Analysis of existing information on fish populations of the Peace River, combined with baseline fish and fish habitat studies for the Project indicated that the fish populations that could potentially be adversely affected by the Project were located between the Peace Canyon Dam and Many Islands. 

		4.1.1 Fish Communities of the Peace River

		A principal factor supporting the preliminary selection of the spatial boundary for the assessment was the distinct distribution of fish communities in the Peace River in B.C. and Alberta. As discussed in the EIS two distinct communities of fish are observed in the Peace River in the Project area. “Coldwater” species typically require low temperature conditions, large-textured sediments and clean, well-oxygenated water to complete their life requisites typical of the Peace River flowing from the Rocky Mountains. “Coolwater” species typically are able to tolerate higher water temperatures and are better adapted to cope with higher suspended sediment loads as found in the Peace River, typical of the reach of the Peace River flowing across the Alberta Plateau. The transition zone for the two distinct fish communities is located near the Pine River, approximately 16 km downstream of the proposed dam site. This zone forms due to the inflow of water, nutrients and suspended sediment from the Pine, Beaton, Kiskatinaw, Alces, Clear and Pouce Coupe Rivers. This transition zone does not act as a complete barrier to movement of fish, but defines distinct habitat conditions which define the typical resident fish communities which inhabit them. Coldwater species dominate the fish community primarily upstream of the Pine River confluence, and are only infrequently found downstream in Alberta. The presence of coolwater species increases downstream of the Pine River, with populations residing between the Beatton River and Many Islands. Downstream of Many Islands, fisheries studies associated with the Dunvegan project have demonstrated the general absence of the coldwater species and an overall decrease in total abundance of the fish community. Some species of coolwater fishes have been observed to undertake extended migrations in the mainstem Peace. Specifically, limited numbers of fish from Goldeye and Walleye populations will migrate as far downstream as Vermilion Chutes to forage, and can temporarily reside upstream of the Many Islands before returning to overwintering and spawning locations farther downstream on the Peace River in Alberta . 

		Based on the distinct differences in the distribution of coldwater and coolwater fish communities in relation to the location of the Project, the movement patterns of the some species of the coolwater community, and the preliminary assessments of predicted changes to the physical environmental resulting from the project, the downstream boundaries of the LAA and RAA were established at Many Islands and Vermilion Chutes, respectively. The establishment of the RAA boundary at Vermilion Chutes was intended to capture the maximum downstream distribution of potential Peace River fish populations that may be affected by cumulative effects.

		4.1.2 Potential to Alter Physical Environment 

		Confirmation of the downstream boundary of the LAA considered the extent of potential changes to the physical environment that could result from the Project, as stated in the EIS, including:

		 Surface water regime (i.e. minimum and maximum flow, seasonal flows, rate of flow and stage change)

		 Water quality (i.e. nutrients available for trophic production, total dissolved gases)

		 Water temperature (magnitude of change, seasonal thermal regime)

		 Geomorphology and sediment transport (river channel morphology, bedload and suspended sediment transport)

		 Downstream ice regime

		Considerations for each of those physical environmental factors are provided below.

		The Surface Water Regime study concludes that the most notable changes expected as a result of the Project are as follows:

		 Reduction in the magnitude of peak flows; negligible change downstream of the Pine River confluence

		 More frequent high flows; negligible change at Taylor and further downstream

		 More frequent low flows; negligible change at Taylor and further downstream

		 Increase in daily range of water levels; negligible change at the Town of Peace River and further downstream.

		Additional results of the surface water regime modeling are presented in this technical memo to describe predicted changes in daily flows at locations relevant to boundary selection (i.e. Many Islands). The predicted change in minimum, maximum and average daily flows at Many Islands as a result of the Project are negligible every month of the year relative to the range of historic and simulated flows (see Figure 3). 

		In regards to the predicted hourly rate of change of water levels, Figure 4 illustrates the predicted frequency of various rates of hourly stage change with and without the Project at the Site C tailrace and at Many Islands. This figure demonstrates the attenuation of the influence of the Project on rates of stage change with increasing distance downstream. These results confirm that, as discussed in the EIS, the increase in stranding risk due to the Project would be most prominent in the section of the Peace River near the Site C Dam and these changes are largely attenuated by Many Islands. 

		Figure 4 - Duration curves for hourly change in water surface elevation at Site C Tailrace 

		and Many Islands.

		Based on the above results, Many Islands is considered an appropriate downstream boundary for assessing the potential adverse effects to fish and fish habitat from surface water regime changes. 

		Changes to water quality, nutrients, and aquatic productivity were assessed using a water quality model (CEQUAL-W2). This assessment predicted that changes to these parameters attenuated downstream to the Alces River, and beyond which changes were predicted to be 10% or less. The EIS provides a detailed analysis and comparison for individual water quality parameters. Data from the Peace River and other evidence provided in the scientific literature are consistent in showing that tributary inflows are important in attenuating downstream effects of dams on water quality and aquatic productivity in rivers. Tributaries downstream of the Site C Dam include the Pine River, Beatton River, Kiskatinaw River, Alces River, Pouce Coupe River and numerous other inflows in Alberta. Given the importance of tributary inflows in providing invertebrate recruitment, it is estimated that the distance for benthic invertebrate biomass to recover would be about 60 km downstream of Site C,  thus it is predicted effects of changes to water quality on aquatic productivity (i.e. food for fish) would be attenuated upstream of the Many Islands LAA boundary. 

		Based on the total dissolved gas information provided in the EIS it is expected that during the infrequent predicted spills events, total dissolved gas supersaturation levels would be attenuated from tributary inflows between Site C and Many Islands. This assumption will be tested with a total dissolved gas monitoring program as described in the EIS. 

		Changes to downstream water temperature were predicted with the CE-QUAL-W2 model and a summary of predicted annual and seasonal changes in water temperature are shown in the EIS. The model predictions for water temperature changes at the Alces River meet the guidelines for the protection of aquatic life (< 1 degree C change), and are thus not judged to have a measureable effect on fish or fish habitat, as discussed in the modeling report. Therefore, the selection of Many Islands for the downstream boundary is sufficient for the assessment of the potential effects on Fish and Fish Habitat resulting from potential changes to water temperature.

		The potential adverse effects to fish and fish habitat resulting from changes in geomorphology and suspended sediment due to the Project are captured within the LAA for Fish and Fish Habitat. A summary of expected changes in suspended sediment and Peace River morphology are described in the EIS. As summarized above, changes to channel morphology and suspended sediment are expected to be limited to the Peace River immediately downstream of the dam and upstream of the Pine River. Turbid conditions in the Peace River would be restored upstream of Many Islands due to relatively high suspended sediment contributions from tributaries downstream of Site C (Pine and Beatton Rivers). 

		The expected ice regime downstream of Site C is described in EIS. As described in the EIS Fish and Fish Habitat Section 12.4, subsection 12.4.2.2, page 12-46 the operation of the Project would move the average maximum extent of the ice front downstream by approximately 40 km. The estimated probability of the ice front reaching Many Islands changes from approximately 70% of the time without the Project to approximately 30% of the time with the Project . The changes in the ice front and potential effects on the fish populations in the Site C project area are captured in the Many Islands downstream boundary because reduction in the upstream ice front is predicted to increase fish wintering habitat and overwintering survival rate upstream of this point.

		4.2 Conclusion 

		The downstream boundary of the assessment of the effects of the Project on Fish and Fish Habitat (Many Islands, Alberta) is suitable given that all potential adverse changes to Fish and Fish Habitat are predicted to attenuate upstream of Many Islands. This conclusion is aligned with the federal Department of Fisheries and Oceans preliminary review of the Site C downstream boundaries for fish and fish habitat assessment areas (http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ScR-RS/2012/2012_017-eng.pdf). That review concluded that the downstream boundaries for the review of the impacts of the Project had been determined to be reasonable, although some revision to the LAA may be needed if further analysis indicates impacts to fish and fish habitat could occur downstream of the proposed boundary. The analyses presented in the EIS, together with the additional output in this memo, confirm the suitability of the boundaries for the LAA. 

		In addition, the choice of RAA is appropriate because the Site C Project is unlikely to have any impact on fish or fish habitat in the Peace River downstream of Many Islands, other than the infrequent occurrence where fishes from the coolwater community undertake extended movements upstream into the LAA.

		5. VEGETATION AND ECOLOGICAL COMMUNITIES AND WILDLIFE RESOURCES

		Several questions regarding the downstream boundary used for assessing the potential Project effects on Vegetation and Ecological Resources and Wildlife Resources have been raised. Specifically questions were asked why the LAA ended at the Alberta border. The LAA is defined in the EIS as follows:

		“Local Assessment Area (LAA): the area within which the potential adverse effects of the Project are assessed. The LAA encompasses the Project activity zone, buffered by an additional 1,000 m. This buffer is larger than was suggested in Table 11.2 of the EIS Guidelines. A 1,000 m buffer was selected to allow adequate characterization of the terrestrial environment surrounding the Project activity zone, and extends far enough to include all potential direct and indirect effects at all construction sites and during operations. This includes new roads, roads requiring upgrades, quarries, the dam site, and the transmission line. For the proposed reservoir, the erosion impact line has a 1,000 m buffer. 

		The LAA also extends downstream from the dam to the Alberta border, and includes a 1,000 m buffer on both the south and north banks of the Peace River (Figure 14.1). This considers potential effects on riparian areas that could be affected by reductions in the magnitude of peak flows, and more frequent high and low flows from the dam downstream to the Pine River confluence (see Section 11.4 Surface Water Regime in Volume 2 Section 11 Environmental Background). 

		The process used to define and validate this boundary is described below.

		The LAA was defined as per Section 8.4 of the EIS-Guidelines taking into account knowledge of the Project location and associated activities, including results of the surface water regime analysis. The physical location of the Project ends upstream of Taylor, B.C.

		Habitat alteration and fragmentation was the key aspect used to assess potential effects of the Project on Vegetation Resources and was one of the three key aspects used to assess potential effects of the Project on Wildlife Resources. Habitat alteration and fragmentation was defined for vegetation in the EIS as:

		“a temporary or permanent removal or loss of habitat or a reduction in habitat suitability. Fragmentation involves the ‘separation’ of habitat patches into one or more pieces – a process that requires some portion of the original habitat patch or rare plant occurrence to be lost or transformed into a less favourable or inhospitable habitat.”

		For Wildlife Resources habitat alteration was defined in the EISas: 

		“as the permanent removal or loss of habitat or a reduction in habitat suitability for a species. Alteration of habitat can also lead to an increase in predation, decrease in security cover, and removal of seasonal forage, roost, nest, birthing, and den sites.”

		The LAA includes a 1,000 m buffer around the project activity zone to “include all potential direct and indirect effects at all construction sites and during operations”. Most effects are a result of physical works, and associated noise, except for potential changes to Peace River flows downstream of Site C. A review of scientific and management information was first conducted to determine appropriate buffers for species known to occur in the area. The provincial raptor Best Management Practices (BMP) recommends a 1,000 m buffer for active nests during courtship/egg-laying when blasting is occurring. Disturbance buffers suggested in other BMPs for a number of other species (including species groups known to occur in the LAA) and habitats, range between 30 m and 500 m so it was believed 1,000 m was conservative. The 1,000 m buffer was chosen as a distance for the inclusion of all anticipated effects.

		Results of the analysis of predicted changes to surface water regime (downstream flows and water levels) were used to consider potential changes in riparian vegetation communities and associated wildlife species that use them. These potential changes in riparian vegetation communities were evaluated based on predicted changes to wetted width. It was assumed that a change in the maximum wetted width downstream of the Project during operations could result in changes to downstream terrestrial ecosystems by extending the area that is subject to surface inundation, overbank flooding and changing characteristics of the water table. Such a change could, in the long term, result in habitat alteration to existing terrestrial ecosystems adjacent to the Peace River. 

		Annual and seasonal duration curves of simulated hourly wetted width with and without the Project for Taylor and Alces hydrometric gauge locations were examined to determine if the maximum wetted width of the Peace River was predicted to change with the Project. Changes to minimum wetted width of the flowing river are not believed to alter or fragment riparian habitats. The duration curves for Taylor illustrate that the wetted width would be similar with and without Site C except low wetted widths would be experienced more frequently with Site C (e.g. wetted widths of 400 m or less would be experienced approximately 7 % of the time without the Project and 10 % of the time with the Project). At Alces (near the Alberta border), the predicted difference between scenarios is smaller than at Taylor. At both locations the maximum wetted width does not change as a result of Project operations.  

		The potential for the Project to cause changes in sediment transport and deposition and the ice regime downstream of the dam were reviewed in assessing the appropriateness of the LAA as changes in these parameters could cause changes to ecosystems and vegetation communities. The analyses conclude that:

		“Changes in river flows due to the Project are not expected to influence the erosion and deposition patterns; therefore, no incremental changes to the dynamic baseline patterns are predicted.”.

		Several questions regarding the boundary used to assess potential cumulative effects of the Project (the RAA), have also been raised. The RAA is defined in the EISas follows:

		“Regional Assessment Area (RAA): the area within which projects and activities – the residual effects of which may combine with residual effects of the Project – are identified and taken into account in the cumulative effects assessment. The proposed dam, reservoir, transmission line, Highway 29 realignment, temporary access roads, and quarries occur within five Wildlife Management Units – designated 7‑31, 7‑32, 7‑33, 7‑34, and 7‑35 (Figure 14.1). The Wildlife Management Unit boundaries provide a larger RAA boundary than what was suggested in Table 11.2 of the EIS Guidelines. The updated boundary includes most of the Peace Lowlands ecosection and incorporates all Project components and activities.”

		Wildlife Management Units were selected to define the boundaries of the RAA. These units were selected, and truncated at the B.C. - Alberta border for the following reasons:

		 The Project and areas within which activities occur that result in residual effects that may combine with residual effects of other projects and activities is located within these five Wildlife Management Units

		 The provincial government uses the Wildlife Management Units for population level management (e.g., hunter/ harvest targets)

		 Baseline data collected for the Project indicates that wildlife with large home ranges were always located within the five Wildlife Management Units defining the RAA

		5.1 Conclusion 

		The operation of the Project would not result in a change in the current maximum wetted width of the Peace River downstream from Taylor (downstream of the Pine River) or further downstream at Alces. Nor would it result in changes to erosion and deposition patterns. Therefore, Terrestrial Vegetation and Ecological communities and use of these communities by Wildlife Resources downstream are not projected to change as a result of Project operations. For these reasons, the termination of the LAA boundary at the Alberta border is considered appropriate and represents a conservative approach.

		Based on above rationale, the selection of the RAA is considered appropriate for the assessment of the potential for cumulative effects of the Project on Vegetation and Ecological Communities and Wildlife Resources.

		6. SUMMARY 

		The final results of the environmental background studies (i.e. surface water regime, downstream ice regime, fluvial geomorphology and sediment transport, and water quality) were reviewed and it was confirmed that the study areas include the entire area in which the Project could lead to changes that could influence the Valued Components and are thus appropriate. The LAA and RAAs for the Fish & Fish Habitat, Vegetation and Ecological Communities, and Wildlife Resources Valued Components were also determined to be appropriate.
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Subject: Uncertainty and Precaution 


Purpose of Technical Memo  
The purpose of the technical memo is to address comments submitted during the comment period on 
the review of the EIS related to uncertainty in modelling predictions, selection of valued components, 
effectiveness of mitigation measures, characterization of residual effects, and in the determination of 
significance.  


The Predictive Nature of Environmental Assessment 
Environmental assessment requires prediction. Certainty is not achievable:  


“By its nature the panel's exercise is predictive and it is not surprising that the statute 
specifically envisages the possibility of "follow up" programmes. Indeed, given the 
nature of the task we suspect that finality and certainty in environmental assessment 
can never be achieved.”1 


“[G]iven the predictive function of an environmental assessment and the existence of 
follow-up mechanisms envisioned by the CEAA, the Panel’s assessment of 
significance does not extend to the elimination of uncertainty surrounding project 
effects.” 2 


Consideration of mitigation measures, the details of which are to be determined at some point in the 
future, is appropriate in environmental assessment:  


“The jurisprudence establishes that a Screening Report and decisions under CEAA 
can describe general mitigation measures which will be detailed and resolved in the 
future when the exact project design is determined. This is consistent with the 
preliminary and predictive nature of an environmental assessment.” 3[underlining 
added] 


The uncertainty is addressed by adopting an approach of precaution and adaptive management:  


“[32]  An approach that has developed in conjunction with the precautionary principle 
is that of “adaptive management”. In Canadian Parks and Wilderness Society v. 
Canada (Minister of Canadian Heritage), 2003 FCA 197, [2003] F.C.J. No. 703, at 
para. 24, Evans J.A. stated that “[t]he concept of “adaptive management” responds to 
the difficulty, or impossibility, of predicting all the environmental consequences of a 
project on the basis of existing knowledge” and indicated that adaptive management 
counters the potentially paralyzing effects of the precautionary principle. Thus, in my 
opinion, adaptive management permits projects with uncertain, yet potentially 
adverse environmental impacts to proceed based on flexible management strategies 
capable of adjusting to new information regarding adverse environmental impacts 


                                                 
1  Alberta Wilderness Association v. Express Pipelines Ltd., [1996] F.C.J. No. 1016 (FCA), at para. 14. 
2  Pembina Institute for Appropriate Development v. Canada (Attorney General), 2008 FC 302, at para. 23. 
3  Canadian Transit Company v. Canada (Transport), 2011 FC 515, at para. 214. 
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where sufficient information regarding those impacts and potential mitigation 
measures already exists.       


[33]  Accordingly, the scope of the duties incumbent upon a panel must be viewed 
through the prism of these guiding tenets: the precautionary principle and adaptive 
management. As an early planning tool, environmental assessment is tasked with the 
management of future risk, thus a review panel has a duty to gather the information 
required to fulfill this charge.  


[34]  In sum, the CEAA represents a sophisticated legislative system for addressing 
the uncertainty surrounding environmental effects. To this end, it mandates early 
assessment of adverse environmental consequences as well as mitigation measures, 
coupled with the flexibility of follow-up processes capable of adapting to new 
information and changed circumstances. The dynamic and fluid nature of the process 
means that perfect certainty regarding environmental effects is not required.” 4 


Precaution 
The precautionary principle is defined in the Federal Sustainable Development Act5 as follows: 


“precautionary principle” means the principle that where there are threats of serious 
or irreversible damage, lack of full scientific certainty shall not be used as a reason for 
postponing cost-effective measures to prevent environmental degradation. 


In its publication, “A Framework for the Application of Precaution in Science-Based Decision Making 
About Risk,”6 the Government of Canada sets out its guiding principles for the application of precaution 
to science-based, federal decision making. An assessment of the Project under CEAA 2012 ensures 
that the precautionary principle is applied in accordance with those principles: 


• In administering CEAA 2012, the Government of Canada, the Minister, the CEA Agency, federal 
authorities and responsible authorities must exercise their powers in a manner that protects the 
environment and applies the precautionary principle7 


• In determining the scope of an assessment,8 the responsible authority must ensure that the project 
is considered in a careful and precautionary manner9 


• In conducting an assessment in accordance with section 19(1) of CEAA 2012 and the scope of 
assessment determined by the responsible authority, a sound scientific basis for applying 
precaution is developed10  


                                                 
4  Pembina Institute for Appropriate Development v. Canada (Attorney General), 2008 FC 302, at paras. 32-34. 
5  Federal Sustainable Development Act, SC 2008, c 33, at section 2; it is described in the Canadian 


Environmental Protection Act 1999, SC 1999, c 33, in the preamble and in section 2(1)(a), in the same terms. 
6  A Framework for the Application of Precaution in Science-Based Decision Making About Risk (“Framework”), 


Government of Canada, 2003, found at 
http://www.pco-bcp.gc.ca/docs/information/publications/precaution/Precaution-eng.pdf.  


7  CEAA 2012, section 4(2). 
8  CEAA 2012, section 19(2)(a). 
9  CEAA 2012, section 4(2). 
10  Framework, page 7. 



http://www.pco-bcp.gc.ca/docs/information/publications/precaution/Precaution-eng.pdf�
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• The relevant scientific data is evaluated in a transparent process mechanism that leads to 
conclusions about the possibility and magnitude of harm:11 


• Participation by the public12 and by Aboriginal groups13 is provided for 


• Any “threats of of serious or irreversible damage” are identified 


• Cost effective measures to prevent environmental degradation are identified 14,15   


• The level of risk that may be acceptable is considered16 


Uncertainty 


The environmental assessment, which must be conducted in advance of the Project,17 is a prediction 
and, consequently, is subject to some uncertainty. Consistent with this, Section 8.5.2.3 and Table 8.3 of 
the EIS Guidelines require potential residual effects of the Project to be characterized in terms of the 
“Probability” that an adverse effect will occur and the “Level of Confidence” in the objective assessment 
of direction, magnitude, extent, duration, frequency, and reversibility of a potential effect.18 


The environmental assessment set out in the EIS is a prediction focused on likely outcomes. The EIS 
presents the predictions of the residual effects that are likely to arise from the Project, based on 
available information, investigations and analyses undertaken by qualified professionals drawing on 
their expertise and experience.  


The degree of uncertainty associated with each prediction of the potential residual effects of the Project 
is reflected in the EIS in the characterization of “Level of Confidence.”  In the EIS, uncertainty has been 
addressed using methodological tools including the calibration of models and weight-of-evidence 
analysis, and by adopting conservative assumptions about the nature of the potential effect, consistent 
with existing guidance (Hegmann et al. 1999) (e.g., EIS, Volume 2, Section 12, page 12-62, lines 5-10). 
The residual effects described in the EIS represent the best prediction of what is likely to occur, taking 
any uncertainty into account. Generally speaking, as uncertainty associated with a residual effect 
prediction increases, the level of confidence in the prediction becomes lower (Horvath 2013). 


Limitations in available information can reduce the level of confidence in the characterization of some 
potential residual effects. For example, information about the conditions or sensitivity of a valued 
component or about the nature of the interaction between a project and a VC may be incomplete. Also 
or alternatively, a project may involve new technology, the effects of which are not fully understood, or 
mitigation measures that have not yet been proven to be effective. Where such data gaps exist, the 
residual effect prediction may be less certain and, consequently, the level of confidence in that 
prediction lower. That is, there is a greater possibility that the outcome – the residual effect – may be 


                                                 
11  Framework, page 7. 
12  CEAA 2012, section 19(1)(c). 
13  CEAA 2012, section 19(1)(c), 19(3). 
14  CEAA 2012, section 19(1)(d), (e). 
15  Framework, page 5. 
16  Framework, page 7; CEAA 2012, section 19(1)(b), section 52(2). 
17  BCEAA, sections 8, 9; CEAA 2012, sections 6, 7. 
18  The level of confidence is defined as an evaluation of the scientific certainty one has in the review of 


project-specific data, relevant literature, and professional opinion: see EIS Guidelines, Section 8.5.2.3, 
Table 8.3. 
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different from what is predicted. This difference typically manifests as a change in the characteristics of 
the residual effect (such as magnitude, extent, reversibility, duration, or frequency). The difference may 
or may not be sufficient to change the significance of the effect and/or the likelihood that the residual 
effect would occur (Horvath 2013). The residual effects described in the EIS represent the best 
prediction of what is likely to occur, taking any uncertainty into account. For each residual effect 
prediction, the level of confidence in the residual effect prediction is articulated in the EIS.  


Uncertainty associated with a residual effect prediction is addressed through monitoring or other 
follow-up programs. Such programs include: 


• Monitoring to confirm actual residual effects are as predicted 


• Monitoring to confirm mitigation measures are effective  


• Adaptive management programs to facilitate action when unforeseen effects occur or when ongoing 
monitoring identifies a need for new or modified mitigation   


The EIS describes follow-up when the likelihood, nature, or extent of a predicted adverse residual effect 
on a VC or the effectiveness of a recommended mitigation measure is uncertain, whether such 
uncertainty is due to gaps in information regarding the response of a VC to a particular project 
influence, or if the effect prediction is sensitive to a fact or an assumption that is itself uncertain or 
variable.  


Three different approaches to follow-up are considered in the EIS. Where uncertainty is associated with 
the residual effect prediction, but available mitigation is considered certain, the proposed follow-up 
measure focuses on monitoring to confirm the residual effect, followed by implementation of 
appropriate mitigation. Where the residual effect prediction is certain, but there is uncertainty 
associated with mitigation, the proposed follow-up measure focuses on monitoring of mitigation 
effectiveness, followed by implementation of additional or alternative mitigation, possibly including 
compensation, as required. Where there is uncertainty in both the residual effect prediction and 
mitigation, the proposed follow-up measure comprises a management program that involves a planned 
sequence of monitoring or research leading to the development and implementation of mitigation. A 
process for monitoring and adjustment of the mitigation program, as well as rules to guide decisions for 
termination of mitigation efforts and/or establishment of compensatory measures to address any 
remaining significant adverse residual effect(s) is proposed. Follow-up programs for each VC are 
described in the EIS. 


References 


Horvath, C.L. 2013. Confidence, Uncertainty, and Risk in Environmental Assessment. Draft paper to be 
presented at the International Association for Impact Assessment annual conference, Calgary, Alberta, 
May 2013. in draft  
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		Purpose of Technical Memo 

		The purpose of the technical memo is to address comments submitted during the comment period on the review of the EIS related to uncertainty in modelling predictions, selection of valued components, effectiveness of mitigation measures, characterization of residual effects, and in the determination of significance. 

		The Predictive Nature of Environmental Assessment

		Environmental assessment requires prediction. Certainty is not achievable: 

		“By its nature the panel's exercise is predictive and it is not surprising that the statute specifically envisages the possibility of "follow up" programmes. Indeed, given the nature of the task we suspect that finality and certainty in environmental assessment can never be achieved.”

		“[G]iven the predictive function of an environmental assessment and the existence of followup mechanisms envisioned by the CEAA, the Panel’s assessment of significance does not extend to the elimination of uncertainty surrounding project effects.” 

		Consideration of mitigation measures, the details of which are to be determined at some point in the future, is appropriate in environmental assessment: 

		“The jurisprudence establishes that a Screening Report and decisions under CEAA can describe general mitigation measures which will be detailed and resolved in the future when the exact project design is determined. This is consistent with the preliminary and predictive nature of an environmental assessment.” [underlining added]

		The uncertainty is addressed by adopting an approach of precaution and adaptive management: 

		“[32]  An approach that has developed in conjunction with the precautionary principle is that of “adaptive management”. In Canadian Parks and Wilderness Society v. Canada (Minister of Canadian Heritage), 2003 FCA 197, [2003] F.C.J. No. 703, at para. 24, Evans J.A. stated that “[t]he concept of “adaptive management” responds to the difficulty, or impossibility, of predicting all the environmental consequences of a project on the basis of existing knowledge” and indicated that adaptive management counters the potentially paralyzing effects of the precautionary principle. Thus, in my opinion, adaptive management permits projects with uncertain, yet potentially adverse environmental impacts to proceed based on flexible management strategies capable of adjusting to new information regarding adverse environmental impacts where sufficient information regarding those impacts and potential mitigation measures already exists.      

		[33]  Accordingly, the scope of the duties incumbent upon a panel must be viewed through the prism of these guiding tenets: the precautionary principle and adaptive management. As an early planning tool, environmental assessment is tasked with the management of future risk, thus a review panel has a duty to gather the information required to fulfill this charge. 

		[34]  In sum, the CEAA represents a sophisticated legislative system for addressing the uncertainty surrounding environmental effects. To this end, it mandates early assessment of adverse environmental consequences as well as mitigation measures, coupled with the flexibility of followup processes capable of adapting to new information and changed circumstances. The dynamic and fluid nature of the process means that perfect certainty regarding environmental effects is not required.” 

		Precaution

		The precautionary principle is defined in the Federal Sustainable Development Act as follows:

		“precautionary principle” means the principle that where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing costeffective measures to prevent environmental degradation.

		In its publication, “A Framework for the Application of Precaution in ScienceBased Decision Making About Risk,” the Government of Canada sets out its guiding principles for the application of precaution to sciencebased, federal decision making. An assessment of the Project under CEAA 2012 ensures that the precautionary principle is applied in accordance with those principles:

		 In administering CEAA 2012, the Government of Canada, the Minister, the CEA Agency, federal authorities and responsible authorities must exercise their powers in a manner that protects the environment and applies the precautionary principle

		 In determining the scope of an assessment, the responsible authority must ensure that the project is considered in a careful and precautionary manner

		 In conducting an assessment in accordance with section 19(1) of CEAA 2012 and the scope of assessment determined by the responsible authority, a sound scientific basis for applying precaution is developed 

		 The relevant scientific data is evaluated in a transparent process mechanism that leads to conclusions about the possibility and magnitude of harm:

		 Participation by the public and by Aboriginal groups is provided for

		 Any “threats of of serious or irreversible damage” are identified

		 Cost effective measures to prevent environmental degradation are identified ,  

		 The level of risk that may be acceptable is considered

		Uncertainty

		The environmental assessment, which must be conducted in advance of the Project, is a prediction and, consequently, is subject to some uncertainty. Consistent with this, Section 8.5.2.3 and Table 8.3 of the EIS Guidelines require potential residual effects of the Project to be characterized in terms of the “Probability” that an adverse effect will occur and the “Level of Confidence” in the objective assessment of direction, magnitude, extent, duration, frequency, and reversibility of a potential effect.

		The environmental assessment set out in the EIS is a prediction focused on likely outcomes. The EIS presents the predictions of the residual effects that are likely to arise from the Project, based on available information, investigations and analyses undertaken by qualified professionals drawing on their expertise and experience. 

		The degree of uncertainty associated with each prediction of the potential residual effects of the Project is reflected in the EIS in the characterization of “Level of Confidence.”  In the EIS, uncertainty has been addressed using methodological tools including the calibration of models and weightofevidence analysis, and by adopting conservative assumptions about the nature of the potential effect, consistent with existing guidance (Hegmann et al. 1999) (e.g., EIS, Volume 2, Section 12, page 1262, lines 510). The residual effects described in the EIS represent the best prediction of what is likely to occur, taking any uncertainty into account. Generally speaking, as uncertainty associated with a residual effect prediction increases, the level of confidence in the prediction becomes lower (Horvath 2013).

		Limitations in available information can reduce the level of confidence in the characterization of some potential residual effects. For example, information about the conditions or sensitivity of a valued component or about the nature of the interaction between a project and a VC may be incomplete. Also or alternatively, a project may involve new technology, the effects of which are not fully understood, or mitigation measures that have not yet been proven to be effective. Where such data gaps exist, the residual effect prediction may be less certain and, consequently, the level of confidence in that prediction lower. That is, there is a greater possibility that the outcome – the residual effect – may be different from what is predicted. This difference typically manifests as a change in the characteristics of the residual effect (such as magnitude, extent, reversibility, duration, or frequency). The difference may or may not be sufficient to change the significance of the effect and/or the likelihood that the residual effect would occur (Horvath 2013). The residual effects described in the EIS represent the best prediction of what is likely to occur, taking any uncertainty into account. For each residual effect prediction, the level of confidence in the residual effect prediction is articulated in the EIS. 

		Uncertainty associated with a residual effect prediction is addressed through monitoring or other followup programs. Such programs include:

		 Monitoring to confirm actual residual effects are as predicted

		 Monitoring to confirm mitigation measures are effective 

		 Adaptive management programs to facilitate action when unforeseen effects occur or when ongoing monitoring identifies a need for new or modified mitigation  

		The EIS describes followup when the likelihood, nature, or extent of a predicted adverse residual effect on a VC or the effectiveness of a recommended mitigation measure is uncertain, whether such uncertainty is due to gaps in information regarding the response of a VC to a particular project influence, or if the effect prediction is sensitive to a fact or an assumption that is itself uncertain or variable. 

		Three different approaches to followup are considered in the EIS. Where uncertainty is associated with the residual effect prediction, but available mitigation is considered certain, the proposed followup measure focuses on monitoring to confirm the residual effect, followed by implementation of appropriate mitigation. Where the residual effect prediction is certain, but there is uncertainty associated with mitigation, the proposed followup measure focuses on monitoring of mitigation effectiveness, followed by implementation of additional or alternative mitigation, possibly including compensation, as required. Where there is uncertainty in both the residual effect prediction and mitigation, the proposed followup measure comprises a management program that involves a planned sequence of monitoring or research leading to the development and implementation of mitigation. A process for monitoring and adjustment of the mitigation program, as well as rules to guide decisions for termination of mitigation efforts and/or establishment of compensatory measures to address any remaining significant adverse residual effect(s) is proposed. Followup programs for each VC are described in the EIS.
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		Horvath, C.L. 2013. Confidence, Uncertainty, and Risk in Environmental Assessment. Draft paper to be presented at the International Association for Impact Assessment annual conference, Calgary, Alberta, May 2013. in draft 
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Subject: The Workd Commission on Dams and the International Hydro Power Association’s 
Sustainablility Protocol 


Purpose 
The purpose of the following Technical Memo is to address questions raised during the comment 
period about evaluating the Project based on the following: 


1. Dams and Development: A New Framework for Decision-Making. The Report of the World 
Commission on Dams, November 2000. 


2. The International Hydro Power Association’s Sustainability Protocol 
The Report of the World Commission on Dams (WCD) and the International Hydropower Association 
(IHA) Sustainability Assessment Protocol provide general guidance and evaluation tools for 
hydroelectric projects. Many of these guidelines are already captured within the environmental 
assessment process and legislative requirements in Canada, including the environmental assessment 
for the Project, which is being conducted in accordance with the B.C./Canada Agreement. 


The WCD report provides general guidance for hydroelectric development that is particularly 
appropriate for a developing economy that does not have a regulatory framework in place for evaluating 
projects. The IHA clearly states that its Sustainability Protocol is not a replacement for national or local 
regulatory requirements.  


The environmental assessment process for Site C is being conducted in a thorough and independent 
manner and in accordance with the terms and conditions set out in the B.C./Canada “Agreement to 
Conduct a Cooperative Environmental Assessment, including the Establishment of a Joint Review 
Panel of the Site C Clean Energy Project” (February 8, 2012). In addition to the comment periods for 
the EIS Guidelines and for the EIS, a public hearing will be conducted by an independent Joint Review 
Panel. The process provides opportunities for timely and meaningful participation by the public, 
Aboriginal groups, all levels of government, and other interested stakeholders and will result in an 
environmental assessment that meets the requirements and statutory objectives of the Canadian 
Environmental Assessment Act 2012 and the British Columbia Environmental Assessment Act. 


The criteria for evaluating the Project were set out in the EIS Guidelines. During the preparation of the 
EIS Guidelines, members of the Working Group, including Aboriginal groups, government agencies, 
and members of the public, provided comments and information requests, to which BC Hydro provided 
detailed responses. The final EIS Guidelines were issued to BC Hydro by the federal Minister of 
Environment and the Executive Director of the EAO on September 7, 2012. The Environment Impact 
Statement submitted by BC Hydro must meet the requirements described in the EIS Guidelines. 


Sections 8 and 10 of the EIS describe the assessment process and effects assessment methodology, 
respectively, in accordance with the EIS Guidelines. 


World Commission on Dams 
The WCD was established in February 1998 in response to a 1997 workshop supported by the World 
Bank and the International Union for Conservation of Nature (IUCN). The workshop was attended by 
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39 people from governments, the private sector, international financial institutions, NGOs and 
individuals.  


