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Résumé

Les Laboratoires nucléaires de Chalk River (LNCR) sont situés en
un endroit faiblement peuplé sur la rive ontarienne de la rivière des
Outaouais, à environ 150 km en amont d'Ottawa. Cet établissement englobe
diverses installations y compris des réacteurs et des laboratoires de
recherche et leurs installations auxiliaires, des ateliers de production
d'isotopes, une installation de purification d'eau lourde et des aires de
gestion de déchets. En raison de la nature des activités de Chalk River,
la gamme des radionucléides libérés ou pouvant être libérés dans
l'environnement est plus étendue que celle des libérations normales issues
de réacteurs de puissance opérationnels. Le programme da surveillance des
libérations normales (qui se situent bien en-deçà des limites établies) à
Chalk River a évolué au cours des nombreuses années. Il a été conçu pour
mesurer avec précision les libérations de radionucléides et leurs
concentrations le long des voies d'exposition dans l'environnement.

Les principaux ruisseaux effluents sont continuellement
échantillonnés au moyen d'êchantïHonneurs automatiques. Ces échantillons
sont analysés en vue de déterminer leur activité beta totale et alpha
brute alors que les échantillons composés sont analysés pour leur teneur
spécifique en radionucléides par la méthode de comptage à scintillation
liquide, la spectrométrie gamma e£ l'analyse radiochimique. Les
libérations émanant des aires de gestion des déchets sont surveillées au
moyen d'un échantillonnage régulier des eaux superficielles. On ramasse
périodiquement des échantillons d'eaux et de sédiments souterrains afin de
repérer les panaches actifs et de fournir des données aux études de
recherche. :

Un réseau de dosimètres thermoluminescents surveille les effets
des libérations aériennes en dehors, du site des laboratoires. Des
échantillons composés sont prélevés mensuellement de la rivière des
Outaouais tant en amont qu'en aval des laboratoires, alors que les autres
eaux superficielles en dehors du site sont échantillonnées annuellement.
Font également l'objet d'un mesurage périodique les concentrations de
radionucléides dans les précipitations et dans le lait produit localement.

Le programme de surveillance de Chalk River comprend également
des relevés météorologiques de routine. Les données servent à calculer les
dosages provenant de libérations aériennes en temps normal et lors
d'accidents.
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ABSTRACT

The Chalk River Nuclear Laboratories (CRNL) are located in a sparsely
populated area on the Ontario bank of the Ottawa River, approximately 150 km
upstream from Ottawa. The site contains diverse facilities including research
reactors, research laboratories and support facilities, isotope production
facilities, a heavy-water upgrading plant and waste management areas. Due to
the nature of operations at CRNL, the range of radionuclides potentially or
actually released to the environment is greater than that in normal releases
from operating power reactors. The monitoring program for routine releases
(which are much below prescribed limits) at CRNL has evolved over many years
and it has been designed to measure adequately the releases of radionuclides
and assess their concentrations along environmental pathways.

The major effluent streams from CRNL are sampled continuously with
automatic samplers. These samples are analysed for total beta and gross alpha
activities, while composite samples are analysed for specific radionuclides by
liquid scintillation counting, gamma-ray spectrometry and radiochemical
analysis. Releases from the waste management areas are monitored by routine
sampling of surface waters on site. Groundwater and subsurface sediment
samples are collected periodically to map active plumes and to provide data for
research studies.

The off-site effects of airborne releases are monitored with a
network, of TLD's. Monthly composite samples from the Ottawa River are
collected both upstream and downstream of CRNL, while other offsite surface
waters are sampled annually. The concentrations of radionuclides in
precipitation and local milk are also routinely measured.

Routine meteorological measurements are also included in the
monitoring program at CRNL. The data are used to calculate doses from airborne
releases under both normal and accident conditions.
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1. Introduction

The need for routine radiological monitoring was recognized very early in
the history of CRNL and the monitoring program has evolved continuously over
many years to its present state. In this report the basic objectives of a
routine monitoring program are set out and the monitoring required at CRNL to
fulfil these objectives is presented. This report deals with the site-wide
monitoring rather than the control and emergency monitoring systems maintained
by the owners of individual facilities on site.

