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1. INTRODUCTION

The Nuclear Power Demonstration (NPD) Waste Management Site contains the decommissioned
Generating Station. The facility was operated by Ontario Hydro from 1962 to 1987 as a
prototype CANDU nuclear power generating station and a training school for nuclear generating
station operating staff. It was decommissioned by Ontario Hydro, with assistance from Atomic
Energy Canada Limited (AECL), to a “Static State” interim storage condition. Control of the
NPD Waste Management Facility was turned over to AECL in 1988. This document
summarizes the radiological and non-radiological environmental information reported between
1988 and 2008.

1.1 Purpose

The purpose of the document is to provide a common reference for the eventual preparation of an
Environmental Assessment (EA) for the decommissioning of the NPD site [1]. This EA will be
required to obtain a Canadian Nuclear Safety Commission (CNSC) licence.

1.2 Scope

This report compiles the existing radiological and non-radiological information available on air,
water, sediments, aquatic biota, soil and vegetation. It presents the current monitoring being
conducted at NPD and summarizes the findings of specific non-routine sampling campaigns.

This document includes information regarding historical regional and site setting. A preliminary
field survey of the NPD site was also conducted as part of this work. This survey helped with
the preparation of up to date maps. It also contributed to verifying infrastructures locations,
sampling site locations and provided information regarding the ecological features present both
on the site and along the adjacent shoreline of the Ottawa River.

In addition to this report, an electronic database was produced making it easier to retrieve
information relevant to the NPD site when needed. (The database can be found in Vault 64,
document number 64-509200-055-000-0001 in TRAK).

64-509200-ENA-001 2013/02/20


http://trakweb/trakweb/getfile.asp?id=5e4z51443f3a3e514t5a44473z4n4b4v4x3h4p4x533z3b3j3o3e363x3o353f3o393b3t3j353f3r36363o3m36355l4q5441

AECL - OFFICIAL USE ONLY
64-509200-ENA-001 Page 2-1
Rev. 1

2. GEOGRAPHIC SETTING

2.1 Location

The NPD facility is located in the town of Laurentian Hills (Renfrew County, Ontario) 200 km
northwest of Ottawa. It is situated on the southern shore of the Ottawa River (Figure 2-1). The
facility is in a remote area, with relatively low population density. The town of Laurentian Hills
has a population of approximately 2800 distributed over an area of 640 km” and contains the
former village of Chalk River and the former hamlets of Point Alexander, and Rolphton. The
nearest population centres are Rapides des Joachims (population roughly 170, 3 km northwest)
and Deep River (population roughly 4200, 17 km southeast). To the west of NPD is the
Township of Head, Clara, and Maria (population roughly 230, area 730 km?) [2]. Individual
residents of Laurentian Hills live within 1 km of the facility boundary. The closest resident
property is at Point Stewart on the Ottawa River 1 km downstream of NPD [3].

Legend

- Dam
l:l Wetland
[ ] Lake/River

— Highway 17

Road
""""" Unpaved Road
—— NPD Property Boundary

0

N\

Figure 2-1 Location of the NPD Site
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The surrounding land is primarily used for recreational activities. Agricultural activities in the
area are limited to garden plots managed by residents. Sport fishing is carried out in lakes
outside the NPD property, as well as in the Ottawa River, but there is no commercial fishing in
the area.

2.2 Description of the site and vicinity

The NDP site contains the decommissioned Nuclear Power Demonstration (NPD) Nuclear
Generating Station (Figure 2-2). NPD was constructed between 1956 and 1961 and was
operated by Ontario Hydro from 1962 until 1987. Ontario Hydro maintained a training school
for CANDU nuclear generating station operating staff at the site. In 1987, it was shut down and
decommissioned to a “Static State” interim storage condition. In this state, the facility has been
categorized as a waste management facility. After “Static State” was achieved, Ontario Hydro
turned over ownership of the facility to AECL in September 1988 [3].