The WCD began its work in May 1998. Its members included academics, industry representatives and 
environmentalists. The final report of the WCD, Dams and Development: A New Framework for 
Decision-Making, was released in November 2000. 


The report proposed a new framework for decision-making based on seven strategic priorities, 
including: gaining public acceptance, comprehensive options assessment, addressing existing dams, 
sustaining rivers and livelihoods, recognizing entitlements and sharing benefits, ensuring compliance, 
and sharing rivers for peace, development and security. 


The WCD report stated that it was not intended to be a blueprint, but rather a starting point for 
discussions, debates, internal reviews and reassessments. The WCD report was international in scope 
and offered general guidance that may be more appropriate for a developing economy that does not 
have a sophisticated regulatory framework in place for evaluating large-scale projects as would be the 
case in Canada. 


International Hydropower Association – Sustainability Assessment Protocol 
According to the IHA, the Hydropower Sustainability Assessment Protocol is an enhanced sustainability 
assessment tool used to measure and guide performance in the hydropower sector.1  


The Protocol assesses the four main stages of hydropower development: Early Stage, Preparation, 
Implementation and Operation. Assessments rely on objective evidence to create a sustainability profile 
against 20 topics depending on the relevant stage, covering all aspects of sustainability. 


To date, seven assessments have been undertaken with the 2010 version of the Protocol, one of which 
is publicly available.  


The IHA states that its Sustainability Assessment Protocol is not a replacement for national or local 
regulatory requirements, and its tool does not offer a “pass/fail” or a “certified stamp of approval” to any 
project. 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


gov_0004-002 gov_0011-033 pub_0573-001   
 


                                                 
1  http://www.hydrosustainability.org/Protocol.aspx.  



http://www.hydrosustainability.org/Protocol.aspx�
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		The purpose of the following Technical Memo is to address questions raised during the comment period about evaluating the Project based on the following:

		1. Dams and Development: A New Framework for DecisionMaking. The Report of the World Commission on Dams, November 2000.

		2. The International Hydro Power Association’s Sustainability Protocol

		The Report of the World Commission on Dams (WCD) and the International Hydropower Association (IHA) Sustainability Assessment Protocol provide general guidance and evaluation tools for hydroelectric projects. Many of these guidelines are already captured within the environmental assessment process and legislative requirements in Canada, including the environmental assessment for the Project, which is being conducted in accordance with the B.C./Canada Agreement.

		The WCD report provides general guidance for hydroelectric development that is particularly appropriate for a developing economy that does not have a regulatory framework in place for evaluating projects. The IHA clearly states that its Sustainability Protocol is not a replacement for national or local regulatory requirements. 

		The environmental assessment process for Site C is being conducted in a thorough and independent manner and in accordance with the terms and conditions set out in the B.C./Canada “Agreement to Conduct a Cooperative Environmental Assessment, including the Establishment of a Joint Review Panel of the Site C Clean Energy Project” (February 8, 2012). In addition to the comment periods for the EIS Guidelines and for the EIS, a public hearing will be conducted by an independent Joint Review Panel. The process provides opportunities for timely and meaningful participation by the public, Aboriginal groups, all levels of government, and other interested stakeholders and will result in an environmental assessment that meets the requirements and statutory objectives of the Canadian Environmental Assessment Act 2012 and the British Columbia Environmental Assessment Act.

		The criteria for evaluating the Project were set out in the EIS Guidelines. During the preparation of the EIS Guidelines, members of the Working Group, including Aboriginal groups, government agencies, and members of the public, provided comments and information requests, to which BC Hydro provided detailed responses. The final EIS Guidelines were issued to BC Hydro by the federal Minister of Environment and the Executive Director of the EAO on September 7, 2012. The Environment Impact Statement submitted by BC Hydro must meet the requirements described in the EIS Guidelines.

		Sections 8 and 10 of the EIS describe the assessment process and effects assessment methodology, respectively, in accordance with the EIS Guidelines.

		The WCD was established in February 1998 in response to a 1997 workshop supported by the World Bank and the International Union for Conservation of Nature (IUCN). The workshop was attended by 39 people from governments, the private sector, international financial institutions, NGOs and individuals. 

		The WCD began its work in May 1998. Its members included academics, industry representatives and environmentalists. The final report of the WCD, Dams and Development: A New Framework for DecisionMaking, was released in November 2000.

		The report proposed a new framework for decisionmaking based on seven strategic priorities, including: gaining public acceptance, comprehensive options assessment, addressing existing dams, sustaining rivers and livelihoods, recognizing entitlements and sharing benefits, ensuring compliance, and sharing rivers for peace, development and security.

		The WCD report stated that it was not intended to be a blueprint, but rather a starting point for discussions, debates, internal reviews and reassessments. The WCD report was international in scope and offered general guidance that may be more appropriate for a developing economy that does not have a sophisticated regulatory framework in place for evaluating largescale projects as would be the case in Canada.

		According to the IHA, the Hydropower Sustainability Assessment Protocol is an enhanced sustainability assessment tool used to measure and guide performance in the hydropower sector. 

		The Protocol assesses the four main stages of hydropower development: Early Stage, Preparation, Implementation and Operation. Assessments rely on objective evidence to create a sustainability profile against 20 topics depending on the relevant stage, covering all aspects of sustainability.

		To date, seven assessments have been undertaken with the 2010 version of the Protocol, one of which is publicly available. 

		The IHA states that its Sustainability Assessment Protocol is not a replacement for national or local regulatory requirements, and its tool does not offer a “pass/fail” or a “certified stamp of approval” to any project.
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Subject: Workforce and Population Estimates During Construction  


Purpose of Technical Memo 
To purpose of this technical memo is to clarify the methodologies used to determine the Jobs estimates 
described in the Project Benefits and the Labour Market sections of the EIS (Sections 7 and 17 
respectively), and how the Jobs estimate was used to forecast the population described in the 
Population and Demographics (Section 28). Specifically, the memo describes how the following 
estimates were developed: 


• Total construction phase employment of 10,000 person years of direct construction jobs, and 
33,000 person years total estimated employment (direct, indirect and induced employment) 
generated by the Project prior to the operations phase.1  


• Peak construction year workforce of 1,864, estimated to comprise 1,372 camp residents and 492 
local residents (EIS Section 28) 


• Peak construction year regional population change, estimated at 1,614 new residents comprised of 
direct (non-camp), indirect, induced and displaced (vacancy backfills) workers plus dependents2 


The construction phase of the Project would extend from 2014 to 20203. 


Introduction 
The Project cost estimate provides information on the labour expected to be required for the 
construction of the Project and is based on the project design as proposed in the EIS. 


The B.C. Input-Output Model4 used the Project cost estimate to determine what economic activity 
would be generated due to the Project. This included an estimate of the number of “jobs”, or person-
years of employment that would be created during the construction of the Project as a whole and in the 
LAA (Northeast Development Region). The LAA is comprised of the Peace River Regional District and 
the Northern Rockies Regional Municipality. The B.C. Input-Output model also produced other results 
used in the assessment of the Project, such as regional economic activity. 


The 33,000 jobs in total estimated employment prior to Project in-service date includes the results of 
the following: 


• 19,100 indirect and induced jobs based on the results of the B.C. Input-Output model 


• 10,200 direct Project jobs based on the cost estimate for the construction phase 


• 3,700 direct, indirect and induced jobs provided prior to and during the Environmental Assessment 
as shown in the table below (EIS, Table 7.11). 


                                                 
1  EIS, Section 7.3.2.1, page 7-15, Table 7.11. 
2  EIS, Section 28.4.1.2, page 28-12, lines 16-20. 
3  EIS, Section 3, Figure 3.1. 
4  EIS, Volume 3, Appendix A2 Economic Assessment Supporting Documentation – Project Economic Impacts – 


B.C. Input-Output Model, B.C. Stats. 
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EIS Table 7.11 Estimated Employment Provided by the Project Prior to Project In Service 
Date5 


 Direct Jobs Indirect and Induced Jobs Total Employment 


Prior to and during the Environmental Assessment 2,200 1,500 3,700 


Construction Phase 10,200 19,100 29,300 


Total Jobs to Project ISD 12,400 20,600 33,000 


NOTES: 
All values in person-years of employment 
Source: Modified from Volume 3 Appendix A Economic Assessment Supporting Documentation, Part 2 Project Economic Impacts: B.C. Stats 


Regional population changes during construction, as a result of the Project, are estimated using a 
population model that used the projected total person-years of employment, as well as documented 
assumptions about the regional labour market, allocations of workers to camp or local housing, and 
household demographics. The population model methodology and results are presented in full in 
Volume 4 Appendix A Part 3 Population Effects Model for the following population groups: 


• In-camp Project Workers: this includes those working directly for the Project, who reside in the 
Project workforce camp, and whose dependents remain in their home communities (assumed to be 
outside the region) 


• In-community direct Project workers and dependents: this includes new residents, who work directly 
for the Project, and who reside in the community (not in camp), and includes their dependents 
(spouse and children) 


• In-community indirect, induced and displaced workers and dependents, comprised of: 


o Indirect and induced workers and dependents: this includes new residents, who do not work 
directly for the Project but work for supplier or service industries with new Project related labour 
demand, and who reside in the community (not in camp), and includes their dependents 
(spouse and children) 


o Displacement workers and dependents: this includes persons drawn to the region to fill 
positions vacated by existing local residents that take direct Project positions, based on the 
assumption that there are not enough unemployed regional residents to backfill these positions6 


Definition of Jobs, and Person-Years of Employment 
“Person-years of employment” and “jobs” are interchangable terms. Person-years are useful for 
describing the total employment of the Project using a common unit of measurement. A person-year is 
the unit of measurement used to estimate jobs (referred to generally as “jobs” in the B.C. Stats report 
and in the EIS), and it is the total number of hours worked in a year by an average worker in a specific 
job classification. The average number of hours per year varies among job categories, and by region. 
For most trade categories, the average number of hours worked per year is higher in the Peace Region 
than in the Province as a whole. As an example, a person-year of employment for a boilermaker was 
estimated to be 3,120 hours per year (or 260 hours per month) in the Peace Region. Person-years of 
employment are generally provided in the EIS on an aggregate level – i.e. as a total across the 


                                                 
5  EIS, Section 7.3.2.1, Table 7.11, page 7-15. 
6  EIS Volume 4 Appendix A Part 3, Section 2, page A-2. 
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construction period – although in some cases employment is described on an annual basis, for 
example to describe the average or peak workforce expected in a given year of construction. The 
estimate of person-years of employment will not equal the number of individuals employed on the 
project . For example, 5 person-years could correspond to a number of different scenarios, including: 


• One person working full-time for a five year period, or 


• Five different people working full-time for a one year period, or 


• Ten different people working half-time for a one year period 
Where relevant, BC Hydro has used a monthly construction schedule to project the number of 
individual workers that are expected to be working in a given period, for example when planning the 
potential size of camp accommodation needed. 


Cost Estimate - Estimating Methodology for Direct Employment 
The estimate of the labour required for the construction of the Project is based on the cost estimate, 
described in Volume 1 Appendix F Part 1 (Project Cost Estimate). Cost  estimators used the project 
design along with current market information to prepare “…detailed quantity estimates, and 
assumptions for construction scheduling and sequencing, work crews and productivity, equipment and 
cycle times, production rates, access and craneage.” This information is a key input to the estimate of 
direct labour required for the construction of the Project. 


Direct jobs refer to employment created in industries (including BC Hydro itself) that supply goods and 
services directly used by the project, for example the contractors directly engaged in construction 
activities. Direct jobs were estimated using the total number of hours of direct labour required to 
construct the project generated as part of the cost estimating process. These hours were provided from 
the Project cost estimate by job classification (e.g. boilermakers, carpenters, construction management, 
etc.), and were then converted to person-years of employment (jobs) by dividing by the average 
number of hours of work in a year (suitable for the Peace Region) for each job classification.7 


Based on the detailed estimation, the number of direct person-years of employment required for 
construction of the Project is expected to be 10,200 jobs (EIS Section 7.3.2.1, Table 7.11). 


B.C. Input-Output Model – Estimating Methodology for Indirect and Induced Employment 
As required by the EIS Guidelines, BC Hydro has also provided an estimate of indirect and induced 
labour generated by the Project, including estimates of regional employment.  


Indirect jobs refer to employment created in supplier industries for the Project (e.g. jobs involved in the 
production of concrete), and go “all the way back to the beginning of the supply chain”8. Induced jobs 
refer to employment created by consumer spending by workers employed in direct or indirect jobs on 
the Project (e.g. jobs in service industries, such as restaurants or retailers). 
                                                 
7  The results are sensitive to the number of hours assumed for each labour classification, for example assuming 


a lower number of hours worked by carpenters would increase the total number of carpenters required to 
complete the amount of work required at the time required in the schedule. It would not increase the total 
number of hours of direct labour required. 


8  EIS, Volume 3, Appendix A2 Economic Assessment Supporting Documentation – Project Economic Impacts – 
B.C. Input-Output Model, B.C. Stats. 
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Both indirect and induced jobs were estimated by B.C. Stats, using the B.C. Stats B.C. Input-Output 
model, as presented in Volume 3 Appendix A Part 2 (Project Economic Impacts: B.C. Stats). B.C. Stats 
took input information from the project cost estimate, including “Detailed expenditure estimates for each 
of the major stages of the project…” as well as the direct employment from the cost estimate as 
discussed above. The B.C. Input-Output Model then applies economic multipliers on these input factors 
to calculate the indirect and induced jobs. These economic multipliers are based on the information 
B.C. Stats has on the structure of the Provincial economy. The number of indirect and induced jobs 
created by the construction of the Project is expected to be approximately 19,100 jobs. 


B.C. Input-Output Model - Regional Results 
The B.C. Stats Input-Output model provides provincial and regional results. The regional results reflect 
an improvement in modeling methodology, as other available analytical tools, such as econometric 
models are provincial in scale, and previous methods did not include the level of detail used in the B.C. 
Input-Output model. In Volume 3 Appendix A Part 2: Project Economic Impacts: B.C. Stats Report, the 
term “experimental” is used as a modifier by B.C. Stats to highlight the fact that the approach or 
methodology is in development and could be subject to revisions before being finalized. For example, 
when the provincial economic accounts were first produced, they were labelled as experimental for a 
number of years, because the methodology on which they are based was new, as were the estimates. 
The term does not imply that the results are unreliable, or that better methodologies are available. 


Population Model to estimate Camp Population, and Forecast New Regional Population 
The population model estimates the regional population expected during each year of construction, 
based on the regional employment estimates for the Project. Using the direct job estimates from the 
Project cost estimate and the indirect and induced jobs estimate from the B.C. Input-Output Model, the 
population model applies demographic characteristics, allocations of workers to camp or local housing, 
and labour market factors to produce a population projection for the region. 


The population model takes into account current and forecast labour market conditions, such as 
proportion of different types of workers in the region and unemployment rates, to estimate the following: 


• The number of Project jobs likely to be taken by existing residents of the LAA9 


• How many new workers would be required to fill jobs vacated by existing residents moving to 
Project jobs (displacement)  


• How many spouses of workers would be available to take employment in the region 
The allocation of direct Project workers to camp or local housing took into account the anticipated 
housing preferences by type of worker. Based on industry research, different types of workers were 
assigned different housing preferences. Workers with longer employment (construction management) 
were assumed to be more likely to prefer local housing in the community (non-camp) which would 
result in them bringing their dependents to the region. Workers with shorter term or seasonal work 
(crafts or contractor supervisors) were assumed to be more likely to live in the Project workforce 
camps, and therefore would not bring their dependents to the region. These assumptions were used to 
allocate the workforce between Project workforce camp and local in-community housing.10  The 


                                                 
9 Total yearly estimated local hire of crafts positions is found in EIS, Volume 4 Appendix A Part 3, Table 1. 
10  EIS, Volume 4 Appendix A Part 3, Section 3.3 and 3.4, page A-6 and A-7. 
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workforce allocated to local in-community housing, and their dependents, was included in the forecast 
new regional population estimate. 


The forecast demographic profile of the estimated new regional population was informed by 
demographic assumptions, including gender, median age, marital status and number of children per 
census family. Demographic assumptions for the forecast new regional population was based on the 
current demographics of the LAA, based on the similarities between the current LAA workforce and the 
types of workers required by the Project. 


Based on these methods, estimates of new regional population were made for the Project construction 
phase. The full results for all years of the Project are available in Table 5 of Volume 4, Appendix A, 
Part 3, Section 4, page A-9 and A-10. During the peak year of construction (estimated as Year 5) , it is 
expected that there will be approximately: 


• 1,372 in-camp Project workers 


• 1,614 new local residents (comprised of 1,135 direct workers and their dependents, and 
479 indirect / induced and displaced / backfill workers and their dependents)11 


                                                 
11  EIS, Section 28.4.1.2, page 28-12, lines 16-20. 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO  SITE C CLEAN ENERGY PROJECT 


 


TECHNICAL MEMO – WORKFORCE AND POPULATION ESTIMATES DURING CONSTRUCTION Page 7 


 


Figure 28.5 Construction Phase Population Effects12 


Notes: The values for community direct and community indirect/induced workers includes dependents. 


Population Model Sensitivity 
The population forecast is sensitive to the assumptions that allocate the in-migrant labour force to local 
in-community housing, or to the Project workforce camp. The number of direct Project workers residing 
in local community housing is positively correlated with higher total new regional population, including 
the worker and the dependents assumed to accompany the worker.13 The population model assumed 
15% of crafts positions with the Project would be filled by existing residents of the region.14 Since non-
resident crafts workers are assumed to prefer in-camp housing due to typical employment terms, a 
lower than assumed local hire rate (below 15%) would result in a lower new regional population than 
estimated by the model for two reasons: first, in-migrant crafts workers would be likely to live in camp,  
and second, the in-migration required to fill the displacement positions would be reduced, both of which 
would reduce the population increase by the worker and their dependents 


                                                 
12  EIS Section 28, Figure 28.5. 
13  EIS Volume 4 Appendix A Part 3, Section 4, page A-8. 
14  EIS Volume 4 Appendix A Part 3, Section 3.1, page A-3. 
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Workforce and Population Estimates 

		During Construction

		MAY 8, 2013

		Purpose of Technical Memo

		To purpose of this technical memo is to clarify the methodologies used to determine the Jobs estimates described in the Project Benefits and the Labour Market sections of the EIS (Sections 7 and 17 respectively), and how the Jobs estimate was used to forecast the population described in the Population and Demographics (Section 28). Specifically, the memo describes how the following estimates were developed:

		 Total construction phase employment of 10,000 person years of direct construction jobs, and 33,000 person years total estimated employment (direct, indirect and induced employment) generated by the Project prior to the operations phase. 

		 Peak construction year workforce of 1,864, estimated to comprise 1,372 camp residents and 492 local residents (EIS Section 28)

		 Peak construction year regional population change, estimated at 1,614 new residents comprised of direct (noncamp), indirect, induced and displaced (vacancy backfills) workers plus dependents

		The construction phase of the Project would extend from 2014 to 2020.

		Introduction

		The Project cost estimate provides information on the labour expected to be required for the construction of the Project and is based on the project design as proposed in the EIS.

		The B.C. Input-Output Model used the Project cost estimate to determine what economic activity would be generated due to the Project. This included an estimate of the number of “jobs”, or person-years of employment that would be created during the construction of the Project as a whole and in the LAA (Northeast Development Region). The LAA is comprised of the Peace River Regional District and the Northern Rockies Regional Municipality. The B.C. Input-Output model also produced other results used in the assessment of the Project, such as regional economic activity.

		The 33,000 jobs in total estimated employment prior to Project in-service date includes the results of the following:

		 19,100 indirect and induced jobs based on the results of the B.C. Input-Output model

		 10,200 direct Project jobs based on the cost estimate for the construction phase

		 3,700 direct, indirect and induced jobs provided prior to and during the Environmental Assessment as shown in the table below (EIS, Table 7.11).

		EIS Table 7.11 Estimated Employment Provided by the Project Prior to Project In Service Date

		Direct Jobs

		Indirect and Induced Jobs

		Total Employment

		Prior to and during the Environmental Assessment

		2,200

		1,500

		3,700

		Construction Phase

		10,200

		19,100

		29,300

		Total Jobs to Project ISD

		12,400

		20,600

		33,000

		NOTES:

		All values in personyears of employment

		Source: Modified from Volume 3 Appendix A Economic Assessment Supporting Documentation, Part 2 Project Economic Impacts: B.C. Stats

		Regional population changes during construction, as a result of the Project, are estimated using a population model that used the projected total person-years of employment, as well as documented assumptions about the regional labour market, allocations of workers to camp or local housing, and household demographics. The population model methodology and results are presented in full in Volume 4 Appendix A Part 3 Population Effects Model for the following population groups:

		 In-camp Project Workers: this includes those working directly for the Project, who reside in the Project workforce camp, and whose dependents remain in their home communities (assumed to be outside the region)

		 In-community direct Project workers and dependents: this includes new residents, who work directly for the Project, and who reside in the community (not in camp), and includes their dependents (spouse and children)

		 In-community indirect, induced and displaced workers and dependents, comprised of:

		o Indirect and induced workers and dependents: this includes new residents, who do not work directly for the Project but work for supplier or service industries with new Project related labour demand, and who reside in the community (not in camp), and includes their dependents (spouse and children)

		o Displacement workers and dependents: this includes persons drawn to the region to fill positions vacated by existing local residents that take direct Project positions, based on the assumption that there are not enough unemployed regional residents to backfill these positions

		Definition of Jobs, and Person-Years of Employment

		“Person-years of employment” and “jobs” are interchangable terms. Person-years are useful for describing the total employment of the Project using a common unit of measurement. A person-year is the unit of measurement used to estimate jobs (referred to generally as “jobs” in the B.C. Stats report and in the EIS), and it is the total number of hours worked in a year by an average worker in a specific job classification. The average number of hours per year varies among job categories, and by region. For most trade categories, the average number of hours worked per year is higher in the Peace Region than in the Province as a whole. As an example, a person-year of employment for a boilermaker was estimated to be 3,120 hours per year (or 260 hours per month) in the Peace Region. Person-years of employment are generally provided in the EIS on an aggregate level – i.e. as a total across the construction period – although in some cases employment is described on an annual basis, for example to describe the average or peak workforce expected in a given year of construction. The estimate of person-years of employment will not equal the number of individuals employed on the project . For example, 5 person-years could correspond to a number of different scenarios, including:

		 One person working full-time for a five year period, or

		 Five different people working full-time for a one year period, or

		 Ten different people working half-time for a one year period

		Where relevant, BC Hydro has used a monthly construction schedule to project the number of individual workers that are expected to be working in a given period, for example when planning the potential size of camp accommodation needed.

		Cost Estimate - Estimating Methodology for Direct Employment

		The estimate of the labour required for the construction of the Project is based on the cost estimate, described in Volume 1 Appendix F Part 1 (Project Cost Estimate). Cost  estimators used the project design along with current market information to prepare “…detailed quantity estimates, and assumptions for construction scheduling and sequencing, work crews and productivity, equipment and cycle times, production rates, access and craneage.” This information is a key input to the estimate of direct labour required for the construction of the Project.

		Direct jobs refer to employment created in industries (including BC Hydro itself) that supply goods and services directly used by the project, for example the contractors directly engaged in construction activities. Direct jobs were estimated using the total number of hours of direct labour required to construct the project generated as part of the cost estimating process. These hours were provided from the Project cost estimate by job classification (e.g. boilermakers, carpenters, construction management, etc.), and were then converted to person-years of employment (jobs) by dividing by the average number of hours of work in a year (suitable for the Peace Region) for each job classification.

		Based on the detailed estimation, the number of direct person-years of employment required for construction of the Project is expected to be 10,200 jobs (EIS Section 7.3.2.1, Table 7.11).

		B.C. Input-Output Model – Estimating Methodology for Indirect and Induced Employment

		As required by the EIS Guidelines, BC Hydro has also provided an estimate of indirect and induced labour generated by the Project, including estimates of regional employment. 

		Indirect jobs refer to employment created in supplier industries for the Project (e.g. jobs involved in the production of concrete), and go “all the way back to the beginning of the supply chain”. Induced jobs refer to employment created by consumer spending by workers employed in direct or indirect jobs on the Project (e.g. jobs in service industries, such as restaurants or retailers).

		Both indirect and induced jobs were estimated by B.C. Stats, using the B.C. Stats B.C. Input-Output model, as presented in Volume 3 Appendix A Part 2 (Project Economic Impacts: B.C. Stats). B.C. Stats took input information from the project cost estimate, including “Detailed expenditure estimates for each of the major stages of the project…” as well as the direct employment from the cost estimate as discussed above. The B.C. Input-Output Model then applies economic multipliers on these input factors to calculate the indirect and induced jobs. These economic multipliers are based on the information B.C. Stats has on the structure of the Provincial economy. The number of indirect and induced jobs created by the construction of the Project is expected to be approximately 19,100 jobs.

		B.C. Input-Output Model - Regional Results

		The B.C. Stats Input-Output model provides provincial and regional results. The regional results reflect an improvement in modeling methodology, as other available analytical tools, such as econometric models are provincial in scale, and previous methods did not include the level of detail used in the B.C. Input-Output model. In Volume 3 Appendix A Part 2: Project Economic Impacts: B.C. Stats Report, the term “experimental” is used as a modifier by B.C. Stats to highlight the fact that the approach or methodology is in development and could be subject to revisions before being finalized. For example, when the provincial economic accounts were first produced, they were labelled as experimental for a number of years, because the methodology on which they are based was new, as were the estimates. The term does not imply that the results are unreliable, or that better methodologies are available.

		Population Model to estimate Camp Population, and Forecast New Regional Population

		The population model estimates the regional population expected during each year of construction, based on the regional employment estimates for the Project. Using the direct job estimates from the Project cost estimate and the indirect and induced jobs estimate from the B.C. Input-Output Model, the population model applies demographic characteristics, allocations of workers to camp or local housing, and labour market factors to produce a population projection for the region.

		The population model takes into account current and forecast labour market conditions, such as proportion of different types of workers in the region and unemployment rates, to estimate the following:

		 The number of Project jobs likely to be taken by existing residents of the LAA

		 How many new workers would be required to fill jobs vacated by existing residents moving to Project jobs (displacement) 

		 How many spouses of workers would be available to take employment in the region

		The allocation of direct Project workers to camp or local housing took into account the anticipated housing preferences by type of worker. Based on industry research, different types of workers were assigned different housing preferences. Workers with longer employment (construction management) were assumed to be more likely to prefer local housing in the community (non-camp) which would result in them bringing their dependents to the region. Workers with shorter term or seasonal work (crafts or contractor supervisors) were assumed to be more likely to live in the Project workforce camps, and therefore would not bring their dependents to the region. These assumptions were used to allocate the workforce between Project workforce camp and local in-community housing.  The workforce allocated to local in-community housing, and their dependents, was included in the forecast new regional population estimate.

		The forecast demographic profile of the estimated new regional population was informed by demographic assumptions, including gender, median age, marital status and number of children per census family. Demographic assumptions for the forecast new regional population was based on the current demographics of the LAA, based on the similarities between the current LAA workforce and the types of workers required by the Project.

		Based on these methods, estimates of new regional population were made for the Project construction phase. The full results for all years of the Project are available in Table 5 of Volume 4, Appendix A, Part 3, Section 4, page A-9 and A-10. During the peak year of construction (estimated as Year 5) , it is expected that there will be approximately:

		 1,372 in-camp Project workers

		 1,614 new local residents (comprised of 1,135 direct workers and their dependents, and 479 indirect / induced and displaced / backfill workers and their dependents)

		Figure 28.5 Construction Phase Population Effects

		Notes: The values for community direct and community indirect/induced workers includes dependents.

		Population Model Sensitivity

		The population forecast is sensitive to the assumptions that allocate the in-migrant labour force to local in-community housing, or to the Project workforce camp. The number of direct Project workers residing in local community housing is positively correlated with higher total new regional population, including the worker and the dependents assumed to accompany the worker. The population model assumed 15% of crafts positions with the Project would be filled by existing residents of the region. Since non-resident crafts workers are assumed to prefer in-camp housing due to typical employment terms, a lower than assumed local hire rate (below 15%) would result in a lower new regional population than estimated by the model for two reasons: first, in-migrant crafts workers would be likely to live in camp,  and second, the in-migration required to fill the displacement positions would be reduced, both of which would reduce the population increase by the worker and their dependents
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Subject: Oral Promises Under Treaty 8 
 


Purpose  


As required by by the federal Minister of Environment and the Executive Director of the BCEAO in 
section 20 of the EIS Guidelines, BC Hydro has provided its understanding of the Treaty rights held by 
the Aboriginal groups potentially affected by the Project at Volume 5 Section 34.3.2.1.   


BC Hydro understands that oral promises recorded in the reports of the Treaty Commissioners who 
negotiated Treaty 8 are significant in the interpretation of the Treaty and has taken the oral promises 
into account in its assessment of the potential impacts to the exercise of Treaty rights by Treaty 8 First 
Nations.  BC Hydro referred to implications of the oral promises at Volume 5 Section 34.3.2.1 page 34-
6, lines 3-8.  BC Hydro’s understanding of their significance is also reflected in a draft memorandum 
that BC Hydro shared with some of the Treaty 8 First Nations prior to submitting the EIS1 entitled “Draft 
Discussion Paper re: Treaty 8 Rights”, which included excerpts from the Treaty Commissioners report 
dated September 22, 1899. 


The purpose of the technical memo is to expand on the reference to the oral promises that were 
considered in the EIS.  


Oral Promises Under Treaty 8 


In R. v. Badger,2 the Supreme Court of Canada said “the verbal promises made on behalf of the federal 
government at the times the treaties were concluded are of great significance in their interpretation.”3 


To assist in interpreting Treaty 8, the courts have, on multiple occasions, cited the report of the Treaty 
Commissioners who negotiated the treaty, dated September 22, 1899.  The report provides, in part:: 


There was expressed at every point the fear that the making of the treaty would be 
followed by the curtailment of the hunting and fishing privileges, and many were 
impressed with the notion that the treaty would lead to taxation and enforced military 
service. … 


We pointed out that the Government could not undertake to maintain Indians in idleness; 
that the same means of earning a livelihood would continue after the treaty as existed 
before it, and that the Indians would be expected to make use of them. … 


Our chief difficulty was the apprehension that the hunting and fishing privileges were to 
be curtailed. The provision in the treaty under which ammunition and twine is to be 
furnished went far in the direction of quieting the fears of the Indians, for they admitted 
that it would be unreasonable to furnish the means of hunting and fishing if laws were to 


                                                 
1 BC Hydro provided the “Draft Discussion Paper re: Treaty 8 Rights” with the following groups prior to the submission of 
the EIS: T8TA (Doig River First Nation, Halfway River First Nation, Prophet River First Nation, West Moberly First 
Nations) - November 8, 2012; Saulteau First Nation - December, 2012; Athabasca Chipewyan First Nation, Dene Tha’ First 
Nation, Mikisew Cree First Nation - December 13, 2012; North Peace Tribal Council (Dene Tha’ First Nation, Little Red 
River Cree First Nation, Tallcree First Nation, Beaver First Nation) - Deccember 17, 2012; McLeod Lake Indian Band - 
January 3, 2013.  
2 R. v. Badger, [1996] 1 SCR 771 
3 Badger, at para. 55 
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be enacted which would make hunting and fishing so restricted as to render it impossible 
to make a livelihood by such pursuits. But over and above the provision, we had to 
solemnly assure them that only such laws as to hunting and fishing as were in the 
interest of the Indians and were found necessary in order to protect the fish and fur-
bearing animals would be made, and that they would be as free to hunt and fish after the 
treaty as they would be if they never entered into it. 


We assured them that the treaty would not lead to any forced interference with their 
mode of life, that it did not open the way to the imposition of any tax, and that there was 
no fear of enforced military service. … 


…It would have been impossible to have made a treaty if we had not assured them that 
there was no intention of confining them to reserves.  We had to very clearly explain to 
them that the provision for reserves and allotments of land were made for their 
protection, and to secure to them in perpetuity a fair portion of the land ceded, in the 
event of settlement advancing. 


In Badger, the Supreme Court of Canada relied on the Commissioners’ report, among other sources, to 
conclude the First Nation signatories understood that land would be taken up and it would preclude 
their ability to hunt on lands taken up: 


56  … Commissioner Laird told the Indians that the promises made to them were to be 
similar to those made with other Indians who had agreed to a treaty.  Accordingly, it is 
significant that the earlier promises also contemplated a limited interference with Indians' 
hunting and fishing practices. 


… 


57  The oral history of the Treaty No. 8 Indians reveals a similar understanding of the 
treaty promises.  Dan McLean, an elder from the Sturgeon Lake Indian Reserve, gave 
evidence in this trial.  He indicated that the understanding of the treaty promise was that 
Indians were allowed to hunt anytime for food to feed their families.  They could hunt on 
unoccupied Crown land and on abandoned land.  If there was no fence on the land, they 
could hunt, but if there was a fence, they could not hunt there.  This testimony is 
consistent with the oral histories presented by other Treaty No. 8 elders whose stories 
have been recorded by historians.  The Indians understood that land would be taken up 
for homesteads, farming, prospecting and mining and that they would not be able to hunt 
in these areas or to shoot at the settlers' farm animals or buildings.  No doubt the Indians 
believed that most of the Treaty No. 8 land would remain unoccupied and so would be 
available to them for hunting, fishing and trapping.  See The Spirit of the Alberta Indian 
Treaties, supra, at pp. 92-100. 


58   Accordingly, the oral promises made by the Crown's representatives and the 
Indians' own oral history indicate that it was understood that land would be taken up and 
occupied in a way which precluded hunting when it was put to a visible use that was 
incompatible with hunting.  


In Mikisew Cree First Nation v Canada (Minister of Canadian Heritage),4 the Supreme Court of Canada 
relied on the Treaty Commissioners’ Report and Badger, as follows:5 
                                                 
4 Mikisew Cree First Nation v Canada (Minister of Canadian Heritage), 2005 SCC 69 
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25  There was thus from the outset an uneasy tension between the First Nations’ 
essential demand that they continue to be as free to live off the land after the treaty as 
before and the Crown’s expectation of increasing numbers of non-aboriginal people 
moving into the surrendered territory.  It was seen from the beginning as an ongoing 
relationship that would be difficult to manage, as the Commissioners acknowledged at 
an early Treaty 8 negotiation at Lesser Slave Lake in June 1899: 


The white man is bound to come in and open up the country, and we come 
before him to explain the relations that must exist between you, and thus prevent 
any trouble. 


(C. Mair, Through the Mackenzie Basin: A Narrative of the Athabasca and Peace 
River Treaty Expedition of 1899, at p. 61) 


As Cory J. explained in Badger, at para. 57, “[t]he Indians understood that land would be 
taken up for homesteads, farming, prospecting and mining and that they would not be 
able to hunt in these areas or to shoot at the settlers’ farm animals or buildings”. 


26   The hunting, fishing and trapping rights were not solely for the benefit of First 
Nations people.  It was in the Crown’s interest to keep the aboriginal people living off the 
land, as the Commissioners themselves acknowledged in their Report on Treaty 8 dated 
September 22, 1899: 


We pointed out that the Government could not undertake to maintain Indians in 
idleness; that the same means of earning a livelihood would continue after the 
treaty as existed before it, and that the Indians would be expected to make use of 
them. [p. 5] 


27   Thus none of the parties in 1899 expected that Treaty 8 constituted a finished land 
use blueprint.  Treaty 8 signalled the advancing dawn of a period of transition.  The key, 
as the Commissioners pointed out, was to “explain the relations” that would govern 
future interaction “and thus prevent any trouble” (Mair, at p. 61). 


