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option for nuclear facilities
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Abstract. A scoping study was conducted over the period 1998-2000 to consider the feasibility of in
situ disposal as a decommissioning option for AECL's Nuclear Power Demonstration Reactor located
at Rolphton, Ontario. The results of a detailed assessment are summarized and the study concludes
that in situ disposal appears feasible. Additional work required to confirm the results is also
identified. A second in situ component, contaminated Winnipeg River sediments at AECL's
Whiteshell Laboratory located in Manitoba, was also evaluated. That study concluded that in situ
abandonment would have no adverse impact on aquatic life, humans and the environment. A summary
of the study is presented as an appendix to the report.

1. Introduction

Studies have recently been conducted by AECL to consider in situ disposal or abandonment as
a decommissioning option for individual reactor facilities and for components of supporting
systems and infrastructure. The results of two studies are summarized in this report.

The first project was a scoping study undertaken in 1998/99 to assess the feasibility of in situ
disposal of the NPD reactor (Figure 1) near Rolphton, Ontario. The results are detailed in
"Scoping Assessment of the hi situ Disposal of the Nuclear Power Demonstration (NPD)
Reactor"[l]. A brief summary of the study and the documented results are presented in the
main body of this report.

The second study addresses contaminated river bottom sediments at the process water outlet
from AECL's Whiteshell Laboratory. This was the primary release point for cooling water
from the Whiteshell Reactor, WR-1. The results of this study are detailed as part of the
environment assessment for the Whiteshell Decommissioning Project [2]. A brief summary of
the operation, approach and results are presented in Appendix 1.

2. The NDP feasibility study

2.1. Background and objectives

The NPD reactor was a heavy water moderated and cooled pressure tube reactor which was
shutdown in 1987 after 25 years of operation. All nuclear fuel and operating fluids were
removed from the facility as part of an initial decommissioning phase completed in the early
90's. Most of the other radioactive components remain inside the reactor building. Both
activation products and fission products are present.

49



In situ disposal involves remedial action to limit the mobility and release of the radioactive
contamination such that NPD will be in a passively safe state. In particular, the present
concept of in situ disposal consists of the following activities:

- Removing all uncontaminated surface structures

- Dismantling the upper contaminated structures such as the primary heat transport circuit
and placing these structures at a lower level within the reactor building

- Filling all the voids in the reactor building with a mixture of swelling clay and sand

- Placing an impermeable clay-based cover over the top of the reactor building within the
overburden layer

- Plugging the drain path from the reactor building to the pump house with impermeable
material

- Removing more highly active reactor components if necessary

In this report, a scoping-level assessment is made of the radiological consequence of this in
situ disposal. The radionuclides addressed here are those found in previous assessments of
disposal of L&ILW to have the largest radiological consequence and those with large
inventories at NPD. A more detailed assessment may require consideration of some other
radionuclides.
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Fig. 1. Three dimensional drawing of NPD.
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3. Scoping assessments modeling

The scoping study strives to assess the radiological consequences of in situ disposal of the
reactor. The radionuclides addressed cover the entire range of radionuclides identified through
review of waste disposal records and inventory assessments. The radionuclide sources are
summarized in three distinct categories: 1) aluminum core components, 2) concrete forming
the biological shield, 3) carbon steel of the vault liner and tube end supports, 4) stainless steel
end fittings and closure plugs, 5) zircaloy pressure tubes and 6) loose surface contamination.
The key radionuclides associated with each source are given in Table 1.

Three assessment scenarios were examined through modeling as follows:

- Release into drinking water
- Leaching and migration into ground water followed by lifestyle exposure
- Direct human intrusion into the site

The key activity involved modeling of the disposal vault, the geosphere and biosphere to
identify/assess pathways and release mechanisms. The impact of the release paths on key
receptors was evaluated for each model. Summary information on modeling for each
component is summarized below.

