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1. SAFETY GOALS

1.1 OPERATIONAL PHASE

During the operational phase of the IRUS facility (comprising construction, waste
emplacement, and closure), exposures to operating personnel will be maintained below the
radiation dose limits set by the Atomic Energy Control Board. Sound radiation protection
principles, including distance, time and shielding, will be used to ensure that any exposures
are kept As Low As Reasonably Achievable (ALARA). At the time of writing, the
radiation dose limits are derived from the 1977 recommendations of the International
Commission on Radiological Protection. The maximum permissible committed effective
dose to individual atomic radiation workers is set at 50 mSv in any year, 30 mSv in any
14-week consecutive period, with additional limits for particular body parts. The
maximum permissible committed effective dose to an individual member of the public is
set at 5 mSv in any one year.

The International Commission on Radiological Protection has recently revised its
recommended dose limits. The Atomic Energy Control Board is in the process of revising
Canadian regulations to be consistent with the new ICRP recommendations. These
proposed new regulations set a maximum permissible committed effective dose of 20 mSv
per year for atomic radiation workers, with additional limits for particular body parts. The
maximum committed effective dose to an individual member of the public is set at 1 mSv
per year.

To be prudent with respect to worker safety, and in view of the time necessary to
construct the IRUS facility and emplace the waste, the IRUS operating procedures are
being developed using the working assumption that the new, more stringent, regulations
will be in force during the IRUS operational phase.

1.2 POSTCLOSURE PHASE

In the postclosure phase, the safety goals for the IRUS facility are derived from the
objectives, requirements, and guidelines specified in the AECB regulatory document R-
104. As stated in R-104, the objectives of waste disposal are to:

(i) minimize any burden placed on future generations,
(ii) protect the environment, and
(iii) protect human health,

taking into account social and economic factors. These objectives impose requirements
that include a limitation on the extent to which the disposal method relies on long-term
institutional controls for its safety.

1.2.1 Institutional Control Period
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Following closure, there will be an active institutional control period during which the
IRUS facility will be managed in a manner similar to that of other AECL facilities. Access
will be restricted, and monitoring will be conducted to detect and assess any releases of
contaminants. The safety goals for the institutional control period are identical to those
for the operational phase.

It is not AECL's intention to rely on active institutional control in the long term. AECL
intends to use appropriate methods to ensure that adequate records will be kept.
However, it would not be prudent to assume continuity of records beyond a few hundred
years.

Accordingly, this PSAR assumes an active institutional control period of one hundred
years. This is conservative with respect to international practice, where three hundred
years is frequently used for the institutional control period.

1.2.2 Long-term Assessment

Subsequent to the institutional control period, the IRUS facility will enter a phase where
the long-term performance of the facility must be considered. Regulatory document R-
104 requires that the predicted radiological risk to an individual from a single waste
disposal facility shall not exceed 10"* fatal cancers and serious genetic effects in a year,
calculated without taking advantage of long-term institutional controls as a safety feature.

The specification of this risk level (10"6 a"1) is intended to ensure that the predicted
radiological risks are sufficiently low to allow for uncertainties in radiation exposure
scenarios and their consequences, and also to allow for future nuclear activities that might
impact on the same individuals. AECB regulatory document R-104 states that a mean
annual dose of 0.05 mSv is equivalent to an annual individual risk of 10"6.

However, using the most recent recommendations of the ICRP, a mean annual dose of
«0.014 mSv is equivalent to an annual individual risk of 10"6. In the expectation that the
1991 recommendations of the ICRP will be adopted in Canada, the IRUS PSAR assumes
a value of 7.3 x 10'2 Sv'1 for the probability coefficient that relates the health effect
probability to dose level.

As a comparison, 0.014 mSv is approximately 0.8% of the annual dose received by a
member of the general population in Canada from natural background radiation.

1.2.3 Environmental Protection

In addition to ensuring adequate radiological protection to workers and the public, the
IRUS facility will provide an adequate level of environmental protection. The
environmental protection goals for the IRUS Project are to ensure that there are no
predicted future impacts on the environment that would not be currently accepted, and
that future use of natural resources is not prevented by radioactive or non-radioactive
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contaminants.

2. HUMAN EXPOSURE SCENARIOS AND CRITICAL GROUPS

Several receptor groups were defined to assess the radiological risk from the closed IRUS
facility. The receptor groups correspond to various exposure scenarios in which
representative humans ingest, inhale, or otherwise come into contact with the
contaminants in the wastes in IRUS, and potentially have their health affected.
Two key considerations in selecting receptor groups are the approaches taken to (1)
dealing with deliberate versus inadvertent human actions, and (2) selecting an urban versus
a rural lifestyle. These preliminary issues are discussed in the following two sections.