In Mikisew, the Court also commented on infringement of the oral promise that “the same means of 
earning a livelihood would continue after the treaty as existed before it”:6 


48 … If the time comes that in the case of a particular Treaty 8 First Nation “no 
meaningful right to hunt” remains over its traditional territories, the significance of the 
oral promise that “the same means of earning a livelihood would continue after the treaty 
as existed before it” would clearly be in question, and a potential action for treaty 
infringement, including the demand for a Sparrow justification, would be a legitimate First 
Nation response. 


 


 


 
                                                                                                                                                                         
5 Mikisew at paras. 25-27 
6 Mikisew at para. 48 
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Related Comments / Information Requests: 
 
This technical memo provides information related to the following Information Requests: 


ab_0001-707 ab_0001-708 ab_0001-711 ab_0004-089 ab_0006-032 
ab_0006-033 ab_0006-034 ab_0006-035 ab_0006-037 ab_0006-038 
ab_0006-041 ab_0012-036 ab_0004-092   


 





		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Oral Promises Under Treaty 8

		May 8, 2013

		Purpose 

		As required by by the federal Minister of Environment and the Executive Director of the BCEAO in section 20 of the EIS Guidelines, BC Hydro has provided its understanding of the Treaty rights held by the Aboriginal groups potentially affected by the Project at Volume 5 Section 34.3.2.1.  

		BC Hydro understands that oral promises recorded in the reports of the Treaty Commissioners who negotiated Treaty 8 are significant in the interpretation of the Treaty and has taken the oral promises into account in its assessment of the potential impacts to the exercise of Treaty rights by Treaty 8 First Nations.  BC Hydro referred to implications of the oral promises at Volume 5 Section 34.3.2.1 page 34-6, lines 3-8.  BC Hydro’s understanding of their significance is also reflected in a draft memorandum that BC Hydro shared with some of the Treaty 8 First Nations prior to submitting the EIS entitled “Draft Discussion Paper re: Treaty 8 Rights”, which included excerpts from the Treaty Commissioners report dated September 22, 1899.

		The purpose of the technical memo is to expand on the reference to the oral promises that were considered in the EIS. 

		Oral Promises Under Treaty 8

		In R. v. Badger, the Supreme Court of Canada said “the verbal promises made on behalf of the federal government at the times the treaties were concluded are of great significance in their interpretation.”

		To assist in interpreting Treaty 8, the courts have, on multiple occasions, cited the report of the Treaty Commissioners who negotiated the treaty, dated September 22, 1899.  The report provides, in part::

		There was expressed at every point the fear that the making of the treaty would be followed by the curtailment of the hunting and fishing privileges, and many were impressed with the notion that the treaty would lead to taxation and enforced military service. …

		We pointed out that the Government could not undertake to maintain Indians in idleness; that the same means of earning a livelihood would continue after the treaty as existed before it, and that the Indians would be expected to make use of them. …

		Our chief difficulty was the apprehension that the hunting and fishing privileges were to be curtailed. The provision in the treaty under which ammunition and twine is to be furnished went far in the direction of quieting the fears of the Indians, for they admitted that it would be unreasonable to furnish the means of hunting and fishing if laws were to be enacted which would make hunting and fishing so restricted as to render it impossible to make a livelihood by such pursuits. But over and above the provision, we had to solemnly assure them that only such laws as to hunting and fishing as were in the interest of the Indians and were found necessary in order to protect the fish and fur-bearing animals would be made, and that they would be as free to hunt and fish after the treaty as they would be if they never entered into it.

		We assured them that the treaty would not lead to any forced interference with their mode of life, that it did not open the way to the imposition of any tax, and that there was no fear of enforced military service. …

		…It would have been impossible to have made a treaty if we had not assured them that there was no intention of confining them to reserves.  We had to very clearly explain to them that the provision for reserves and allotments of land were made for their protection, and to secure to them in perpetuity a fair portion of the land ceded, in the event of settlement advancing.

		In Badger, the Supreme Court of Canada relied on the Commissioners’ report, among other sources, to conclude the First Nation signatories understood that land would be taken up and it would preclude their ability to hunt on lands taken up:

		56  … Commissioner Laird told the Indians that the promises made to them were to be similar to those made with other Indians who had agreed to a treaty.  Accordingly, it is significant that the earlier promises also contemplated a limited interference with Indians' hunting and fishing practices.

		…

		57  The oral history of the Treaty No. 8 Indians reveals a similar understanding of the treaty promises.  Dan McLean, an elder from the Sturgeon Lake Indian Reserve, gave evidence in this trial.  He indicated that the understanding of the treaty promise was that Indians were allowed to hunt anytime for food to feed their families.  They could hunt on unoccupied Crown land and on abandoned land.  If there was no fence on the land, they could hunt, but if there was a fence, they could not hunt there.  This testimony is consistent with the oral histories presented by other Treaty No. 8 elders whose stories have been recorded by historians.  The Indians understood that land would be taken up for homesteads, farming, prospecting and mining and that they would not be able to hunt in these areas or to shoot at the settlers' farm animals or buildings.  No doubt the Indians believed that most of the Treaty No. 8 land would remain unoccupied and so would be available to them for hunting, fishing and trapping.  See The Spirit of the Alberta Indian Treaties, supra, at pp. 92100.

		58   Accordingly, the oral promises made by the Crown's representatives and the Indians' own oral history indicate that it was understood that land would be taken up and occupied in a way which precluded hunting when it was put to a visible use that was incompatible with hunting. 

		In Mikisew Cree First Nation v Canada (Minister of Canadian Heritage), the Supreme Court of Canada relied on the Treaty Commissioners’ Report and Badger, as follows:

		25  There was thus from the outset an uneasy tension between the First Nations’ essential demand that they continue to be as free to live off the land after the treaty as before and the Crown’s expectation of increasing numbers of non-aboriginal people moving into the surrendered territory.  It was seen from the beginning as an ongoing relationship that would be difficult to manage, as the Commissioners acknowledged at an early Treaty 8 negotiation at Lesser Slave Lake in June 1899:

		The white man is bound to come in and open up the country, and we come before him to explain the relations that must exist between you, and thus prevent any trouble.

		(C. Mair, Through the Mackenzie Basin: A Narrative of the Athabasca and Peace River Treaty Expedition of 1899, at p. 61)

		As Cory J. explained in Badger, at para. 57, “[t]he Indians understood that land would be taken up for homesteads, farming, prospecting and mining and that they would not be able to hunt in these areas or to shoot at the settlers’ farm animals or buildings”.

		26   The hunting, fishing and trapping rights were not solely for the benefit of First Nations people.  It was in the Crown’s interest to keep the aboriginal people living off the land, as the Commissioners themselves acknowledged in their Report on Treaty 8 dated September 22, 1899:

		We pointed out that the Government could not undertake to maintain Indians in idleness; that the same means of earning a livelihood would continue after the treaty as existed before it, and that the Indians would be expected to make use of them. [p. 5]

		27   Thus none of the parties in 1899 expected that Treaty 8 constituted a finished land use blueprint.  Treaty 8 signalled the advancing dawn of a period of transition.  The key, as the Commissioners pointed out, was to “explain the relations” that would govern future interaction “and thus prevent any trouble” (Mair, at p. 61).

		In Mikisew, the Court also commented on infringement of the oral promise that “the same means of earning a livelihood would continue after the treaty as existed before it”:

		48 … If the time comes that in the case of a particular Treaty 8 First Nation “no meaningful right to hunt” remains over its traditional territories, the significance of the oral promise that “the same means of earning a livelihood would continue after the treaty as existed before it” would clearly be in question, and a potential action for treaty infringement, including the demand for a Sparrow justification, would be a legitimate First Nation response.
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Subject: Consideration of Historical Context in Assessment of Potential Impacts on the 
Exercise of Asserted or Established Aboriginal and Treaty Rights 


 


Purpose 


A number of Aboriginal groups have asserted that BC Hydro has not included a consideration of the 
historical context of their use of lands and resources and/or exercise of their asserted or established 
Aboriginal or treaty rights in its Environmental Impact Statement (EIS) and that these considerations 
are essential to a proper determination of the effects of the Project. Some reviewers have suggested 
the proper approach to do this is to set a pre-industrial baseline for its cumulative effects assessment.  
In some cases, as support for their position, the Aboriginal groups have relied on the B.C. Court of 
Appeal’s decision, West Moberly First Nations v British Columbia (Chief Inspector of Mines).1   


The purpose of this Technical Memo is to clarify BC Hydro’s position on the application of the West 
Moberly decision to the environmental assessment for the Project, and describe how BC Hydro has met 
the requirements of West Moberly and related case law in carrying out the environmental assessment 
and related consultation.  


BC Hydro’s methodology for assessing cumulative effects is set out at Volume 2 Section 10.5 and 
elaborated on in the Technical Memo: Cumulative Effects Assessment.  Please refer to that Technical 
Memo for an explanation as to why a pre-industrial baseline is not an appropriate method to predict 
cumulative effects. 


This technical memo addresses: 


• Case law on past infringements and historical context  


• Description of how and where historical context has been incorporated into the EIS 


o Gathering information 


o Incorporation of information 


 Volume 3 Section 19 and Volume 5 Section 34 


 Use of TLUS and Community Baseline Reports 


 Heritage Resource Effects Assessment 


 Characterizing Residual Effects: “Context” 


 Environmental Background: Previous Development 


 


 


                                                 
1 West Moberly First Nations v British Columbia  (Chief Inspector of Mines), 2011 BCCA 247 (“West Moberly”) 
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Case Law on Past Infringements and Historical Context 


In West Moberly, the BC Court of Appeal found that when a current Crown decision will have an 
adverse impact on an Aboriginal right, the past may be relevant when conducting consultations related 
to that decision.   


The West Moberly decision arose from a judicial review of an amendment to permits granted to First 
Coal Corporation for bulk sampling and exploration of coal in an area within the traditional hunting 
territory of the West Moberly First Nations.  The area was also known to be a habitat of the Burnt Pine 
caribou herd.  There was evidence before the Court that only 11 animals in the herd remained and the 
herd was in danger of extirpation.  The ultimate issue before the chambers judge and the Court of 
Appeal in West Moberly was whether the Crown had adequately consulted and sought to 
accommodate the West Moberly before granting the amendments to the permits.   


With respect to the scope of Crown consultation with the West Moberly First Nations, Chief Justice 
Finch found: “historical context is essential to a proper understanding of the seriousness of the potential 
impacts on the [West Moberly First Nation’s] treaty right to hunt”.2  He clarified that taking matters 
relating to the past into account (such as the fact caribou were an important part of the West Moberly 
First Nations’ way of life and cultural identity, and that the West Moberly took steps to preserve the 
Burnt Pine caribou herd by banning hunting) was not “to attempt to redress past wrongs” but “simply to 
recognize an existing state of affairs.”3 


The BC Court of Appeal’s comments in West Moberly must be read in conjunction with the Supreme 
Court of Canada’s reasons in Rio Tinto Alcan v Carrier Sekani Tribal Council,4 released several months 
before West Moberly was decided.  In Rio Tinto, the Supreme Court of Canada found that the duty to 
consult is prospective,5 relates to “immediate or prospective” Crown conduct,6 and “the subject of 
consultation is the impact on the claimed rights of the current decision under consideration.”7  The 
Court rejected the view that the duty to consult is triggered when a decision is made regarding an 
already existing project which has a continuing impact on asserted Aboriginal rights.  This point was 
emphasized in the concurring reasons of Hinkson J.A. in West Moberly: “[F]or the duty to consult to be 
triggered, the Crown’s current proposed conduct must itself be causally linked to the potential adverse 
consequence affecting the Aboriginal right. It follows that where this test is met, the duty to 
accommodate should only be concerned with addressing the potential adverse affects of the current 
proposed Crown conduct, and not with remedying harm caused by past events.” (emphasis added)8 


Taking these decisions together, several principles can be ascertained: 


(a) The duty to consult is prospective and the subject matter is the impact of the current 
decision under consideration on asserted or established rights;9 


(b) Consultation on a proposed project is not the proper forum to remedy past or continuing 
adverse impacts on the exercise of asserted or established rights;10  


                                                 
2 West Moberly, at para. 117 per Finch CJBC, para. 181 per Hinkson JA 
3 West Moberly, at para. 119 per Finch CJBC 
4 Rio Tinto Alcan v Carrier Sekani Tribal Council, 2010 SCC 43 (“Rio Tinto”) 
5 Rio Tinto, at para. 35 
6 Rio Tinto, at para. 54 
7 Rio Tinto, at para. 53 (emphasis in Rio Tinto) 
8 West Moberly, at para. 180 per Hinkson JA 
9 Rio Tinto, at paras. 35, 53 
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(c) The nature of the duty to consult varies with the situation, and increases with the 
strength of the Aboriginal claim and the seriousness of the potential impact on the 
exercise of the asserted right;11 


(d) Assessing the seriousness of the impact entails a consideration of the historical context;  
matters that can be taken into account include the historical importance of a potentially 
affected resource to an Aboriginal group;12 


(e) The purpose of taking historical context into account is to assist in understanding the 
existing state of affairs; the purpose is not to redress or accommodate for past events.13 


Approach to Incorporating Historical Context 


BC Hydro has received information from Aboriginal groups with respect to their historic use of land and 
resources, their importance to Aboriginal groups, and changes to the land and those activities as a 
result of previous development or other causes.  The information received was incorporated as 
described below. 


Gathering information 


Information from Aboriginal groups 


Historical information regarding Aboriginal groups’ past practices and their importance came from direct 
consultations with each group as well as Traditional Land Use Studies, and the Community Baseline 
Reports provided by Aboriginal groups who have the potential to be most impacted by the Project.  BC 
Hydro also invited Aboriginal groups to share information on (among other things) their traditional 
territories and traditional knowledge. 


BC Hydro retained consultants to review the Traditional Land Use studies and other publicly available 
information on the 29 Aboriginal groups named in the EIS.  The consultants produced summaries 
entitled “Aboriginal Land and Resource Use Summary” that are included at Volume 5 Appendix A Part 
4, which identify, where available, past use of lands and resources for traditional purposes that may be 
adversely impacted by the Project. 


The content of the Traditional Land Use studies varies from group to group.  They generally contain 
current use information, as well as details on how changes in the land and modern advancements have 
impacted traditional activities of the Aboriginal groups such as hunting, fishing, trapping and gathering, 
including availability of wildlife, fish and traditional plants as a result of encroachment from industrial 
and agricultural activities, changes to the watershed through past hydro-electric development, access 
to wider territories through modern means (such as cars, guns for hunting), and other factors. 


The Community Baseline Reports contain information from Aboriginal groups on the accumulated 
effects of development on their land use and cultural practices including the alienation of their 
traditional territory over the last two generations, the decline of their cultural practices, threats to their 


                                                                                                                                                                         
10 Rio Tinto, at paras. 48-49; West Moberly, at para. 180 per Hinkson JA 
11 Rio Tinto, at para. 36 
12 West Moberly, at paras. 117, 118 per Finch CJBC 
13 West Moberly, at para. 119 per Finch CJBC, paras. 181-182, per Hinkson JA; para. 251 per Garson JA 
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economic self-sufficiency through the loss of commercial fishing and traplines, and the evolution and 
adaptation of their subsistence practices (such as hunting) as a result.   


Information from Other Sources 


The Project Description, found at Volume 1, Section 4.1, describes the proposed Project outlining both 
the natural elements and human elements that define the region, and includes a description of 
development of the land from first contact with Europeans to today. 


At Volume 2, Section 11.1, BC Hydro has also included a narrative of previous hydroelectric 
development on the Peace River.  The narrative describes environmental changes resulting from those 
developments, follow-up programs put in place to avoid and manage environmental effects of its 
current facilities, and historic grievances from Aboriginal groups relating to those facilities.14   


As part of the heritage effects assessment, BC Hydro retained consultants to conduct an extensive, 
multi-year field inventory and survey, as well as literature review, including paleontological, 
archeological and historical resources, whose report is included at Volume 4, Appendix C of the EIS.  
The report contains a detailed review of historical background data related to palaeontological, 
archeological and historical sites within the local Project area, including areas of cultural importance to 
Aboriginal groups.  The report is extensive and records considerable information regarding the history 
of these areas and how they have been modified from before European contact to current day. 


Incorporation into EIS 


Sections 19 and 34 


BC Hydro has incorporated historical information from Aboriginal groups, where provided and where 
publicly available, regarding their past use of land and resources potentially affected by the Project, 
including the exercise of their asserted and established Aboriginal and treaty rights or other traditional 
practices in establishing the baseline conditions for current use of lands and resources for traditional 
purposes (Volume 3 Section 19.3), in assessing effects on current use of lands and resources for 
traditional purposes (Volume 3 Section 19.4), and in assessing the impact on asserted or established 
Aboriginal and treaty rights (Volume 5 Section 34.3.3).  


The Community Baseline Reports and the summaries of the TLUS reports and other publicly available 
information found at Volume 5 Appendix A01-29, Part 3, as well as other sources identified in section 
19.2, were considered as part of the baseline information for the effects assessment on current use of 
lands and resources for traditional purposes.  Some examples where historical context is specifically 
referenced in Volume 3 Section 19.3 include the following observations: 


• The Peace River valley was noted as a place of high cultural, historical and ecological value to 
Aboriginal groups15 


• Actively engaging in traditional activities and maintaining a traditional way of life are essential 
elements of Aboriginal people’s well-being and quality of life16 


                                                 
14 EIS, Volume 2, Section 11.1 
15 EIS, Volume 3, Section 19, page 19-14, lines 9-10 
16 EIS, Volume 3, Section 19, page 19-14, lines 14-15 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO  SITE C CLEAN ENERGY PROJECT 


 


TECHNICAL MEMO – CONSIDERATION OF HISTORICAL CONTEXT IN ASSESSMENT OF POTENTIAL 
IMPACTS ON THE EXERCISE OF ASSERTED OR ESTABLISHED ABORIGINAL AND TREATY RIGHTS 


Page 6 


 


• Aboriginal groups have indicated that their ability to use lands and resources of the Peace River 
basin for traditional purposes have been constrained by changes in the overall health of the 
Peace River and availability of resources, which they attribute largely to development in the 
area17 


• BRFN members reported that they believe that oil and gas activity and industrial logging 
negatively impacts resources around their reserve, forcing them to travel to other regions of 
their territory18 


• As a result of concerns regarding pollution from industrial and farming activities in other parts of 
BRFN territory, BRFN members say they rely more on the Halfway River and  the mouths of 
streams flowing into the Peace River for their fish needs19 


• The SFN report making concerted efforts to maintain or re-establish their connections with 
traditional hunting lands; they place economic, social, and cultural importance on their seasonal 
round and establish hunting, trapping, and gathering camps on hunting lands20 


• Fishing is described as having played an important role in the SFN traditional annual round of 
economic and cultural pursuits, and continues to be pursued today21 


• SFN indicated that access to key fishing sites was a concern and cautioned that certain 
mitigation measures, such as fish restocking, had not worked in Moberly Lake, where lake trout 
were lost22 


• Treaty 8 First Nations members describe the Peace River valley, especially the area  between 
Hudson’s Hope and Taylor, as a “critical, essential and irreplaceable part of the cultural 
landscape”23 


• The  confluence areas along the north side of the Peace River are described by T8TA as 
heavily used ancestral gathering places24 


• HRFN described the north side of Peace Reach as being preferred for exercise of treaty and 
Aboriginal rights, because extensive industrial activity in other areas within the  Peace Region 
has constrained their ability to exercise their rights in those areas25 


• DRFN identified preferred areas for harvesting which are reportedly now used more than the 
Peace River region (North of the Reserve to Fontas River; near the Doig and Beatton Rivers, 
and toward and across the Alberta  border, including Boundary Lake and Ole Lake); land 
alienation was identified as the primary factor for the  loss of use of the Peace River area26 


                                                 
17 EIS, Volume 3, Section 19, page 19-14, lines 24-28 
18 EIS, Volume 3, Section 19, page 19-20, lines 19-21, citing Kennedy, 2011 
19 EIS, Volume 3, Section 19, page 19-23, lines 1-4. 
20 EIS, Volume 3, Section 19, page 19-24, lines 38-41. 
21 EIS, Volume 3, Section 19, page 19-29, lines 43-45, citing Weinstein 1979. 
22 EIS, Volume 3, Section 19, page 19-30, lines 10-12. 
23 EIS, Volume 3, Section 19, page 19-34, lines 27-29. 
24 EIS, Volume 3, Section 19, page 19-34, lines 31-32. 
25 EIS, Volume 3, Section 19, page 19-34, lines 44-45, page 19-35, lines 1-3. 
26 EIS, Volume 3, Section 19, page 19-35, lines 14-21. 
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• DFN expressed concern that industrial development in the Peace region has limited and altered 
hunting, fishing and gathering practices, with members reporting on the need to travel away 
from their usual places to engage in traditional activities, and as far as 50 to 300 km to hunt 
moose27 


• DFN members reported that they hunt less at the Peace River than in the past. DFN 
representatives indicated that members  “could no longer hunt along the shores of the Peace 
River because of agricultural  development and private property, and due to muddy conditions 
of the river banks”28 


• DFN members reportedly fish less in the Peace River than in the past29 


• HLFN has noted it is increasingly difficult to successfully hunt, fish, trap and gather earth and 
plant materials within northwestern Alberta and northeastern British Columbia due to 
development in the region30 


• DTFN identified the Sulphur Lake-Boundary Lake hunting corridor as an important resource  
harvesting area, with some DTFN members indicating that it had been used for approximately 
30 years31 


• The Traditional Territory of KLMSS was described being used by the Métis people of Kelly Lake 
since the early 1800s for purposes such as guiding, trapping,  hunting, fishing, and spiritual 
practices32 


• In the past, moose, caribou, and bison were reported to be the major species hunted by MCFN, 
whereas moose is currently named as the most commonly hunted large mammal33 


• The MCFN asserted that the scale and number of resource developments in MCFN territory had 
already limited the ability of MCFN members to exercise these rights34 


BC Hydro’s effects assessment on current use of lands and resources for traditional purposes (found in 
Volume 3 Section 19.4) is divided into an assessment of changes in fishing opportunities and practices, 
changes in hunting and trapping opportunities and practices, and changes in other cultural and 
traditional uses of the land.  This approach was modified from the approach set out in the EIS 
Guidelines in part in response to concerns raised by Aboriginal groups and enables BC Hydro to 
consider changes to cultural and traditional activities and land uses that are and have historically been 
of importance to Aboriginal groups, where that information has been provided.35  


The consideration of changes in other cultural and traditional uses of the land takes into account 
matters identified as important by one or more Aboriginal groups, including cabins and campsites, 


                                                 
27 EIS, Volume 3, Section 19, page 19-41, lines 27-31, citing General 2012f 
28 EIS, Volume 3, Section 19, page 19-42, lines 15-19. 
29 EIS, Volume 3, Section 19, page 19-43, line 7. 
30 EIS, Volume 3, Section 19, page 19-44, lines 36-38, citing General 2012e 
31 EIS, Volume 3, Section 19, page 19-47, lines 31-35.. 
32 EIS, Volume 3, Section 19, page 19-53, lines 1-3. 
33 EIS, Volume 3, Section 19, page 19-56, lines 35-38. 
34 EIS, Volume 3, Section 19, page 19-57, lines 7-9. 
35 EIS, Volume 3, Section 19, page 19-8 
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drinking water, firewood, feather gathering, trails and water routes, cultural and spiritual places, 
collection of food and medicinal plants, and use of and access to culturally important places and valued 
landscapes.36  BC Hydro’s assessment reflects and incorporates the historical importance of these 
aspects of land use where that information was available. 


Examples where historical context is specifically taken into account in Section 19.4 to determine 
adverse effects include the following observations and conclusions: 


• SFN, T8TA, BRFN have a renewed preference for the Peace, and may be fishing more in the 
Peace River in the area of the proposed Project today than they had historically; material 
prosperity, cars, and improved transportation has facilitated the practice of traditional pursuits 
throughout a wider geographic area37  


• As a result of pollution from industrial and farming activities in other parts of BRFN’s traditional 
territory, they say they now rely more on the Halfway River and mouths of streams flowing into 
the Peace River to fish38 


• Bear Flats area, a site of youth and elder camps, was chosen for this purpose due to its 
“profound significance as Treaty 8 people have gathered, camped, hunted, and practiced 
ceremony here since time immemorial”39 


Historical context was also incorporated into the determination of significance of residual adverse 
effects on the current use of lands and resources for traditional purpses in the following ways: 


• The criteria used to characterize residual effects were based, in part, on consultations with 
Aboriginal groups and include “context” which includes a consideration of several factors 
including (i) “importance of use” to Aboriginal groups for traditional purposes, (ii) “importance of 
area” to Aboriginal groups for traditional uses, and (iii) the level of “disturbance”, that is, whether 
the area “has been substantially previously disturbed by human development or human 
development is still present.”40  Each criterion (including “context”) was taken into account in 
determining whether a residual effect is significant.41 


• A determination of significance of a residual adverse effect was made where: “a current use of 
the lands for traditional purposes would be permanently undermined and its practice cannot be 
readily reproduced elsewhere; and the current use and area is indicated to be of high value or 
importance among Aboriginal groups for traditional purposes”42 


• The effect on other cultural or traditional uses of the land was determined to be significant for 
T8TA, SFN and BRFN at Bear Flats, Farrell Creek, and Attachie, largely because those areas 
are historically of high value to those Aboriginal groups43 


                                                 
36 EIS, Volume 3, Section 19, page 19-8 
37 EIS, Volume 3, Section 19, pages 19-68 and 19-69 
38 EIS, Volume 3, Section 19, page 19-69 
39 EIS, Volume 3, Section 19, pages 19-87 
40 EIS, Volume 3, Section 19, Table 19-13, page 19-100 
41 EIS, Volume 3, Section 19, Table 19.14, page 19-104 
42 EIS, Volume 3, Section 19, pages 19-105 
43 EIS, Volume 3, Section 19, pages 19-105 
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The assessment of potential impacts to Aboriginal and Treaty rights in Volume 5 Section 34.3.3 is 
based on the results of the assessment on the current use of lands and resources for traditional 
purposes found in Volume 3 Section 19.4, which relies on the baseline information in Volume 3 Section 
19.3.  This is described more fully in Technical Memo: Methodology for the Assessment of the Potential 
Impacts of the Project on the Exercise of Asserted or Established Aboriginal and Treaty Rights.   


Use of Traditional Land Use Studies and Community Baseline Reports  


In addition to their consideration as part of Volume 3, Section 19, and Volume 5, Section 34, the six 
Traditional Land Use studies (relating to nine Aboriginal groups) that had been funded and received by 
BC Hydro at the time it submitted the EIS were provided to BC Hydro’s technical staff and considered 
as part of the baseline information for the valued components: fish and fish habitat, vegetation and 
ecological communities, wildlife resources, heritage resources and human health.44  


The two Community Baseline Reports (relating to five Aboriginal groups) funded and received by BC 
Hydro and available at the time of submitting the EIS were considered throughout the EIS, as 
applicable, in addition to being incorporated as part of the baseline and the effects assessment for 
current use of lands and resources for traditional purposes (Volume 3 Section 19).  Integration 
summary tables were drafted outlining where in the EIS BC Hydro considered the information in the 
reports (see Volume 3 Appendix B). For example, information from the Community Baseline Report 
provided by Duncan’s First Nation was considered in Section 12 (Fish and Fish Habitat), Section 13 
(Vegetation and Ecological Communities), Section 14 (Wildlife Resources), Section 19 (Current Use of 
Lands and Resources for Traditional Purposes), Section 24 (Harvest of Fish and Wildlife Resources), 
Section 25 (Outdoor Recreation and Tourism), Section 26 (Navigation), Section 27 (Visual Aesthetics), 
Section 31 (Transportation), Section 33 (Human Health), and Section 34 (Asserted or Established 
Aboriginal and Treaty Rights).45  The Community Baseline Reports and accompanying summary tables 
were provided to BC Hydro’s technical leads on fish and fish habitat, wildlife resources, vegetation, land 
and resource use, and social, economic, and human health, and integrated into the baseline and 
effects assessment of those valued components as appropriate.46 


Heritage Resource Effects Assessment  


BC Hydro’s assessment of the effect on heritage resources is set out in Volume 4, Section 32.  
Heritage resources are non-renewable resources that may be susceptible to damage from land-altering 
activities.  Many heritage resources have value to Aboriginal peoples as well as the public.47  As part of 
its assessment, BC Hydro retained consultants to conduct a multi-year field inventory and assessment 
program, referenced above.  Aboriginal participation in the heritage program is set out in chapter 2 of 
the report.48 


The heritage resource assessment incorporated, among other things, traditional use information,49 
historical background data culled from a list of resources set out Section 32.2.1.3,50 and the results of 
the extensive multi-year program found in the report at Volume 4, Appendix C.  See also the Technical 
Memo: Archeology.  
                                                 
44 EIS, Volume 1, Section 9, page 9-32 
45 EIS, Volume 3, Appendix B3, pages B2-B3 
46 EIS, Volume 3 Appendix B1, page B-5 
47 EIS, Volume 4, Section 32, page 32-2 
48 EIS, Volume 4, Appendix C, pages 3-8 
49 EIS, Volume 4, Section 32, page 32-5 
50 EIS, Volume 4, Section 32, page 32-18 
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The key indicators of heritage resources are palaeontological, archaeological and historical sites.51  
These sites include areas of cultural importance to Aboriginal groups, including areas such as Attachie 
and Bear Flats, identified by a number of Treaty 8 First Nations as areas where they exercise their 
asserted Treaty rights.52  


Characterizing Residual Effects: “Context” 


The characterization criteria used to determine the significance of identified residual effects for each 
valued component includes “context”, defined at Table 10.3 as:  


“the extent to which the area within which an effect may occur has already been adversely 
affected by human activities; and is ecologically fragile and has little resilience and resistance to 
imposed stresses”.53  


The determination of whether a residual adverse effect is significant, for all residual adverse effects, 
took into account each criterion, including “context”.54  This ensures that historical changes to an area, 
and the extent of those changes, is a mandatory consideration in determining the significant adverse 
effects of the Project. 


Environmental Background: Previous Developments 


The narrative of previous hydroelectric development on the Peace River included at Volume 2 Section 
11.1 was included in accordance with the EIS Guidelines for the purpose of better assessing the 
potential effects of the Project and the feasibility of proposed mitigation measures.55  At Section 11.1, 
BC Hydro states “[u]nderstanding environmental changes, in particular those associated with previous 
hydroelectric development, provides context for the environmental assessment of the Project.”56  


As noted, the narrative describes environmental changes resulting from those developments, follow-up 
programs put in place to avoid and manage environmental effects of its current facilities, and how BC 
Hydro is dealing with historic grievances from Aboriginal groups relating to those facilities.57   


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


pub_0599-001 pub_0641-001 pub_0702-001 pub_0850-001 pub_0861-001 


pub_0862-001 pub_0894-001 pub_0895-001 pub_0897-001 pub_0910-001 


pub_0941-001 pub_0963-001 ab_0001-001 ab_0001-016 ab_0001-190 


                                                 
51 EIS, Volume 4, Section 32, page 32-1 
52 EIS, Volume 4, Appendix C, pages 192, 198-99 
53 EIS, Volume 2, Section 10, Table 10.3 (citing criteria listed in Table 8.3 of the EIS Guidelines).  With respect to the 
characterization criteria applied to determine significance of residual adverse effects in Volume 3 Section 19, the definition 
of “context” is even broader as noted earlier in this Technical Memo. 
54 EIS, Volume 2, Section 10.4.2.3, page 10-10 
55 EIS Guidelines, Section 9.1 
56 EIS, Volume 2, Section 11.1, page 11-2 
57 EIS, Volume 2, Section 11.1, pages 11-2 to 11-13 
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Consideration of Historical Context in Assessment of Potential Impacts on the Exercise of Asserted or Established Aboriginal and Treaty Rights

		may 8, 2013

		Purpose

		A number of Aboriginal groups have asserted that BC Hydro has not included a consideration of the historical context of their use of lands and resources and/or exercise of their asserted or established Aboriginal or treaty rights in its Environmental Impact Statement (EIS) and that these considerations are essential to a proper determination of the effects of the Project. Some reviewers have suggested the proper approach to do this is to set a pre-industrial baseline for its cumulative effects assessment.  In some cases, as support for their position, the Aboriginal groups have relied on the B.C. Court of Appeal’s decision, West Moberly First Nations v British Columbia (Chief Inspector of Mines).  

		The purpose of this Technical Memo is to clarify BC Hydro’s position on the application of the West Moberly decision to the environmental assessment for the Project, and describe how BC Hydro has met the requirements of West Moberly and related case law in carrying out the environmental assessment and related consultation. 

		BC Hydro’s methodology for assessing cumulative effects is set out at Volume 2 Section 10.5 and elaborated on in the Technical Memo: Cumulative Effects Assessment.  Please refer to that Technical Memo for an explanation as to why a pre-industrial baseline is not an appropriate method to predict cumulative effects.

		This technical memo addresses:

		 Case law on past infringements and historical context 

		 Description of how and where historical context has been incorporated into the EIS

		o Gathering information

		o Incorporation of information

		 Volume 3 Section 19 and Volume 5 Section 34

		 Use of TLUS and Community Baseline Reports

		 Heritage Resource Effects Assessment

		 Characterizing Residual Effects: “Context”

		 Environmental Background: Previous Development

		Case Law on Past Infringements and Historical Context

		In West Moberly, the BC Court of Appeal found that when a current Crown decision will have an adverse impact on an Aboriginal right, the past may be relevant when conducting consultations related to that decision.  

		The West Moberly decision arose from a judicial review of an amendment to permits granted to First Coal Corporation for bulk sampling and exploration of coal in an area within the traditional hunting territory of the West Moberly First Nations.  The area was also known to be a habitat of the Burnt Pine caribou herd.  There was evidence before the Court that only 11 animals in the herd remained and the herd was in danger of extirpation.  The ultimate issue before the chambers judge and the Court of Appeal in West Moberly was whether the Crown had adequately consulted and sought to accommodate the West Moberly before granting the amendments to the permits.  

		With respect to the scope of Crown consultation with the West Moberly First Nations, Chief Justice Finch found: “historical context is essential to a proper understanding of the seriousness of the potential impacts on the [West Moberly First Nation’s] treaty right to hunt”.  He clarified that taking matters relating to the past into account (such as the fact caribou were an important part of the West Moberly First Nations’ way of life and cultural identity, and that the West Moberly took steps to preserve the Burnt Pine caribou herd by banning hunting) was not “to attempt to redress past wrongs” but “simply to recognize an existing state of affairs.”