The Near-Field (Vault) Model

In this study, the interior of the reactor building, the walls of the reactor building, the cement
backfill around the building and the blast-damaged rock from the reactor excavation are
collectively referred to as the 'vault'. The model developed simulates the release of
radionuclides from their sources and their subsequent transport through the water filled pore
spaces in the reactor, through the walls of the reactor building and through the cement backfill
and blast-damaged rock into the surrounding bedrock. The model includes the following
processes:

- Release of radionuclides
- Two dimensional transport by advection and dispersion
- Degradation of engineered barriers
- Linear sorption onto solids
- Spatial variability in the vault,
- Time-dependent solubility limitations on transport
- Gas-generation
- Radioactive decay and in-growth

The Geosphere Model

The objective of the geosphere model is to evaluate the mass transport rate of radionuclides
released from a disposal facility as a function of time, the transport path and the discharge
zone, including the possible effects of a groundwater withdrawal well.

The model was developed in several stages:

- A conceptual model was developed based on expert judgment and the known local and
regional geological and hydrogeological conditions.
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- Data used were selected or collected.

- Detailed two dimensional and three dimensional groundwater flow models were
developed to help identify the dominant pathway(s) for the transport of water from the
vault to the discharge zone and the characteristics of the discharge zone. The groundwater
flow along the transport pathway was characterized by reference hydraulic heads or
groundwater flow velocities.

- For possible implementation in a probabilistic performance assessment framework, a
network transport model was developed to reflect the previously identified dominant flow
path(s) from the vault to the discharge zone(s).

- Mass transport calculations for radionuclide decay chains were done along the pathways of
the network representation of the groundwater flow field to give rates of discharges to the
biosphere.

Table 1. Estimated NPD radionuclide inventories for various waste sources (in bq at 50 years
after plant shutdown)

Radio-
nuclide

, 4 C

36C1
60Co
135Cs
137Cs
55Fe
,29j

59Ni

63Ni
90Sr
"Tc

AECB
Scheduled

Quantities^

3.7xlO6

3.7xl05

3.7xlO6

Not specified
3.7xlO5

3.7xlO6

Not specified
Not specified

3.7xl05

3.7xl03

3.7xlO5

ALUM (2>

5.25x10"
1.45 xlO10

2.14x10"
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a

HDCE ( 2 )

1.34 x l O 6

2.2 x l O 9

5.08 x 106

n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a

ILWI (2 )

7.9xlO7

3.0xl05

n/a
3.6xl03

1.5xl09

n/a
7.0x105

n/a

n/a
9.6xlO8

3.7xlO5

SCAR(2>

3.26 x 10"
6.96 x l O 5

2.02 x 109

n/a
n/a

1.50 x 107

n/a
n/a

n/a
n/a
n/a

STAN ( 2 )

8.49 x 105

7.12 x 106

1.04x10"
n/a
n/a

8.29 xlO8

n/a
1.86 xlO9

1.70x10"
n/a
n/a

ZIRC ( 2 )

1.13 xlO12

2.53 xlO10

4.80x10"
n/a
n/a

2.83 xlO8

n/a
1.71 xlO11

2.31 xlO13

n/a
n/a

(2)

(1) Atomic Energy Control Board (renamed the Canadian Nuclear Safety Commission in 2000) Scheduled
Quantities. These are quantities of radionuclides specified as exempt from licensing (AECB 1978, Sections 3
and 6, and Schedule I). These quantities are presented for perspective on the quantities in the vault
inventories. As can be seen, the inventories of radionuclides in NPD are many orders of magnitude greater
than the Scheduled Quantities.
Radionuclide sources considered
ALUM Aluminum metal components - calandria tubes, calandria shell, end reflector stepped-tube
HDCE High density concrete forming the biological shield of the reactor
ILW1 Instantly released surface contamination
SCAR Carbon steel components - tube end supports, steel vault liner
STAN Stainless steel-end fittings, closure plug assemblies, fuel latch assemblies, fuel spacer sleeves
Z1RC Zircaloy coolant pressure tubes

n/a - not applicable

The Biosphere Model

The biosphere model estimates the ultimate fate of any radionuclides that escape the vault and
the geosphere. In the biosphere, the radionuclides are partitioned among solids such as
sediments and soils, liquids in surface water bodies, and gases and suspended particles in the
atmosphere. The radionuclides are also partitioned to biota, both human and non-human. The
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estimated dose rate to an individual of a critical group of humans was estimated. Essentially
this is a group of individuals who live in the worst place and time with regard to receiving a
dose from emissions from the vault. In this assessment, the radiation dose consequences for
non-human biota are not computed. The ultimate fate of all radionuclides in the biosphere
model is,

- decay to stable nuclides,
- flushing downstream and
- dispersal into the atmosphere.