%
7 Legend
[ old Paving
] Building

l:l Former Landfill

: i I:l Ottawa River
Forme
etland -— Fence
Road

-~ Unpaved Road

———- Unverified Stream

Map-09-005

Figure 2-2 Plan of NPD Site (2008)

In its current “Static State”, all fuel and most removable equipment and hazardous material have
been removed to Chalk River Laboratories (CRL) for storage and disposal. Full scale
decommissioning consisting of the removal of the remaining powerhouse equipment,
dismantling and disposition of the calandria and associated radioactive equipment, and
demolition of some of the structures has not been completed. At present, the former power

64-509200-ENA-001 2013/02/20
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station consists of the former powerhouse with its associated air effluent stack. The guardhouse
is also still present. The power station is located on a 2.4 hectare parcel of land (roughly 140 m
wide by 180 m deep) surrounded by a 380 hectare exclusion zone. Access to the site is restricted
to authorized AECL personnel and approved visitors [3].

2.3 Meteorology and climate

The meteorology and climate is considered to be similar to the conditions prevailing at Chalk
River Laboratories (CRL) located near the former village of Chalk River 26 km to the southeast
along the Ottawa River.

2.3.1 The climate

The climate of the area is classified as humid continental, with warm summers, cold winters, and
no distinct dry season [4].

2.3.2 Temperatures

At CRL, the daily mean air temperature ranges from -12°C in January to 19°C in July, with
historic minima and maxima of -39°C and 39°C [4].

2.3.3 Precipitations

At CRL, annual precipitation has ranged from 560 mm to 1080 mm of water equivalent, with an
average of 839 mm over the period 1963 to 2006. Over this period, monthly precipitation has
averaged 45 mm in February to approximately 85 mm per month during June to September,
inclusive. On average 23% of the annual precipitation falls as snow [4].

2.3.4 Wind speed and wind direction

At CRL, the distribution of winds and directions show little seasonal or annual variability. The
winds at CRL are predominately northwest and southeast (parallel to the Ottawa River).
Figure 2-3, Figure 2-4, and Figure 2-5 present recent wind rose diagrams.
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Figure 2-3 Wind Rose Diagram — Perch Lake at CRL 60 m (2004-2008)
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Figure 2-4 Wind Rose Diagram — Perch Lake at CRL 30 m (2004-2008)
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Figure 2-5 Wind Rose Diagram — Building 456 at CRL (2004-2008)

24 Physiography and topography

The surrounding terrain, except for the Laurentian Hills directly north and east across the river,
consists of gently rolling hills, interspaced with many small lakes. The Ottawa River flows
northwest to southeast [3].

2.5 Geology and hydrology

The NPD site is situated on the Ottawa River, at an elevation of approximately 125 m asl (above
sea level). The site is situated on a regionally relatively flat area, dipping from a topographic
high beginning on the north side of Tee Lake (approximately 225 m asl), to highway 17, which
has an approximate elevation of 160 m asl, continuing to the Ottawa River which has an average
elevation of 111 m asl [5].

During the construction of the generating station, numerous man-made terraces and steep
interconnecting benches were created for construction and security purposes. This activity has
resulted in a highly modified landscape at NPD site [5].
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The surface of the NPD site is covered by a boulder pavement which, in most areas have been
left as a result of water scouring the area and removing the finer fraction of the riverain
sediments. The site is underlain by the Monteagle soil series and the crystalline pink and grey
granitic gneisses of the Grenville Province of the Precambrian Shield [5].

The general geology of the region is the Precambrian shield with an old folding and faulting of
the metamorphic rocks (gneiss). At the site itself, the base rock is quartz and granite gneiss with
some overburden (1.5 to 7.5 m) of alluvial sand and gravel. The small amount of overburden
and relatively steep incline of the base rocks makes ground and subsurface water run off very
quickly to the river. Most of the containment area within the powerhouse is located below grade,
well into the bedrock [3]. Surface ditches and underground collection pipes intercept water flow
from areas adjacent to the powerhouse and direct it to the Ottawa River.

From the surficial geology map created by Gadd [6], about half of the NPD site is covered by
sand and gravel deposits (Figure 2-6). The western part of the site is shown as Precambrian
bedrock, which Gadd describes as often including rock outcrops but having large areas where the
bedrock is thinly veneered by glacial till, gravel or other glacially derived material. Two regions
of organic soil are noted, the westernmost one corresponding to current wetlands that are visible
from the road to Rapides des Joachims.