		The BC Court of Appeal’s comments in West Moberly must be read in conjunction with the Supreme Court of Canada’s reasons in Rio Tinto Alcan v Carrier Sekani Tribal Council, released several months before West Moberly was decided.  In Rio Tinto, the Supreme Court of Canada found that the duty to consult is prospective, relates to “immediate or prospective” Crown conduct, and “the subject of consultation is the impact on the claimed rights of the current decision under consideration.”  The Court rejected the view that the duty to consult is triggered when a decision is made regarding an already existing project which has a continuing impact on asserted Aboriginal rights.  This point was emphasized in the concurring reasons of Hinkson J.A. in West Moberly: “[F]or the duty to consult to be triggered, the Crown’s current proposed conduct must itself be causally linked to the potential adverse consequence affecting the Aboriginal right. It follows that where this test is met, the duty to accommodate should only be concerned with addressing the potential adverse affects of the current proposed Crown conduct, and not with remedying harm caused by past events.” (emphasis added)

		Taking these decisions together, several principles can be ascertained:

		(a) The duty to consult is prospective and the subject matter is the impact of the current decision under consideration on asserted or established rights;

		(b) Consultation on a proposed project is not the proper forum to remedy past or continuing adverse impacts on the exercise of asserted or established rights; 

		(c) The nature of the duty to consult varies with the situation, and increases with the strength of the Aboriginal claim and the seriousness of the potential impact on the exercise of the asserted right;

		(d) Assessing the seriousness of the impact entails a consideration of the historical context;  matters that can be taken into account include the historical importance of a potentially affected resource to an Aboriginal group;

		(e) The purpose of taking historical context into account is to assist in understanding the existing state of affairs; the purpose is not to redress or accommodate for past events.

		Approach to Incorporating Historical Context

		BC Hydro has received information from Aboriginal groups with respect to their historic use of land and resources, their importance to Aboriginal groups, and changes to the land and those activities as a result of previous development or other causes.  The information received was incorporated as described below.

		Gathering information

		Information from Aboriginal groups

		Historical information regarding Aboriginal groups’ past practices and their importance came from direct consultations with each group as well as Traditional Land Use Studies, and the Community Baseline Reports provided by Aboriginal groups who have the potential to be most impacted by the Project.  BC Hydro also invited Aboriginal groups to share information on (among other things) their traditional territories and traditional knowledge.

		BC Hydro retained consultants to review the Traditional Land Use studies and other publicly available information on the 29 Aboriginal groups named in the EIS.  The consultants produced summaries entitled “Aboriginal Land and Resource Use Summary” that are included at Volume 5 Appendix A Part 4, which identify, where available, past use of lands and resources for traditional purposes that may be adversely impacted by the Project.

		The content of the Traditional Land Use studies varies from group to group.  They generally contain current use information, as well as details on how changes in the land and modern advancements have impacted traditional activities of the Aboriginal groups such as hunting, fishing, trapping and gathering, including availability of wildlife, fish and traditional plants as a result of encroachment from industrial and agricultural activities, changes to the watershed through past hydro-electric development, access to wider territories through modern means (such as cars, guns for hunting), and other factors.

		The Community Baseline Reports contain information from Aboriginal groups on the accumulated effects of development on their land use and cultural practices including the alienation of their traditional territory over the last two generations, the decline of their cultural practices, threats to their economic self-sufficiency through the loss of commercial fishing and traplines, and the evolution and adaptation of their subsistence practices (such as hunting) as a result.  

		Information from Other Sources

		The Project Description, found at Volume 1, Section 4.1, describes the proposed Project outlining both the natural elements and human elements that define the region, and includes a description of development of the land from first contact with Europeans to today.

		At Volume 2, Section 11.1, BC Hydro has also included a narrative of previous hydroelectric development on the Peace River.  The narrative describes environmental changes resulting from those developments, follow-up programs put in place to avoid and manage environmental effects of its current facilities, and historic grievances from Aboriginal groups relating to those facilities.  

		As part of the heritage effects assessment, BC Hydro retained consultants to conduct an extensive, multi-year field inventory and survey, as well as literature review, including paleontological, archeological and historical resources, whose report is included at Volume 4, Appendix C of the EIS.  The report contains a detailed review of historical background data related to palaeontological, archeological and historical sites within the local Project area, including areas of cultural importance to Aboriginal groups.  The report is extensive and records considerable information regarding the history of these areas and how they have been modified from before European contact to current day.

		Incorporation into EIS

		Sections 19 and 34

		BC Hydro has incorporated historical information from Aboriginal groups, where provided and where publicly available, regarding their past use of land and resources potentially affected by the Project, including the exercise of their asserted and established Aboriginal and treaty rights or other traditional practices in establishing the baseline conditions for current use of lands and resources for traditional purposes (Volume 3 Section 19.3), in assessing effects on current use of lands and resources for traditional purposes (Volume 3 Section 19.4), and in assessing the impact on asserted or established Aboriginal and treaty rights (Volume 5 Section 34.3.3). 

		The Community Baseline Reports and the summaries of the TLUS reports and other publicly available information found at Volume 5 Appendix A01-29, Part 3, as well as other sources identified in section 19.2, were considered as part of the baseline information for the effects assessment on current use of lands and resources for traditional purposes.  Some examples where historical context is specifically referenced in Volume 3 Section 19.3 include the following observations:

		 The Peace River valley was noted as a place of high cultural, historical and ecological value to Aboriginal groups

		 Actively engaging in traditional activities and maintaining a traditional way of life are essential elements of Aboriginal people’s well-being and quality of life

		 Aboriginal groups have indicated that their ability to use lands and resources of the Peace River basin for traditional purposes have been constrained by changes in the overall health of the Peace River and availability of resources, which they attribute largely to development in the area

		 BRFN members reported that they believe that oil and gas activity and industrial logging negatively impacts resources around their reserve, forcing them to travel to other regions of their territory

		 As a result of concerns regarding pollution from industrial and farming activities in other parts of BRFN territory, BRFN members say they rely more on the Halfway River and  the mouths of streams flowing into the Peace River for their fish needs

		 The SFN report making concerted efforts to maintain or re-establish their connections with traditional hunting lands; they place economic, social, and cultural importance on their seasonal round and establish hunting, trapping, and gathering camps on hunting lands

		 Fishing is described as having played an important role in the SFN traditional annual round of economic and cultural pursuits, and continues to be pursued today

		 SFN indicated that access to key fishing sites was a concern and cautioned that certain mitigation measures, such as fish restocking, had not worked in Moberly Lake, where lake trout were lost

		 Treaty 8 First Nations members describe the Peace River valley, especially the area  between Hudson’s Hope and Taylor, as a “critical, essential and irreplaceable part of the cultural landscape”

		 The  confluence areas along the north side of the Peace River are described by T8TA as heavily used ancestral gathering places

		 HRFN described the north side of Peace Reach as being preferred for exercise of treaty and Aboriginal rights, because extensive industrial activity in other areas within the  Peace Region has constrained their ability to exercise their rights in those areas

		 DRFN identified preferred areas for harvesting which are reportedly now used more than the Peace River region (North of the Reserve to Fontas River; near the Doig and Beatton Rivers, and toward and across the Alberta  border, including Boundary Lake and Ole Lake); land alienation was identified as the primary factor for the  loss of use of the Peace River area

		 DFN expressed concern that industrial development in the Peace region has limited and altered hunting, fishing and gathering practices, with members reporting on the need to travel away from their usual places to engage in traditional activities, and as far as 50 to 300 km to hunt moose

		 DFN members reported that they hunt less at the Peace River than in the past. DFN representatives indicated that members  “could no longer hunt along the shores of the Peace River because of agricultural  development and private property, and due to muddy conditions of the river banks”

		 DFN members reportedly fish less in the Peace River than in the past

		 HLFN has noted it is increasingly difficult to successfully hunt, fish, trap and gather earth and plant materials within northwestern Alberta and northeastern British Columbia due to development in the region

		 DTFN identified the Sulphur Lake-Boundary Lake hunting corridor as an important resource  harvesting area, with some DTFN members indicating that it had been used for approximately 30 years

		 The Traditional Territory of KLMSS was described being used by the Métis people of Kelly Lake since the early 1800s for purposes such as guiding, trapping,  hunting, fishing, and spiritual practices

		 In the past, moose, caribou, and bison were reported to be the major species hunted by MCFN, whereas moose is currently named as the most commonly hunted large mammal

		 The MCFN asserted that the scale and number of resource developments in MCFN territory had already limited the ability of MCFN members to exercise these rights

		BC Hydro’s effects assessment on current use of lands and resources for traditional purposes (found in Volume 3 Section 19.4) is divided into an assessment of changes in fishing opportunities and practices, changes in hunting and trapping opportunities and practices, and changes in other cultural and traditional uses of the land.  This approach was modified from the approach set out in the EIS Guidelines in part in response to concerns raised by Aboriginal groups and enables BC Hydro to consider changes to cultural and traditional activities and land uses that are and have historically been of importance to Aboriginal groups, where that information has been provided. 

		The consideration of changes in other cultural and traditional uses of the land takes into account matters identified as important by one or more Aboriginal groups, including cabins and campsites, drinking water, firewood, feather gathering, trails and water routes, cultural and spiritual places, collection of food and medicinal plants, and use of and access to culturally important places and valued landscapes.  BC Hydro’s assessment reflects and incorporates the historical importance of these aspects of land use where that information was available.

		Examples where historical context is specifically taken into account in Section 19.4 to determine adverse effects include the following observations and conclusions:

		 SFN, T8TA, BRFN have a renewed preference for the Peace, and may be fishing more in the Peace River in the area of the proposed Project today than they had historically; material prosperity, cars, and improved transportation has facilitated the practice of traditional pursuits throughout a wider geographic area 

		 As a result of pollution from industrial and farming activities in other parts of BRFN’s traditional territory, they say they now rely more on the Halfway River and mouths of streams flowing into the Peace River to fish

		 Bear Flats area, a site of youth and elder camps, was chosen for this purpose due to its “profound significance as Treaty 8 people have gathered, camped, hunted, and practiced ceremony here since time immemorial”

		Historical context was also incorporated into the determination of significance of residual adverse effects on the current use of lands and resources for traditional purpses in the following ways:

		 The criteria used to characterize residual effects were based, in part, on consultations with Aboriginal groups and include “context” which includes a consideration of several factors including (i) “importance of use” to Aboriginal groups for traditional purposes, (ii) “importance of area” to Aboriginal groups for traditional uses, and (iii) the level of “disturbance”, that is, whether the area “has been substantially previously disturbed by human development or human development is still present.”  Each criterion (including “context”) was taken into account in determining whether a residual effect is significant.

		 A determination of significance of a residual adverse effect was made where: “a current use of the lands for traditional purposes would be permanently undermined and its practice cannot be readily reproduced elsewhere; and the current use and area is indicated to be of high value or importance among Aboriginal groups for traditional purposes”

		 The effect on other cultural or traditional uses of the land was determined to be significant for T8TA, SFN and BRFN at Bear Flats, Farrell Creek, and Attachie, largely because those areas are historically of high value to those Aboriginal groups

		The assessment of potential impacts to Aboriginal and Treaty rights in Volume 5 Section 34.3.3 is based on the results of the assessment on the current use of lands and resources for traditional purposes found in Volume 3 Section 19.4, which relies on the baseline information in Volume 3 Section 19.3.  This is described more fully in Technical Memo: Methodology for the Assessment of the Potential Impacts of the Project on the Exercise of Asserted or Established Aboriginal and Treaty Rights.  

		Use of Traditional Land Use Studies and Community Baseline Reports 

		In addition to their consideration as part of Volume 3, Section 19, and Volume 5, Section 34, the six Traditional Land Use studies (relating to nine Aboriginal groups) that had been funded and received by BC Hydro at the time it submitted the EIS were provided to BC Hydro’s technical staff and considered as part of the baseline information for the valued components: fish and fish habitat, vegetation and ecological communities, wildlife resources, heritage resources and human health. 

		The two Community Baseline Reports (relating to five Aboriginal groups) funded and received by BC Hydro and available at the time of submitting the EIS were considered throughout the EIS, as applicable, in addition to being incorporated as part of the baseline and the effects assessment for current use of lands and resources for traditional purposes (Volume 3 Section 19).  Integration summary tables were drafted outlining where in the EIS BC Hydro considered the information in the reports (see Volume 3 Appendix B). For example, information from the Community Baseline Report provided by Duncan’s First Nation was considered in Section 12 (Fish and Fish Habitat), Section 13 (Vegetation and Ecological Communities), Section 14 (Wildlife Resources), Section 19 (Current Use of Lands and Resources for Traditional Purposes), Section 24 (Harvest of Fish and Wildlife Resources), Section 25 (Outdoor Recreation and Tourism), Section 26 (Navigation), Section 27 (Visual Aesthetics), Section 31 (Transportation), Section 33 (Human Health), and Section 34 (Asserted or Established Aboriginal and Treaty Rights).  The Community Baseline Reports and accompanying summary tables were provided to BC Hydro’s technical leads on fish and fish habitat, wildlife resources, vegetation, land and resource use, and social, economic, and human health, and integrated into the baseline and effects assessment of those valued components as appropriate.

		Heritage Resource Effects Assessment 

		BC Hydro’s assessment of the effect on heritage resources is set out in Volume 4, Section 32.  Heritage resources are non-renewable resources that may be susceptible to damage from land-altering activities.  Many heritage resources have value to Aboriginal peoples as well as the public.  As part of its assessment, BC Hydro retained consultants to conduct a multi-year field inventory and assessment program, referenced above.  Aboriginal participation in the heritage program is set out in chapter 2 of the report.

		The heritage resource assessment incorporated, among other things, traditional use information, historical background data culled from a list of resources set out Section 32.2.1.3, and the results of the extensive multi-year program found in the report at Volume 4, Appendix C.  See also the Technical Memo: Archeology. 

		The key indicators of heritage resources are palaeontological, archaeological and historical sites.  These sites include areas of cultural importance to Aboriginal groups, including areas such as Attachie and Bear Flats, identified by a number of Treaty 8 First Nations as areas where they exercise their asserted Treaty rights. 

		Characterizing Residual Effects: “Context”

		The characterization criteria used to determine the significance of identified residual effects for each valued component includes “context”, defined at Table 10.3 as: 

		“the extent to which the area within which an effect may occur has already been adversely affected by human activities; and is ecologically fragile and has little resilience and resistance to imposed stresses”. 

		The determination of whether a residual adverse effect is significant, for all residual adverse effects, took into account each criterion, including “context”.  This ensures that historical changes to an area, and the extent of those changes, is a mandatory consideration in determining the significant adverse effects of the Project.

		Environmental Background: Previous Developments

		The narrative of previous hydroelectric development on the Peace River included at Volume 2 Section 11.1 was included in accordance with the EIS Guidelines for the purpose of better assessing the potential effects of the Project and the feasibility of proposed mitigation measures.  At Section 11.1, BC Hydro states “[u]nderstanding environmental changes, in particular those associated with previous hydroelectric development, provides context for the environmental assessment of the Project.” 

		As noted, the narrative describes environmental changes resulting from those developments, follow-up programs put in place to avoid and manage environmental effects of its current facilities, and how BC Hydro is dealing with historic grievances from Aboriginal groups relating to those facilities.  
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Subject: Cumulative Effects Assessment 


Purpose 


A number of comments have been received from the public, Aboriginal groups and some government 
agencies suggesting the need to expand the scope of the cumulative effects assessment to include a 
pre-development case and to take into account a broad range of future projects and activities. A 
number of comments also asked for additional detail on the methods used in the EIS to assess 
cumulative effects.  


The purpose of this memorandum is to demonstrate that the potential cumulative effects of the Project 
have been assessed in a reliable, scientifically sound manner that meets the requirements of the EIS 
Guidelines. This memorandum also demonstrates that the requirement of Section 19(1)(a) of CEAA 
2012 to assess the “… cumulative environmental effects that are likely to result from the [Project] in 
combination with other physical activities that have been or will be carried out…” has been met.  


Information about the following is provided in this Technical Memo: 


• Scope of the Cumulative Effects Assessment and the Development of the EIS Guidelines 


• The Spatial Boundaries of the Assessment of the Cumulative Effects of the Project: the Regional 
Assessment Area  


• The Temporal Boundaries of the Assessment of Potential Cumulative Effects 


o The Statutory Requirement  


o Suggestions to Incorporate a Pre-development Case 


o The Scope of Reasonably Foreseeable Projects and Activities 


o Three “Cases” for Assessment of Potential Cumulative Effects of the Project 


• Further Information on the Methodology for Assessing Cumulative Effects  


o Development of the Project Inclusion List for the Cumulative Effects Assessment  


o Mitigation Measures of Cumulative Effects 


o Characterization of Cumulative Effects 


o Characterization of Context  


• The Potential Cumulative Effects of the Project 


• Inclusion of Additional Projects in the Cumulative Effects Assessment  


Scope of the Cumulative Effects Assessment and the Development of the EIS Guidelines 
In section 8.5.3 of the EIS Guidelines, the requirements for conducting the assessment of the potential 
cumulative effects of the Project are set out. The methodology used to conduct the assessment of the 
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potential cumulative effects of the Project is described in detail in the EIS in section 10.5 (Cumulative 
Effects Assessment) and in section 37.3 (Cumulative Environmental Effects).  


The EIS Guidelines were developed in accordance with the requirements of Sections 3.4 through 3.8 of 
the BC/Canada Agreement. That process commenced in January 2012, when BC Hydro submitted the 
first draft of the EIS Guidelines, and concluded on September 7, 2012 when the Minister of 
Environment of Canada and the Executive Director of the EAO issued the final EIS Guidelines. During 
that process, members of the public and of the Working Group submitted, and BC Hydro responded to, 
numerous comments on the scope of the assessment of the cumulative effects of the Project. The 
Minister of Environment of Canada and the Executive Director of the EAO had the benefit of those 
comments and responses, and of the advice of the members of the Working Group, when exercising 
their authority to review, finalize and issue the EIS Guidelines.  


The Spatial Boundaries of the Assessment of the Cumulative Effects of the Project: the 
Regional Assessment Area  


In order to meet the requirements of the EIS Guidelines to predict the cumulative effects of the Project 
on each VC where the Project is likely to result in a residual adverse effect, a Regional Assessment 
Area (RAA) was developed. The RAA for each VC is described in Table 10.4 and again in Table 37.22 
of the EIS. The spatial boundaries of the RAA for each VC (see Table 10.4 and Table 37.22) have been 
developed based on consideration of:  


• The extent to which the residual effects of other projects or activities could overlap spatially and  
temporally  


• Ecologically defensible boundaries (e.g., wildlife range boundaries) 


In accordance with Section 8.5.3.1 of the EIS Guidelines, “… cumulative effects in the RAA … “ were to 
be assessed “… if the potential residual effect of the Project on that VC has a spatial and temporal 
overlap with a residual effect of another project or activity.”  As required by Section 8.5.2.3 and Table 
8.3 of the EIS Guidelines, the geographic extent of all of the potential residual effects of the Project 
have been characterized. Consequently, the analysis identifies the potential cumulative effects of the 
Project wherever they would likely occur. 


To assess the potential cumulative effects of the Project on Wildlife Resources1 the RAA was defined 
such that the potential effects of reasonably foreseeable projects and activities well removed from the 
LAA were taken into account, as they may still remove suitable habitats or affect species that are the 
same as those affected by the Project. Similarly, in order to assess the potential cumulative effects of 
the Project on Vegetation and Ecological Communities,2 the RAA was defined such that the potential 
effects of reasonably foreseeable projects and activities well removed from the LAA were taken into 
account, as they may still remove rare plants and terrestrial habitats that are the same as those 
affected by the Project. 


                                                 
1  EIS, Section 14.6.2, page 14-91. 
2  EIS, Section 13.5.2, page 13-40. 
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The Temporal Boundaries of the Assessment of Potential Cumulative Effects 


The temporal boundaries of the assessment of the potential cumulative effects of the Project were 
established taking into account the statutory requirement set out in Section 19(1)(a) of CEAA 2012 and 
the requirements of the EIS Guidelines. Discussed below are the following:  


• The statutory requirement to assess cumulative effects 


• The three “cases” for assessment of potential cumulative effects of the Project 


• Accounting for the effects of physical activities that “will be carried out” 


• BC Hydro’s response to suggestions to incorporate a pre-development case 


• BC Hydro’s response to suggestions to incorporate a Pre-Bennett Dam case  


• BC Hydro’s response to suggestions to use “scenarios” to account for activities that “will be carried 
out” 


• The purpose of the description of Previous Developments in Section 11.1 of the EIS 


The Statutory Requirement to Assessment Cumulative Effects 


Section 19(1)(a) of CEAA 2012 requires the assessment of: 


“… any cumulative environmental effects that are likely to result from the designated project in 
combination with other physical activities that have been or will be carried out;” 


In order to assess the potential cumulative effects of the Project, the effects of two other types of 
physical activities have to be accounted for, those that “have been” carried out and those that “will be” 
carried out. 


Three “Cases” for Assessment of Potential Cumulative Effects of the Project 


To meet the requirements of CEAA 2012 and the EIS Guidelines, three cases were developed in 
assessing the potential cumulative effects of the Project. 


Baseline Case 


The Baseline Case demonstrates the current status of the VC, which necessarily ensures that the 
effects of all projects and activities that “…have been … carried out …” are accounted for in the 
assessment of the cumulative effects of the Project. September 5, 2012 was chosen to demarcate the 
Baseline Case from the future cases described below, because 1) the EIS Guidelines are dated 
September 5, 2012 (they were issued by the federal Minister of Environment and the Executive Director 
of the BCEAO on September 7, 2012), and 2) by September 5, 2012, BC Hydro had developed the 
assessment of potential effects and cumulative effects of the Project. 


Future Case without the Project  


Projects and activities that “will be carried out” are necessarily more certain than the Project itself. The 
assessment of cumulative effects recognizes that while those projects and activities will be undertaken, 
their residual effects are not necessarily reflected in the current status of the VC. To address this, for 
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each VC carried through the cumulative effects assessment, a “future case without the Project” was 
developed taking into account the residual effects of projects and activities that are as likely, or more 
likely, than the Project itself, to proceed (see EIS Guidelines, Section 8.5.3, EIS Sections 10.5.1.2 and 
37.3.1.2. The list of those projects and activities was developed in accordance with the requirements of 
Section 8.5.3.2 of the EIS Guidelines. The “future case without the Project,” is the baseline against 
which the potential cumulative effects of the Project have been characterized. 


Project Case 


To demonstrate the cumulative effects that are likely to result from the Project, the Project Case for 
each VC was developed. In this case, the potential cumulative effects of the Project on each VC have 
been predicted by taking into account the potential residual effects of the Project that are likely to 
combine in time and space with those identified in the Future Case without the Project.  


Accounting for the Effects of Physical Activities that “Will Be Carried Out”  


The CEA Agency has published guidance stating that in order to account for the effects of other 
projects and activities that "will be carried out," reasonably foreseeable future projects and activities 
should be considered. For the reasons discussed below, for the purposes of an environmental 
assessment conducted under BCEAA, CEAA 2012, and the BC/Canada Agreeement, only those 
projects that are at least as foreseeable as the project undergoing assessment – the Project in this 
case - should be considered reasonably foreseeable.  


Under BCEAA, the purpose of environmental assessment is to determine whether an Environmental 
Assessment Certificate can be issued.3 Under CEAA 2012, the purpose is to determine whether an 
affirmative “decision”4 can be made and “decision statement”5 issued. These determinations are made, 
in part on the basis of the assessment of the potential cumulative effects of the project being assessed. 
If, taking into account a project that is less foreseeable and less certain than the project being 
assessed, a significant cumulative adverse effect may result, then a potentially illogical situation would 
arise. The project undergoing assessment, which is relatively advanced and the effects of which are 
otherwise acceptable, might not be allowed to proceed in the near term because a less certain, less 
well-understood, more speculative project might proceed in the longer term future. 


The analytical objective of environmental assessment is to determine whether adverse effects are likely 
to occur. In order to conduct a cumulative effects assessment that takes into account less certain 
projects and activities, it would be necessary to assume, incorrectly, that those projects are at least as 
likely as the Project to proceed and, consequently, that they are as likely to result in residual effects. 
This assumption introduces uncertain information about activities that fall outside the statutory 
requirement to account for the effects of physical activities that “will be” carried out. The introduction of 
uncertain, irrelevant information would mean that the environmental assessment authorities would not 
be able treat the results with confidence nor conclude that they had conducted the assessment of 
cumulative effects required by Section 19(1)(a) of CEAA 2012. 


                                                 
3  BCEAA, Section 17. 
4  CEAA 2012, Sections 52, 53. 
5  CEAA 2012, Section 54. 
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A more scientifically sound approach, and one which is consistent with the statutory requirement to take 
into account the effects of physical activities that will be carried out,6is to limit the scope of the 
cumulative effects assessment to projects and activities that are at least as foreseeable as the project 
under assessment. If, and when, a less certain project is advanced, the potential residual effects of that 
project would be better understood and any residual effects of the Project would then be taken into 
account. The result would be a more scientifically objective and reliable prediction of whether a 
significant cumulative effect is likely. 


Suggestions to Incorporate a Pre-development Case 


A number of parties have suggested that BC Hydro undertake a “pre-development” case as part of the 
cumulative effects assessment of the Project. BC Hydro notes that this suggestion was considered in 
the process of development of the EIS Guidelines. 


As BC Hydro explained in its Topic Summary: Cumulative Effects Assessment (June 22, 2012), i) a 
pre-development case is not necessary in order to predict the cumulative effects of the Project; ii) any 
pre-development case would be inherently unreliable; and iii) there is no method for extrapolating from 
a pre-development case in order to predict the potential cumulative effects of the Project, effects which 
would occur in the future.  


A Pre-Development Case is  Not Required 


A pre-development case is not required in order to take into account the effects of all past projects and 
activities that have been carried out, because those effects are necessarily reflected in the current 
baseline conditions. Similarly, a pre-development case is not required to take into account the residual 
effects of other physical activities that will be carried out. Accordingly, the cumulative effects of the 
Project can be predicted without a pre-development case. This has been done in many other 
environmental assessments. 


A Pre-Development Case Would be Unreliable 


Further, a pre-development case would be unreliable. There are two methods by which a pre-
development case might be developed. Firstly, if direct, reliable data about the pre-development state is 
available, that information could be used. BC Hydro is not aware of data from the pre-development era. 
Secondly, in the absence of data from the pre-development era, various assumptions would have to be 
made in order to emulate pre-development conditions. The longer the period of time between current 
conditions and the pre-development era, the greater the uncertainty would be.  


BC Hydro is aware that a pre-development case was done for the environmental assessment of an oil 
sands project and is currently underway for another. However, the method used for the assessment of 
that project could not be applied reliably in the context of the Project. The reason for this is that oil 
sands projects are located in relatively undisturbed and homogeneous ecological and geological 
environments where baseline conditions generally reflect the pre-development state. This is not the 
case for the Project. The area in the vicinity of the Project has been subject to a wide variety of 
relatively intense development activities for a long period of time (see section 4.1 of the EIS). Creating 
a pre-development case for the Project would require hind-casting over a century. The resulting 
uncertainty would make the results meaningless for the purpose of an environmental assessment. 


                                                 
6  CEAA 2012, Section 19(1)(a). 
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The most reliable means by which the effects of past activities and projects can be taken into account 
in assessing the potential cumulative effects of Project, which will arise in the future, is to use the 
present day baseline, which can be assessed directly.  


There is No Method to Predict Cumulative Effects Using a Pre-Development Case 


Finally, there is no “formula” by which the cumulative effects of the Project, which will arise in the future, 
can be predicted using a pre-development case.  


Suggestions to Incorporate a Pre-Bennett Dam Case 


Several parties have made comments suggesting that a pre-Bennett Dam case ought to be developed. 
As explained above, a pre-development case is not required to assess the potential cumulative effects 
of the Project. For the same reasons, an intermediate case, such as a case set at an arbitrary point in 
time prior to the construction of the Bennett Dam, which was commissioned over 40 years ago, is not 
required to assess the potential cumulative effects of the Project. 


Suggestions to Use “Scenarios” To Account for Activities that “Will Be Carried Out” 


Some comments from the public and the Working Group have suggested that a number of different 
future scenarios be developed for the assessment of cumulative effects. The "Scenarios of Future 
Developments in Cumulative Effects Assessment: Approaches for the Mackenzie Gas Project" was 
referenced in a comment. This document was prepared by Greig and Duinker at the request of the Joint 
Review Panel to help address issues raised by intervenors of potential cumulative effects of future 
developments. The study states the following: 
 


"Cumulative effects (positive and negative) of many types clearly depend heavily on 
goverment preparedness and choices. Strategic environmental assessments, land 
use plans and systems of protected areas are instruments with which governments 
prepare themselves to manage such effects. Unlike some other jurisdictions, 
however, the Mackenzie Valley contains regions where some or all of these 
management instruments are absent."  


 
In the assessment of the MacKenzie Gas Project, the “scenarios” assisted in the identification of 
physical activities that were likely to be carried out. A scenario analysis is not required for that purpose 
in order to assess the potential cumulative effects of the Project. In British Columbia, government 
agencies have issued various planning policy documents in order to guide development in the region. 
The scope of reasonably foreseeable projects and activities can be identified reliably. 


Previous Developments 


As required by Section 9.1 of the EIS Guidelines, in the EIS, the existing hydroelectric facilities on the 
Peace River, WAC Bennett Dam and Peace Canyon Dam, have been described. While this information 
may be relevant to the assessment of potential cumulative effects,7 the Minister of Environment of 


                                                 
7  EIS Guidelines, Section 8.5.3, page 34:  “Information contained in Section 9.1 Previous Developments may 


contribute to the cumulative effects assessment”. 
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Canada and and the Executive Director of the EAO did not require this information for that purpose. 
Rather, as stated in Section 9.1: 
 


“An understanding of those facilities, of the environmental changes understood to 
have resulted from those facilities, and of the mitigation measures employed may 
provide information that could be used to better assess the potential effects of the 
Project and the feasibility of proposed mitigation measures … This narrative 
discussion should include historical data, where available and applicable, to assist 
interested parties to understand the potential effects of the Project and how they may 
be addressed.” 


Further Information on the Methodology for Assessing Cumulative Effects 


Some of the comments submitted by the public and the Working group ask for additional detail on the 
cumulative effects assessment methodology for each VC. Additional information is provided in the 
section below. 


Development of the Project Inclusion List for the Cumulative Effects Assessment  


In order to develop a project inclusion list, the information sources identified in Section 8.5.3.2 of the 
EIS Guidelines8 were reviewed to identify other projects and activities located within the largest RAA to 
be taken into account in the Future Case without the Project and in the Project Case.9 


To determine whether specific projects or activities identified from the information sources were to be 
taken into account in the cumulative effects assessment, project wide spatial and temporal criteria were 
developed (Table 10.5).10 Those criteria were used to develop a conservative list of candidate projects 
and activities found within the largest RAA. 11   


                                                 
8  EIS Guidelines, page 35. 
9  EIS, Section 10.5.2.1, page 10-13. 
10  EIS, Section 10.5.2.2, page 10-15. 
11  EIS, Section 10.5.2.2,. page 10-14. 
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Table  1 Screening Criteria Used to Identify Other Projects and Activities for Consideration in the 
Cumulative Effects Assessment (Table 10.6 in the EIS) 


 


Type of 
Overlap Excluded Included 


Spatial 


− Project or activity is outside the largest RAA. 
By using a conservatively large RAA, all 
potential cumulative effects for VCs were 
captured. 


− Project or activity is located in Alberta beyond 
100 m of the Peace River high water mark or 
further downstream than Fort Vermilion (i.e., 
downstream of the RAA boundary of the Fish 
and Fish Habitat VC). 


− Project or activity is within the largest RAA. 
− Project or activity is located in Alberta within 


100 m of Peace River high water mark and 
as far downstream as Fort Vermilion. 


Temporal 


− Project was in operation or activity was 
occurring prior to September 5, 2012; 
therefore, associated residual effects may be 
reflected in baseline case conditions.a 


− Project or activity is not reasonably 
foreseeable (i.e., not as likely to proceed as 
Site C Clean Energy Project). 


− Active projects in federal or provincial 
environmental assessment or other regulatory 
process. 


− Approved projects and activities that are: 
o not constructed 
o under construction or 
o constructed, but not operational 


− Project or activity is reasonably foreseeable 
(i.e., at least as likely to proceed as the Site C 
Clean Energy Project). 


NOTES: 
a Effects from potentially overlapping projects or activities that are recently operational may or may not be fully reflected in baseline 


conditions. Those projects and activities have been evaluated in the VC cumulative effects sections to determine whether they should be 
included in Baseline Case or the Future Case without the Project and the Project Case. 


Sections 10.5.2.3 through 10.5.2.10 of the EIS12 contain a detailed discussion of the process 
undertaken to review the information sources is set out in Section 8.5.3.2 of the EIS Guidelines to 
identify specific projects to be considered in the assessment of cumulative effects of the Project. 


A list of all other future foreseeable projects and activities considered in the assessment of the potential 
residual effects of the Project is provided in Volume 2 Section 10.5.3 Cumulative Effects Assessment, 
Table 10.7.13 That table is reproduced below. The locations of these other projects and activities are 
shown in Figure 10.3, Figure 10.4, Figure 10.5, and Figure 10.6 in the EIS. 


                                                 
12  EIS, pages 10-15 to 10-19. 
13  EIS, page 1—20. 
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Table  2 List of other Projects and Activities for Consideration in the Cumulative Effects Assessments  
 
Project Name 
Alliance Pipeline Sunrise Meter Station Relocation* Moberly River Pipeline Replacement Project* 
Babkirk Secure Landfill Project Montney Gas Play 
Cabin Gas Plant Project* Mount George Wind Park 


Carbon Creek Coal Mine 
Mt. Milligan Gold-Copper Project (Town of Mackenzie 
Rail Loadout Facility Options) 


Dawson Creek-Chetwynd Area Transmission Murray River Coal Project 
Dawson Creek Processing Plant* Northern Gateway Pipeline Project 
Dokie Wind Project Phases I* and II Northern Rockies Secure Landfill* 
Dunvegan Hydroelectric Project Ojay Pipeline Project* 
Farrell Creek 88-I South Gas Plant Provident Beatton River Replacement * 
Fort Nelson Processing Plant* Pacific Trail Pipeline Project 
Fortune Creek Gas Quality Wind Project 
Gething Coal Project Quintette Coal Project 
Giscome Quarry and Lime Project Rocky Creek Energy Project 
Groundbirch East Receipt Meter Station* Roman Coal Mine 
Groundbirch Mainline Project* Septimus Pipeline Project* 
Hackney Hills Wind Project Thunder Mountain Wind Project 
Heritage Secure Landfill Project Transmission North 2011 Pipeline Project* 
Hermann Mine Project Transmission North 2012 Pipeline Project 
Horizon Mine Coal Project Tumbler Ridge Wind Energy Project 
Horn River Basin Gas Play Wartenbe Wind Energy Project 
Komie North Extension Pipeline Project Wildmare Wind Energy Project 
McGregor/Herrick Hydroelectric Project Wolverine Secure Landfill Project 
Meikle Wind Energy Project  
*These projects have been in operation since 2010, 2011, or 2012, so residual effects on VCs may be reflected 
in baseline conditions. However, the determination of whether these projects were included in the baseline 
conditions or future case scenarios and the supporting rationale will vary for VCs, and is described in 
Sections 12 to 33. 