4. Results

The potential doses to humans are based on scenarios that describe the reasonable use of the
contaminated biosphere resources. The critical group has been defined in a way that is
conservative for dose estimation. Among other attributes, it gathers all its resources from the
contaminated area. Exposure pathways considered are listed in Table 2.

The central scenario analyzed based on the modeling developed is leaching into groundwater
followed by lifestyle exposure. The maximum dose rate to the most exposed individual of the
critical group was determined for all of the radionuclides considered in this study. The
maximum dose rate for the top ten contributors are given in Table 3 and the dose rate as a
function of time, which is dominated by Cl, is shown in Figure 2.

Human intrusion models were also assessed to evaluate the impact of direct contact with the
in situ waste inventory. The most likely access considered was excavation associated with a
construction scenario or the drilling of a water well into the storage vault. Such scenarios are
highly dependent on probability of a direct intrusion. The scenario modeled, in the near vault
area, was drilling of a well which intercepts the entire radionuclide plume from the vault area.
Table 4 shows the maximum dose rates for that scenario. The highest maximum dose
calculated is 2.2 x 10~5 Sv/a which is only a factor of two below the dose rate associated with
the Canadian Nuclear Safety Commission (CNSC) risk limit for radioactive waste disposal of
5.0 x 10~5Sv/a.

Several variant simulations were also analyzed to determine how remedial actions and/or
variations in model assumptions might impact the results. Remedial actions considered were:

- Removal of the reactor;
- Removal of reactor components and portions of the biological shield;
- Isolation of the vault by use of sealing clay layers;
- Hydraulic isolation of NPD from ground water flow in the surrounding construction

cavity;
- Institutional controls to prevent human activities around the site.

Other simulation variants considered i4C solubility increases, effects of an alkaline plume in
the reactor vault, re-flooding of NPD, errors in the radionuclide inventory and increased
hydraulic conductivity of clay backfills.

A summary of the dose rate results of the variant simulations is presented in Figure 3.
Maximum dose rates for each variant are compared to the maximum dose rate for the central
scenario and to the dose rate associated with the CNSC risk limit in Figure 4.

53



There are many uncertainties associated with the modeling assumptions and data. The results
of the analysis of variant simulations indicate that only the uncertainty in initial radionuclide
inventory might lead to exceedance of the CNSC risk criteria.

The variant simulations analyzed show that the following remedial measures would be
effective in reducing the radiological risk at NPD and increasing the margin of safety for in
situ disposal.

- Removing reactor components and contaminated portions of the biological shield;

- Maintaining institutional controls after disposal;

- Adding a clay barrier for the unprotected portions of the biological shield;
Isolating NPD from the local groundwater flow.

Table 2. Exposure pathways to humans considered in the biosphere model

1.
2.
3.
4.

5.
6.
7.
8.

9.
10.
11.

12.
13.
14.
15.

16.
17.
18.
19.

20.
21.

22.
23.
24.
25.
26.

Pathway

Uptake from Soil
Soil/plant/meat/human
Soil/plant/milk/human
Soil/plant/bird/human
Soil/plant/human
Atmospheric Deposition
Air/plant/meat/human
Air/plant/milk/human
Air/plant/bird/human
Air/plant/human
Animal Air Inhalation
Air/meat/human
Air/milk/human
Air/bird/human
Ingestion of Water
Water/meat/human
Water/mi Ik/human
Water/bird/human
Water/human
Ingestion of Soil
Soil/meat/human
Soil/milk/human
Soil/bird/human
Soil/human

Other Internal Routes
Fish/human
Inhalation

External Routes
Air
Water
Ground
Wood
Inorganic

Description

Used to estimate dose rate to a member of the critical
group from the ingestion of plants and animal products
that have been contaminated by uptake from soil.

Used to estimate dose rate to a member of the critical
group from the ingestion of plants and animal products
that have been contaminated by deposition on plant
leaves.

Used to estimate dose rate to a member of the critical
group from the ingestion of animal products that have
been contaminated by the air that the animals inhale.

Used to estimate dose rate to a member of the critical
group from the direct ingestion of drinking water, and
from the ingestion of animal products that have been
contaminated by drinking water and by irrigation water.