The major objectives of a monitoring program are^):

1) to assess actual or potential doses to critical groups and
populations from the presence of radioactive materials or radiation
fields in the environment from normal operations or accidents. This
may be limited to the assessment of dose equivalents to critical
groups or may extend to the assessment of collective dose equivalents
to populations.

2) to demonstrate compliance with authorized limits and legal
requirements,

3) to check the conditions of the sources, the adequacy of facilities or
containments, and the effectiveness of effluent control, hence to
provide a warning of unusual or unforeseen conditions and where
appropriate trigger a special monitoring program,

In addition, the monitoring program serves a number of subsidiary
objectives including:

4) providing information to the public.

5) maintaining a continuing record of the contribution from CRNL to
environmental radioactivity levels,

6) verifying environmental transfer pathways and models,

7) providing baseline information which would be needed in the case of
an accident,

8) providing supporting data for further scientific studies aimed at
improving our understanding of the behaviour of radionuclides in the
environment.



2. Description of the CRNL Site and Facilities

CRNL is located on the Ontario bank of the Ottawa River approximately
150 km upstream from Ottawa. The CRNL property covers approximately 37 km^
and most of this consists of wetlands and forest having very little commercial
value (Fig. 1). The bulk of the laboratory facilities are situated within a
smaller Inner Area close to the river. The territory across the river in the
province of Quebec consists of uninhabited wilderness. To the south east CRNL
is bounded by the Canadian Forces Base (CFB)-Petawawa and most of this area is
also wilderness.

Public access to CRNL property is controlled by a manned gatehouse near
the village of Chalk River. Other access points are controlled by locked
gates. The Inner Area is surrounded by a fence and access is through a
gatehouse permanently manned by security guards. The major sources of
radioactive emissions are located within a separately fenced portion of the
Inner Area called the Active Area. The nearest permanent residents are about 7
km from the laboratories.

The two large research reactors, NRX and NRU, are situated within the
Active Area along with various other facilities connected with the power
reactor development program, the heavy water recovery program and the
commercial radioisotope business• Emissions from these sources are released to
the Ottawa River via liquid effluent streams and to the atmosphere via stacks
and roof vents.

Wastes generated by operations over the years are stored in waste
management facilities located in the Outer Area. Some wastes generated
off-site are also shipped to CRNL for storage. Operation of these waste
management facilities results in low level releases of radioactivity via the
surface waters leaving the CRNL property.

3. Monitoring Requirements at CRNL

Radioactive releases from CRNL follow various transfer pathways and can
ultimately lead to doses to the public. As part of the site licensing derived
release limits (DRL's) have been set so that no person will receive more than
500 millirem (5 m Sv) per year from these releases^ '. Figure 2 shows the
transfer pathways which have been considered in calculating the DRL's for the
CRNL site. Each of the pathways shown in the figure has been found to be a
critical pathway for one or more radionuclides.

Source monitoring requires the measurement of radioactivity in airborne
and liquid effluents at the point of release. The releases are compared with
the DRL's to demonstrate compliance with the regulatory limits (objective 2).
The types of analyses performed must be consistent with the range of
radionuclides likely to be present. The frequency of analysis must correspond
to the averaging times set by the regulatory authorities (one week for
airborne, one month for liquid effluents).
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Source monitoring also provides a warning of unusual or unforeseen
conditions (Section 1, objective 3 ) . Timely warnings can lead to more rapid
remedial actions which in some cases may help to avoid exceeding the DRL or an
administrative limit which is set at a small fraction of the DRL. In order to
provide timely feedback some types of measurements have to be made more
frequently. In addition, some of the measurements must provide more detailed
information on specific radionuclides in order to distinguish unusual
conditions from the normal releases.

The source monitoring of waste management areas at CRNL is carried out
in several stages. Overall releases from the site are monitored by routinely
sampling surface waters near where they leave CRNL property. Releases from
individual waste management areas are assessed by periodic studies of
groundwater and sediments adjacent to the sites. The results of these studies
are used to establish the existence of active plumes and to trace the movement
of radionuclides to nearby surface waters. These surface waters are then
sampled routinely to establish and record the trends in the releases. Besides
identifying releases from individual waste management areas, this part of the
program also can provide a warning of changing conditions.

Airborne releases from waste management areas and nearby water bodies
and wetlands cannot be measured directly because they originate over wide
areas, Thus, releases of volatile forms of radionuclides such as tritiated
water from water bodies must be estimated from models based on meteorological
measurements.