Administrative Plans 
City of Dawson Creek Official Community Plan (2009) North Peace Fringe Area Bylaw No. 1870 (2009) 
District of Chetwynd Official Community Plan Bylaw 
No. 919 (2010) and Amendments 


Peace River Regional District, Dawson Creek Rural 
Area Official Community Plan Bylaw No. 477 (1986) 


District of Hudson’s Hope Official Community Plan 
Amendment Bylaw No. 804 (2011) 


Peace River Regional District, Rural Area Official 
Community Plan Bylaw No. 1940 (2011) 


District of Mackenzie Official Community Plan and 
Amendments (1996 - 2010) 


Peace River Regional District, West Peace Official 
Community Plan Bylaw No. 1986 (1997) 


District of Taylor Official Community Plan Bylaw No. 
509 (1995) 


Proposed Peace River - Boudreau Lake Protected Area 
 


District of Tumbler Ridge Official Community Plan 
Bylaw No. 498 (2005) 


South Peace Fringe Area Official Community Plan 
(2009 - 2012) 


Fort St. John Official Community Plan Bylaw No. 2076 
(2011) 


Village of Pouce Coupe Official Community Plan Bylaw 
No. 930 (2010) 
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Northern Rockies Regional Municipality, Fort Nelson, 
Official Community Plan  


Water Licences 
Crew Energy Oilfield Injection, Pine River, 25 km west 
of Septimus pipeline 


Refer to Figure 10.6 Forestry and Water Use Tenure 
Applications Considered in the Cumulative Effects 
Assessment  


Tenure Applications 
Refer to Figure 10.5 British Columbia Land Tenure 
Applications Considered in the Cumulative Effects 
Assessment  


Refer to Figure 10.6 Forestry and Water Use Tenure 
Applications Considered in the Cumulative Effects 
Assessment  


Timber Harvesting 
Refer to Figure 10.6 Forestry and Water Use Tenure 
Applications Considered in the Cumulative Effects 
Assessment   


Spatially Relevant Existing Waste Discharges 
Fort St. John’s treated sewage outfall  Spectra Gas Inc. refinery outfall in Taylor 
Peace River Regional District’s outfall Town of Peace River, Alberta treated sewage outfall 


To assess the potential cumulative effects on particular VCs, this list of projects and activities was 
reviewed to identify specific projects and activities to be taken into account.14 Details for each VC are 
provided below. 


The following steps were taken in the assessment of cumulative effects on a VC: 


• Projects and activities listed in section 10.5.2 in the EIS were identified for consideration in the 
assessment of cumulative effects based on whether they were located within the RAA specific for 
each VC. 


• Residual effects of these other projects and activities were estimated based on publicly available 
Project information (e.g., documentation, schedules, details and locations. Projects considered for 
each VC are appended to this Technical Memo. Projects listed in Volume 2, Table 10.7 as being in 
operation since 2010, 2011, and 2012 were reflected in baseline conditions. 


• Temporal and spatial overlap of residual effects was determined. 


Mitigation Measures for Cumulative Effects 


Section 8.5.3.3 of the EIS Guidelines requires BC Hydro to provide recommendations for possible 
regional approaches to mitigation where potential cumulative effects have been identified. This 
requirement reflects the fact that cumulative effects are a combination of residual effects of separate 
projects and activities. Those residual effects would arise after the application of mitigation by the 
separate proponents. 


                                                 
14  EIS, Section 10.5.2.2,. page 10-14. 
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As required, the EIS provides recommendations for possible regional approaches to mitigation. These 
mitigation measures involve government departments and third parties in independent and in 
collaborative initiatives. No mitigation has been proposed where no cumulative effects are predicted.  


Characterization of Cumulative Effects 


As required by Section 8.5.3.3 of the EIS Guidelines, the potential cumulative effects of the Project 
have been characterized using the criteria set out in Table 8.3 of the EIS Guidelines. Specific criteria 
were developed for each VC and are described in each VC specific section of the EIS (Volume 2 
sections 12 to 15, Volume 3 sections 16 to 27 and Volume 4 section 28 to 33).  


The Potential Cumulative Effects of the Project 
In the EIS, the assessment of the potential cumulative effects of the Project on each VC are, along with 
the potential effects of the Project, described in separate sections. In addition, the potential cumulative 
effects of the Project are summarized in Volume 5, Section 37.3.  


The results of the assessment of the potential cumulative effects of the Project on the VCs can be 
grouped into five categories. Each of these categories is discussed below. 


No Cumulative Effects because no Residual Adverse Effects 
The first category is for those VCs where the assessment demonstrates that the Project is unlikely to 
result in a residual adverse effect. The VCs in this category are:  
 
1. Local Government 
2. Labour Market 
3. Regional Economic Development 
4. Forestry 
5. Oil, Gas and Energy 
6. Minerals and Aggregates 
7. Human Health 


In the absence of a residual effect, the Project would not result in a cumulative effect on these VCs.  


Residual effects of Reasonably Foreseeable Projects and Activities Accounted for in the 
Baseline 
A second category is where the assessment of the potential effects of the Project on the VC was, in 
effect, an assessment of potential cumulative effects. For these VCs, the effects of other reasonably 
foreseeable projects were accounted for in the baseline of the effects assessment. For example, the 
potential effects of the Project on Population and Demographics were assessed taking into account the 
projections of population that were themselves derived taking into account changes in population that 
would result from reasonably foreseeable projects and activities. This made a separate cumulative 
effects assessment redundant.  
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The VCs which fall into this catgory are:  
 
1. Population and Demographics15 
2. Housing16 
3. Community Infrastructure and Services17 
4. Transportation18 
 
For each of these VCs, the cumulative effects of other reasonably foreseeable projects was included in 
the effects assessment of the Project.  


VCs with Residual Effects but No Cumulative Effects 


A third category includes those VCs where the assessment demonstrates that the Project is likely to 
result in residual adverse effects on the VC, but those residual effects are unlikely to overlap in time 
and space with the potential adverse effects of other reasonably foreseeable projects or activities. 
Consequently, for the VCs in this category, the Project is unlikely to result in a cumulative effect. Each 
of the VCs in this category are discussed below.  
 
Fish and Fish Habitat   
 
The assessment of the potential cumulative effects of the Project on Fish and Fish Habitat identified 
two projects within the RAA (Dunvegan and the Montney Gas Play) that might have residual effects 
within the LAA that overlap with residual effects of the Project on Fish and Fish Habitat. However, upon 
review of the potential effects of these projects, neither Dunvegan nor the Montney Gas Play are 
expected to have overlapping residual effects with the Project. Accordingly, no cumulative effects are 
anticipated.19 
 
Agriculture 
 
The assessment of the potential cumulative effects of the Project on Agriculture concluded that no other 
reasonably foreseeably projects have any spatial overlap with the residual effects of the Project on 
Agriculture because none have residual effects on the agricultural land in the LAA. Further, while there 
is one land tenure within the LAA, this tenure is included within the effects assessment of the Project. 
Accordingly, there was no need to conduct any further assessment of cumulative effects.20 
 
Navigation  
 
The project results in a residual effect on water-based navigation. There are no other water-based 
projects within the RAA. Although the Project overlaps in time and space with recreational activities in 
the RAA, there is no adverse cumulative effect of these activities that would combine with the residual 
effects of the Project on water-based navigation.  
 
                                                 
15  EIS, Section 28.6, p. 28-21. 
16  EIS, Section 29.7, p. 29-35. 
17  EIS, Section 30.6, p. 30-58. 
18  EIS, Section 31.7, p. 31-46. 
19  EIS, Section 12.7, pp. 12-95 to 12-96. 
20  EIS, Section 20.6, pp. 20-76 to 20-77. 
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Heritage Resources 
 
The assessment of the potential cumulative effects of the Project on Heritage Resources identified no 
other reasonably foreseeable projects or activities that temporally or spatially overlap with the effects of 
the Project on Heritage Resources. 


VCs with Cumulative Effects Which Would Not be Significant 


A fourth category of VCs includes those where the Project is likely to result in cumulative effects on the 
VC, but the cumulative effects would not be significant. Each of the VCs in this category are discussed 
below.  
 
Harvest of Fish and Wildlife Resources 
 
The assessment of the potential cumulative effects of the Project on Harvest of Fish and Wildlife 
Resources identified other reasonably foreseeable projects or activities expected to interact with 
harvest of fish and wildlife resources. Of those identified, the assessment found that some reasonably 
foreseeable projects within the RAA are expected to have similar effects on hunting opportunities as the 
Project.21 Since hunting would be displaced in the LAA due to the Project and other identified projects 
in the RAA would similarly displace hunting, the assessment concluded that access to public hunting 
would decrease overall, resulting in a cumulative residual adverse effect. The cumulative effects are not 
considered significant, however, as they are not expected to result in a reduction in bag limits.22  
 
Outdoor Recreation and Tourism 
 
The assessment of the potential cumulative effects of the Project on Outdoor Recreation and Tourism 
considered other reasonably foreseeable projects or activities that are expected to interact with outdoor 
recreation and tourism. These projects and activities included the Montney Gas Play, Applications for 
Land Act tenures, new oil and gas facilities, and forestry harvest plans and tenures, and population 
changes. No cumulative effects were identified.23 
 
Current Use of Land and Resources for Traditional Purposes 
 
The assessment of the potential cumulative effects of the Project on Current Use of Lands and 
Resources for Traditional Purposes identified other reasonably foreseeable projects or activities that 
could have an effect on hunting and trapping because they may reduce habitats associated with 
ungulates, fur-bearers, grouse and migratory waterfowl. The potential effects of these projects and 
activities was considered, but no cumulative effects were identified.24  
 
The Project is likely to result in a cumulative effect on current use of lands and resources for other 
cultural and traditional purposes. This effect would arise in combination with the residual effect of a 
highway improvement project. The resulting cumulative effect of the Project would not be significant 
because the current use would not be permanently undermined and the practice can be readily 
reproduced elsewhere.  


                                                 
21  EIS, Section 24.7.1, p. 24-55. 
22  EIS, Section 27.7, pp. 24-54 to 24-58. 
23  EIS, Section 25.7, pp. 25-43 to 25-45. 
24  EIS, Section 19.6, pp. 19-108 to 19-114. 
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Visual Resources 
 
The assessment of the potential cumulative effects of the Project on Visual Resources considered other 
projects or activities that are expected to occur in the RAA during the potential construction and 
operations phases of the Project and interact with residual visual resource effects of the Project. Of 
these, the asssement found that the Montney Gas Play Project and land tenure applications are 
expected to affect visual resources in the RAA. The assessment concluded that the Project, together 
with other projects expected to occur in the RAA, is predicted to increase the amount of visible 
anthropogenic disturbances in relation to base conditions. Cumulative residual effects within the LAA 
would be identified as significant, if effects were rated as high magnitude, combined with long term in 
duration and continuous in frequency (see Section 27.4). Cumulative effects on visual resources are 
rated as not significant, as they do not meet this threshold. 


VCs with Significant Cumulative Effects 
The residual effects of the Project on two of the VCs, Vegetation and Ecological Communities and 
Wildlife Resources, are expected to be significant and, accordingly, those effects are also significant 
when considered in combination with the effects of other projects or activities. However, the effects on 
those VCs resulting from other projects and activities that have been or will be carried out are 
considered significant, even without the Project. 25 
 
Increasing GHG emissions from the many sources globally and the resulting increase in GHG 
concentrations in the atmosphere, and the consequent changes to the global climate, are currently 
believed to be a significant cumulative environmental effect, even without the Project. While the 
Project’s contribution to a net change in global GHG emissions is relatively small and the environmental 
effect of the Project related GHG emissions (on its own) on global climate is not measurable, the 
cumulative effect is considered significant.26 


Inclusion of Additional Projects in the Cumulative Effects Assessment  


In a letter dated December 21, 2012, the Treaty 8 Tribal Association provided a transmittal with 
comments on the list of projects and activities on the Project Inclusion List, and included a list of 
projects and activities for consideration in the assessment of cumulative effects of the Project. 
BC Hydro reviewed the list suggested by the Treaty 8 Tribal Association, applied the criteria for 
identification of projects. By letter dated March 18, 2013, BC Hydro responded to the transmittal. In 
summary:  some of the projects suggested by the Treaty 8 Tribal Association were already on the 
Project Inclusion List; some of the projects were properly excluded from the Project Inclusion List; and 
four projects were added to the Project Inclusion List. Those projects are:  Sierra Yoyo Desan Road 
Upgrades, Horn River Mainline Loop (Kyklo Creek Section), Highway 2 and Highway 97N 
Improvements, Chetwynd Forest Industries Biomass Project.  


The assessment of the potential cumulative effects of the Project on Fish and Fish Habitat, Vegetation 
and Ecological Communities, Wildlife Resources, Greenhouse Gases,  Current Use of Lands and 
Resources for Traditional Purposes, Agriculture, Harvest of Fish and Wildlife Resources, Outdoor 
Recreation and Tourism, Navigation, Visual Aesthetics, Population and Demographics, Housing, 
Community Infrastructure and Services, Transportation, and Heritage, has been reconsidered in view of 
                                                 
25  EIS, Section 40.11, page 40-5. 
26  EIS, Section 40.11, page 40-5. 
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these additional projects because at least one of these projects falls within the RAA of each of these 
VCs. Inclusion of these additional projects was not considered for those VCs with no residual effects.  


A description of the 4 projects is provided below.  


1. Sierra Yoyo Desan Road Upgrades Project 


The Province of British Columbia and Sierra Yoyo Desan (SYD) Road Limited Partnership signed a 16 
year, $40 million partnership agreement in June 2004 to design and upgrade the SYD road, then to 
operate and maintain the road for a further 14 years (http://www.sydroad.com/about-the-
project/general-information/). The SYD Road is a public resource road that is used, to access the oil 
and gas resources in the northeastern region of British Columbia. The SYD Road project footprint is 
located east of Fort Nelson. Project activities associated with road building are located in the Liard 
River watershed. The 188-km long SYD multi-user resource road provides the main access to over 
27,000 square kilometres of oil, gas and forestry terrain. It also connects to the end of the 15 km Clarke 
Lake Road, which joins the Alaska Highway just south of Fort Nelson. 
 
Recently a contract was awarded for work on a section of the SYD Road, from KM 61 to KM 90. The 
existing road will be widened from approximately eight metres to 9.2 metres 
(http://www.fnnews.ca/2013/01/02/additional-work-awarded-along-sierra-yoyo-desan-road-corridor-fort-
nelson/). Work was to  begin in January 2013, with completion in October 2014. In addition, Ledcor 
Highway Maintenance Ltd is conducting upgrades on the SYD Road between km 90 and 121 (posted 
construction schedule dated March 1-8 2013). According to the project reference map, there are seven 
river crossings on the SYD Road (http://www.sydroad.com/about-the-project/general-
information/map_lg/). 
 
During construction and maintenance it is assumed that standard best management practices (BMP) 
established by provincial agencies would be implemented to mitigate potential fish and fish habitat 
effects, such as Ministry of Environment (http://www.env.gov.bc.ca/wld/BMP/bmpintro.html#second) 
and Ministry of Transportation 
(http://www.th.gov.bc.ca/publications/eng_publications/environment/bestpractice.htm).  
 


2. Horn River Mainline Loop (Kyklo Creek Section) Project 


On 29 April 2011, NGTL, applied to the National Energy board (NEB), pursuant to the NEB Act for a 
Certificate to construct and operate the Horn River Mainline Loop (Kyklo Creek Section) Project. The 
Project is a proposed expansion of NGTL’s existing Alberta System in Alberta and British Columbia. 
NGTL’s Alberta System consists of approximately 24,000 km of natural gas pipeline within Alberta and 
British Columbia.  
 
The Project includes the construction and operation of three gas pipeline loops totalling 111.2 km of 
new pipeline. The pipeline loops would be contiguous (alongside) to existing rights-of-way (RoW) and 
other linear disturbances for approximately 103.8 km. The Project would require a minimum 32 m-wide 
construction RoW for its entire length. One component of the Horn River Mainline Loop Project is the 
Kyklo Creek section. This pipeline route is located approximately 100 km east of Fort Nelson, British 
Columbia and is required to meet customer demand to transport sweet natural gas from the Horn River 
area in northeast British Columbia. 
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NGTL received project approval from the NEB in February 2012 for the Kyklo Creek section. 
Construction was scheduled to start November 2012 and the pipeline would be in-service April 2013. 
(http://www.transcanada.com/5518.html). Other portions of the Horn River Mainline Loop Project 
(Komie North Section) are still under review. Project maps can be found at this website 
https://www.neb-one.gc.ca/ll-
eng/livelink.exe/fetch/2000/90464/90550/554112/590465/601085/614026/600585/B-01-4_-
_NGTL_Horn_River_Project_-_Section_1_Project_Overview_-
_A1R8A0_.pdf?nodeid=600586&vernum=0&redirect=3.  


3. Highway 2 and 29N Improvements Projects 


The Province is investing almost $4 million this year to prepare seven initial projects for construction 
along Highway 2 and 29N routes. The projects will improve safety and build capacity, and include the 
construction of passing lanes and the widening of the highway to four lanes 
(http://www2.news.gov.bc.ca/news_releases_2009-2013/2011TRAN0056-000919.htm). 
 
The projects under development include: 


• Highway 2: widen to four lanes (3.3 km) from Tupper Creek to Rusheinski Rd 
• Highway 2: widen Tupper Creek Bridge and 4-Mile Culvert to four lanes 
• Highway 2: widen to four lanes (1.8 km) from 1st St. to 8th St. in Dawson Creek 
• Highway 2: widen to four lanes (3 km) from Rolla Rd. to 1st St. 
• Highway 2: Blockline southbound passing lane and intersection improvements 
• Highway 97: widen to four lanes (2 km) at the bottom of the South Taylor Hill 
• Highway 97: construct northbound passing lane at Farmington Fairways 


Engineering is underway for all projects. Projects will be tendered as design work is completed. Project 
construction areas are shown at (http://www.flickr.com/photos/tranbc/5974017083/in/set-
72157627277789434). 
 
The Highway 97 widening at the South Taylor Hill is located on a portion of the highway south of the 
Peace River mainstem. This project will widen Highway 97 at the base of South Taylor Hill to four 
lanes, south from Taylor Bridge for two kilometres. Improvements will be made to the intersections of 
Big Bam and Johnson Roads, and a larger truck chain-up area will be built to ensure truckers have a 
safe place to put on chains in the winter months. The slopes above the highway will also be contoured 
to enhance slope stability (http://www.newsroom.gov.bc.ca/2013/03/major-investments-to-improve-
highway-97-at-south-taylor-hill.html). The project will go to tender in fall 2013, with construction starting 
in spring 2014 and scheduled for completion by fall 2015. 
 
Based on available project figures, the South Taylor Hill widening is located more than 100 metres from 
the Peace River. It is anticipated that standard best management practices (BMP) established by the 
Ministry of Transportation would be implemented 
(http://www.th.gov.bc.ca/publications/eng_publications/environment/bestpractice.htm).  


4. Chetwynd Forest Industries Biomass Project 


On May 2, 2012, Pratt & Whitney Power Systems was awarded a contract to deliver a 13 MW biomass 
heat recovery power plant for West Fraser Timber Company in British Columbia, Canada. The state-of-
the-art power plant will provide clean, carbon-neutral power to the company’s Chetwynd Forest 
Industries plant utilizing two Turboden 65 HRS Organic Rankine Cycle (ORC) turbogenerators. The 



http://www.th.gov.bc.ca/publications/eng_publications/environment/bestpractice.htm�





WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO  SITE C CLEAN ENERGY PROJECT 


 


TECHNICAL MEMO – CUMULATIVE EFFECTS ASSESSMENT Page 18 


 


installation of the ORC unit at West Fraser’s Chetwynd facility is a part of efforts to improve operational 
efficiency. 
 
West Fraser was selected by BC Hydro under the BC Hydro Bioenergy Phase II Call for Power 
program for two of their sites totaling 180 GWh/year from wood biomass. Through this program, 
BC Hydro awarded 20-year electricity purchase agreements to West Fraser. Two Turboden 65 HRS 
systems will be delivered to West Fraser by the end of 2013, with installation and commissioning 
expected in 2014. Commercial operation is planned by the second quarter of 2014 
(http://www.canadianbiomassmagazine.ca/content/view/3329/57/). The plant will be built on an existing 
industrial property.  


Reconsideration of the Cumulative Effects Assessment 


A summary of the revised cumulative effects assessment after reconsideration of these 4 projects is 
provided in Table 3. 


The cumulative effects of the Project consider the net emissions from the Project in the context of 
provincial and national emissions. The additional projects to be considered in the cumulative effects 
assessment would not change the context of provincial and national emission inventories identified in 
section 15.5.1 of the EIS, and would therefore not change the determination of significance of residual 
cumulative effects. 
 
The population effects of other projects were included in the BC Stats population forecast, and it was 
adopted as the baseline. Otherwise, no cumulative effects analyses were completed for this section. 
The “new” projects do not change the consideration of cumulative effects. 
 
The residual effect on health and social services in Community Services and Infrastructure is 
accounted for in the population forecast so the cumulative effect is embedded in the effects 
assessment for the project. Therefore, no cumulative effects re-analysis was undertaken. 
 


Table 3.  Summary of Revised Cumulative Effects Assessment  


 
Valued Component Sierra Yoyo 


Desan Road 
Upgrades  


Highway 2/97N 
Improvements 


Horn River 
Mainline 
Loop 


Chetwynd 
Forest 
Industries 
Biomass 
Project  


Reconsideration 
of Cumulative 


Effects 
Assessment 


Required  
Fish and Fish Habitat Project lies 


outside the 
RAA; no 
overlap in 
space 


Project lies within 
the RAA; no 
residual effects 
expected 


Project lies 
outside the 
RAA; no 
overlap in 
space 


Project lies 
outside the 
RAA 


Not required 


Vegetation and 
Ecological 
Communities 


Project lies 
outside the 
RAA; no 
overlap in 
space  
 


Project lies within 
the RAA; residual 
effects expected 
 


Project lies 
outside the 
RAA; no 
overlap in 
space  
 


Project lies 
within the RAA; 
but it lies within 
the existing 
footprint and no 
residual effects 
expected 


Project is already 
expected to 
contribute to 
residual adverse 
effects on 
vegetation and 
ecological 
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Valued Component Sierra Yoyo 
Desan Road 
Upgrades  


Highway 2/97N 
Improvements 


Horn River 
Mainline 
Loop 


Chetwynd 
Forest 
Industries 
Biomass 
Project  


Reconsideration 
of Cumulative 


Effects 
Assessment 


Required  
 communities. 


Inclusion of these 
projects does not 
change the 
cumulative effects 
assessment  
 


Wildlife Resources Project lies 
outside the 
RAA; no 
overlap in 
space  
 


Project lies within 
the RAA; residual 
effects expected 
 


Project lies 
outside the 
RAA; no 
overlap in 
space  
 


Project lies 
within the RAA; 
but it lies within 
the existing 
footprint and no 
residual effects 
expected 
 


Project is already 
expected to 
contribute to 
residual adverse 
effects on Wildlife 
Resources. 
Inclusion of these 
projects does not 
change the 
cumulative effects 
assessment  
 


Current Use of Lands 
and Resources for 
Traditional Purposes 


Project lies 
outside the 
RAA; no 
overlap in 
space 


Project lies within 
the RAA; residual 
effects expected 


Project lies 
outside the 
RAA; no 
overlap in 
space 


Project lies 
within the RAA; 
but it lies within 
the existing 
footprint and no 
residual effects 
expected 


Cumulative effect 
is likely but would 
not be significant 


Agriculture Project lies 
outside the 
RAA; no 
overlap in 
space  
 


Project lies 
outside the RAA; 
no overlap in 
space  
 


Project lies 
outside the 
RAA; no 
overlap in 
space  
 


Project lies 
outside the 
RAA; no 
overlap in 
space  
 


Not required 


Harvest of Fish and 
Wildlife Resources 


Project lies 
outside the 
RAA 


Project lies within 
the RAA and 
LAA; not 
expected to result 
in adverse 
residual 
cumulative 
effects on harvest 
of fish and wildlife 
resources as the 
Highway 
improvements will 
be completed at 
the time of the 
Site C 
construction  


Project lies 
outside the 
RAA 


Project lies 
within the RAA; 
expected affect 
access to public 
hunting areas in 
the LAA 


Project is already 
expected to 
contribute to 
residual adverse 
effects on hunting 
displacement  from 
the LAA as a result 
of the Project. 
Inclusion of these 
projects does not 
change the 
cumulative effects 
assessment  


Outdoor Recreation 
and Tourism 


Project lies 
outside the 


Project lies within 
the RAA; may 


Project lies 
outside the 


Project lies 
within the RAA; 


Not required 
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Valued Component Sierra Yoyo 
Desan Road 
Upgrades  


Highway 2/97N 
Improvements 


Horn River 
Mainline 
Loop 


Chetwynd 
Forest 
Industries 
Biomass 
Project  


Reconsideration 
of Cumulative 


Effects 
Assessment 


Required  
RAA result in 


increased access 
in the LAA that 
may benefit 
outdoor 
recreation and 
tourism, not 
expected to result 
in adverse 
residual effects 
on outdoor 
recreation and 
tourism as the 
Highway 
improvements will 
be completed at 
the time of the 
Site C 
construction. 


RAA not expected to 
result in 
residual 
adverse effects 
on outdoor 
recreation 
infrastructure 


Navigation Project lies 
outside the 
RAA 


Project lies 
outside the RAA 


Project lies 
outside the 
RAA 


Project lies 
outside the 
RAA 


Not required 


Visual Aesthetics Project lies 
outside the 
RAA 


Project lies 
outside the RAA 


Project lies 
outside the 
RAA 


Project lies 
outside the 
RAA 


Not required 


Transportation Project lies 
outside the 
RAA 


Project lies within 
the RAA and 
LAA; not 
expected to result 
in adverse 
residual 
cumulative 
effects on 
transportation as 
the Project use of 
the road segment 
will be primarily 
limited to 
passenger 
vehicles in 
Project years 0 
and 1 and based 
on demand, 
BC Hydro 
proposes to 
provide workforce 
shuttles for 
workers 
commuting from 
local 


Project lies 
outside the 
RAA 


Project lies 
within the RAA; 
not expected to 
result in 
residual 
adverse effects 
on 
transportation 
as long-term 
industrial 
growth trends 
were included 
in the base 
case traffic 
projections. 


Project is already 
expected to 
contribute to 
residual adverse 
effects on traffic 
delays and road 
safety in the LAA. 
Inclusion of these 
projects does not 
change the 
cumulative effects 
assessment   
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Valued Component Sierra Yoyo 
Desan Road 
Upgrades  


Highway 2/97N 
Improvements 


Horn River 
Mainline 
Loop 


Chetwynd 
Forest 
Industries 
Biomass 
Project  


Reconsideration 
of Cumulative 


Effects 
Assessment 


Required  
communities. 
 


Heritage  Project lies 
outside the 
RAA 


Project lies 
outside the RAA 


Project lies 
outside the 
RAA 


Project lies 
outside the 
RAA 


Not required 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


 
• Response to Peace Valley 


Environmental Association 
Standard Letters 


• Response to Sierra Club and 
Yellowstone to Yukon Conservation 
Initiative (Y2Y) Standard Letters 
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		Response to Working Group and Public Comments on the Site C Clean Energy Project Environmental Impact Statement 

		Technical Memo

		Cumulative Effects Assessment 

		May 8, 2013

		Subject: Cumulative Effects Assessment

		Purpose

		A number of comments have been received from the public, Aboriginal groups and some government agencies suggesting the need to expand the scope of the cumulative effects assessment to include a pre-development case and to take into account a broad range of future projects and activities. A number of comments also asked for additional detail on the methods used in the EIS to assess cumulative effects. 

		The purpose of this memorandum is to demonstrate that the potential cumulative effects of the Project have been assessed in a reliable, scientifically sound manner that meets the requirements of the EIS Guidelines. This memorandum also demonstrates that the requirement of Section 19(1)(a) of CEAA 2012 to assess the “… cumulative environmental effects that are likely to result from the [Project] in combination with other physical activities that have been or will be carried out…” has been met. 

		Information about the following is provided in this Technical Memo:



		 Scope of the Cumulative Effects Assessment and the Development of the EIS Guidelines

		 The Spatial Boundaries of the Assessment of the Cumulative Effects of the Project: the Regional Assessment Area 

		 The Temporal Boundaries of the Assessment of Potential Cumulative Effects

		o The Statutory Requirement 

		o Suggestions to Incorporate a Pre-development Case

		o The Scope of Reasonably Foreseeable Projects and Activities

		o Three “Cases” for Assessment of Potential Cumulative Effects of the Project



		 Further Information on the Methodology for Assessing Cumulative Effects 

		o Development of the Project Inclusion List for the Cumulative Effects Assessment 

		o Mitigation Measures of Cumulative Effects

		o Characterization of Cumulative Effects

		o Characterization of Context 

		 The Potential Cumulative Effects of the Project

		 Inclusion of Additional Projects in the Cumulative Effects Assessment 

		Scope of the Cumulative Effects Assessment and the Development of the EIS Guidelines

		In section 8.5.3 of the EIS Guidelines, the requirements for conducting the assessment of the potential cumulative effects of the Project are set out. The methodology used to conduct the assessment of the potential cumulative effects of the Project is described in detail in the EIS in section 10.5 (Cumulative Effects Assessment) and in section 37.3 (Cumulative Environmental Effects). 

		The EIS Guidelines were developed in accordance with the requirements of Sections 3.4 through 3.8 of the BC/Canada Agreement. That process commenced in January 2012, when BC Hydro submitted the first draft of the EIS Guidelines, and concluded on September 7, 2012 when the Minister of Environment of Canada and the Executive Director of the EAO issued the final EIS Guidelines. During that process, members of the public and of the Working Group submitted, and BC Hydro responded to, numerous comments on the scope of the assessment of the cumulative effects of the Project. The Minister of Environment of Canada and the Executive Director of the EAO had the benefit of those comments and responses, and of the advice of the members of the Working Group, when exercising their authority to review, finalize and issue the EIS Guidelines. 



		The Spatial Boundaries of the Assessment of the Cumulative Effects of the Project: the Regional Assessment Area 

		In order to meet the requirements of the EIS Guidelines to predict the cumulative effects of the Project on each VC where the Project is likely to result in a residual adverse effect, a Regional Assessment Area (RAA) was developed. The RAA for each VC is described in Table 10.4 and again in Table 37.22 of the EIS. The spatial boundaries of the RAA for each VC (see Table 10.4 and Table 37.22) have been developed based on consideration of: 

		 The extent to which the residual effects of other projects or activities could overlap spatially and  temporally 

		 Ecologically defensible boundaries (e.g., wildlife range boundaries)

		In accordance with Section 8.5.3.1 of the EIS Guidelines, “… cumulative effects in the RAA … “ were to be assessed “… if the potential residual effect of the Project on that VC has a spatial and temporal overlap with a residual effect of another project or activity.”  As required by Section 8.5.2.3 and Table 8.3 of the EIS Guidelines, the geographic extent of all of the potential residual effects of the Project have been characterized. Consequently, the analysis identifies the potential cumulative effects of the Project wherever they would likely occur.



		To assess the potential cumulative effects of the Project on Wildlife Resources the RAA was defined such that the potential effects of reasonably foreseeable projects and activities well removed from the LAA were taken into account, as they may still remove suitable habitats or affect species that are the same as those affected by the Project. Similarly, in order to assess the potential cumulative effects of the Project on Vegetation and Ecological Communities, the RAA was defined such that the potential effects of reasonably foreseeable projects and activities well removed from the LAA were taken into account, as they may still remove rare plants and terrestrial habitats that are the same as those affected by the Project.

		The Temporal Boundaries of the Assessment of Potential Cumulative Effects

		The temporal boundaries of the assessment of the potential cumulative effects of the Project were established taking into account the statutory requirement set out in Section 19(1)(a) of CEAA 2012 and the requirements of the EIS Guidelines. Discussed below are the following: 

		 The statutory requirement to assess cumulative effects



		 The three “cases” for assessment of potential cumulative effects of the Project

		 Accounting for the effects of physical activities that “will be carried out”

		 BC Hydro’s response to suggestions to incorporate a pre-development case



		 BC Hydro’s response to suggestions to incorporate a Pre-Bennett Dam case 

		 BC Hydro’s response to suggestions to use “scenarios” to account for activities that “will be carried out”

		 The purpose of the description of Previous Developments in Section 11.1 of the EIS

		The Statutory Requirement to Assessment Cumulative Effects

		Section 19(1)(a) of CEAA 2012 requires the assessment of:

		“… any cumulative environmental effects that are likely to result from the designated project in combination with other physical activities that have been or will be carried out;”

		In order to assess the potential cumulative effects of the Project, the effects of two other types of physical activities have to be accounted for, those that “have been” carried out and those that “will be” carried out.



		Three “Cases” for Assessment of Potential Cumulative Effects of the Project

		To meet the requirements of CEAA 2012 and the EIS Guidelines, three cases were developed in assessing the potential cumulative effects of the Project.

		Baseline Case

		The Baseline Case demonstrates the current status of the VC, which necessarily ensures that the effects of all projects and activities that “…have been … carried out …” are accounted for in the assessment of the cumulative effects of the Project. September 5, 2012 was chosen to demarcate the Baseline Case from the future cases described below, because 1) the EIS Guidelines are dated September 5, 2012 (they were issued by the federal Minister of Environment and the Executive Director of the BCEAO on September 7, 2012), and 2) by September 5, 2012, BC Hydro had developed the assessment of potential effects and cumulative effects of the Project.

		Future Case without the Project 

		Projects and activities that “will be carried out” are necessarily more certain than the Project itself. The assessment of cumulative effects recognizes that while those projects and activities will be undertaken, their residual effects are not necessarily reflected in the current status of the VC. To address this, for each VC carried through the cumulative effects assessment, a “future case without the Project” was developed taking into account the residual effects of projects and activities that are as likely, or more likely, than the Project itself, to proceed (see EIS Guidelines, Section 8.5.3, EIS Sections 10.5.1.2 and 37.3.1.2. The list of those projects and activities was developed in accordance with the requirements of Section 8.5.3.2 of the EIS Guidelines. The “future case without the Project,” is the baseline against which the potential cumulative effects of the Project have been characterized.

		Project Case

		To demonstrate the cumulative effects that are likely to result from the Project, the Project Case for each VC was developed. In this case, the potential cumulative effects of the Project on each VC have been predicted by taking into account the potential residual effects of the Project that are likely to combine in time and space with those identified in the Future Case without the Project. 

		Accounting for the Effects of Physical Activities that “Will Be Carried Out” 

		The CEA Agency has published guidance stating that in order to account for the effects of other projects and activities that "will be carried out," reasonably foreseeable future projects and activities should be considered. For the reasons discussed below, for the purposes of an environmental assessment conducted under BCEAA, CEAA 2012, and the BC/Canada Agreeement, only those projects that are at least as foreseeable as the project undergoing assessment – the Project in this case - should be considered reasonably foreseeable. 

		Under BCEAA, the purpose of environmental assessment is to determine whether an Environmental Assessment Certificate can be issued. Under CEAA 2012, the purpose is to determine whether an affirmative “decision” can be made and “decision statement” issued. These determinations are made, in part on the basis of the assessment of the potential cumulative effects of the project being assessed. If, taking into account a project that is less foreseeable and less certain than the project being assessed, a significant cumulative adverse effect may result, then a potentially illogical situation would arise. The project undergoing assessment, which is relatively advanced and the effects of which are otherwise acceptable, might not be allowed to proceed in the near term because a less certain, less well-understood, more speculative project might proceed in the longer term future.