Surficial Geology N Legend

[] organic Soils l«e, [ ] River/Lake

[ ] Precambrian Bedrock i ;em;e

B eaciaTn  F N/ /[ 0000 U::aved Road
I sand and Gravel Deposit —— NPD Boundary
l:l Fluvial and Aeolian Sands

Figure 2-6 Surficial Geology (Digitized from [6])
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2.5.1 Geology and hydrology near the former Landfill 1

The NPD Landfill 1 (L1) was located in a former sand and gravel extraction pit situated along
the main access road to the station approximately 250 m southwest of the guardhouse

(Figure 2-2). The geology around L1 consists of very bouldery sand and gravel at surface uphill
(southwest) of the former landfill, overlying a unit of medium to coarse sand. This sand lies
directly below the NPD station access road northwest of the location of the former landfill, and
appears to be the host material for L1 itself. A second sand and gravel coarse sand unit, less
bouldery and frequently containing some silt, underlies the coarse sand unit and overlies
glacially-deposited stony silty sand till. The water table lies just above or below the contact
between the coarse sand and the underlying sand and gravel [7].

For the most part, groundwater flow velocities are a few 10’s of meter per year. Groundwater
flow is approximately perpendicular to the water table contours (from the vicinity of Highway 17
towards the Ottawa River). Water passing beneath L1 may discharge to the tile drain system
near the powerhouse [7].

2.5.2 Geology and hydrology near the former Landfill 2

The NPD Landfill 2 (L2) was located northeast of the powerhouse along the Old Mattawa Road
(Figure 2-2) in a sand and gravel pit. From highway 17 the land slopes down towards the Ottawa
River through the NPD site. This slope is interrupted by a nearly level bench or terrace (at
elevation between 135 and 140 m asl) that is used by the Old Mattawa Road and that also hosts
the former sand and gravel pit which is the location of L2. Surficial geology (mapped by [6], see
also Figure 2-6), shows L2 to be covered by river-lain sands and gravels, possibly overlaying
glacial till, in turn overlying granitic bedrock. Most of the surface in the region is covered by a
boulder pavement, a lag concentrate of subrounded rocks up to 2 m in diameter left by water
scouring and removal of the finer-grained fraction of the sediments. Extensive areas of bedrock
outcrop are found approximately 0.5 km west of L2 at similar elevations, and thin overburden
encountered during construction of NPD, suggest that unconsolidated sediments around L2 may
be relatively thin. No well-defined drainage features were identified, in keeping with the high-
permeability character of clean sands and gravels. However, north of the gravel pit, a small
spring stream rises on the final slope to the Ottawa River (probably at the contact between the
sand and gravel and underlying till). The most anomalous feature in the region of the former
landfill is a small wetland immediately southeast. Although surface exposure around the
wetland are not visibly different from undisturbed terrain adjacent to the gravel pit, the wetland’s
presence is a clear indication of substantially lower permeabilities in the subsurface, at least to
the northeast [8].

2.6 Terrestrial Ecology

2.6.1 Vegetation

The NPD site supports a diverse mix upland areas with some wetland areas scattered throughout.
Coniferous and mixed shade-intolerant (eg., pine, oak, poplar) forests, which are consistent with
surrounding forests, predominate because of the warm microclimate found in the area [9].
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Human disturbance, including logging of white pine in the 1800s and 1900s, and forest fires, has
also influenced the current vegetation cover.

Vegetation communities are described qualitatively based on dominant plant species for tree,
shrub, and ground cover as well as canopy conditions, relative age, soil wetness and disturbance.
The NPD property is mainly wooded with the exception of open wetland areas. Wooded uplands
generally range from 40-80 years old.

Three common vegetation community classes present are as follows.

e Wetland Communities — Swamp: Wetland areas on the NPD site are mainly found on the
western half of the property. Three main deciduous swamp communities exist, one smaller
community immediately south-east of L2. Two larger communities exist to the northwest of
L2, the most notable being visible from Swisha Road.

e Forested Upland Communities: Forests within NPD are largely mixed or deciduous,
dominated by white pine, red maple, poplar, and red pine. Natural coniferous forest,
characterized by pine and cedar species is more prevalent on downward slopes approaching
the river.

e Cultural Communities: Cultural meadows are unforested areas that are heavily influenced
by human activities. These include roadsides, utility corridors, and abandoned or reclaimed
land from decommissioned structures. Cultural plantations of white pine, red pine, and white
spruce are planted along the main road into the built up area.