While source monitoring provides information on the releases from the
site, the environmental monitoring provides relevant data along the transfer
pathways to man. Measurements made closer to the ends of the pathways (i.e.
closer to man) give better estimates of the actual doses. The measurements can
then be used to verify the results of source monitoring and the models used in
the DRL calculations. Deviations from predicted environmental levels could
indicate a need to re-examine the adequacy of source monitoring and the
accuracy of the DRL calculations. Thus environmental monitoring also satisfies
objectives 2 and 3.

Meteorological measurements are required to define the pathways of
airborne releases under both normal and abnormal conditions. The long-term
average conditions are used in the calculation of DRL's and in the design of
the environmental monitoring program. Thus meteorology provides data for
objectives 2 and 3. In the case of abnormal or accident conditions short-term
meteorological measurements are required to predict doses to people.

The need for follow-up monitoring or a special investigation is usually
indicated by unusual or abnormal results obtained in routine source or
environmental monitoring. The follow-up monitoring is generally designed to
satisfy objective 3.

The assessment of doses from accidents requires data from an emergency
monitoring program. Thus emergency planning and preparation come under
objective 1. The response to an emergency at CRNL is described in the offsite
contingency plan^ '.
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4. Source Monitoring

4.1 Liquid Effluent Monitoring

The liquid effluent streams which discharge into the Ottawa River from
CRNI. are described in Table 1. Except for Maskinonge Lake all the streams
discharge directly to the Ottawa River. Maskinonge Lake flows into Chalk Lake
which is situated on the CFB-Petawawa property (Fig. 1). Chalk Lake discharges
into the Ottawa River at Chalk Bay which is downstream of CRNL. The monitoring
program for each of these streams is described in the sections below.

4.1.1 Process Sewer

The Process Sewer is the major liquid effluent stream leaving the CRNL
site. Since it carries cooling water from the reactors the flow rates are
quite large. The older NRX reactor employs once through cooling and hence is a
major source of activation products. This cooling water is delayed for several
hours to eliminate very short-lived radionuclides before being released to the
river. Tritium from a number of sources is released via the Process Sewer as
HTO. Most of the fission products in the Process Sewer arise from NRX and the
Decontamination Centre.

The Process Sewer is sampled with an automatic sampler at the point of
release. Samples are picked up from the sampler on a daily basis from Monday
to Friday. A portion from each sample is analyzed daily. Other portions are
used to make composite samples which are measured either weekly or monthly.
The routine analyses are summarized in Table 2. Daily flow measurements
received from the pumphouse are used to calculate total releases.

The daily total beta and gross alpha measurements give an early
indication of abnormal releases which may necessitate more extensive analyses
and/or remedial action. Because of the presence of ^Na and ^As
from the NRX reactor the daily total beta measurements cannot be used to
calculate the releases of longer-lived radionuclides. A separate weekly
composite is used to assess the concentration of longer-lived beta emitters
(nominal beta). This sample is allowed to decay for 5-7 days before counting
and this time period corresponds roughly to the travel time to the nearest
drinking water intake on the Ottawa River.

Duplicate weekly composite samples are measured by gamma ray
spectrometry. One of these is counted about 1 week after the middle of the
sample period and is used to assess shorter-lived gamma emitters. This sample
also provides a more sensitive indication of abnormal conditions since unusual
releases can be distinguished from the normal releases of activation products
from NRX. The other weekly composite sample is allowed to decay for about 3
weeks before analysis. This provides a better assessment of longer-lived gamma
emitters. Since these analyses detail the releases over weekly periods, they
can often be used to correlate unusual releases with particular events. Thus
they are also useful for investigations. Since duplicate samples are analyzed,
sampling problems such as the presence of higher specific activity particles
can be detected.
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Tritium is measured in weekly composite samples. At CRNL 3 H ±s ais0
used to monitor the loss of expensive heavy water. Thus there is an additional
economic incentive to monitor ^y closely and take remedial action promptly
when releases are abnormal.

Monthly composite samples are analyzed by the more time-consuming
methods which require radiochemical separations. The results are used to show
compliance with the regulations. The results of the weekly measurements are
averaged over the same periods to show compliance. The monthly periods are
either 4 or 5 weeks long depending on the month.