		The analytical objective of environmental assessment is to determine whether adverse effects are likely to occur. In order to conduct a cumulative effects assessment that takes into account less certain projects and activities, it would be necessary to assume, incorrectly, that those projects are at least as likely as the Project to proceed and, consequently, that they are as likely to result in residual effects. This assumption introduces uncertain information about activities that fall outside the statutory requirement to account for the effects of physical activities that “will be” carried out. The introduction of uncertain, irrelevant information would mean that the environmental assessment authorities would not be able treat the results with confidence nor conclude that they had conducted the assessment of cumulative effects required by Section 19(1)(a) of CEAA 2012.

		A more scientifically sound approach, and one which is consistent with the statutory requirement to take into account the effects of physical activities that will be carried out,is to limit the scope of the cumulative effects assessment to projects and activities that are at least as foreseeable as the project under assessment. If, and when, a less certain project is advanced, the potential residual effects of that project would be better understood and any residual effects of the Project would then be taken into account. The result would be a more scientifically objective and reliable prediction of whether a significant cumulative effect is likely.

		Suggestions to Incorporate a Pre-development Case

		A number of parties have suggested that BC Hydro undertake a “pre-development” case as part of the cumulative effects assessment of the Project. BC Hydro notes that this suggestion was considered in the process of development of the EIS Guidelines.

		As BC Hydro explained in its Topic Summary: Cumulative Effects Assessment (June 22, 2012), i) a pre-development case is not necessary in order to predict the cumulative effects of the Project; ii) any pre-development case would be inherently unreliable; and iii) there is no method for extrapolating from a pre-development case in order to predict the potential cumulative effects of the Project, effects which would occur in the future. 

		A Pre-Development Case is  Not Required

		A pre-development case is not required in order to take into account the effects of all past projects and activities that have been carried out, because those effects are necessarily reflected in the current baseline conditions. Similarly, a pre-development case is not required to take into account the residual effects of other physical activities that will be carried out. Accordingly, the cumulative effects of the Project can be predicted without a pre-development case. This has been done in many other environmental assessments.

		A Pre-Development Case Would be Unreliable

		Further, a pre-development case would be unreliable. There are two methods by which a pre-development case might be developed. Firstly, if direct, reliable data about the pre-development state is available, that information could be used. BC Hydro is not aware of data from the pre-development era. Secondly, in the absence of data from the pre-development era, various assumptions would have to be made in order to emulate pre-development conditions. The longer the period of time between current conditions and the pre-development era, the greater the uncertainty would be. 

		BC Hydro is aware that a pre-development case was done for the environmental assessment of an oil sands project and is currently underway for another. However, the method used for the assessment of that project could not be applied reliably in the context of the Project. The reason for this is that oil sands projects are located in relatively undisturbed and homogeneous ecological and geological environments where baseline conditions generally reflect the pre-development state. This is not the case for the Project. The area in the vicinity of the Project has been subject to a wide variety of relatively intense development activities for a long period of time (see section 4.1 of the EIS). Creating a pre-development case for the Project would require hind-casting over a century. The resulting uncertainty would make the results meaningless for the purpose of an environmental assessment.



		The most reliable means by which the effects of past activities and projects can be taken into account in assessing the potential cumulative effects of Project, which will arise in the future, is to use the present day baseline, which can be assessed directly. 

		There is No Method to Predict Cumulative Effects Using a Pre-Development Case

		Finally, there is no “formula” by which the cumulative effects of the Project, which will arise in the future, can be predicted using a pre-development case. 



		Suggestions to Incorporate a Pre-Bennett Dam Case

		Several parties have made comments suggesting that a pre-Bennett Dam case ought to be developed. As explained above, a pre-development case is not required to assess the potential cumulative effects of the Project. For the same reasons, an intermediate case, such as a case set at an arbitrary point in time prior to the construction of the Bennett Dam, which was commissioned over 40 years ago, is not required to assess the potential cumulative effects of the Project.

		Suggestions to Use “Scenarios” To Account for Activities that “Will Be Carried Out”

		Some comments from the public and the Working Group have suggested that a number of different future scenarios be developed for the assessment of cumulative effects. The "Scenarios of Future Developments in Cumulative Effects Assessment: Approaches for the Mackenzie Gas Project" was referenced in a comment. This document was prepared by Greig and Duinker at the request of the Joint Review Panel to help address issues raised by intervenors of potential cumulative effects of future developments. The study states the following:

		"Cumulative effects (positive and negative) of many types clearly depend heavily on goverment preparedness and choices. Strategic environmental assessments, land use plans and systems of protected areas are instruments with which governments prepare themselves to manage such effects. Unlike some other jurisdictions, however, the Mackenzie Valley contains regions where some or all of these management instruments are absent." 

		In the assessment of the MacKenzie Gas Project, the “scenarios” assisted in the identification of physical activities that were likely to be carried out. A scenario analysis is not required for that purpose in order to assess the potential cumulative effects of the Project. In British Columbia, government agencies have issued various planning policy documents in order to guide development in the region. The scope of reasonably foreseeable projects and activities can be identified reliably.

		Previous Developments

		As required by Section 9.1 of the EIS Guidelines, in the EIS, the existing hydroelectric facilities on the Peace River, WAC Bennett Dam and Peace Canyon Dam, have been described. While this information may be relevant to the assessment of potential cumulative effects, the Minister of Environment of Canada and and the Executive Director of the EAO did not require this information for that purpose. Rather, as stated in Section 9.1:

		“An understanding of those facilities, of the environmental changes understood to have resulted from those facilities, and of the mitigation measures employed may provide information that could be used to better assess the potential effects of the Project and the feasibility of proposed mitigation measures … This narrative discussion should include historical data, where available and applicable, to assist interested parties to understand the potential effects of the Project and how they may be addressed.”

		Further Information on the Methodology for Assessing Cumulative Effects

		Some of the comments submitted by the public and the Working group ask for additional detail on the cumulative effects assessment methodology for each VC. Additional information is provided in the section below.

		Development of the Project Inclusion List for the Cumulative Effects Assessment 

		In order to develop a project inclusion list, the information sources identified in Section 8.5.3.2 of the EIS Guidelines were reviewed to identify other projects and activities located within the largest RAA to be taken into account in the Future Case without the Project and in the Project Case.

		To determine whether specific projects or activities identified from the information sources were to be taken into account in the cumulative effects assessment, project wide spatial and temporal criteria were developed (Table 10.5). Those criteria were used to develop a conservative list of candidate projects and activities found within the largest RAA.   

		Table  1 Screening Criteria Used to Identify Other Projects and Activities for Consideration in the Cumulative Effects Assessment (Table 10.6 in the EIS)



		Type of Overlap

		Excluded

		Included

		Spatial

		 Project or activity is outside the largest RAA. By using a conservatively large RAA, all potential cumulative effects for VCs were captured.

		 Project or activity is located in Alberta beyond 100 m of the Peace River high water mark or further downstream than Fort Vermilion (i.e., downstream of the RAA boundary of the Fish and Fish Habitat VC).

		 Project or activity is within the largest RAA.

		 Project or activity is located in Alberta within 100 m of Peace River high water mark and as far downstream as Fort Vermilion.

		Temporal

		 Project was in operation or activity was occurring prior to September 5, 2012; therefore, associated residual effects may be reflected in baseline case conditions.a

		 Project or activity is not reasonably foreseeable (i.e., not as likely to proceed as Site C Clean Energy Project).

		 Active projects in federal or provincial environmental assessment or other regulatory process.

		 Approved projects and activities that are:

		o not constructed

		o under construction or

		o constructed, but not operational

		 Project or activity is reasonably foreseeable (i.e., at least as likely to proceed as the Site C Clean Energy Project).

		NOTES:

		a Effects from potentially overlapping projects or activities that are recently operational may or may not be fully reflected in baseline conditions. Those projects and activities have been evaluated in the VC cumulative effects sections to determine whether they should be included in Baseline Case or the Future Case without the Project and the Project Case.

		Sections 10.5.2.3 through 10.5.2.10 of the EIS contain a detailed discussion of the process undertaken to review the information sources is set out in Section 8.5.3.2 of the EIS Guidelines to identify specific projects to be considered in the assessment of cumulative effects of the Project.

		A list of all other future foreseeable projects and activities considered in the assessment of the potential residual effects of the Project is provided in Volume 2 Section 10.5.3 Cumulative Effects Assessment, Table 10.7. That table is reproduced below. The locations of these other projects and activities are shown in Figure 10.3, Figure 10.4, Figure 10.5, and Figure 10.6 in the EIS.

		Table  2 List of other Projects and Activities for Consideration in the Cumulative Effects Assessments 



		Project Name

		Alliance Pipeline Sunrise Meter Station Relocation*

		Moberly River Pipeline Replacement Project*

		Babkirk Secure Landfill Project

		Montney Gas Play

		Cabin Gas Plant Project*

		Mount George Wind Park

		Carbon Creek Coal Mine

		Mt. Milligan GoldCopper Project (Town of Mackenzie Rail Loadout Facility Options)

		Dawson CreekChetwynd Area Transmission

		Murray River Coal Project

		Dawson Creek Processing Plant*

		Northern Gateway Pipeline Project

		Dokie Wind Project Phases I* and II

		Northern Rockies Secure Landfill*

		Dunvegan Hydroelectric Project

		Ojay Pipeline Project*

		Farrell Creek 88I South Gas Plant

		Provident Beatton River Replacement *

		Fort Nelson Processing Plant*

		Pacific Trail Pipeline Project

		Fortune Creek Gas

		Quality Wind Project

		Gething Coal Project

		Quintette Coal Project

		Giscome Quarry and Lime Project

		Rocky Creek Energy Project

		Groundbirch East Receipt Meter Station*

		Roman Coal Mine

		Groundbirch Mainline Project*

		Septimus Pipeline Project*

		Hackney Hills Wind Project

		Thunder Mountain Wind Project

		Heritage Secure Landfill Project

		Transmission North 2011 Pipeline Project*

		Hermann Mine Project

		Transmission North 2012 Pipeline Project

		Horizon Mine Coal Project

		Tumbler Ridge Wind Energy Project

		Horn River Basin Gas Play

		Wartenbe Wind Energy Project

		Komie North Extension Pipeline Project

		Wildmare Wind Energy Project

		McGregor/Herrick Hydroelectric Project

		Wolverine Secure Landfill Project

		Meikle Wind Energy Project

		*These projects have been in operation since 2010, 2011, or 2012, so residual effects on VCs may be reflected in baseline conditions. However, the determination of whether these projects were included in the baseline conditions or future case scenarios and the supporting rationale will vary for VCs, and is described in Sections 12 to 33.

		Administrative Plans

		City of Dawson Creek Official Community Plan (2009)

		North Peace Fringe Area Bylaw No. 1870 (2009)

		District of Chetwynd Official Community Plan Bylaw No. 919 (2010) and Amendments

		Peace River Regional District, Dawson Creek Rural Area Official Community Plan Bylaw No. 477 (1986)

		District of Hudson’s Hope Official Community Plan Amendment Bylaw No. 804 (2011)

		Peace River Regional District, Rural Area Official Community Plan Bylaw No. 1940 (2011)

		District of Mackenzie Official Community Plan and Amendments (1996  2010)

		Peace River Regional District, West Peace Official Community Plan Bylaw No. 1986 (1997)

		District of Taylor Official Community Plan Bylaw No. 509 (1995)

		Proposed Peace River - Boudreau Lake Protected Area

		District of Tumbler Ridge Official Community Plan Bylaw No. 498 (2005)

		South Peace Fringe Area Official Community Plan (2009  2012)

		Fort St. John Official Community Plan Bylaw No. 2076 (2011)

		Village of Pouce Coupe Official Community Plan Bylaw No. 930 (2010)

		Northern Rockies Regional Municipality, Fort Nelson, Official Community Plan

		Water Licences

		Crew Energy Oilfield Injection, Pine River, 25 km west of Septimus pipeline

		Refer to Figure 10.6 Forestry and Water Use Tenure Applications Considered in the Cumulative Effects Assessment 

		Tenure Applications

		Refer to Figure 10.5 British Columbia Land Tenure Applications Considered in the Cumulative Effects Assessment 

		Refer to Figure 10.6 Forestry and Water Use Tenure Applications Considered in the Cumulative Effects Assessment 

		Timber Harvesting

		Refer to Figure 10.6 Forestry and Water Use Tenure Applications Considered in the Cumulative Effects Assessment 

		Spatially Relevant Existing Waste Discharges

		Fort St. John’s treated sewage outfall 

		Spectra Gas Inc. refinery outfall in Taylor

		Peace River Regional District’s outfall

		Town of Peace River, Alberta treated sewage outfall

		To assess the potential cumulative effects on particular VCs, this list of projects and activities was reviewed to identify specific projects and activities to be taken into account. Details for each VC are provided below.

		The following steps were taken in the assessment of cumulative effects on a VC:



		 Projects and activities listed in section 10.5.2 in the EIS were identified for consideration in the assessment of cumulative effects based on whether they were located within the RAA specific for each VC.

		 Residual effects of these other projects and activities were estimated based on publicly available Project information (e.g., documentation, schedules, details and locations. Projects considered for each VC are appended to this Technical Memo. Projects listed in Volume 2, Table 10.7 as being in operation since 2010, 2011, and 2012 were reflected in baseline conditions.

		 Temporal and spatial overlap of residual effects was determined.

		Mitigation Measures for Cumulative Effects

		Section 8.5.3.3 of the EIS Guidelines requires BC Hydro to provide recommendations for possible regional approaches to mitigation where potential cumulative effects have been identified. This requirement reflects the fact that cumulative effects are a combination of residual effects of separate projects and activities. Those residual effects would arise after the application of mitigation by the separate proponents.

		As required, the EIS provides recommendations for possible regional approaches to mitigation. These mitigation measures involve government departments and third parties in independent and in collaborative initiatives. No mitigation has been proposed where no cumulative effects are predicted. 

		Characterization of Cumulative Effects

		As required by Section 8.5.3.3 of the EIS Guidelines, the potential cumulative effects of the Project have been characterized using the criteria set out in Table 8.3 of the EIS Guidelines. Specific criteria were developed for each VC and are described in each VC specific section of the EIS (Volume 2 sections 12 to 15, Volume 3 sections 16 to 27 and Volume 4 section 28 to 33). 

		The Potential Cumulative Effects of the Project

		In the EIS, the assessment of the potential cumulative effects of the Project on each VC are, along with the potential effects of the Project, described in separate sections. In addition, the potential cumulative effects of the Project are summarized in Volume 5, Section 37.3. 

		The results of the assessment of the potential cumulative effects of the Project on the VCs can be grouped into five categories. Each of these categories is discussed below.

		No Cumulative Effects because no Residual Adverse Effects

		The first category is for those VCs where the assessment demonstrates that the Project is unlikely to result in a residual adverse effect. The VCs in this category are: 

		1. Local Government

		2. Labour Market

		3. Regional Economic Development

		4. Forestry

		5. Oil, Gas and Energy

		6. Minerals and Aggregates

		7. Human Health

		In the absence of a residual effect, the Project would not result in a cumulative effect on these VCs. 

		Residual effects of Reasonably Foreseeable Projects and Activities Accounted for in the Baseline

		A second category is where the assessment of the potential effects of the Project on the VC was, in effect, an assessment of potential cumulative effects. For these VCs, the effects of other reasonably foreseeable projects were accounted for in the baseline of the effects assessment. For example, the potential effects of the Project on Population and Demographics were assessed taking into account the projections of population that were themselves derived taking into account changes in population that would result from reasonably foreseeable projects and activities. This made a separate cumulative effects assessment redundant. 

		The VCs which fall into this catgory are: 

		1. Population and Demographics

		2. Housing

		3. Community Infrastructure and Services

		4. Transportation

		For each of these VCs, the cumulative effects of other reasonably foreseeable projects was included in the effects assessment of the Project. 

		VCs with Residual Effects but No Cumulative Effects

		A third category includes those VCs where the assessment demonstrates that the Project is likely to result in residual adverse effects on the VC, but those residual effects are unlikely to overlap in time and space with the potential adverse effects of other reasonably foreseeable projects or activities. Consequently, for the VCs in this category, the Project is unlikely to result in a cumulative effect. Each of the VCs in this category are discussed below. 

		Fish and Fish Habitat  

		The assessment of the potential cumulative effects of the Project on Fish and Fish Habitat identified two projects within the RAA (Dunvegan and the Montney Gas Play) that might have residual effects within the LAA that overlap with residual effects of the Project on Fish and Fish Habitat. However, upon review of the potential effects of these projects, neither Dunvegan nor the Montney Gas Play are expected to have overlapping residual effects with the Project. Accordingly, no cumulative effects are anticipated.

		Agriculture

		The assessment of the potential cumulative effects of the Project on Agriculture concluded that no other reasonably foreseeably projects have any spatial overlap with the residual effects of the Project on Agriculture because none have residual effects on the agricultural land in the LAA. Further, while there is one land tenure within the LAA, this tenure is included within the effects assessment of the Project. Accordingly, there was no need to conduct any further assessment of cumulative effects.

		Navigation 

		The project results in a residual effect on waterbased navigation. There are no other waterbased projects within the RAA. Although the Project overlaps in time and space with recreational activities in the RAA, there is no adverse cumulative effect of these activities that would combine with the residual effects of the Project on waterbased navigation. 

		Heritage Resources

		The assessment of the potential cumulative effects of the Project on Heritage Resources identified no other reasonably foreseeable projects or activities that temporally or spatially overlap with the effects of the Project on Heritage Resources.

		VCs with Cumulative Effects Which Would Not be Significant

		A fourth category of VCs includes those where the Project is likely to result in cumulative effects on the VC, but the cumulative effects would not be significant. Each of the VCs in this category are discussed below. 

		Harvest of Fish and Wildlife Resources

		The assessment of the potential cumulative effects of the Project on Harvest of Fish and Wildlife Resources identified other reasonably foreseeable projects or activities expected to interact with harvest of fish and wildlife resources. Of those identified, the assessment found that some reasonably foreseeable projects within the RAA are expected to have similar effects on hunting opportunities as the Project. Since hunting would be displaced in the LAA due to the Project and other identified projects in the RAA would similarly displace hunting, the assessment concluded that access to public hunting would decrease overall, resulting in a cumulative residual adverse effect. The cumulative effects are not considered significant, however, as they are not expected to result in a reduction in bag limits. 

		Outdoor Recreation and Tourism

		The assessment of the potential cumulative effects of the Project on Outdoor Recreation and Tourism considered other reasonably foreseeable projects or activities that are expected to interact with outdoor recreation and tourism. These projects and activities included the Montney Gas Play, Applications for Land Act tenures, new oil and gas facilities, and forestry harvest plans and tenures, and population changes. No cumulative effects were identified.

		Current Use of Land and Resources for Traditional Purposes

		The assessment of the potential cumulative effects of the Project on Current Use of Lands and Resources for Traditional Purposes identified other reasonably foreseeable projects or activities that could have an effect on hunting and trapping because they may reduce habitats associated with ungulates, fur-bearers, grouse and migratory waterfowl. The potential effects of these projects and activities was considered, but no cumulative effects were identified. 

		The Project is likely to result in a cumulative effect on current use of lands and resources for other cultural and traditional purposes. This effect would arise in combination with the residual effect of a highway improvement project. The resulting cumulative effect of the Project would not be significant because the current use would not be permanently undermined and the practice can be readily reproduced elsewhere. 

		Visual Resources

		The assessment of the potential cumulative effects of the Project on Visual Resources considered other projects or activities that are expected to occur in the RAA during the potential construction and operations phases of the Project and interact with residual visual resource effects of the Project. Of these, the asssement found that the Montney Gas Play Project and land tenure applications are expected to affect visual resources in the RAA. The assessment concluded that the Project, together with other projects expected to occur in the RAA, is predicted to increase the amount of visible anthropogenic disturbances in relation to base conditions. Cumulative residual effects within the LAA would be identified as significant, if effects were rated as high magnitude, combined with long term in duration and continuous in frequency (see Section 27.4). Cumulative effects on visual resources are rated as not significant, as they do not meet this threshold.

		VCs with Significant Cumulative Effects

		The residual effects of the Project on two of the VCs, Vegetation and Ecological Communities and Wildlife Resources, are expected to be significant and, accordingly, those effects are also significant when considered in combination with the effects of other projects or activities. However, the effects on those VCs resulting from other projects and activities that have been or will be carried out are considered significant, even without the Project. 

		Increasing GHG emissions from the many sources globally and the resulting increase in GHG concentrations in the atmosphere, and the consequent changes to the global climate, are currently believed to be a significant cumulative environmental effect, even without the Project. While the Project’s contribution to a net change in global GHG emissions is relatively small and the environmental effect of the Project related GHG emissions (on its own) on global climate is not measurable, the cumulative effect is considered significant.

		Inclusion of Additional Projects in the Cumulative Effects Assessment 

		In a letter dated December 21, 2012, the Treaty 8 Tribal Association provided a transmittal with comments on the list of projects and activities on the Project Inclusion List, and included a list of projects and activities for consideration in the assessment of cumulative effects of the Project. BC Hydro reviewed the list suggested by the Treaty 8 Tribal Association, applied the criteria for identification of projects. By letter dated March 18, 2013, BC Hydro responded to the transmittal. In summary:  some of the projects suggested by the Treaty 8 Tribal Association were already on the Project Inclusion List; some of the projects were properly excluded from the Project Inclusion List; and four projects were added to the Project Inclusion List. Those projects are:  Sierra Yoyo Desan Road Upgrades, Horn River Mainline Loop (Kyklo Creek Section), Highway 2 and Highway 97N Improvements, Chetwynd Forest Industries Biomass Project. 

		The assessment of the potential cumulative effects of the Project on Fish and Fish Habitat, Vegetation and Ecological Communities, Wildlife Resources, Greenhouse Gases,  Current Use of Lands and Resources for Traditional Purposes, Agriculture, Harvest of Fish and Wildlife Resources, Outdoor Recreation and Tourism, Navigation, Visual Aesthetics, Population and Demographics, Housing, Community Infrastructure and Services, Transportation, and Heritage, has been reconsidered in view of these additional projects because at least one of these projects falls within the RAA of each of these VCs. Inclusion of these additional projects was not considered for those VCs with no residual effects. 

		A description of the 4 projects is provided below. 



		1. Sierra Yoyo Desan Road Upgrades Project

		The Province of British Columbia and Sierra Yoyo Desan (SYD) Road Limited Partnership signed a 16 year, $40 million partnership agreement in June 2004 to design and upgrade the SYD road, then to operate and maintain the road for a further 14 years (http://www.sydroad.com/about-the-project/general-information/). The SYD Road is a public resource road that is used, to access the oil and gas resources in the northeastern region of British Columbia. The SYD Road project footprint is located east of Fort Nelson. Project activities associated with road building are located in the Liard River watershed. The 188-km long SYD multi-user resource road provides the main access to over 27,000 square kilometres of oil, gas and forestry terrain. It also connects to the end of the 15 km Clarke Lake Road, which joins the Alaska Highway just south of Fort Nelson.

		Recently a contract was awarded for work on a section of the SYD Road, from KM 61 to KM 90. The existing road will be widened from approximately eight metres to 9.2 metres (http://www.fnnews.ca/2013/01/02/additional-work-awarded-along-sierra-yoyo-desan-road-corridor-fort-nelson/). Work was to  begin in January 2013, with completion in October 2014. In addition, Ledcor Highway Maintenance Ltd is conducting upgrades on the SYD Road between km 90 and 121 (posted construction schedule dated March 1-8 2013). According to the project reference map, there are seven river crossings on the SYD Road (http://www.sydroad.com/about-the-project/general-information/map_lg/).

		During construction and maintenance it is assumed that standard best management practices (BMP) established by provincial agencies would be implemented to mitigate potential fish and fish habitat effects, such as Ministry of Environment (http://www.env.gov.bc.ca/wld/BMP/bmpintro.html#second) and Ministry of Transportation (http://www.th.gov.bc.ca/publications/eng_publications/environment/bestpractice.htm). 

		2. Horn River Mainline Loop (Kyklo Creek Section) Project

		On 29 April 2011, NGTL, applied to the National Energy board (NEB), pursuant to the NEB Act for a Certificate to construct and operate the Horn River Mainline Loop (Kyklo Creek Section) Project. The Project is a proposed expansion of NGTL’s existing Alberta System in Alberta and British Columbia. NGTL’s Alberta System consists of approximately 24,000 km of natural gas pipeline within Alberta and British Columbia. 

		The Project includes the construction and operation of three gas pipeline loops totalling 111.2 km of new pipeline. The pipeline loops would be contiguous (alongside) to existing rights-of-way (RoW) and other linear disturbances for approximately 103.8 km. The Project would require a minimum 32 m-wide construction RoW for its entire length. One component of the Horn River Mainline Loop Project is the Kyklo Creek section. This pipeline route is located approximately 100 km east of Fort Nelson, British Columbia and is required to meet customer demand to transport sweet natural gas from the Horn River area in northeast British Columbia.

		NGTL received project approval from the NEB in February 2012 for the Kyklo Creek section. Construction was scheduled to start November 2012 and the pipeline would be in-service April 2013. (http://www.transcanada.com/5518.html). Other portions of the Horn River Mainline Loop Project (Komie North Section) are still under review. Project maps can be found at this website https://www.neb-one.gc.ca/ll-eng/livelink.exe/fetch/2000/90464/90550/554112/590465/601085/614026/600585/B-01-4_-_NGTL_Horn_River_Project_-_Section_1_Project_Overview_-_A1R8A0_.pdf?nodeid=600586&vernum=0&redirect=3. 

		3. Highway 2 and 29N Improvements Projects

		The Province is investing almost $4 million this year to prepare seven initial projects for construction along Highway 2 and 29N routes. The projects will improve safety and build capacity, and include the construction of passing lanes and the widening of the highway to four lanes (http://www2.news.gov.bc.ca/news_releases_2009-2013/2011TRAN0056-000919.htm).

		The projects under development include:

		 Highway 2: widen to four lanes (3.3 km) from Tupper Creek to Rusheinski Rd

		 Highway 2: widen Tupper Creek Bridge and 4-Mile Culvert to four lanes

		 Highway 2: widen to four lanes (1.8 km) from 1st St. to 8th St. in Dawson Creek

		 Highway 2: widen to four lanes (3 km) from Rolla Rd. to 1st St.

		 Highway 2: Blockline southbound passing lane and intersection improvements

		 Highway 97: widen to four lanes (2 km) at the bottom of the South Taylor Hill

		 Highway 97: construct northbound passing lane at Farmington Fairways

		Engineering is underway for all projects. Projects will be tendered as design work is completed. Project construction areas are shown at (http://www.flickr.com/photos/tranbc/5974017083/in/set-72157627277789434).

		The Highway 97 widening at the South Taylor Hill is located on a portion of the highway south of the Peace River mainstem. This project will widen Highway 97 at the base of South Taylor Hill to four lanes, south from Taylor Bridge for two kilometres. Improvements will be made to the intersections of Big Bam and Johnson Roads, and a larger truck chain-up area will be built to ensure truckers have a safe place to put on chains in the winter months. The slopes above the highway will also be contoured to enhance slope stability (http://www.newsroom.gov.bc.ca/2013/03/major-investments-to-improve-highway-97-at-south-taylor-hill.html). The project will go to tender in fall 2013, with construction starting in spring 2014 and scheduled for completion by fall 2015.

		Based on available project figures, the South Taylor Hill widening is located more than 100 metres from the Peace River. It is anticipated that standard best management practices (BMP) established by the Ministry of Transportation would be implemented (http://www.th.gov.bc.ca/publications/eng_publications/environment/bestpractice.htm). 

		4. Chetwynd Forest Industries Biomass Project

		On May 2, 2012, Pratt & Whitney Power Systems was awarded a contract to deliver a 13 MW biomass heat recovery power plant for West Fraser Timber Company in British Columbia, Canada. The state-of-the-art power plant will provide clean, carbon-neutral power to the company’s Chetwynd Forest Industries plant utilizing two Turboden 65 HRS Organic Rankine Cycle (ORC) turbogenerators. The installation of the ORC unit at West Fraser’s Chetwynd facility is a part of efforts to improve operational efficiency.

		West Fraser was selected by BC Hydro under the BC Hydro Bioenergy Phase II Call for Power program for two of their sites totaling 180 GWh/year from wood biomass. Through this program, BC Hydro awarded 20-year electricity purchase agreements to West Fraser. Two Turboden 65 HRS systems will be delivered to West Fraser by the end of 2013, with installation and commissioning expected in 2014. Commercial operation is planned by the second quarter of 2014 (http://www.canadianbiomassmagazine.ca/content/view/3329/57/). The plant will be built on an existing industrial property. 

		Reconsideration of the Cumulative Effects Assessment

		A summary of the revised cumulative effects assessment after reconsideration of these 4 projects is provided in Table 3.

		The cumulative effects of the Project consider the net emissions from the Project in the context of provincial and national emissions. The additional projects to be considered in the cumulative effects assessment would not change the context of provincial and national emission inventories identified in section 15.5.1 of the EIS, and would therefore not change the determination of significance of residual cumulative effects.



		The population effects of other projects were included in the BC Stats population forecast, and it was adopted as the baseline. Otherwise, no cumulative effects analyses were completed for this section. The “new” projects do not change the consideration of cumulative effects.

		The residual effect on health and social services in Community Services and Infrastructure is accounted for in the population forecast so the cumulative effect is embedded in the effects assessment for the project. Therefore, no cumulative effects re-analysis was undertaken.

		Table 3.  Summary of Revised Cumulative Effects Assessment 



		Valued Component

		Sierra Yoyo Desan Road Upgrades 

		Highway 2/97N Improvements

		Horn River Mainline Loop

		Chetwynd Forest Industries Biomass Project 

		Reconsideration of Cumulative Effects Assessment Required 

		Fish and Fish Habitat

		Project lies outside the RAA; no overlap in space

		Project lies within the RAA; no residual effects expected

		Project lies outside the RAA; no overlap in space

		Project lies outside the RAA

		Not required

		Vegetation and Ecological Communities

		Project lies outside the RAA; no overlap in space 

		Project lies within the RAA; residual effects expected

		Project lies outside the RAA; no overlap in space 

		Project lies within the RAA; but it lies within the existing footprint and no residual effects expected

		Project is already expected to contribute to residual adverse effects on vegetation and ecological communities.

		Inclusion of these projects does not change the cumulative effects assessment 

		Wildlife Resources

		Project lies outside the RAA; no overlap in space 

		Project lies within the RAA; residual effects expected

		Project lies outside the RAA; no overlap in space 

		Project lies within the RAA; but it lies within the existing footprint and no residual effects expected

		Project is already expected to contribute to residual adverse effects on Wildlife Resources.

		Inclusion of these projects does not change the cumulative effects assessment 

		Current Use of Lands and Resources for Traditional Purposes

		Project lies outside the RAA; no overlap in space

		Project lies within the RAA; residual effects expected

		Project lies outside the RAA; no overlap in space

		Project lies within the RAA; but it lies within the existing footprint and no residual effects expected

		Cumulative effect is likely but would not be significant

		Agriculture

		Project lies outside the RAA; no overlap in space 

		Project lies outside the RAA; no overlap in space 

		Project lies outside the RAA; no overlap in space 

		Project lies outside the RAA; no overlap in space 

		Not required

		Harvest of Fish and Wildlife Resources

		Project lies outside the RAA

		Project lies within the RAA and LAA; not expected to result in adverse residual cumulative effects on harvest of fish and wildlife resources as the Highway improvements will be completed at the time of the Site C construction 

		Project lies outside the RAA

		Project lies within the RAA; expected affect access to public hunting areas in the LAA

		Project is already expected to contribute to residual adverse effects on hunting displacement  from the LAA as a result of the Project.

		Inclusion of these projects does not change the cumulative effects assessment 

		Outdoor Recreation and Tourism

		Project lies outside the RAA

		Project lies within the RAA; may result in increased access in the LAA that may benefit outdoor recreation and tourism, not expected to result in adverse residual effects on outdoor recreation and tourism as the Highway improvements will be completed at the time of the Site C construction.

		Project lies outside the RAA

		Project lies within the RAA; not expected to result in residual adverse effects on outdoor recreation infrastructure

		Not required

		Navigation

		Project lies outside the RAA

		Project lies outside the RAA

		Project lies outside the RAA

		Project lies outside the RAA

		Not required

		Visual Aesthetics

		Project lies outside the RAA

		Project lies outside the RAA

		Project lies outside the RAA

		Project lies outside the RAA

		Not required

		Transportation

		Project lies outside the RAA

		Project lies within the RAA and LAA; not expected to result in adverse residual cumulative effects on transportation as the Project use of the road segment will be primarily limited to passenger vehicles in Project years 0 and 1 and based on demand, BC Hydro proposes to provide workforce shuttles for workers commuting from local communities.

		Project lies outside the RAA

		Project lies within the RAA; not expected to result in residual adverse effects on transportation as long-term industrial growth trends were included in the base case traffic projections.

		Project is already expected to contribute to residual adverse effects on traffic delays and road safety in the LAA. Inclusion of these projects does not change the cumulative effects assessment  

		Heritage 

		Project lies outside the RAA

		Project lies outside the RAA

		Project lies outside the RAA

		Project lies outside the RAA

		Not required

		 Response to Peace Valley Environmental Association Standard Letters

		 Response to Sierra Club and Yellowstone to Yukon Conservation Initiative (Y2Y) Standard Letters
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Subject: Dam Safety 


1. Purpose 
This technical memo addresses comments and information requests made with respect to dam safety 
by the public and working group members during the comment period on the EIS. The technical memo 
is divided into the following sections: 


• Section 2 lists the Sections of the EIS that relate to the safety of the reservoir retaining structures of 
the proposed Project  


• Section 3 summarizes how dam safety is regulated under the British Columbia Water Act  


• Section 4 summarizes BC Hydro’s dam safety program that would apply to the Project 


• Section 5 summarizes the geology of the dam site for the Project  


• Section 6 provides information on the two existing BC Hydro dams upstream of the Project, 
including the two sinkholes that occurred at W.A.C. Bennett Dam and their remediation  


• Section 7 discusses requirements for the analysis of potential cascading dam failures  


• Section 8 discusses the requirements and procedures for notification in the event of a dam safety 
incident.  


2. Environmental Impact Statement 


The Environmental Impact Statement (EIS) provides the information required by the EIS Guidelines. 
The following sections of the EIS relate to the safety of the proposed Site C dam: 


• Section 3 (Project Overview)  


o For the design of large-scale hydroelectric projects such as the Project, it is typical industry 
practice to retain external advisory review boards to provide independent due diligence, 
opinions, and advice on the technical aspects of the project design. The Project has an 
established international Technical Advisory Board that has provided technical advice on the 
project engineering and design. The members of the Site C Technical Advisory Board are 
globally recognized for their technical knowledge and experience with the design of 
hydroelectric projects around the world (Section 3.1.2 page 3-2). 


• Section 4 (Project Description):  


o The earthfill dam, RCC buttress, power intakes, spillway headworks and associated training 
walls, which would impound the reservoir, would be designed and constructed to international 
and Canadian standards1 to withstand normal loads as well as loads resulting from extreme 
floods and earthquakes (Section 4.3.1 page 4-9).  


o BC Hydro has adopted the highest Canadian Dam Association (CDA) dam classification for the 
Project. As a result the highest inflow design flood and earthquake design ground motion 
recommended by the CDA have been used for the design of the dam (Section 4.3.1 page 4-9). 