2.1 DELIBERATE VERSUS INADVERTENT HUMAN ACTION

A deliberate action to disturb IRUS is one that is taken with full knowledge of the
presence and potentially hazardous consequences of disturbing the waste. For instance,
deliberate intrusion might involve someone entering the IRUS vault out of archaeological
curiosity or interest in retrieving some of the vault's contents. This assessment does not
examine deliberate intrusion.

An analysis is made of risks to humans and other biota that may be inadvertently exposed
to the waste contents of IRUS, that is, they had no awareness of the facility nor any
recognition of any associated hazard.

2.2 RURAL VERSUS URBAN LIFESTYLE

The receptor groups for the postclosure assessment are based on a rural, as opposed to an
urban, lifestyle because

(i) households in the area are rural, and
(ii) persons in rural households are more likely to receive a higher dose than persons in

urban households.

There are no urban areas near the CRL site. The CRL site is controlled-access, federally-
owned land, and is not currently available to the public. The largest towns within 10 km
are Chalk River (population 900, 3.5 km from the IRUS site) and Deep River (population
4200, 7 km from IRUS).

The exposure scenarios were developed on the assumption that the local population
density will remain low. Thus, the receptor groups were assumed to consist of single-
family rural homes or farm households.

An important difference between urban and rural households is that rural households tend
to be more self-sufficient than urban and suburban ones. They rely more on water, food
and other resources drawn from the immediate area. This is particularly so in the case of
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farm communities. Materials produced locally near the areas where groundwater passing
under IRUS returns to the surface, are more likely to have a greater impact if used locally
than if used elsewhere, where their impact would tend to be diminished by the
consumption of other non-contaminated food sources. Furthermore, there are more
potential exposure pathways, each with greater importance for a rural populace because
the latter would tend to have longer and more intimate contact with the local environment
than an urban group would. Receptor groups based on both rural residences and farm
households were examined, but for the reasons given above, urban situations were not
evaluated.

2.3 APPROACH TAKEN TO IDENTIFY THE CRITICAL GROUP

The Critical Group concept involves identifying a relatively homogeneous group of
people that is expected to receive the greatest exposure from a nuclear facility because of
its location, age, habits and diet. The AECB Regulatory Document R-104 requires that
the critical group considered in assessing the long-term radiological risk from a disposal
facility should be, "...located at a time and place where the risks are likely to be the
greatest...", and "...the lifestyle...should be based on present human behaviour using
conservative, yet reasonable, assumptions".

The fundamental approach used in this assessment is to avoid prejudging the results
derived from locating receptor groups at various locations

(i) downgradient from the vault along the groundwater flowpath, where dilution and
dispersion of ground water-borne radionuclides in the aquifer will be at a minimum,
or

(ii) downwind from the vault where dilution and dispersion of gaseous emissions from
the vault will be at a minimum, or

(iii) near the bulk of the solid materials in the vault that have been exposed and possibly
displaced by inadvertent intrusion.

2.4 SUMMARY OF THE EXPOSURE SCENARIOS ASSESSED

The following scenarios were analysed in the postclosure assessment.

The Groundwater Pathway - the following exposure scenarios were assessed:

(i) A rural home with a well located at the middle of the IRUS plume area,
(ii) A rural home adjacent to a small, nearby lake (Lower Bass Lake), that is

downgradient from the vault,
(iii) A rural home adjacent to a larger, more distant lake (Maskinonge Lake), that is

downgradient from the vault,
(iv) Farm adjacent to Maskinonge Lake, and
(v) Uses of materials from a nearby swamp (Duke Swamp).
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The Duke Swamp exposure scenarios involve humans living near Duke Swamp who take
their drinking water from the swamp, consume produce from a household vegetable
garden that has had peat from the swamp added to it to condition the sandy soil, and
consume meat from moose that drink water and browse on vegetation in the swamp.

Inadvertent Human Intrusion - the receptor group unintentionally disturbs the vault
contents. Two scenarios are assessed:

(1) The Construction Scenario, in which the vault contents are exhumed in the course of
excavating a basement for a house, after the vault and its contents have degraded into
material indistinguishable from the surrounding soil. The receptor group consists of the
humans who disturb the vault material.

(2) The Agriculture Scenario, in which produce is grown in a household garden located
on vault materials that had been displaced during prior construction. The receptor group
is the members of the household who consume the produce.

The Atmospheric Pathway - radionuclide-bearing gases escape the vault, either upwards
through cracks in the roof and the soil cover, or downwards through the buffer layer at the
base of the vault then upwards through the sand outside the vault walls. Doses from 3H
(as tritiated water vapour) and 14C (as CO2) were calculated for receptor groups located
either on the vault, or at various locations downwind from IRUS, and found to be very
low.