Used to estimate dose rate to a member of the critical
group from the ingestion of contaminated soil; includes
direct ingestion of contaminated soil (#19) and ingestion
of animal products from animals that have ingested
contaminated soil (#16-18)

Used to estimate dose rate to the critical group from the
ingestion of fish in a lake contaminated with radionuclides and
from the inhalation of air contaminated with radionuclides.

Used to estimate external dose rate to the critical group
from immersion in contaminated air and water, exposure
to contaminated ground (groundshine), and exposure to
buildings constructed of wood and inorganic materials.
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Table 3. Maximum dose rate of the top 10 contributors for the central scenario

Radionuclide species

Cl-36 HDCE

C-14 ALUM

Cl-36 ALUM

Sr-90 ILWI

C-14ZIRC

1-129 ILWI

Cl-36 ZIRC

Tc-99 ILWI

Ni-59 ZIRC

C-14 ILWI

Maximum dose rate (Sv/a)

1.24xlO~5

2.72x1 (T6

1.14xlO-6

1.39xlO"7

2.15xlO"8

1.23xlO"8

6.28x10-9

1.86xlO"9

1.07xl0"9

2.06xl0"10

Time of maximum (a)

1.48x10'

5.60xl03

4.24x103

l.OOxlO2

l.OOxlO4

l.OOxlO3

l.OOxlO4

1.80xl03

1.97xlO4

1.59xlO2

CD

1

"total dose.central" •
"cl36hdce.dose" •
"c14alum.dose" •

"cl36alum.dose" •
"sr90ilwi.dose" •
" d 4zirc.dose" •

"AECB dose.limit" •

10 100
time [a]

1000 10000 100000

Fig. 2. Dose rate as a function of time for the central scenario.
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Table 4. Maximum dose rates for a well adjacent to NPD

Radionuclide

C-14 ALUM

Cl-36 HDCE

Co-60 ALUM

Cs-135 ILWI

Cs-137ILWI

Fe-55 SCAR

1-129 ILWI

Ni-59 ZIRC

Ni-63 ZIRC

Sr-90 ILWI

Tc-99 ILWI

Maximum
near-field

release rate
(mol/a)

9.4x10"6

l.lxlO"3

5.8xlO"15

8.7xlO"12

1.1x10""

3.8xl0"20

4.6x10"7

5.7xlO"7

1.2x10""

9.9xlO""

1.8xlO"9

Time of
maximum

release
rate (a)

6.7x103

l.OxlO1

2.5x10'

7.9x10'

5.6x10'

1.8x10'

8.2xlO2

2.3xlO4

1.8xlO2

2.1x10'

1.6xlO3

Concentration
(mol/m3)

6.3x10"9

7.7x10"7

3.9xl0"'s

5.8xl0"15

7.3xlO"15

2.5x10"23

3.1x10"'°

3.8x10"'°

8.0xl0"15

6.6xlO"14

1.2xlO"12

Dose
conversion

factor (Sv/Bq)

5.00x10"'°

l.OOxlO"9

2.86xlO"9

2.00xl0"9

2.00xl0"8

2.00x10"'°

n/a

6.70x10""

2.00x10"'°

3.30xl0"8

6.70x10"'°

Maximum
dose rate
estimate

(Sv/a)
4.6x10"6

2.2xlO"5

1.8x10""

4.3xlO"14

4.1xlO"8

1.6xlO"17

7.8xl0"7*

2.9x10"9

1.4x10"'°

6.3x10"7

3.2x10""
* determined from a specific activity calculation based on the ratio of stable to radioactive iodine in the

thyroid.

&
2
O

1e-12
0.1

"central scenario"
"remove components" —

"add clay layer"
"hydraulic isolation"

"institutional controls" —
"AECB dose.limit"

10 100
time [a]

1000 10000 100000

Fig. 3. Ttotal dose rate following remedial measures.
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1E-2]

1E-3

1E-4J CNSC risk limit

1E-10
4 7 10 11

C Central scenario
2 Removing contaminated reactor components and contaminated portions of the

biological shield
3 Isolation of section 2 from the blast-damaged zone by insertion of a clay-

based layer
4 Hydraulic isolation of NPD
5 Institutional controls
6 Soluble 14C
7 Increased corrosion rate of aluminum
8 Decreased dispersion lengths and radionuclide release in the biological shield
9 Increased initial inventory
10 More rapid re-flooding of NPD
11 Increased hydraulic conductivity of the clay

Fig 4. Maximum dose rates for variants compared to the central scenario and to the CNSC risk limit.