Separate samples of NRX effluent are also collected by a continuous
sampler and analyzed as shown in Table 2. The results from these measurements
are useful in investigations of unusual releases since they can indicate
whether or not NRX is the source. A portion of each daily sample is saved for
1 month in case further analysis is required.

4.1.2 Sanitary Sewer

Radioactivity is not deliberately released to the Sanitary Sewer.
However, since this sewer system does service the reactors and laboratories in
the Active Area, small amounts of radioactivity are normally present.
Occasionally the levels may increase due to inadvertent releases.

Samples of effluent from the Sanitary Sewer are collected with a
flow-proportional sampler on the downstream side of the treatment plant. The
samples are picked up each morning, Monday through Friday. The routine
analyses performed on these samples are summarized in Table 3. The daily
analyses are sensitive indicators since the releases are generally very low.
Since tritium is not detected by the total beta measurements, it is determined
once a week by liquid scintillation counting. The monthly measurements provide
information to show compliance with release limits.

4.1.3 Storm Sewer

The Storm Sewer system carries surface and subsurface drainage from the
laboratory site to the Ottawa River. Part of the system flows through the
Active Area and receives groundwater from areas having subsurface
contamination. This system is also potentially subject to contamination from
leaks in tanks and active pipelines in the Active Area.

The Storm Sewer is sampled with a flow-proportional sampler located near
the point of release. The samples are collected on the same schedule as the
Process and Sanitary sewers. The analyses performed on these samples are given
in Table 4. The radioactivity normally released through the Storm Sewer
originates from a relatively constant source which can be adequately monitored
by weekly measurements. However, an earlier investigation had shown the
periodic presence of short-lived, gamma emitting fission products in this
system. The source of these fission products was identified and remedial
action was taken. The continued effectiveness of the repairs is now being
checked by weekly measurements of gamma emitters.



4.1.4 Perch Creek

Perch Creek carries drainage from the Perch Lake Basin to the
Ottawa River. Since Perch Creek contains small amounts of contamination
originating from waste management operations it is monitored before it leaves
the CRNL property. Weekly grab samples are taken at a weir located about
midway between Perch Lake and the Ottawa River. There are no sources of
contamination entering Perch Creek below the weir, so that measurements at the
weir can be used to assess total releases through this stream. Table 5
summarizes the measurements used to monitor contamination in Perch Creek. The
weekly measurements provide a regular check on the releases. Since the major
contaminants present are '0 S r and ^H weekly measurements of total beta
and monthly measurements of tritium can provide a good assessment of releases
for compliance purposes. The releases of gamma emitters are much lower so that
quarterly estimates can be used to show compliance and indicate changes.

4.1.5 Haskinonge Lake

Maskinonge Lake receives contamination from waste management operations
within the Maskinonge Lake Basin. The major contaminant present is tritium
although other radionuclides are also present in small amounts. Maskinonge
Lake flows off the CRNL property into Chalk Lake which is located on the
property of CFB-Petawawa. Chalk Lake empties out into the Ottawa River at
Chalk Bay.

Grab samples are taken weekly at the outlet of Maskinonge Lake. The
analyses performed on these samples are summarized in Table 6. Since there is
no facility for flow measurements at the outle; only the concentration of
contaminants can be measured. Total releases are estimated from weekly
measurements made on the most contaminated stream entering Haskinonge Lake.

4.1.6 Other Streams

A number of other streams flow off the CRNL property and thus would be
considered as effluent streams. However, these streams are only marginally
affected by operations at CRNL and contaminant concentrations are near
background levels. Two of these streams have a higher potential for receiving
contamination since they flow through or near the Active Area. These are
monitored by weekly grab sampling near the points of release to the Ottawa
River. The rest of the streams are well away from sources of contamination and
are sampled semi-annually or annually. Table 7 outlines the analyses used to
monitor these streams.

4.2 Airborne Effluent Monitoring

Operations within the Active Area at CRNL lead to airborne effluent
releases from a variety of stacks and roof vents. The major sources of these
airborne effluents are outlined in Table 8. Virtually all of the monitoring of
these sources is carried out by the Radiation and Industrial Safety Branch
(R&IS) at CRNL. This Branch also monitors air in the workplace and building
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air Inlets for a variety of radionuclides. A separate report describing this
monitoring is in preparation.