                                                 
1  There are no formal Canadian Standards for dam engineering, standards in this context means standard of 


care, guidelines and norms of good practice. 
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o An earthfill dam has been identified as the best dam type for the foundation conditions at Site C. 
The design of the earthfill dam is conventional and there are many precedents around the world 
(Section 4.3.1 pages 4-9 and 4-10).  


o The RCC buttress would support the south wall of the valley and provide an abutment for the 
earthfill dam and the foundation for the generating station and spillways (Section 4.3.1 page 4-
9) 


o The free overflow auxiliary spillway would provide additional spill capacity in the unlikely event 
that some of the spillway gates become inoperable during an emergency (Section 4.3.1 page 4-
18) 


o The Project would be operated, managed, and maintained in accordance with Canadian and 
international dam safety practices (Section 4.5.1 page 4-63) 


o Operation, Maintenance, and Surveillance Manuals would be prepared for the cofferdams and 
the permanent reservoir retaining structures and associated equipment. Operation, 
Maintenance, and Surveillance Manuals would follow the CDA Dam Safety Guidelines and 
comply with the British Columbia Dam Safety Regulation2 (Section 4.5.1 page 4-64) 


o Emergency Preparedness Plans would be prepared for the cofferdams and the permanent 
reservoir retaining structures. Emergency Preparedness Plans would follow the CDA Dam 
Safety Guidelines and comply with the B.C. Dam Safety Regulations (Section 4.5.1 page 4-65) 


o British Columbia is one of four provinces in Canada with a formal dam safety program. There 
are approximately 1,900 dams in the province, including some of the largest structures in 
Canada. These dams are regulated under the British Columbia Dam Safety Regulation, with 
oversight by the Dam Safety Program, B.C. Ministry of Forests, Lands and Natural Resource 
Operations. The Dam Safety Section, under the Comptroller of Water Rights, is responsible for 
administration of the provincial dam safety program and regulation of major dams (9 m or 
higher) throughout the province. BC Hydro’s Dam Safety Program complies with the British 
Columbia Dam Safety Regulation. Dam safety management of the Project would be undertaken 
as part of BC Hydro’s Dam Safety Program and would comply with the British Columbia Dam 
Safety Regulation (Section 4.5.1 page 4-64). 


• Section 11.2 (Geology, Terrain and Soils) describes: 


o Regional seismicity (Section 11.2.5.1 pages 11-42 to 11-43) 


o Site specific seismic hazard assessments (Section 11.2.5.2 pages 11-44 to 11-48) 


o Potential for seismicity induced by reservoir filling (Section 11.2.5.3 pages 11-48 to 11-49) 


o Potential for seismic seiches and tsunamis (Section 11.2.5.4 pages 11-49 to 11-51) 


o Understanding of how petroleum industry-related activities may affect seismicity (Section 
11.2.5.5 pages 11-51 to 11-52) 


• Section 37.1 (Effects of the Environment on the Project) describes the ability of the dam, generating 
station and spillways to withstand extreme weather, earthquakes and floods: 


o The freeboard provided on the earthfill dam is greater than recommended by the CDA Dam 
Safety Guidelines for wind effects as it is governed by other factors (Section 37.1.3 pages 37-4 
to 37-6). 


                                                 
2  B.C. Reg. 44/2000, O.C. 131/2000. 
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o Permanent drainage and erosion control measures would be designed for the 200 year return 
period rainfall (Section 37.1.3 pages 37-6 to 37-7) 


o The thickness of the material covering the impervious core of the earthfill dam is sufficient to 
prevent freezing of the core in winter (Section 37.1.3 pages 37-7 to 37-8) 


o The downstream face of the spillway gates would be provided with an insulated enclosure, 
heaters would be provided to prevent ice buildup and all other flow control equipment would be 
housed in heated enclosures or provided with heaters to maintain required operability during the 
winter (Section 37.1.3 pages 37-7 to 37-8) 


o Lessons learned from some major earthquakes are described. The lessons learned from the 
performance of dams during major earthquakes have been incorporated into the practices of 
modern dam engineering. The design of the dam, generating station, and spillways for the 
Project has been done in accordance with this practice (Section 37.1.6.1.1 pages 37-10 to 
37-12) 


o The seismic performance requirements for the dam, generating station and spillway are 
described for a range of ground motions up to the 1/10,0003 earthquake design ground motion 
(Section 37.1.8.1.1 page 37-13) 


o The performance of the earthfill dam is described for a range of earthquake ground motions up 
to the 1/10,000 earthquake design ground motion and the expected movements much smaller 
than the earthfill dam would be able to accommodate (Section 37.1.8.1.2 pages 37-14 to 37-16) 


o If a seiche was caused by the earthquake design ground motions, the combined seiche and 
crest settlement would be 0.5 m compared to the earthfill dam freeboard of 7.6 m therefore the 
dam could not be overtopped (Section 37.1.8.1.2 page 37-16) 


o The performance of the RCC buttress is described for a range of earthquake ground motions up 
to the 1/10,000 earthquake design ground motion. Movements and cracking during the 
earthquake design ground motion would not impair the ability of the RCC buttress to retain the 
reservoir (Section 37.1.8.1.4 pages 37-17 to 37-19) 


o While the reservoir retaining structures would safely retain the reservoir after the maximum 
design earthquake, it is possible that some or all of the generating units and spillway gates 
would not be operational for a period. With none of the generating units and spillway gates 
operational, the Project could pass a total flow of 4,000 m3/s through the auxiliary spillway and 
by overtopping of the spillway gates with the reservoir at the maximum flood level. This total 
flow is equivalent to the Peace Canyon dam with all four units operating at full capacity plus the 
20 return period flood from the Site C local catchment (Section 37.1.8.1.5 page 37-20) 


o The requirements for post-earthquake monitoring are described (Section 37.1.8.1.6 page 37-20) 


o The capability of the diversion works to pass floods is described (Section 37.1.10 pages 37-21 
to 37-24) 


o The derivation of the extreme inflow design flood used for the design of the spillways is 
described (Section 37.1.11 pages 37-25 to 37-41) 


o The Stage 2 upstream cofferdam and the earthfill dam would have sufficient freeboard to 
prevent overtopping by a landslide generated wave (Section 37.1.12.3 pages 37-44 to 37-45) 


                                                 
3  An event with an annual exceedance frequency of 1/10,000 has an average return period of 10,000 years and 


has a 1% probability of occurring in a 100-year period. 
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o Measures that could be undertaken to enable the Project to pass floods greater than the inflow 
design flood should floods increase due to climate change are identified (Section 37.1.13.2 
pages 37-46 to 37-47).  


3. WATER ACT 
In British Columbia, the operation of dams and the liability of dam owners for damage caused by the 
construction, operation or failure of their dam is governed under the Water Act4. The British Columbia 
Dam Safety Regulation applies to all owners of licensed dams5.  


Under the Water Act, dam owners are responsible for: 


• obtaining a water licence and complying with its terms and conditions  


• maintaining historical records of all observations, inspections, maintenance items, instrumentation 
readings, etc. 


The objective of the Dam Safety Regulation is to mitigate loss of life and damage to property and the 
environment from a dam breach by requiring dam owners to inspect their dams, undertake proper 
maintenance, report incidents and take remedial action and ensure that the dams meet current 
engineering standards. The Comptroller of Water Rights instituted the Provincial Dam Safety Program 
in 1967. The program's goal is to set design, construction, maintenance, and surveillance standards, 
and assist dam owners in meeting these standards6. 


The regulation of licensed dams is carried out by staff of the Ministry of Forests, Lands and Natural 
Resource Operations. 


BC Hydro will have to obtain a water licence for the Project. It is anticipated that the conditions of the 
water licence will include submission to the Engineer as designated under the Water Act of the 
following7: 


• plans that show the general arrangement of the works 


• criteria for the design of the works 


• criteria for the operation of the works 


• a schedule for the construction of the works 


• an environmental management plan (EMP) for the management and mitigation of construction 
impacts 


BC Hydro will not be able to proceed with the construction of any phase of the works covered by the 
Water Licence until after the Engineer designated under the Water Act has granted leave to commence 
construction for that phase of the works.  


                                                 
4  R.S.B.C. 1996, c. 483. 
5  http://www.env.gov.bc.ca/wsd/public_safety/dam_safety/ 21 March 2013.  
6  Information Sheet - Application of the Dam Safety Regulation. 


http://www.env.gov.bc.ca/wsd/public_safety/dam_safety/cabinet/2011-info_sheet_ds_reg-4-23-2012.pdf 
accessed 21 March 2013.  


7  Appendix G, Guide for Waterpower Projects, Scope of Information and Reports by the Independent Engineer 
http://www.env.gov.bc.ca/wsd/water_rights/waterpower/cabinet/appendix_g.pdf accessed 21 March 2013.  



http://www.env.gov.bc.ca/wsd/public_safety/dam_safety/�
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BC Hydro will not be able to commence commercial operation of the Project until after the Engineer 
under the Water Act has granted leave to commence operation.  


4. BC Hydro Dam Safety Program  


4.1 Overview 
BC Hydro is committed to integrating safety in all it does. BC Hydro conducts its operations to minimize 
the chance of injury to employees, contractors and the public. 


The objective of the dam safety program at BC Hydro is to manage the safety of all physical natural 
features and structures necessary to retain the reservoirs and control the passage of all flows through, 
around and beyond its dams, to ensure the integrity of the dam and to avoid any uncontrolled release of 
water. 


The dam safety department at BC Hydro, which currently has 34 professional and technical staff is 
responsible for:  


• Surveillance  


• Regulatory Requirements  


• Investigations  


• Risk Analysis & Prioritization  


• Project Initiation & Technical Oversight  


• Liaison with other dam owners 


Dam safety encompasses all aspects of the safe retention and passage of water including:  


• All water retention structures, which for the Project are the Stage 2 upstream cofferdam during 
construction; and the earthfill dam, RCC buttress, power intakes, spillway headworks and 
associated training walls during operation 


• All water conveyance structures, which for the Project are diversion tunnels during construction; 
and the approach channel, penstocks and spillways during operations 


• All points of flow control up to the turbine, which for the Project are the intake gates 


BC Hydro reports annually to the Comptroller of Water Rights on the safety of its dams 


Dam safety management of the Project would be undertaken as part of BC Hydro’s Dam Safety 
Program and would comply with the British Columbia Dam Safety Regulation 


4.2 BC Hydro’s Approach to Dam Safety Risk Management 
Though ageing and normal wear and tear present challenges, and unanticipated challenges can 
emerge, BC Hydro’s aim is to manage its whole fleet of dams, so that there is no significant 
deterioration in the risk position. To exclude risk altogether is impossible, for this or for any other 
significant hazard.  


BC Hydro’s method is to keep the condition of the dams and the risks they present under constant 
review within the requirements of the British Columbia Dam Safety Regulation, and to identify and 
measure, so far as possible, any unanticipated challenges, and to make any necessary improvements 
and repairs as soon as it is practicable.  
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Whenever it is possible to make improvements or necessary to take remedial measures, BC Hydro first 
refers to international and Canadian best practices, seeking to achieve as large an incremental 
increase in safety as possible, and at the very minimum, not to accept any reduction in the level of 
safety.  


This approach involves constant monitoring and estimation of risks and threats, taking advantage of 
lessons learned worldwide. It requires an ongoing program of review, with improvements, and remedial 
actions where necessary prioritized according to: 
a) the size and significance of the added safety that can be achieved, in relation to the cost  
b) the degree of urgency 


while recognizing the need to ensure the application of the best possible expertise. 


4.3 BC Hydro Dam Safety Governance 
The day-to-day dam safety activities and the management of annual or multi-year dam safety programs 
and projects that are the responsibility of the BC Hydro’s Director of Dam Safety who:  


• Reports to the Executive Vice-President of Generation at BC Hydro 


• Communicates directly with: 


o the BC Hydro Board of Directors through a Board representative for dam safety 


o the Comptroller of Water Rights 


o National and international technical committees 


o Expert technical panels and advisory boards 


4.4 British Columbia Dam Safety Regulation 
The British Columbia Dam Safety Regulation applies to all BC Hydro dams. BC Hydro meets the 
requirements of that regulation as described below.  


4.4.1 Operation, Maintenance and Surveillance  
A consequence category is determined for all dams by the Provincial Dam Safety Officer assigned by 
the BC Comptroller of Water Rights (CWR). Each dam is operated in accordance with the Operation, 
Maintenance and Surveillance Manual for Dam Safety (OMS Manual), which incorporates all 
requirements (related only to dam safety) of the Dam Safety Regulation, Water License, emergency 
plan and any other applicable license, approval or order made under the Water Act. If necessary to 
meet a new order or approval related to dam safety, a revision or appendix to the OMS Manual is 
issued. 


For each dam the OMS Manual is submitted for acceptance by the Provincial Dam Safety Officer. The 
OMS Manual is reviewed during Dam Safety Reviews and annually by the Dam Safety Engineer. The 
status of OMS Manuals is reported in the annual compliance report for the dam; nonconformances are 
tracked in the Dam Safety Database. 


Generation Emergency Plans (GEPs) are prepared which outline internal emergency response 
procedures. Emergency Planning Guides (EPGs) are issued to external response agencies where 
communities would be affected by dam failure.  


Security from unauthorized operation is the responsibility of the Generation plants and is addressed by 
operating orders. 
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4.4.2 Inspections and Tests 
“Site surveillance” is conducted which consists of documented visual inspections and gate testing. 
Instrumentation monitoring and equipment testing are also detailed in the OMS Manuals. 


Site surveillance includes:  


• Routine visual inspections for: general conditions, depressions, cracking, seepage, and anything 
unusual or changed from the previous inspection 


• Special inspections after: landslides, earthquake, high winds, spillway discharges, floods or other as 
specified in the OMS Manual 


• Automatic and manual monitoring of instrumentation measuring: water levels and pressures, flows, 
turbidity, temperature, settlement and movements 


Beyond the requirements of the British Columbia Dam Safety Regulation, BC Hydro surveillance is 
carried out with due consideration of consequences of failure, potential failure modes, and key 
performance indicators. Surveillance includes: 


• Analysis of changes in performance, deviation of expected performance, and conditions that might 
threaten dam safety 


• Tracking compliance of reservoir operations and adequacy of maintenance with dam safety 
requirements 


• Adequate quality assurance to maintain the integrity of data, inspection information, dam safety 
recommendations, training, and response to unusual conditions 


• Comparison of actual performance with design expectations 


Any “safety hazards” revealed by inspection are reported to the Director, Dam Safety, and entered in a 
database for follow-up and action. These are termed “actual deficiencies” or “potential deficiencies” in 
BC Hydro’s dam safety management system. 


4.4.3 Reporting 
All dam safety and surveillance records are kept permanently in the BC Hydro records system and are 
available on request by the Provincial Dam Safety Officer. An annual compliance report is submitted to 
the CWR summarizing inspections and performance of the dam during the year. Any significant 
performance issues that arise during the year are promptly reported to the CWR. 


All new design and construction documents, dam safety and surveillance records are kept permanently 
as BC Hydro records, along with available historic design and construction records.  


4.4.4 Dam Safety Review and Report 
Dam Safety Reviews are carried out for all BC Hydro dams within the intervals required by legislation, 
or more frequently. The Dam Safety Review Schedule is reviewed and updated annually by the 
Director, Dam Safety, as part of the annual management plan. The Dam Safety Review report, 
prepared by a qualified and experienced professional engineer, is submitted by the Director, Dam 
Safety, to the CWR as requested. 


The schedule for Dam Safety reviews for the upstream dams are 7-10 years for Peace Canyon dam 
(Very High Classification) and 5-7 years for WAC Bennett dam (Extreme classification). Peace Canyon 
Dam was last reviewed in 2008 and is next scheduled to be reviewed in 2016. WAC Bennett Dam was 
last reviewed in 2012 and is next scheduled to be reviewed in 2017. 
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Dam Safety Reviews are carried out by independent external engineers with a minimum of 25 years 
experience in the design, construction, performance evaluation and operation of dams. 


BC Hydro has adopted the extreme level of classification for the proposed Site C dam and the schedule 
for dam safety reviews would be 5-7 years. 


4.4.5 Hazardous Conditions at a Dam 
Potentially hazardous conditions are tracked as potential or actual deficiencies in the Dam Safety 
Database on BC Hydro’s intranet. 


The Emergency Plans (GEPs and EPGs) are intended to prepare BC Hydro adequately to respond to 
hazardous conditions as required in the British Columbia Dam Safety Regulation. The Notification 
Charts include the designated contacts at the CWR and Provincial Emergency Program offices. In 
order to promptly warn persons in immediate danger, the Emergency Plans rely on a fan-out approach 
by contacting responsible downstream response agencies. See Section 8 of this Technical Memo.  


4.4.6 Information and Evaluation 
All dam safety and surveillance records are kept permanently in the BC Hydro records system. Records 
include: files of Director, Dam Safety; Generation records management system for drawings, reports, 
correspondence, and controlled documents; Dam Smart database for surveillance instrumentation data. 


Copies of annual surveillance reports, and performance investigation reports are available to the Dam 
Safety Officer. 


4.4.7 Instrumentation 
The instrumentation plan is outlined in the OMS Manual for a dam. The OMS Manual is a controlled 
document in the records management system; a set of all instrumentation tables from the OMS 
Manuals is included in the annual Instrumentation Plan provided to the CWR’s office. 


Dam safety instrumentation of 79 dams in the BC Hydro system currently includes more than 


• 3000 piezometers measuring water levels in slopes, dams and foundations 


• 1950 flow measurement devices 


• 4800 movement measurement devices including survey points 


• 130 reservoir elevation measurement devices 


• 190 weather measurement devices (rainfall, air temperature, snow depth, wind speed, etc.) 


• 2700 miscellaneous devices, primarily consisting of groundwater temperatures; load cells, turbidity, 
and seismographs 


The design of the Project will include a comprehensive instrumentation system to measure the 
performance of the reservoir retaining structures. 


4.4.8 Expert opinion 
Experts are retained to provide advice for significant dam safety issues. The Director of Dam Safety, 
coordinates selection and communication with the experts, and the reporting to the CWR. Levels of 
review include the following: 


• Advisory Council provides highest level of review, at the level of corporate policy. 
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• Advisory Boards provide overall confirmation of project objectives and approach. 


• Technical Advisory Boards provide independent technical reviews and opinions. 


• Expert Engineering Panels provide technical working-level engineering studies and review. 


Specialist consultants provide specific technical working-level expertise. The history of dam safety 
incidents and external technical review boards at WAC Bennett dam is discussed in Section 6 of this 
Technical Memo.  


5. Dam Site Geology 


5.1 EIS Requirements 
Section 11.2 of the EIS describes the geology, terrain stability, and geotechnical soil conditions within 
the Project activity zone. Both current conditions and potential changes as a result of the proposed 
project activities are described.  


Details of the geology, terrain stability, and geotechnical analyses are presented in supplementary 
technical data reports that are contained in Volume 2 Appendix B Geology, Terrain Stability and Soil 
Reports. Volume 2 Appendix B, Part 1 Terrain Stability Mapping describes the results of terrain stability 
mapping within the Project activity zone, and the potential changes to terrain stability resulting from 
activities such as removal of vegetation and access road construction. Volume 2 Appendix B, Part 2 
Preliminary Reservoir Impact Lines describes the bedrock and surficial geology within the proposed 
reservoir shoreline technical study area in greater detail. Predicted changes to erosion and slope 
stability as a result of the creation and operation of the proposed reservoir are described. Reservoir 
impact lines delineating zones of potential flood, erosion, landslide, and landslide generated wave 
hazards are provided. 


Section 11.2 describes the following which are pertinent to the dam site geology: 


• Physiography and topography (Section 11.2.1) 


• Regional bedrock geology (Section 11.2.2.1)  


• Regional glacial history (Section 11.2.2.2)  


• Regional surficial geology and terrain stability (Section 11.2.2.3)  


• Dam site geology (Section 11.2.2.4).  


As described in Section 11.2.2.4 of the EIS, bedrock reaches elevation 470 m on the north bank and 
elevation 455 on the south bank at the dam site. As described in Section 4.3 of the EIS, the dam, 
generating station and spillways would be founded on bedrock. 


5.2 Additional Information Provided in Response to Comments  
Although the following information was not required by the EIS Guidelines to be incorporated into the 
EIS, it is provided in response to comments on the EIS related to dam safety.  


Extensive site investigations have been undertaken over several periods commencing in 1975. The 
investigations undertaken to date within the dam site area (EIS Figure 4.36) and immediately to the 
south of that area to determine the dam site geology include:  


• 211 diamond drill holes with a total length of over 13,600 m 
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• 30 large diameter (0.9 m) drill holes (LDH) with a total length of 1810 m 


• 202 percussion drill holes with a total length of over 3440 m 


• 271 rotary holes with a total length of over 18,180 m 


• 10 sonic drill holes with a total length of over 610 m 


• 5 exploratory adits (tunnels) with a combined length of 950 m 


• 268 test pits with a total depth of 1230 m 


• 12 exploratory trenches with a total length of 1220 m 


• 29 seismic lines with a total length of over 13,000 m 


Geological mapping of bedrock was performed on natural bedrock exposures and on bedrock exposed 
in the exploratory trenches, 0.9 m diameter LDH and the adits. The LDH were large enough for 
personnel to be lowered down the hole for bedrock mapping and extract 150 mm diameter core 
samples. The adits were large enough for personnel to enter for in-situ rock mechanics testing as well 
as geologic mapping and bedrock sampling.  


As described in Section 11.2.2.4 of the EIS, rock exposed at the site is part of the Shaftesbury 
Formation and consists of weak to medium strong, flaky to fissile, silty shale interbedded with siltstone, 
sandstone, and shale. Based on the laboratory and in-situ testing the following parameters are being 
used for the design: 


• Compressive strength of the rock varying from 6 MPa (upper shale units) to 12 MPa (lower shale 
units) 


• Shear strength of intact shale 250 kPa cohesion and friction angle 45° cross bedding and 250 kPa 
cohesion and friction angle 35° parallel to bedding 


• The permeability of the rock mass at Site C is low, in the range of 10-8 to 10-9 m/sec, except for 
near-surface relaxed or decompressed zones where the permeability is greater, from 10-6 to 10-7 
m/sec 


Localized joints and other defects in the rock may have greater permeability than the rock mass. 
Exposed joints in the foundations and in the vicinity of the structure will be treated by a variety of 
methods including grouting.  


A number of methods have been used to assess the rock modulus values at the dam site including 
plate load, Menard pressuremeter, Goodman Jack, USBM biaxial overcoring, seismic tests and from 
test chamber back analyses. The following deformation moduli are being used primarily based on the 
USBM biaxial overcoring results: 


• 6.6 GPa parallel to bedding 


• 4.4 GPa perpendicular to the bedding 


Section 11.2.2.4 of the EIS describes the three sets of fractures found in the bedrock at the dam site 


• Fractures or softened zones parallel to bedding (bedding planes, abbreviated as BP) 


• Low angle shear zones of limited displacement 


• Steep relaxation fractures parallel to valley slopes (relaxation joints)  


Horizontal core samples containing bedding planes were obtained from LDHs and adits. Laboratory 
shear box testing was carried out to determine the strengths of the various bedding planes. In-situ 
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shear box testing was carried out on BP25 in one of the adits. Based on the stress strain characteristics 
from the shear box testing of bedding planes it was decided to use the residual strengths which are the 
lowest values and assume that large strains occurred during valley down cutting. Residual strengths 
were assigned to each bedding plane based on the results of the strength testing and the continuity 
based on geological mapping. The design strengths of the bedding planes range from as low as 8.5° 
(BP8 on the left bank) to as high as 16.5° (BP18 on the left bank).  


The strengths of the shear zones were evaluated in terms of the persistence of the shear zones across 
the site, i.e. the proportion of large diameter holes in which each particular shear was identified and the 
results of laboratory shear testing. Residual shear strength values were established for each identified 
shear. The design strengths of the shears range from 10.4° to 21.4°.  


As described in Section 11.2.2.4 of the EIS 


• Steep relaxation fractures in the bedrock striking approximately parallel to the valley have been 
observed in exploratory trenches and in the exploratory adits on the north and south bank 


• A zone of open relaxation fractures is also found within the top 8 m of rock in the riverbed 


These features will be treated as follows:  


• The core trench of the earthfill dam will be excavated through the open relaxation joints in the north 
bank and the river bed and any remaining joints will be grouted 


• The foundation of the RCC buttress will be excavated to remove open and clay-filled joints to 
provide suitable foundation stiffness and remaining joints will be grouted 


• Providing drainage tunnels in each abutment to safely convey seepage from the rock 


6. Upstream Dams  
The following information was not required by the EIS Guidelines to be incorporated into the EIS and is 
provided in response to comments on the EIS related to the safety of the existing dams upstream of the 
Project.  


6.1 Existing Facilities  
As described in EIS Section 11.1.1, BC Hydro owns and operates two hydroelectric generation facilities 
on the Peace River. The facilities play an important role in the BC Hydro system and together account 
for greater than 30% of the capacity BC Hydro’s generation facilities. The existing facilities are operated 
as part of an integrated system to allow BC Hydro to respond to seasonal and hourly changes in 
electricity demand. 


W.A.C. Bennett Dam, which is located on the Peace River upstream of the Project, was completed in 
1968. It is a 183 m high zoned earthfill dam with a crest length of 2 km and a volume of 44 million m3. 
The dam impounds Williston reservoir. The GM Shrum powerhouse at W.A.C. Bennett Dam has a total 
capacity of 2,730 MW.  


The Peace Canyon Dam was constructed in 1976 approximately 23 km downstream of the W.A.C. 
Bennett Dam near the town of Hudson's Hope. The 61 m high concrete dam impounds the Dinosaur 
Reservoir. The Peace Canyon Generating Station, which is integrated into the dam, has four generating 
units with a total installed capacity of 694 MW. Operations of the generating station are generally 
matched to be in balance with upstream operations such that the flow through both generating stations 
is approximately equal at any given time. 
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6.2 Seismic Hazard  
The design for new dams considers the Canadian Dam Association (CDA) guidelines, and the Project 
has been designed to withstand a ground motion with a mean annual exceedance probability of 1 in 
10,000. Seismic withstand is given in terms of expected ground motions rather than Magnitude of the 
seismic event, since the actual ground motion depends not only on the Magnitude of the event, but also 
the distance from the event. 


The W.A.C. Bennett Dam and the Peace Canyon Dam were designed  based on  the knowledge of 
seismic hazards at the time of their construction. As part of BC Hydro’s ongoing Dam Safety work, a 
major project to update the seismic hazards for all of BC (including W.A.C. Bennett and Peace Canyon 
Dams) was completed in late 2012 (the 2012 seismic hazard assessment described in EIS Section 
11.2.5.2.2). Using these updated seismic hazards, a review of the performance of both dams will be 
carried out on a BC Hydro system-wide priority-basis. The seismic performance assessment of W.A.C. 
Bennett Dam was started in 2012, and is currently ongoing. Preliminary results indicate that the dam 
will withstand a 1 in 10,000 ground motion event. The seismic performance assessment of Peace 
Canyon Dam is planned to start in 2013. Any deficiencies and upgrade options will be identified, and 
capital upgrades will be initiated, if required, on a priority-basis. 


The Project would be located at straight line distances of 71 km and 85 km from Peace Canyon Dam 
and WAC Bennett dams, respectively. The probability of a major earthquake that could produce design-
level ground motions simultaneously at the Project and one or both of the upstream dams has not been 
evaluated, but given the distance between these dams, the probability would be significantly lower than 
1/10,000. 


The updating of the seismic hazard for BC Hydro’s dams followed by assessment of seismic 
performance and implementation of any required upgrades is an example of BC Hydro’s ongoing 
commitment to ensure the safety of its dams in light of current criteria and improved understanding of 
hazards.  


The reader may also wish to review the Technical memo on Seismic Considerations.  


6.3 1996 Dam Safety Incident at W.A.C. Bennett Dam  
The cross section of the W.A.C. Bennett Dam is similar to the earthfill dam of the Project: a central core 
of impervious material with supporting shells of granular material separated from the core by a 
downstream transition zone, fine filter and drain. The core material for W.A.C. Bennett Dam was made 
by mixing various natural silts, sands and gravels whereas the core material for the earthfill dam of the 
Project is a naturally occurring glacial till as described in Section 4.3.1 of the EIS.  


In 1996 there was a dam safety incident at W.A.C. Bennett Dam when two sinkholes appeared in the 
crest of the dam. In one of the sinkholes, a loose zone was found down to a depth of 110 m. The 
investigations found that the sinkholes had occurred at two unique locations where survey benchmark 
tubes were set vertically from the foundation of the dam to the crest. The two sinkholes were 
successfully backfilled and compacted with a soil mixture similar to the original core.  


Subsequent to the 1996 incident, a number of special external reviews of W.A.C. Bennett Dam have 
been undertaken: 


• 1996 to 2000: Annual Advisory Board Meetings were held 


• 2001 to 2006: annual reviews were undertaken by the Norwegian Geotechnical Institute which 
concluded 


o monitoring and reporting continuing in a professional way 
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o no significant changes in the behavior of the dam had been observed 


o an annual external review was no longer required unless there was a significant change in the 
monitoring equipment and surveillance program; the frequency of external reviews was 
subsequently reduced to three years 


• 2009: a review by the recently retired chief dam designer for Hatch Ltd. concluded that: 


o the system of instruments, monitoring, data assessment, and annual reporting is first class and 
highly reliable 


o the program is well planned and executed 


o the instrumentation system, process of data review is comprehensive 


o the instrumentation system is eminently capable of detecting anomalous behavior 


In 2012, BC Hydro took an additional step of commissioning  a complete detailed review of the dam 
performance by a panel of three international engineering experts. This review took one year and 
included three site visits and a review of the construction and condition from the original records.  


This expert engineering panel commented that:  


• the dam was well designed for the time it was constructed 


• the dam was well constructed on the basis of extensive construction testing 


• seepage flow rates are stable, and have been for a number of years 


• the pore pressures in the core are in a steady state condition, but some erosion of the core may 
have initiated in cracks formed by hydraulic fracture during first filling 


• the dam has a good filter system that may allow a small amount of erosion at the core / transition 
interface, but will prevent on-going erosion 


• the dam has a large capacity to discharge leaks and to prevent instability of the dam 


The expert engineering panel concluded that it is not warranted to attempt to densify the core and that it 
is sufficient to continue to monitor. 


BC Hydro is addressing specific recommendations made by the panel: 


• further investigations and assessments 


• further characterization and modeling 


• state of the art baseline deformation surveys over and under water 


• investigate measures to seal up leaky casings 


7. Analysis Of Cascading Dam Failures 


7.1 EIS Requirements  
Section 23.2 of the EIS Guidelines describes the potential accidents and malfunctions that have to be 
addressed in the EIS. Section 23.2 of the EIS Guidelines does not require an assessment of the effects 
of a failure of W.A.C. Bennett Dam or Peace Canyon Dam on the Project.  


Section 37 of the EIS provides the information required by Section 23.2 of the EIS Guidelines.  







Working Group and Public Comments Technical Memo  Site C Clean Energy Project 


 


TECHNICAL MEMO – DAM SAFETY Page 15 
 


7.2 CDA Guidelines  
The Canadian Dam Association (CDA) Dam Safety Guidelines8 consist of: 


• Principles that are applicable to all dams 


• Guidelines that outline processes and criteria for management of dam safety in accordance with the 
principles 


An understanding of the consequences of dam failure underlies several principles of the dam safety 
guidelines. Dams are classified by the consequences of a dam failure. As stated in EIS Section 4.3.1, 
BC Hydro has adopted the highest dam classification for the Project. As a result the highest inflow 
design flood and earthquake design ground motion recommended by the CDA have been used for the 
design of the dam.  


Dam breach analysis is used to determine the ultimate discharge from a hypothetical breach of a dam. 
The outcome is a flood peak or wave immediately downstream of the dam, which is then routed to 
determine the flood arrival time, flood peak arrival time, and the depth of flow at downstream locations. 
Mapping of inundation areas (i.e. areas flooded by the flood wave) is used for: 


• estimating the potential consequences of a dam breach 


• for emergency planning purposes 


The CDA Guidelines state: 


“If there are other dams or water retaining structures downstream, the study must 
consider whether the flood wave would also cause breaching of those structures. If it 
turns out that downstream breaching is likely to occur, the consequence assessment 
for the failure of [the] upstream [dam] must include the damage caused by the 
downstream failures.”  [bracketed words added for clarity]  


The applicable CDA Technical Bulletin states9: 


“In the case of cascade projects, the safety of a particular dam is affected by any 
dams located upstream, so dam safety must be analyzed globally. The evaluation of 
failure consequences of a dam in a cascade must include the failure consequences of 
dams located downstream if such failure would be caused by the dam under study 
and if that failure would not otherwise have occurred in the scenario under study.”  


The W.A.C. Bennett Dam and the Peace Canyon dam are both located upstream of the Project and 
therefore a cascading dam failure is not required to establish the consequences of a failure of the 
Project’s dam.  


If the Project is authorized and proceeds to construction, the dam breach analyses for the W.A.C. 
Bennett Dam and the Peace Canyon Dam will be updated to take the Project into account. These 
updated analyses will be used to update: 


• the classification of the Peace Canyon Dam if the consequences of a failure change (W.A.C. 
Bennett Dam is already the highest classification) 


                                                 
8  Canadian Dam Association, Dam Safety Guidelines, 2007.  
9  Canadian Dam Association, Technical Bulletin: Inundation, Consequences, and Classifications for Dam 


Safety, 2007. 
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• the emergency preparedness plans for W.A.C. Bennett Dam and Peace Canyon Dam to 
incorporate any changes to dam break inundation mapping that result from the Project reservoir 


Updated information would be provided to the applicable emergency responders.  


8. Emergency Planning 


8.1 Emergency Planning Legislation 
Emergency response planning in British Columbia for hydro-electric dams is governed by provincial 
legislation including: 


a) Emergency Program Act, Local Authority Emergency Management Regulation 


b) Water Act, British Columbia Dam Safety Regulation 


This legislation outlines the respective roles for dam owners, Water Management Branch, Emergency 
Management BC and Local Authorities.  


Local Authorities, as defined in the Emergency Program Act, have a legislated duty to respond first to 
emergency situations within their jurisdictions and to have an emergency plan in place to keep citizens, 
infrastructure and the community as safe as possible. 


BC Hydro would follow this legislation for the Project.  


8.2 Emergency Response Planning 
BC Hydro follows existing provincial legislation with respect to emergency response planning. In 
accordance with the British Columbia Dam Safety Regulation, BC Hydro produces an Emergency 
Planning Guide for the W.A.C. Bennett and Peace Canyon Dams that is provided to downstream 
response agencies responsible for public emergencies and safety. Downstream response agencies 
include Local Authorities and downstream communities in BC and the Government of Alberta. 
BC Hydro reviews the Emergency Planning Guide with downstream response agencies to ensure an 
effective response in the case of an emergency. BC Hydro, for all aspects of its operations (Generation, 
Transmission and Distribution), works at a provincial and regional level with Emergency Management 
British Columbia (EMBC) who is the coordinating agency for the provincial government’s emergency 
management activities. 