3. THE SYVAC3-NSURE PERFORMANCE ASSESSMENT CODE

3.1 THE NSURE CODE

NSURE (Near-Surface Repository code) is a performance assessment (PA) code,
developed for the safety assessment of near-surface disposal facilities for low-level
radioactive waste (LLRW). The NSURE model includes a vault model, models for
transport through unsaturated layers, aquifers and surface waters, and a biosphere model.
The code is written in standard FORTRAN-77 (except for the use of INCLUDE files),
and was developed and tested on the IBM/PC (personal computer) and VAX platforms.

NSURE is designed for evaluating the IRUS facility. NSURE models the groundwater
pathway for transport of radionuclides from the disposal vault to the biosphere of the
receptor group.

3.2 OVERVTEW OF CODE CAPABILITIES AND SALIENT FEATURES

NSURE incorporates essential modelling capabilities, including several important features
to enhance its practical use. The principal features of the code are:

i) NSURE can be used to model a LLRW disposal facility with or without water
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infiltration barriers. Where infiltration barriers exist (e.g., vault roof or concrete
cap), NSURE can handle a gradual or sudden ingress of water brought on by
leakage or failure of the infiltration barriers,

ii) NSURE can be used to model a mixture of different container/waste form systems
in a single simulation,

iii) NSURE can model single or multiple radionuclide species, in single or multiple
waste forms,

iv) NSURE can be used to model the full range of radionuclides encountered in
LLRW disposal facilities. Radionuclide ingrowth, however, is not included in the
mass transfer models,

v) Because NSURE ha Bs been linked with SV AC3, its variability analysis features
are a powerful tool for sensitivity analysis,

vi) NSURE provides a repository source term that takes into account the influence of
water flow, container degradation rates, waste form leaching rates and retention
factors on release rate from the facility,

vii) NSURE allows well water, surface water or recreational water (or a combination
of these) scenarios for the estimation of dose to an individual in the receptor
group,

viii) NSURE provides several ingestion and external exposure pathways for dose rate
calculations.

4. GROUNDWATER PATHWAY SAFETY ASSESSMENT RESULTS

This section discusses the results for the postclosure safety assessment from the
groundwater exposure pathway.

Plots of the total risk as a function of time after closure for the four exposure scenarios are
shown in Figures 4-1 and 4-2. Figure 4-1 shows the total annual risk for the three rural
home scenarios. Figure 4-2 shows the total annual risk for the farm home scenario. The
total risk shown in each figure is the combined risk from all radionuclides. In all of these
exposure scenarios, the combined annual risk is below that corresponding to an annual
risk limit of W6 beyond the institutional control period. The tritium peak risk for the
well scenario (Figure 4-1) is within the institutional control period of 100 years and is
below the regulatory limit of 10"6.

5. INADVERTENT HUMAN INTRUSION

5.1 INTRODUCTION

As part of the safety assessment of the IRUS facility, this section documents an
examination of the risk associated with inadvertent human intrusion. Inadvertent human
intrusion refers to a series of events that must occur for an individual, who is unaware of
the hazard associated with or the presence of the waste facility, to come into direct
contact with the disposed wastes.
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The first step in determining the impacts associated with human intrusion is to describe a
credible scenario. Then, the resulting dose from the scenario must be predicted. Finally,
in order to estimate the risk associated with a given scenario, the estimation of
probabilities describing how likely the scenario is to occur is required. These scenarios are
unlikely events and in order to estimate the risk, it is necessary to assign the probabilities
of occurrence of the intrusion scenarios to show compliance with the AECB Regulatory
Document R-104. A brief discussion of broad issues relating to the risk associated with
human intrusion is provided in the following paragraphs.

5.2 SELECTION OF SCENARIOS FOR IRUS

Based on considerations of current land use and current knowledge of resources in the
vicinity of IRUS and a review of publications dealing with the selection of scenarios for
human intrusion two scenarios were selected that are likely to present the highest risks to
an IRUS facility intruder, i.e., to have the highest product of probability and consequence.
These scenarios generically represent the excavation of wastes from the facility during
construction and subsequent use of contaminated soil for agricultural/gardening purposes.

5.2.1 Construction Scenario

In this scenario, the construction of a residential dwelling is considered. For this scenario,
it is assumed that, sometime after the loss of active institutional controls, an intruder
constructs a house or other building on the disposal site. In doing so, he contacts the
waste while excavating the basement, installing utilities, etc. This scenario is unlikely to
occur until the waste, reinforced concrete cap and other barriers have decomposed to the
extent that they resemble ordinary soil. If an intruder encounters the concrete cap, he will
probably stop digging and no intrusion will occur. It is assumed that the contaminated soil
excavated during the construction scenario will be distributed around the residential site,
and become the source for a future agricultural scenario. For the intrusion-construction
scenario, exposures to a construction worker were calculated for two pathways:

(i) external exposure to gamma radiation from the waste being excavated; and
(ii) inhalation of contaminated dust suspended by the excavation activities.