5. Conclusions/recommendations

Although the results of the NPD scoping analysis are not sufficient to conclude that in situ
disposal is viable, in situ disposal cannot be ruled out as a feasible option. The results of the
leaching, migration and lifestyle exposures indicate that they are below but very close to
recommended public exposure limits. The results of remedial analysis show that successful
application of any or all measures would enhance the margin of safety and improve the
likelihood of securing regulatory approval.
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Analysis of the human intrusion scenario (the most limiting scenario) indicated that in situ
disposal is viable. From a dose impact perspective it is clear that application of institutional
controls (see Figure 4) following disposal would enhance the safety of the human intrusion
scenario.

A number of recommendations are advanced to indicate further analysis required to narrow
the risk in implementing the in situ disposal option. These additional studies are considered
necessary prior to advancing a proposal on in situ disposal of the NPD reactor. Specific
recommendations for additional work are:

- Further studies and analysis be undertaken to narrow the uncertainty in radionuclide initial
inventory at NPD, particularly the initial inventory of 36C1 in the biological shield;

- A detailed groundwater flow and remedial action study should be conducted to determine
and evaluate measures to achieve hydraulic isolation of NPD;

- A detailed engineering and contaminant transport study be undertaken to evaluate the
effect and feasibility of adding a clay-based barrier between portions of the biological
shield and the blast-damaged zone around the reactor;

- Methods of preventing human habitation in the environs of NPD subsequent to disposal
should be investigated;

- The results of this study should be supported by a further analysis using a reliable, three
dimensional contaminant transport code capable of arbitrary geometry;

- A program should be initiated to investigate optimum methods for the use of clay-based
fill at NPD. Resources should be devoted to investigating the influence of cement
degradation on the fill and to develop methods to avoid detrimental effects.
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Appendix 1

Summary of the Feasibility Study on In situ Abandonment of Contaminated Winnipeg
River Sediments at the Whiteshell Laboratories Process Water Discharge

1. Introduction

The process water discharge from Whiteshell Laboratories releases radioactive and other
contaminants to the Winnipeg River. The contaminants are continuously monitored and with
few exceptions the releases are below the relevant standards. In routine operation,
contaminated water is held in a tank (in the Active Liquid Waste Treatment Center or
ALWTC), sampled, and released only if the release will meet the regulatory criteria. There
have been a few accidental releases, all duly reported.

The releases changed distinctly over the operational history of the Laboratory. Releases were
highest prior to 1985, when the WR-1 reactor was operating and the radionuclide mixture was
characteristic of an operating reactor (Table 1). After 1986, the releases decreased
progressively to the present. As a result of the routine release of radioactively contaminated
aqueous waste during the operating period, radionuclides are still detectable in river sediments
at the outfall area.

2. Objectives and methodology

The objective of this evaluation is to estimate the potential effects of the contaminated
sediment on biota in the river and on humans and to evaluate the feasibility of abandoning the
contaminated sediment in situ. The assessment endpoints for aquatic biota are clams because:

- they are abundant in the contaminated area,
- they dwell in or on the sediment,
- they have relatively small home ranges and so are exposed to a small area of sediment,
- they live long enough to accumulate radionuclides over several years, and
- they are important prey for fish, otters and turtles.

There are no realistic assessment scenarios leading to a notable dose for humans. The
assessment scenario considers external exposure from the sediment, as could result if the
sediment were dredged (very improbable), the sediment was exposed as shoreline
(improbable), or selected items from the sediment were collected as keepsakes (very
improbable).

The work involved the following steps:

- Developing a conceptual model of the River bottom and the general nature of the
sediments;

- Adjusting the model with information obtained from a series of diver inspections of the
River;

- Defining a survey area based on areas delimited by identifying criteria where there would
be no effects on human or ecological health;

- Carrying out a gamma survey of the River bottom;
- Analyzing sediments;
- Analyzing clams (as an indicator of ecological risk); and
- Preparing dose estimates for clams and humans.