The Environmental Research Branch is only involved in monitoring
41-Ar releases from the NRX/NRU stack. Argon-41 results from the
irradiation of 40Ar ±a tj,e ai r by thermal neutrons within the reactors.
The amount of ^Ar produced and released depends on the power levels at
which the reactors are operating. Grab samples of airborne effluent are taken
periodically from the NRX/NRU stack and are analyzed for ^l A r by ^ g h
resolution gamma spectrometry• The results are used to calibrate the
continuous ^Ar monitor on the stack.

4.3 Monitoring the Waste Management Areas

All low and intermediate level radioactive waste generated by CRNL is
managed on sice. CRNL also provides waste management services to AECL-RCC,
the Nuclear Power Demonstration (NPD) facility, and to schools and hospitals
across Canada. Occasional special transfers of waste to CRNL have occurred in
the past; most notable was the transfer of contaminated soil from Port Hope
from 1976 to 1978. All of the waste management areas are located in sand
deposits, and all except the glass block sites have the base of the facility
located above the water table. All are underlain by groundwater flow systems.

The Environmental Research Branch has the responsibility for both
routine monitoring of and research into releases and resulting effects of the
waste management operations. Most of the information on hand is derived from
monitoring contaminant fluxes in surface waters that receive groundwater
discharge downgradient of the waste management areas, but a significant
fraction of the hydrogeologic work has provided monitoring and assessment
information as well. It is convenient to subdivide the waste management areas
by drainage basins: Areas A and B, the Liquid Disposal Area and the Glass
Block sites are in the Perch Lake basin, while Areas C, F, and the Nitrate
Decomposition Plant are in the Maskinonge Lake Basin. Data on the waste
management areas are summarized in Tables 9a and 9b.

4.3.1 Subsurface Monitoring of the Waste Management Areas

Although subsurface monitoring is not carried out on a routine basis at
CRNL, the Environmental Research Branch has been conducting on-going
•investigations of the plumes from the various waste management areas. Most of
these hydrogeologic studies of groundwater systems have been undertaken
primarily for research purposes; however, the information obtained helps to
satisfy objective number 3.

The investigations have included:

- definition of flow-controlling geologic features in the subsurface
(spatial distribution and hydraulic properties)

- determination of hydraulic head distributions and resulting
groundwater flow paths and velocities
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- mapping of contaminant plumes to define subsurface distribution
and inventories of radionuclides

- geochemical studies to define reactions between contaminants and
aquifer material that affect radionuclide migration

- modelling of the systems and predictions of future release rates
and locations.

The subsurface information currently available and relevant to
monitoring concerns is summarized in Tables 10a and 10b. This hydrogeologic
and geochemical information is needed to predict contaminant migration.
Clearly such information is extremely valuable to a monitoring program,
providing information on types, quantities, and mobilities of contaminants
before they reach surface waters. This allows action rather than reaction, and
in the event of a potentially inacceptable release from a waste management
facility, the problems could be dealt with before widespread surface
contamination had occurred.

4.3.2 Monitoring of Surface Waters Near the Waste Management Areas

Contaminated groundwater discharges to surface waters in sub-basins of
the Perch Lake and Maskinonge Lake basins. These surface waters are collected
in the lakes and ultimately released to the Ottawa River. Perch Creek, which
flows directly to the Ottawa River carries contaminated water from Perch Lake
along with some contaminated seepage which enters the stream just below the
lake outlet. Maskinonge Lake discharges indirectly through Chalk Lake to the
Ottawa River.

4.3.2.1 Monitoring of Surface Waters in the Perch Lake Basin

The monitoring of surface waters in the Perch Lake basin is summarized
in Table 11. Weekly grab samples are taken from streams leaving sub-basins
containing contaminated aquifers. These samples are analysed more frequently
for the major contaminants known to be present and less frequently for other
contaminants which are minor constituents or which may be only potentially
present• The sampling points are located closer to the sources of
contamination where the contaminant concentrations are likely to change more
quickly and the changes are likely to be more noticeable. Thus the routine
monitoring of these surface waters provides a forewarning of changing
conditions. The results from the separate streams also can be used to identify
the source or sources causing changes in contaminant concentrations in
Perch Creek.