No nationally or provincially endangered or threatened species of vascular plants have been
identified or recorded on the NPD site. No formal survey has been conducted for such species
and would be a component of a formal EA.

Cover around L1 consists predominantly of white pine plantation, presumably planted after the
landfill was decommissioned. Around L2, vegetation cover is dominated by mixed stands of
pine, poplar and birch.

2.6.2 Wildlife

It is expected that since there is no human activity on the NPD site, other than travel from the
front gate to the built up area and back, that wildlife species found on the site should be
relatively typical for a boreal region in Ontario. No formal survey has been conducted to
determine species specific to this site. A formal EA would include a Species at Risk study that
would include surveys for both plant and wildlife species of concern.

2.7 Aquatic ecology

NPD is located in the reach of the Ottawa River extending approximately 90 km between La
Passe and the Des Joachims Dam. Specifically, the property is directly adjacent to the Joachims
Dam. This reach of the river consists of several “lakes” separated by short rapids and supports
diverse warmwater and coolwater fish communities consisting of at least 55 documented species
[10]. The provincially-rare fish species in the Ottawa River is the river redhorse [11]. Typical
catches from the river include walleye, northern pike, channel catfish, smallmouth bass, and lake
sturgeon.

64-509200-ENA-001 2013/02/20



AECL - OFFICIAL USE ONLY
64-509200-ENA-001 Page 3-1
Rev. 1

3. PAST AND EXISTING INSTALLATIONS

3.1 Present installations

On the NPD site, only two buildings remain. There is the guardhouse and there is part of the
powerhouse (a section of it was removed in 1992). Beside the building (on the east side), the
vent stack is still present.

In addition, a network of subsurface drains with the purpose of collecting and removing
groundwater from around and under the powerhouse structures (to reduce the risk of
groundwater infiltration into the underground structures) is present. The system consists of

3 separate collector pipes with feeders, one covering the west and south side, one on the east side
and one draining the pressure relief duct and pit as shown in Figure 3-1. Pipes, which previously
channelled rainwater from the roof to the subsurface drains have either been removed or are
capped.

Drain 1 contains two Man Holes (MH) that act as vents, observation stations, cleanouts and
sample points. MH-1 is in collector pipe 1 on the south side and MH-2 is in the same collector
pipe on the west side. Drain 1 discharges into the Ottawa River about 6 feet from the shore.
There is one MH in Drain 2--MH-3 on the east side. The exact discharge location of Drain 2 has
yet to be determined. Samples are taken yearly from the three MHs and gross beta and tritium
values are reported (see Section 4.2).

The Wells Area Sump (WAS) collects the liquids from the active drainage system inside the
powerhouse. Foundation inleakage is directed by gravity to the Service Pipe Trench (SPT) and
when sufficient water has accumulated in the WAS in the lowest part of the building it is
sampled, analyzed for gross beta and tritium, verified below the derived release limits (DRL) ,
and then pumped to the Ottawa River. The water is discharged through the Process Drain (see
Figure 3-1) about 60 feet from the riverbank and 150 feet downstream from the former pump
house. Water from the Internal Unrestricted Area floor drains is also directed by gravity to the
Ottawa River through this route [12], [3], [13].

Old pavement is still present at the site of the former Training Centre. Other structures include
the power lines, the main road and a network of gravel roads (some portions are no longer
usable). The location of the former Landfill 1 is accessible from the main road, however, the
former Landfill 2 is no longer accessible by road. Fences are also present on the site

(Figure 2-2).