59



3. Defining the investigation area

A practical method to specify a technical cutoff value for a survey of the process discharge
area was developed based on Environment Canada and Health Canada priority substance data
[1]. This data presents the effects of radiation on organisms in increments of radiation level
above background. A conservative level of 350 times background and a hyper-conservative
level of 35 times background are proposed, for the purpose of the Winnipeg River sediments
study an even more conservative cutoff level of 10 times background was selected to delineate
the investigation area.

4. Sampling and data collection

Underwater divers were used to carryout a radiation survey to confirm the size of the
assessment area. A gamma survey probe adapted for underwater use was carried by the divers.
For a reading, it was pressed onto the sediment surface and counts were recorded by an
operator on the surface. Readings were taken on a grid pattern downstream of the pipe. The
positioning was determined by GPS.

In addition to the gamma survey probe, a 256-channel gamma spectroscopy probe was
adapted for underwater use and was used to calibrate the survey probe from counts per second
(cps) to nGy/h in several locations. Analyses of the top 5 cm of sediment were used for the
calibration, because that approximates the depth of sediment 'seen' by the gamma probe.
Once the center-of-plume was defined, three long cores were collected in split barrel cylinders
and a composite of ten grab samples of surface sediment were collected. Three deep cores
were also collected upstream of the pipe in an area considered to be representative of the
sediment type at the center-of-plume. Composite samples were also collected in the same
manner upstream of the pipe and in the downstream bay. Clams were collected as available.

4.1. Results and interpretation of gamma survey

The positions of the gamma survey points are shown in Figure Al. The points are colour
coded to show the level of activity observed. These are also shown in the 3-D plot of Figure
A.2. The plane at the top of Figure A2 is 350-fold above background, the conservative level
referred to in section 3 above. Clearly, none of the observations approach this level. The rapid
decrease in concentration with distance is evident.

The two peaks of activity just downstream of the pipe outlet were taken as the center-of-
plume. The fact that there are two peaks instead of one may reflect features of the bottom
topography or sediment (that were not apparent to the divers) or may reflect the discharge
history. When discharges occurred at times of high flow, such as spring melt or when the
reactor was drawing large volumes of water, the increased exit velocity of the effluent would
propel contaminants further towards the center of the river. In low flow, the contaminants
would move more directly downstream from the end of the pipe.

The gamma survey results were plotted with software that allows definition of isopleths and
computes the area in square meters bounded by each isopleth line. These were used to
estimate the inventory of contaminant in the sediment of the evaluation area (Table Al).
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Fig.A2. Three dimensional rendition of the gamma survey results.

The observed activity at the isopleth line (counts per second or cps) was corrected for
background, converted to dose rate (nGy/h) using the calibration developed for the sediment
survey and converted to concentration of 137Cs (Bq/g) based on a calibration point where
sediment analysis was completed for sediment from a gamma survey position. Assuming a
sediment density of 1500 kg/m3, consistent with the dense clay observed and a contamination
depth of 5 cm (discussed in detail in the next section), the contamination per unit area was
computed. This value multiplied by the corresponding area between this isopleth and the next
gives the inventory between adjacent isopleths in Bq. These values were summed for all the
isopleths, resulting in an estimate of total inventory of 1.3 GBq. It is relevant to note that this
is substantially less than the annual releases of 137Cs prior to 1985 when the reactor was
operating. Because there is no evidence of buried contamination below 5 cm, it is assumed
that the 137Cs absent in the local sediment was flushed downstream.

5. Evaluation

Clams were chosen as the assessment endpoint. The dosimetry calculations based on tissue
concentrations are the same for all organisms, so only the potential for biomagnification
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would indicate the need to evaluate higher trophic levels. Exposures to predators of the clams
were not estimated because:

- The possible predictors are quite mobile and will feed outside the contaminated area, thus
diluting their ingestion of contamination by some unknown amount; and

- Most radionuclides do not biomagnify, and are at their highest concentration in biota most
closely associated with the contaminated media.