The Dam Alert/Breach Notification Chart in the Generation Emergency Plan for W.A.C. Bennett Dam 
and Peace Canyon Dam includes: 


• the Government of Alberta Coordination and Information Centre  


• the Alberta River Forecast Centre  


BC Hydro provides the government of Alberta the information needed for emergency planning. 


BC Hydro would follow these practices for the Project. 


8.3 Emergency Preparedness Planning  
As outlined in 4.5.1.1 of the EIS, In accordance with the CDA Guidelines, Emergency Preparedness 
Plans describe the notifications to be issued and, in general terms, the actions expected from 
downstream responders in the event of a dam failure or passage of a major flood. Emergency 
Preparedness Plans are not response documents but contain essential information such as inundation 
maps and flood arrival details, so that authorities can develop their own response plans. In the event of 
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an emergency at the dam, the local authorities and other downstream stakeholders would be 
contacted. The CDA recommends that distribution of Emergency Preparedness Plans should generally 
be limited to those who have a legal and defined emergency response role. BC Hydro emergency plans 
are controlled documents with limited distribution for security reasons.  


Emergency Preparedness Plans would be prepared for the cofferdams and the permanent reservoir 
retaining structures of the Project. Emergency Preparedness Plans would follow the CDA Guidelines 
and comply with British Columbia Dam Safety Regulation. The Emergency Preparedness Plans would 
be submitted to be BC Comptroller of Water Rights, with the Emergency Preparedness Plans for the 
cofferdams submitted prior to diversion of the river through the diversion tunnels and the Emergency 
Preparedness Plans for the dam submitted prior to reservoir filling. In both cases, the Emergency 
Preparedness Plans would be submitted in sufficient time to make any changes that the Comptroller of 
Water Rights may require prior to construction.  


BC Hydro will consult on the contents of the Emergency Preparedness Plan with the Local Authorities 
defined in Section 8.1 and appropriate downstream response agencies prior to submitting to the BC 
Comptroller of Water Rights.  


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


form_0004-020 gov_0003-016 gov_0005-037 gov_0007-001 gov_0010-083 


gov_0011-030 gov_0012-045 gov_0012-047 gov_0012-048 gov_0012-049 


gov_0012-050 gov_0012-051 gov_0012-053 gov_0012-054 gov_0013-002 


gov_0013-018 pub_0088-002 pub_0088-003 pub_0226-001 pub_0229-001 


pub_0242-001 pub_0243-008 pub_0252-001 pub_0257-001 pub_0294-001 


pub_0438-021 pub_0540-005 pub_0544-002 pub_0544-003 pub_0601-001 


pub_0601-014 pub_0601-015 pub_0601-017 pub_0601-033 pub_0633-005 


pub_0852-001 pub_0859-001 pub_0981-001 ab_0001-029 ab_0001-156 


ab_0003-041 ab_0004-104 ab_0008-004   
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		Technical Memo

		Dam Safety

		MAY 8, 2013

		1. Purpose

		This technical memo addresses comments and information requests made with respect to dam safety by the public and working group members during the comment period on the EIS. The technical memo is divided into the following sections:

		2. Environmental Impact Statement

		The Environmental Impact Statement (EIS) provides the information required by the EIS Guidelines. The following sections of the EIS relate to the safety of the proposed Site C dam:

		o The earthfill dam, RCC buttress, power intakes, spillway headworks and associated training walls, which would impound the reservoir, would be designed and constructed to international and Canadian standards to withstand normal loads as well as loads resulting from extreme floods and earthquakes (Section 4.3.1 page 4-9). 

		o Operation, Maintenance, and Surveillance Manuals would be prepared for the cofferdams and the permanent reservoir retaining structures and associated equipment. Operation, Maintenance, and Surveillance Manuals would follow the CDA Dam Safety Guidelines and comply with the British Columbia Dam Safety Regulation (Section 4.5.1 page 4-64)

		o The seismic performance requirements for the dam, generating station and spillway are described for a range of ground motions up to the 1/10,000 earthquake design ground motion (Section 37.1.8.1.1 page 37-13)

		3. WATER ACT

		In British Columbia, the operation of dams and the liability of dam owners for damage caused by the construction, operation or failure of their dam is governed under the Water Act. The British Columbia Dam Safety Regulation applies to all owners of licensed dams. 

		The objective of the Dam Safety Regulation is to mitigate loss of life and damage to property and the environment from a dam breach by requiring dam owners to inspect their dams, undertake proper maintenance, report incidents and take remedial action and ensure that the dams meet current engineering standards. The Comptroller of Water Rights instituted the Provincial Dam Safety Program in 1967. The program's goal is to set design, construction, maintenance, and surveillance standards, and assist dam owners in meeting these standards.

		The regulation of licensed dams is carried out by staff of the Ministry of Forests, Lands and Natural Resource Operations.

		BC Hydro will have to obtain a water licence for the Project. It is anticipated that the conditions of the water licence will include submission to the Engineer as designated under the Water Act of the following:

		4. BC Hydro Dam Safety Program 

		BC Hydro is committed to integrating safety in all it does. BC Hydro conducts its operations to minimize the chance of injury to employees, contractors and the public.

		The objective of the dam safety program at BC Hydro is to manage the safety of all physical natural features and structures necessary to retain the reservoirs and control the passage of all flows through, around and beyond its dams, to ensure the integrity of the dam and to avoid any uncontrolled release of water.

		The dam safety department at BC Hydro, which currently has 34 professional and technical staff is responsible for: 

		 Surveillance 

		 Regulatory Requirements 

		 Investigations 

		 Risk Analysis & Prioritization 

		 Project Initiation & Technical Oversight 

		 Liaison with other dam owners

		Dam safety encompasses all aspects of the safe retention and passage of water including: 

		 All water retention structures, which for the Project are the Stage 2 upstream cofferdam during construction; and the earthfill dam, RCC buttress, power intakes, spillway headworks and associated training walls during operation

		 All water conveyance structures, which for the Project are diversion tunnels during construction; and the approach channel, penstocks and spillways during operations

		 All points of flow control up to the turbine, which for the Project are the intake gates

		4.2 BC Hydro’s Approach to Dam Safety Risk Management



		Though ageing and normal wear and tear present challenges, and unanticipated challenges can emerge, BC Hydro’s aim is to manage its whole fleet of dams, so that there is no significant deterioration in the risk position. To exclude risk altogether is impossible, for this or for any other significant hazard. 

		BC Hydro’s method is to keep the condition of the dams and the risks they present under constant review within the requirements of the British Columbia Dam Safety Regulation, and to identify and measure, so far as possible, any unanticipated challenges, and to make any necessary improvements and repairs as soon as it is practicable. 

		Whenever it is possible to make improvements or necessary to take remedial measures, BC Hydro first refers to international and Canadian best practices, seeking to achieve as large an incremental increase in safety as possible, and at the very minimum, not to accept any reduction in the level of safety. 

		This approach involves constant monitoring and estimation of risks and threats, taking advantage of lessons learned worldwide. It requires an ongoing program of review, with improvements, and remedial actions where necessary prioritized according to:

		a) the size and significance of the added safety that can be achieved, in relation to the cost 

		b) the degree of urgency

		while recognizing the need to ensure the application of the best possible expertise.

		4.3 BC Hydro Dam Safety Governance



		The day-to-day dam safety activities and the management of annual or multi-year dam safety programs and projects that are the responsibility of the BC Hydro’s Director of Dam Safety who: 

		 Reports to the Executive Vice-President of Generation at BC Hydro

		 Communicates directly with:

		o the BC Hydro Board of Directors through a Board representative for dam safety

		o the Comptroller of Water Rights

		o National and international technical committees

		o Expert technical panels and advisory boards

		4.4 British Columbia Dam Safety Regulation



		The British Columbia Dam Safety Regulation applies to all BC Hydro dams. BC Hydro meets the requirements of that regulation as described below. 

		A consequence category is determined for all dams by the Provincial Dam Safety Officer assigned by the BC Comptroller of Water Rights (CWR). Each dam is operated in accordance with the Operation, Maintenance and Surveillance Manual for Dam Safety (OMS Manual), which incorporates all requirements (related only to dam safety) of the Dam Safety Regulation, Water License, emergency plan and any other applicable license, approval or order made under the Water Act. If necessary to meet a new order or approval related to dam safety, a revision or appendix to the OMS Manual is issued.

		For each dam the OMS Manual is submitted for acceptance by the Provincial Dam Safety Officer. The OMS Manual is reviewed during Dam Safety Reviews and annually by the Dam Safety Engineer. The status of OMS Manuals is reported in the annual compliance report for the dam; nonconformances are tracked in the Dam Safety Database.

		Generation Emergency Plans (GEPs) are prepared which outline internal emergency response procedures. Emergency Planning Guides (EPGs) are issued to external response agencies where communities would be affected by dam failure. 

		Security from unauthorized operation is the responsibility of the Generation plants and is addressed by operating orders.

		4.4.2 Inspections and Tests



		“Site surveillance” is conducted which consists of documented visual inspections and gate testing. Instrumentation monitoring and equipment testing are also detailed in the OMS Manuals.

		Site surveillance includes: 

		 Routine visual inspections for: general conditions, depressions, cracking, seepage, and anything unusual or changed from the previous inspection

		 Special inspections after: landslides, earthquake, high winds, spillway discharges, floods or other as specified in the OMS Manual

		 Automatic and manual monitoring of instrumentation measuring: water levels and pressures, flows, turbidity, temperature, settlement and movements

		Beyond the requirements of the British Columbia Dam Safety Regulation, BC Hydro surveillance is carried out with due consideration of consequences of failure, potential failure modes, and key performance indicators. Surveillance includes:

		 Analysis of changes in performance, deviation of expected performance, and conditions that might threaten dam safety

		 Tracking compliance of reservoir operations and adequacy of maintenance with dam safety requirements

		 Adequate quality assurance to maintain the integrity of data, inspection information, dam safety recommendations, training, and response to unusual conditions

		 Comparison of actual performance with design expectations

		Any “safety hazards” revealed by inspection are reported to the Director, Dam Safety, and entered in a database for follow-up and action. These are termed “actual deficiencies” or “potential deficiencies” in BC Hydro’s dam safety management system.

		4.4.3 Reporting



		All dam safety and surveillance records are kept permanently in the BC Hydro records system and are available on request by the Provincial Dam Safety Officer. An annual compliance report is submitted to the CWR summarizing inspections and performance of the dam during the year. Any significant performance issues that arise during the year are promptly reported to the CWR.

		All new design and construction documents, dam safety and surveillance records are kept permanently as BC Hydro records, along with available historic design and construction records. 

		4.4.4 Dam Safety Review and Report



		Dam Safety Reviews are carried out for all BC Hydro dams within the intervals required by legislation, or more frequently. The Dam Safety Review Schedule is reviewed and updated annually by the Director, Dam Safety, as part of the annual management plan. The Dam Safety Review report, prepared by a qualified and experienced professional engineer, is submitted by the Director, Dam Safety, to the CWR as requested.

		The schedule for Dam Safety reviews for the upstream dams are 7-10 years for Peace Canyon dam (Very High Classification) and 5-7 years for WAC Bennett dam (Extreme classification). Peace Canyon Dam was last reviewed in 2008 and is next scheduled to be reviewed in 2016. WAC Bennett Dam was last reviewed in 2012 and is next scheduled to be reviewed in 2017.

		Dam Safety Reviews are carried out by independent external engineers with a minimum of 25 years experience in the design, construction, performance evaluation and operation of dams.

		BC Hydro has adopted the extreme level of classification for the proposed Site C dam and the schedule for dam safety reviews would be 5-7 years.

		4.4.5 Hazardous Conditions at a Dam



		Potentially hazardous conditions are tracked as potential or actual deficiencies in the Dam Safety Database on BC Hydro’s intranet.

		The Emergency Plans (GEPs and EPGs) are intended to prepare BC Hydro adequately to respond to hazardous conditions as required in the British Columbia Dam Safety Regulation. The Notification Charts include the designated contacts at the CWR and Provincial Emergency Program offices. In order to promptly warn persons in immediate danger, the Emergency Plans rely on a fan-out approach by contacting responsible downstream response agencies. See Section 8 of this Technical Memo. 

		4.4.6 Information and Evaluation



		All dam safety and surveillance records are kept permanently in the BC Hydro records system. Records include: files of Director, Dam Safety; Generation records management system for drawings, reports, correspondence, and controlled documents; Dam Smart database for surveillance instrumentation data.

		Copies of annual surveillance reports, and performance investigation reports are available to the Dam Safety Officer.

		4.4.7 Instrumentation



		The instrumentation plan is outlined in the OMS Manual for a dam. The OMS Manual is a controlled document in the records management system; a set of all instrumentation tables from the OMS Manuals is included in the annual Instrumentation Plan provided to the CWR’s office.

		Dam safety instrumentation of 79 dams in the BC Hydro system currently includes more than

		 3000 piezometers measuring water levels in slopes, dams and foundations

		 1950 flow measurement devices

		 4800 movement measurement devices including survey points

		 130 reservoir elevation measurement devices

		 190 weather measurement devices (rainfall, air temperature, snow depth, wind speed, etc.)

		 2700 miscellaneous devices, primarily consisting of groundwater temperatures; load cells, turbidity, and seismographs

		The design of the Project will include a comprehensive instrumentation system to measure the performance of the reservoir retaining structures.

		4.4.8 Expert opinion



		Experts are retained to provide advice for significant dam safety issues. The Director of Dam Safety, coordinates selection and communication with the experts, and the reporting to the CWR. Levels of review include the following:

		 Advisory Council provides highest level of review, at the level of corporate policy.

		 Advisory Boards provide overall confirmation of project objectives and approach.

		 Technical Advisory Boards provide independent technical reviews and opinions.

		 Expert Engineering Panels provide technical working-level engineering studies and review.

		Specialist consultants provide specific technical working-level expertise. The history of dam safety incidents and external technical review boards at WAC Bennett dam is discussed in Section 6 of this Technical Memo. 

		5. Dam Site Geology

		5.1 EIS Requirements



		As described in Section 11.2.2.4 of the EIS, bedrock reaches elevation 470 m on the north bank and elevation 455 on the south bank at the dam site. As described in Section 4.3 of the EIS, the dam, generating station and spillways would be founded on bedrock.

		5.2 Additional Information Provided in Response to Comments 

		6. Upstream Dams 

		6.1 Existing Facilities 

		6.2 Seismic Hazard 



		The design for new dams considers the Canadian Dam Association (CDA) guidelines, and the Project has been designed to withstand a ground motion with a mean annual exceedance probability of 1 in 10,000. Seismic withstand is given in terms of expected ground motions rather than Magnitude of the seismic event, since the actual ground motion depends not only on the Magnitude of the event, but also the distance from the event.

		The W.A.C. Bennett Dam and the Peace Canyon Dam were designed  based on  the knowledge of seismic hazards at the time of their construction. As part of BC Hydro’s ongoing Dam Safety work, a major project to update the seismic hazards for all of BC (including W.A.C. Bennett and Peace Canyon Dams) was completed in late 2012 (the 2012 seismic hazard assessment described in EIS Section 11.2.5.2.2). Using these updated seismic hazards, a review of the performance of both dams will be carried out on a BC Hydro system-wide priority-basis. The seismic performance assessment of W.A.C. Bennett Dam was started in 2012, and is currently ongoing. Preliminary results indicate that the dam will withstand a 1 in 10,000 ground motion event. The seismic performance assessment of Peace Canyon Dam is planned to start in 2013. Any deficiencies and upgrade options will be identified, and capital upgrades will be initiated, if required, on a priority-basis.

		The Project would be located at straight line distances of 71 km and 85 km from Peace Canyon Dam and WAC Bennett dams, respectively. The probability of a major earthquake that could produce design-level ground motions simultaneously at the Project and one or both of the upstream dams has not been evaluated, but given the distance between these dams, the probability would be significantly lower than 1/10,000.

		The updating of the seismic hazard for BC Hydro’s dams followed by assessment of seismic performance and implementation of any required upgrades is an example of BC Hydro’s ongoing commitment to ensure the safety of its dams in light of current criteria and improved understanding of hazards. 

		The reader may also wish to review the Technical memo on Seismic Considerations. 

		6.3 1996 Dam Safety Incident at W.A.C. Bennett Dam 



		The Canadian Dam Association (CDA) Dam Safety Guidelines consist of:

		The applicable CDA Technical Bulletin states:

		8.1 Emergency Planning Legislation

		8.2 Emergency Response Planning

		8.3 Emergency Preparedness Planning 



		form_0004-020

		gov_0003-016

		gov_0005-037

		gov_0007-001

		gov_0010-083

		gov_0011-030

		gov_0012-045

		gov_0012-047

		gov_0012-048

		gov_0012-049

		gov_0012-050

		gov_0012-051

		gov_0012-053

		gov_0012-054

		gov_0013-002

		gov_0013-018

		pub_0088-002

		pub_0088-003

		pub_0226-001

		pub_0229-001

		pub_0242-001

		pub_0243-008

		pub_0252-001

		pub_0257-001

		pub_0294-001

		pub_0438-021

		pub_0540-005

		pub_0544-002

		pub_0544-003

		pub_0601-001

		pub_0601-014

		pub_0601-015

		pub_0601-017

		pub_0601-033

		pub_0633-005

		pub_0852-001

		pub_0859-001

		pub_0981-001

		ab_0001-029

		ab_0001-156

		ab_0003-041

		ab_0004-104

		ab_0008-004

		Word Bookmarks

		Message








 


RESPONSE TO WORKING GROUP AND PUBLIC 


COMMENTS ON THE S ITE C CLEAN ENERGY 


PROJ ECT ENVIRONMENTAL IMPACT STATEMENT  


Technica l Memo  


DEMAND-SIDE MANAGEMENT 


MAY 8, 2013 


 







WORKING GROUP AND PUBLIC COMMENTS TECHNICAL MEMO  SITE C CLEAN ENERGY PROJECT 


 


TECHNICAL MEMO – DEMAND-SIDE MANAGEMENT Page 2 


 


Subject: Demand-Side Management 


Purpose 


A number of comments received during the Comment Period raise the question of whether BC Hydro 
could pursue additional Demand Side Management (DSM) to delay or avoid the need for the Project. 
The purpose of this Technical Memo is to summarize the level of DSM that is reflected in the evaluation 
of need, and the treatment of additional DSM as a potential alternative to the Project. 


Project Need: BC Hydro’s DSM Target 


Section 5.2 of the EIS describes the analysis of the need for the Project. As described in the Technical 
Memo on Project Need, the need for the Project is established based on demand from BC Hydro's 
residential, commercial and industrial customers. Once the load forecast is established, BC Hydro 
develops energy and capacity load-resource balances (LRBs) to determine if there is a gap between 
customer demand and expected resources. This results in the energy and capacity LRBs set out in 
tables 5.6 and 5.7 of the EIS. The topic of how to meet the gap between demand and resources after 
taking into account the current DSM target is addressed in the Technical Memo on Alternatives.  


One of the components of the energy and capacity LRBs is the level of future DSM savings that 
BC Hydro believes are achievable and cost-effective. DSM is BC Hydro’s preferred resource and as a 
result it is the first resource looked at to address the gaps depicted in tables 5.6 and 5.7 of the EIS.  


BC Hydro DSM Target 


The current DSM target is 7,800 gigawatt hours per year (GWh/year) of energy savings, which is 
expected to also deliver 1,400 megawatts (MW) of capacity savings by F2021. A description of 
BC Hydro’s current DSM savings target, together with the reasons for choosing the DSM target, are 
found in section 5.2.2.2 of the EIS. 


Subsection 2(b) of the B.C. Clean Energy Act provides that it is a “British Columbia’s energy objective” 
to “take demand-side measures and to conserve energy, including the objective of [BC Hydro] reducing 
its expected increase in demand for electricity by the year 2020 by at least 66% …”. BC Hydro’s current 
DSM target of 7,800 GWh/year exceeds the Clean Energy Act’s target of “at least 66%”; the current 
DSM target would reduce BC Hydro’s forecasted demand for energy by 78% in F2021. 


The current DSM target is a significant step up from DSM targets BC Hydro pursued prior to 2009. The 
forecast average annual energy growth rate for the BC Hydro system without liquefied natural gas 
(LNG) is 2.2% between F2012 to F2022 (refer to table 5.1 of the EIS). With the implementation of the 
DSM target, BC Hydro forecasts annual energy system demand growth of about 0.8% per year (again 
without LNG).  


The current DSM target is comprehensive; it “includes a broad range of codes and standards, rate 
structures, and programs that provide BC Hydro customers in virtually all market segments with an 
opportunity to participate” (EIS, p. 5-13). The current DSM target is aggressive. For example, without 
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further DSM there is a need for new energy resources in F2017 (table 5.6), but with the implementation 
of BC Hydro’s current DSM target, the need for new energy resources is pushed out by 7 years to 
F2024 (table 5.8). In other words, with BC Hydro’s current DSM target, there will be no need for new 
energy resources for a 7 year period, and a reduced need for energy new resources after that 
timeframe. 


DSM Delivery Risk 


BC Hydro must balance DSM’s relatively low cost and environmental benefits against DSM delivery risk 
(the risk that forecasted DSM energy and capacity savings do not materialize). BC Hydro believes that 
the DSM target strikes the appropriate balance between these factors. Information concerning DSM 
delivery risk is found in section 5.2.3 of the EIS. 


BC Hydro has a legislated service obligation under the B.C. Utilities Commission Act (refer to p. 5-3 of 
the EIS), and the consequences of DSM not delivering the anticipated capacity savings in particular are 
significant. While generally external markets can be counted on to supply some amount of energy 
across the year with associated costs, it may not be possible to secure capacity from the external 
market during winter peaks for one or more of the following reasons: 


(1) the illiquid (thinly-traded) nature of the market for capacity 


(2) insufficient transmission capacity 


(3) the U.S. market not having a surplus to sell 


Consistent with good utility practice and prior British Columbia Utilities Commission (BCUC) decisions, 
BC Hydro develops Contingency Resource Plans because the consequences of not being able to meet 
customer demand at the peak load could be severe. Refer to table 5.12 and pages 5-20 and 5-21 of the 
EIS for a description of BC Hydro’s Contingency Resource Plans.  


The BCUC is the regulator that reviews expenditures associated with the current DSM target, and has 
the authority under section 44.2 of the Utilities Commission Act to approve, reject, approve in part or 
reject in part these expenditures.  


Past performance with respect to meeting past DSM targets is not likely to be indicative of the delivery 
risk associated with the current DSM target because the current DSM target is a significant step up 
from DSM targets BC Hydro set before 2009. Given BC Hydro’s reliance on the current DSM target to 
deliver 1,400 MW of dependable capacity savings in about an eight year timeframe, there is a greater 
adverse consequence if the response to DSM programs and other initiatives is less than anticipated, as 
compared to a scenario where the response is greater than anticipated.  


DSM Options Considered in the EIS 


The need for the Project is based on among other things BC Hydro’s current DSM target; refer to 
section 5.2.2.2 and tables 5.8 and 5.9 of the EIS. In the EIS there are four alternatives to the current 
DSM target - DSM Options 1, 3, 4 and 5. The alternatives described in the EIS are generally equivalent 
to the DSM Options 1, 3, 4 and 5 as described in BC Hydro’s 2010 Resource Options Report, and 
included in BC Hydro’s draft Integrated Resource Plan of May 2012. Differences are generally due to a 
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change from presenting savings with a different base year for calculation of savings. Please note that 
for the purposes of the EIS the options described in Section 5.2.2.2 of the EIS update and replace the 
DSM options described in the 2010 Resource Options Report. 


The alternative DSM options considered in the EIS are as follows: 


• DSM Option 1 is described at pages 5-19 and 5-20 of the EIS. The savings associated with DSM 
Option 1 are lower than the current DSM target – 7,500 GWh/year of energy savings and 1,200 MW 
of capacity savings by F2021 


• DSM Option 3 is described at page 5-20 of the EIS, and is expected to deliver 9,200 GWh/year of 
energy savings and 1,400 MW of dependable capacity savings in F2021. DSM Option 3 is 
addressed below 


• DSM Options 4 and 5 are described at section 5.4.2.3 of the EIS. DSM Option 4 targets 9,500 
GWh/year of energy savings and 1,500 MW of dependable capacity savings by F2021; the 
corresponding figures for DSM Option 5 are 9,600 GWh/year of energy savings and 1,600 MW of 
dependable capacity savings by F2021. DSM Options 4 and 5 are described in further detail below 


Potential DSM Alternatives to the Project: DSM Option 3 
The EIS concludes on page 5-20 that DSM Option 3 on its own is not an alternative to the Project 
because if BC Hydro were to implement DSM Option 3 instead of the current DSM target, the effect 
would be to: (1) defer the need for energy set out in table 5.8 for five years; and (2) not defer the need 
for capacity set out in table 5.9. DSM Option 3 must be combined with supply side resources to meet 
the need for the Project and to be considered an alternative. The supply side resources would be 
composed of resources similar to the portfolios described in Section 5.5.4.1 of the EIS.  


Potential DSM Alternatives to the Project 
The EIS review of potential alternatives to address the energy and capacity gaps shown in tables 5.8 
and 5.9 of the EIS after implementation of the current DSM target (and after implementation of 
Revelstoke Unit 6, a BC Hydro Resource Smart generation project described in the EIS at page 5-14) is 
found in sections 5.4 and 5.5 of the EIS.  


BC Hydro does not rely on resources that are not viable in its portfolio analysis. Therefore, the first step 
in the EIS review of potential alternative resources is to determine if the particular resource is viable or 
not.  


BC Hydro identified and analyzed two categories of potential DSM options in sections 5.4.2.3 and 
5.4.2.4 of the EIS: 


• The first category consists of DSM Options 4 and 5 which entail levels of DSM beyond the current 
DSM target, and which like the current DSM target are anticipated to deliver both energy and 
capacity 


• The second category are DSM options specifically designed to deliver dependable capacity savings 
during BC Hydro’s peak load periods, and are addressed at the end of this memo 
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DSM Options 4 and 5 


Section 5.4.2.3 of the EIS provides the GWh/year and MW of anticipated savings (which are also set 
out above in this memo) as well as the uncertainties associated with DSM Options 4 and 5. DSM 
Option 5 is the most aggressive potential DSM option BC Hydro has identified. The effect of DSM 
Option 5 would be to essentially reverse load growth over about a 20 year period such that there would 
be no need for new energy resources until F2031.  


BC Hydro is of the view that DSM Options 4 and 5 are not viable alternatives to the Project for the 
reasons set out in section 5.4.2.3, specifically: 


• DSM Options 4 and 5 present government and customer acceptance issues arising from 
BC Hydro’s reliance on aggressive and untested tactics. Implementing either DSM Option 4 or DSM 
Option 5 would require the “mobilization of the full suite of DSM tools” applied in combination with a 
number of tools employed by governments and other entities. For example, as described at page 5-
35 of the EIS, DSM Option 5 would require 


• BC Hydro rate structures with aggressive pricing that with the exception of smaller residential 
customers, would expose all BC Hydro customers to either efficiency-based rates and/or “to 
marginal cost price signals” 


• Provincial and Federal Government codes and standards; “significant government intervention and 
regulation” at all levels of society; industry buy-in to facility energy efficiency certification undertaken 
by government(s) if industry wants access to embedded cost Heritage hydroelectricity, which in turn 
may require re-opening the Heritage Contract; buildings must be net-zero consumers of electricity; 
smaller and more efficient housing and building footprints, etc.  


• DSM Options 4 and 5 entail significant delivery risk, especially with respect to capacity savings, and 
could jeopardize BC Hydro’s ability to serve its customers 


For these reasons, it is not prudent for BC Hydro to rely on either DSM Option 4 or Option 5 to address 
the energy and capacity gaps shown in tables 5.8 and 5.9 of the EIS. 


DSM Capacity Initiatives 


The second category of potential DSM alternatives to the Project are DSM capacity initiatives, which 
are described in Section 5.4.2.4. In contrast to the current DSM target and DSM Options 3, 4 and 5, the 
DSM capacity initiatives - industrial customer load curtailment and capacity programs - specifically 
target capacity savings. On their own, these DSM capacity initiatives are not an alternative to the 
Project, and would need to be combined with additional supply-side options to meet the identified need.  


As described on page 5-36 of the EIS, BC Hydro had a load curtailment offer in place from 2007 to 
2010 to seek demand reduction options from large industrial customers during the winter (November to 
February) as an operational resource option in the event of short term capacity constraints. The load 
curtailment options are associated with operational opportunities in customer’s existing industrial 
processes given operational capacity and market conditions. There are restrictions on how much 
advance notice is required, how long the periods of curtailment can last, how frequent and how many 
curtailment requests are acceptable each winter, and how many years the customers are willing to 
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commit. As a result, of the roughly 400 MW of capacity contracted, there was approximately 56 MW 
available for F2012 and F2013. 


For a capacity option to be considered for long term planning it must be dependable. Given the 
restrictions imposed on the load curtailment options contracted, they are not considered dependable. 
For industrial load curtailment to be available as a long term planning option, it would require customer 
capital investment in infrastructure to allow for interruption of operation as and when required. 


BC Hydro concludes that the DSM capacity initiatives are not viable alternatives to the Project for the 
reasons set out in section 5.4.2.4. Industrial customer load curtailment programs that entail a long-term 
commitment by the industrial customer to interrupt operations as and when required and DSM capacity 
programs are BC Hydro’s first major exploration of these types of potential DSM initiatives, and as a 
result experience will need to be gained to increase the certainty of the anticipated capacity savings.  


Summary 


DSM is BC Hydro’s preferred resource and as a result it is the first resource looked at to address gaps 
between customer demand and available supply. The need for the Project is based on BC Hydro’s 
comprehensive and aggressive DSM target, which is expected to defer the need for additional 
resources by seven years. 


BC Hydro reviewed additional DSM options that provided additional energy and capacity savings as 
part of the analysis of alternatives to determine the appropriate balance between DSM’s relatively low 
cost and environmental benefits against the risk that forecasted DSM energy and capacity savings do 
not materialize. The additional DSM options present government and customer acceptance issues, and 
entailed a significant level of delivery risk. As a result, BC Hydro concluded that the current DSM target 
was appropriate. 


Related Comments / Information Requests: 
This technical memo provides information related to the following Information Requests: 


pub_0438-021 pub_0478-002 pub_0478-003 pub_0478-004 pub_0535-002 


pub_0574-001 pub_0605-014 pub_0605-016 pub_0605-024 pub_0605-033 


pub_0605-034 pub_0605-035 pub_0641-001 pub_0855-001 pub_0862-001 


pub_0863-001 pub_0965-001 pub_0999-001 ab_0001-033 ab_0001-055 


ab_0001-056 ab_0001-061 ab_0001-082 ab_0001-084 ab_0001-086 


ab_0001-087 ab_0001-088 ab_0001-089 ab_0001-091 ab_0001-119 


ab_0001-142 ab_0005-013    
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		The current DSM target is a significant step up from DSM targets BC Hydro pursued prior to 2009. The forecast average annual energy growth rate for the BC Hydro system without liquefied natural gas (LNG) is 2.2% between F2012 to F2022 (refer to table 5.1 of the EIS). With the implementation of the DSM target, BC Hydro forecasts annual energy system demand growth of about 0.8% per year (again without LNG). 

		The current DSM target is comprehensive; it “includes a broad range of codes and standards, rate structures, and programs that provide BC Hydro customers in virtually all market segments with an opportunity to participate” (EIS, p. 5-13). The current DSM target is aggressive. For example, without further DSM there is a need for new energy resources in F2017 (table 5.6), but with the implementation of BC Hydro’s current DSM target, the need for new energy resources is pushed out by 7 years to F2024 (table 5.8). In other words, with BC Hydro’s current DSM target, there will be no need for new energy resources for a 7 year period, and a reduced need for energy new resources after that timeframe.

		Consistent with good utility practice and prior British Columbia Utilities Commission (BCUC) decisions, BC Hydro develops Contingency Resource Plans because the consequences of not being able to meet customer demand at the peak load could be severe. Refer to table 5.12 and pages 5-20 and 5-21 of the EIS for a description of BC Hydro’s Contingency Resource Plans. 

		The BCUC is the regulator that reviews expenditures associated with the current DSM target, and has the authority under section 44.2 of the Utilities Commission Act to approve, reject, approve in part or reject in part these expenditures. 

		Past performance with respect to meeting past DSM targets is not likely to be indicative of the delivery risk associated with the current DSM target because the current DSM target is a significant step up from DSM targets BC Hydro set before 2009. Given BC Hydro’s reliance on the current DSM target to deliver 1,400 MW of dependable capacity savings in about an eight year timeframe, there is a greater adverse consequence if the response to DSM programs and other initiatives is less than anticipated, as compared to a scenario where the response is greater than anticipated. 

		 DSM Option 1 is described at pages 5-19 and 5-20 of the EIS. The savings associated with DSM Option 1 are lower than the current DSM target – 7,500 GWh/year of energy savings and 1,200 MW of capacity savings by F2021

		 DSM Option 3 is described at page 5-20 of the EIS, and is expected to deliver 9,200 GWh/year of energy savings and 1,400 MW of dependable capacity savings in F2021. DSM Option 3 is addressed below

		 DSM Options 4 and 5 are described at section 5.4.2.3 of the EIS. DSM Option 4 targets 9,500 GWh/year of energy savings and 1,500 MW of dependable capacity savings by F2021; the corresponding figures for DSM Option 5 are 9,600 GWh/year of energy savings and 1,600 MW of dependable capacity savings by F2021. DSM Options 4 and 5 are described in further detail below

		BC Hydro identified and analyzed two categories of potential DSM options in sections 5.4.2.3 and 5.4.2.4 of the EIS:

		 The first category consists of DSM Options 4 and 5 which entail levels of DSM beyond the current DSM target, and which like the current DSM target are anticipated to deliver both energy and capacity

		 The second category are DSM options specifically designed to deliver dependable capacity savings during BC Hydro’s peak load periods, and are addressed at the end of this memo

		Section 5.4.2.3 of the EIS provides the GWh/year and MW of anticipated savings (which are also set out above in this memo) as well as the uncertainties associated with DSM Options 4 and 5. DSM Option 5 is the most aggressive potential DSM option BC Hydro has identified. The effect of DSM Option 5 would be to essentially reverse load growth over about a 20 year period such that there would be no need for new energy resources until F2031. 

		 DSM Options 4 and 5 present government and customer acceptance issues arising from BC Hydro’s reliance on aggressive and untested tactics. Implementing either DSM Option 4 or DSM Option 5 would require the “mobilization of the full suite of DSM tools” applied in combination with a number of tools employed by governments and other entities. For example, as described at page 5-35 of the EIS, DSM Option 5 would require

		 BC Hydro rate structures with aggressive pricing that with the exception of smaller residential customers, would expose all BC Hydro customers to either efficiency-based rates and/or “to marginal cost price signals”

		 Provincial and Federal Government codes and standards; “significant government intervention and regulation” at all levels of society; industry buy-in to facility energy efficiency certification undertaken by government(s) if industry wants access to embedded cost Heritage hydroelectricity, which in turn may require re-opening the Heritage Contract; buildings must be net-zero consumers of electricity; smaller and more efficient housing and building footprints, etc. 

		 DSM Options 4 and 5 entail significant delivery risk, especially with respect to capacity savings, and could jeopardize BC Hydro’s ability to serve its customers
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