In addition to the installations, a number of boreholes and monitoring wells (Table 3-1,

FFigure 3-2) have been installed at various times on the NPD site [5], [7], [8], [14], [15]. Water
levels measured in wells at some of the boreholes are provided in Table 3-2 and Table 3-3; [5]
[8][7][14][16], [17], [15], [18], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28], [29],
[30]. During the drilling bedrock was encountered at 121.9 m asl at MT-2 and at 112.9 m asl at
MT-8 [5]. Tests to determine hydraulic conductivity were done using sediments from NPD-1,
NPD-4, NPD-5-1 and NPD-7 [8]. The results gave a value of 0.0007 cm/s at NPT-1 in sand and
gravel, >0.004 cm/s at NPD-4 in coarse sand, 8.2 x 10 cm/s at NPD-5-1 in glacial till, and 6 x
10 cm/s at NPD-7 in silty sand and gravel.
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Figure 3-1 NPD Subsurface Drainage System

Some of the NPD boreholes shown in Figure 3-2 could still be used to conduct analyses
particularly those that are used for the current monitoring program (BH-06-01 to BH-16-01, MT-
5, MT-8, MT-9, RW-1, and RW-2) [30]. Others might be useable but may not have been
sampled since the early 1990°s. A number of test pits have been excavated in the past although
all of them have been backfilled (Table 3-4) [5], [14].
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Figure 3-2 Boreholes and Monitoring Wells on the NPD Site
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Location Location Description Installation | Elevation Surfa.ce Length Well data Screen data Well Top B?t/f(ﬂn
Code Date TOP Elevation | (m) (masl) (masl)
BH-1 Underground fuel storage tank 18-Dec-92 NA 128.42 5.18 NA NA NA NA
BH-2 Underground fuel storage tank 19-Dec-92 NA 128.32 5.36 NA NA NA NA
BH-6-01 Underground fuel storage tank 12-Nov-01 NA 115.54 3.05 32 mm PVC pipe slotted PVC screen NA NA
BH-7-01 Underground fuel storage tank 12-Nov-01 NA 114.66 3.05 32 mm PVC pipe slotted PVC screen NA NA
BH-8-01 Underground fuel storage tank 12-Nov-01 NA 114.83 3.05 32 mm PVC pipe slotted PVC screen NA NA
BH-9-01 Underground fuel storage tank 12-Nov-01 NA 115.01 3.05 32 mm PVC pipe slotted PVC screen NA NA
BH-10-01  |[Underground fuel storage tank 12-Nov-01 NA 115.58 3.05 32 mm PVC pipe slotted PVC screen NA NA
BH-11-01  [Underground fuel storage tank 14-Nov-01 NA 128.29 9.14 50 mm PVC pipe slotted PVC screen NA NA
BH-12-01  |[Underground fuel storage tank 19-Nov-01 NA 127.88 10.06 | 50 mm PVC pipe slotted PVC screen NA NA
BH-13-01  |Underground fuel storage tank 19-Nov-01 NA 128.41 9.91 50 mm PVC pipe slotted PVC screen NA NA
BH-14-01  |Underground fuel storage tank 20-Nov-01 NA 128.27 4.57 32 mm PVC pipe slotted PVC screen NA NA
BH-15-01  |[Underground fuel storage tank 20-Nov-01 NA 128.5 7.01 32 mm PVC pipe slotted PVC screen NA NA
BH-16-01  |[Underground fuel storage tank 20-Nov-01 NA 128.4 7.01 32 mm PVC pipe slotted PVC screen NA NA
MT-1 South (upgradient) of L1 15-Dec-89 140.02 139.27 10.51 | 50mm PVC triloc 1.5m slot 130.3 128.8
MT-10 Southeast of Training Centre 19-Dec-89 135.58 134.99 7.62 50mm PVC triloc 1.5m slot 129.6 128.1
MT-2 North (downgradient) of L1 15-Dec-89 134.34 134.02 15.14 | 50mm PVC triloc 1.5m slot 120.4 118.9
MT-3 Northeast (downgradient) of L2 01-Dec-89 131.68 131.06 3.66 50mm PVC triloc 1.5m slot 129.7 128.2
MT-4 North of Training Centre 19-Dec-89 135.49 134.92 11.2 50mm PVC triloc 1.5m slot 125.5 124
MT-5 Southeast of Guard House 16-Dec-89 128.65 128.02 7.6 50mm PVC triloc 1.5m slot 122.2 120.7
MT-7 North of Reactor Building 18-Dec-89 128.63 127.85 7.62 50mm PVC triloc 1.5m slot 122 120.5
MT-8 West of Pump House 22-Dec-89 115.28 114.7 3.1 50mm PVC triloc 1.5m slot 113.2 111.7
MT-9 I;G’;:g of Norh Warchouse on | 20.pec-89 | 12518 | 12465 | 686 | SOmmPVC tiloc 1.5m slot 1221 | 1206
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Location . .. Installation | Elevation | Surface | Length ‘Well Top Well
Location Description . Well data Screen data Bottom