Human exposures from ingestion from the sediment are not likely. Clams and other benthic
invertebrates such as crawfish are not commonly consumed by people in this area. Fish may
be contaminated, but monitoring of fish has shown only slightly elevated contamination
downstream. As a result, only external exposure is plausibly important and even this is
improbable. The scenario chosen was external exposure from proximity to the sediment. This
is assumed to include scenarios such as handling a boat anchor that was rooted in the
sediment.

Table Al. Estimation of the inventory of
outfall

137,Cs in sediments in the study area just downstream of the

Isopleth
(cps)
100
150
200
250
300
400
500
750
1000
1500
2500
4000
5000

Net Count
Rate
(ncps)
0
50
100
150
200
300
400
650
900
1400
2400
3900
4900

Isopleth
Area
(m2)
1598.71
1591.90
1587.99
1572.39
1528.14
1478.03
1284.44
1039.54
483.45
279.21
119.92
30.81
2.15

Total=

Net Area
(m2)

6.8
3.9
15.6
44.3
50.1
193.6
244.9
556.1
204.2
159.3
89.1
28.7
2.1

1598.706

Isopleth
Dose Rate
(nGy/hr)

8
23
38
54
76
107
161
237
352
581
963
1346
1560

Activity
Concentration
(Bq/g)
0.27
0.81
1.34
1.88
2.69
3.76
5.65
8.34
12.37
20.44
33.88
47.33
54.86

Total =

Total
Activity
(GBq)
0.000
0.000
0.002
0.006
0.010
0.055
0.104
0.348
0.189
0.244
0.226
0.102
0.009
1.295

Background
(cps)
100

The estimated internal dose to clams (Gy/a) is the product of the internal DCF (Dose
Conversion Factor) ((Gy/a)/(Bq/kg fresh tissue) and the estimated tissue concentration (Bq/ kg
fresh tissue). The estimated external dose to clams is from sediment immersion only (because
it has a 1500-fold greater DCF than from water immersion and the Kd values are all large),
and is the product of the sediment concentration and the external DCF divided by the
sediment wet/dry weight ratio:

(Bq/kg dry sediment * (Gy/a)/(Bq/kg wet sediment)) / (kg wet sediment/kg dry
sediment) = Gy/a

Total dose from each radionuclide is the sum of the internal and external dose estimates. The
total dose for clams in the composite sediment was 0.017 mGy/a, well below even the most
conservative dose guideline[2] of 50 mGy/a. For the 99.9th percentile case, the total estimated
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dose was 6.7 mGy/a, still below the guidelines. This indicates there is very little potential for
harm to populations of clams, and the analysis is sufficiently conservative that this can be
extended with some confidence to all organisms living in or on the sediment or feeding from
the sediment.

Dose to humans in proximity to a semi-infinite plane of contaminated sediment for 1% of the
year was computed. The concentrations of the 99.9th percentile case were used, because these
concentrations were higher than any observed. The total dose rate for this very conservative
case was 0.04 mSv/a, below the risk-based criteria of 0.05 mSv/a. Any actual risk would be
many orders of magnitude lower because:

- 1% occupancy is nearly impossible along this shoreline or in other exposure scenarios;
- The total spatial extent of contaminated sediment in the investigation area is small and

does not constitute a semi-infinite plane; and
- There was no sediment found to have the 99.9th percentile concentration and if it exists it

will be a very small volume of sediment.

To summarize the dose estimates, there is a very low probability of harm to non-human biota
or humans from the sediment contamination left in the present location. With engineered or
natural displacement, the potential for impact is even lower because of further dispersion and
dilution in the river. In effect, the operation of the Whiteshell Laboratories within it's
regulated release permits has led to no significant impact in the river sediments, a
confirmation that the original planning was sufficiently well founded.

6. Conclusions

The conclusions of this evaluation deal with the description of the contamination present in
the sediments, the outfall itself, and the possible doses to non-human biota and humans. In
point form:

- The center-of-plume is downstream and outward from the pipe outlet.
- There is a rapid decrease in sediment contaminant concentration with distance from the

outfall.
- There are very localized spots of higher activity,
- Only a very small fraction of the radionuclides released is still present in the sediment near

the outfall.
- Even with extremely conservative dose estimation methods, the doses to non-human biota

(clam as the specific endpoint) and humans (based on external exposure) are below
accepted guidelines.

The abandonment of the contaminated sediment in situ is considered feasible as the final
endstate for the process water outfall area.
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