The construction activity is based on the excavation for a foundation of an average size
house with a footing size of 140 m2 (1500 ft2). Allowing for some working space around
the footings, the actual dimensions of the excavation would be about 13.5 mx 13.5 m, or
187 m2 (actual dimensions will more likely be rectangular, i.e., 11 m x 17 m). It is further
assumed that the excavation depth does extend down into the waste vault, through more
than 2 m of earthen cover, 1 m of the reinforced concrete cap, and 1 m into the waste.
Thus the total volume of vault contents brought to the surface is estimated to be 187 m3.
This estimate in terms of depth of excavation, is an overestimate for the vast majority of
residential dwelling excavations. While it may be true that multi-story apartment
complexes routinely have foundations at this depth, they are built with much less
frequency (very rarely in current local practice), and the likelihood of gardening or farming
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in such a setting would also be significantly less.

The volume of waste material brought to the surface is then spread out over the surface of
the building lot. The vault contents and the earthen cover and concrete roof materials are
mixed together. The top 15 cm of soil contains the contaminated soil with a soil waste
density of 1.8 gem'3. The total area of contaminated soil available for crop growing is 0.4
Ha (approximately 1.0 acre), which is a reasonable estimate for the area that may be
subject to earth moving during construction in a rural setting.

The construction worker is assumed to be working near the contaminated soil for a period
of 500 hrs, which is approximately 2 months effort (taking into account long construction-
site working days). Dust concentrations are therefore averaged between the
concentrations expected during earth moving and excavation and what is expected when
the worker is above grade level on the structure. Inhalation exposure was calculated using
a mass loading model for the concentration of radionuclides in air. The mass loading factor
is 2xlO'3g of soil per m3 of air during construction activities, about thirty times the average
ambient level in Canada . Particles in the suspended material have a density of 1.6 Mgm'3.

5.2.2 Agricultural Scenario

For the agricultural scenario, the intruder is assumed to occupy a house built on waste
excavated in a construction scenario, and to ingest food grown in the excavated waste soil
mixture. This is essentially a farming scenario where the resident grows or raises crops
and animal products that form part of his diet. To the extent possible, taking into
consideration the contaminated land area, the food consumption and crop and animal
product production parameters for the intrusion scenarios are consistent with the
groundwater pathway analysis conducted using SYVAC3-NSURE.

For the intrusion-agriculture scenario, exposures to a resident/farmer were calculated for
five pathways:

(i) External exposure to gamma radiation from unexcavated waste beneath the
home and beneath the area where farming activities are carried out.

(ii) External exposure to gamma radiation from previously excavated waste,
uniformly distributed over the farmed area,

(iii) Inhalation of contaminated dust and radon gas, suspended by natural
processes and/or processes associated with agriculture,

(iv) Ingestion of garden crops contaminated by foliar deposition and/or root
transfer from soil,

(v) Ingestion of animal products from animals raised on contaminated forage
and food.

5.3 DISCUSSION OF RESULTS

The AECB criterion for the acceptability of a nuclear waste disposal facility is that the
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annual risk, summed over all scenarios, should be less than 10"6 fatal cancers or serious
genetic effects.

The analysis shows that the IRUS facility will meet the AECB risk criterion for the
inadvertent human intrusion scenarios. Initially, in the agriculture scenario, 137Cs, '"Sr,
and other shorter-lived nuclides (notably 60Co) are responsible for a majority of the dose
for time periods up to 150 years. The same is true for the construction scenario, with the
exception of ^Sr, because doses tend to be dominated by gamma emitters. At the longer
times for the agriculture scenario 94Nb contributes significantly to the dose. In the
construction scenario at longer times, in addition to 94Nb, ^ P u and 240Pu comprise the
majority of the dose. The risks due to intrusion are very low at times soon after closure
and up to several hundred years. Once institutional controls have lapsed and the physical
barriers begin to degrade, the risk begins to rise.

There are uncertainties in the estimates of both probability and consequence, in the
intrusion analysis. The largest source of uncertainty in the consequence analysis arises
from assigning values to human behaviour and environmental parameters that can be
highly variable, such as storage time of animal feed grown on site, and mass loading for
waste suspended in the air. The uncertainties in the estimates of probabilities of events and
failures are even larger. Accordingly, values judged to be conservative have been assigned
throughout.
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