Code Date TOP Elevation | (m) (masl) (masl)

MW-3 Underground fuel storage tank 19-Dec-92 NA 128.4 7.77 NA NA NA NA

NPD-1 L1* 12-May-88 | 142.609 141.81 11 ‘ 3.2cm ID PVC pipe | Johnson 0.25mm slot ‘ 132.02 | 131.26
NPD-10 L2 31-Mar-89 134.26 133.43 3.1 3.2cm ID PVC 0.25 mm slot size 131.94 | 130.42
NPD-11 L2 15-May-89 | 137.63 136.82 5.77 3.2cm ID PVC 0.25 mm slot size 132.16 | 130.64
NPD-12 L2 31-Mar-89 135.85 134.95 4.5 3.2cm ID PVC 0.25 mm slot size 132.17 130.65
NPD-13 L2 15-May-89 | 138.34 137.38 7.77 3.2cm ID PVC 0.25 mm slot size 131.21 129.69
NPD-14 L2 31-Mar-89 137.92 136.99 6.4 3.2cm ID PVC 0.25 mm slot size 132.21 130.69
NPD-2 L1* 18-May-88 | 142.392 141.46 10.1 | 3.2cm ID PVC pipe | Johnson 0.25mm slot 132.2 131.44
NPD-4 L1* 16-May-88 | 143.047 142.23 13.4 | 3.2cm ID PVC pipe | Johnson 0.25mm slot | 130.6 129.84
NPD-5-1 L1* 09-May-88 137.54 136.77 12.2 | 3.2cm ID PVC pipe | Johnson 0.25mm slot | 125.72 124.96
NPD-5-11  |L1* 09-May-88 | 137.458 136.76 12.2 | 3.2cm ID PVC pipe | Johnson 0.25mm slot | 128.11 127.35
NPD-6 L1* 10-May-88 | 137.078 136.09 10.4 | 3.2cm ID PVC pipe | Johnson 0.25mm slot | 126.9 126.14
NPD-7 L1* 11-May-88 | 135.993 135 8.5 | 3.2ecm ID PVC pipe | Johnson 0.25mm slot | 127.69 126.93
NPD-8 L1* 17-May-88 | 145.264 144.41 16.8 | 3.2cm ID PVC pipe | Johnson 0.25mm slot | 128.55 127.79

NPD-9 L2 15-May-89 | 135.14 134.33 4.5 3.2cm ID PVC 0.25 mm slot size 131.92 130.4

* Local elevations converted to m asl using GPS elevation at NPD-7
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Table 3-2
Water Levels (in m asl) on Installation of Boreholes and Wells Near L1 and L2

Borehole | 05/16/88 | 05/18/88 | 05/19/88 | 05/24/88 | 05/25/88 | 05/27/88 | 03/31/89 | 05/15/89
NPD-1 | 132.89 | 13292 | 132.94 | 13299 | 13299 | 133.00 NA NA
NPD-2 | NA | NA | 13222 | 13229 | 13231 | NA | NA | NA
NPD-4 | 130.75 | 130.81 | 130.83 | 13090 | 131.01 | NA | NA | Na
NPD-5-1 | 12778 | 127.81 | 127.85 | 12796 | 12797 | NA | NA | Na
NPD-5-I1|  NA | NA | 12754 | 12768 | 12769 | NA | NA | NA
NPD-6 | 127.74 | 12808 | 12783 | 12796 | 12798 | 12815 | NA | NA
NPD-7 | 127.90 | 12792 | 12795 | 12799 | 12769 | NA | NA | NA
NPD-8 | NA | 12823 | 12826 | 12843 | 12