A number of streams within the Perch Lake basin show only a minimal
effect due to waste management operations. Thus these streams are monitored
only once a year.



4.3.2.2 Monitoring of Surface Waters in the Maskinonge Lake Basin

Surface water monitoring in the Maskinonge Lake basins is summarized
in Table 12. Contamination arising from Waste Management Area C is similar in
character to that in the Perch Lake Basin with the major radionuclide being
tritium. Contaminated water collects in a single stream which is monitored
weekly by taking a grab sample at a weir. The ultimate releases from
Maskinonge Lake are calculated from these measurements.

Contamination from the Nitrate Plant is moving in the subsurface
towards another sub-basin of Maskinonge Lake. Since this plume has not yet
reached the surface waters, monitoring is done on an annual basis.

The most significant contaminants present in Waste Management Area F
are 2°Ra an(j its daughters. Most of the drainage from around this area
is collected in a single stream which flows towards Maskinonge Lake. This
stream is monitored weekly by taking a grab sample at a weir. Monthly
composite samples are analysed by gamma ray spectrometry i'hich can detect
daughters of 226^a# other streams around this area are sampled
semi-annually or annually. At the present time ^^6ga does not appear to
be migrating from the wastes so the monitoring also serves the purpose of
establishing background levels of ^^Ra ±n t̂ e streams.

4.3.3 Other Monitoring Related to Waste Management Areas

A number of other types of monitoring are carried out onsite because
of the existence of active plumes from the Waste Management Areas. Some of the
plumes are near the surface or extend into wetlands where the contaminants are
potentially available for uptake by plants. Because of this, periodic surveys
of radioisotopes in vegetation have been carried out. These surveys not only
cover areas known to be contaminated but also areas suspected to be
contaminated since the presence of radionuclides in the vegetation would
indicate the presence of subsurface contamination.

Animals may ingest radionuclides via contaminated food or water.
Monitoring of animals is carried out on an irregular basis as specimens become
available. Most of the animals are obtained as a result of road kills or
animal control programs, although a recent survey of radionuclides in mice and
other small animals required a specific trapping program. The species which
are monitored include deer, racoons, beavers, foxes and mice. Most specimens
are analysed for gamma emitters and samples of flesh and bone are saved for
90Sr analysis.

The movement of % into surface waters not only results in release
via the surface waters to the Ottawa River but also leads to airborne releases
via evaporation of HTO from lakes and wetlands. Such releases can only be
estimated from evaporation studies based on meteorological measurements. At
the present time evaporation releases of HTO from Perch Lake are estimated by
these methods as described in Section 6.2.
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5. Environmental Monitoring at CRNL

Environmental monitoring is carried out to assess the contribution due
to operations at CRNL through measurements of the concentrations of
radioactivity and exposure rates in the environment. This type of monitoring
complements the source monitoring by confirming the predictions based on the
modelling of releases and thus demonstrating compliance with the limits
(objective 2). Environmental monitoring can also detect deviations from
expected levels due to unmonitored releases or inaccurate models (objective
3).

The environmental monitoring program at CRNL includes both routine
measurements and periodic studies. These are outlined in the sections which
follow.

5.1 Monitoring of Water from the Ottawa River

The monitoring of water from the Ottawa River is summarized in
Table 13. A weekly grab sample is collected about 1 km downstream from the
outfall of tbe Process Sewer. This sample, which is analysed for total beta
and gross alpha activities gives a regular indication of the local
concentrations of radionuclides due to effluents from CRNL.

Duplicate monthly composite samples of water from the Ottawa River are
collected at Rolphton and Deep River upstream of CRNL and at Pembroke
downstream. Aliquots are taken for -*H analysis and then each 17 to 20 L
sample is dried and ashed separately. One of each set of duplicate samples is
analysed as shown in Table 13, while the other sample is kept as a backup.
Similar samples are collected from the CRNL water intake and analysed on a
quarterly basis.

From the analyses of samples collected both upstream and downstream of
CRNL it is possible to estimate the net effects of operations at CRNL. This
would not be possible otherwise since the major activities detected (%,
9̂ Sr and -̂ Ĉs) are present in weapons fallout and another major
nuclear installation (NPD) is located upstream of CRNL.

5.2 Monitoring of Radioactivity in Atmospheric Deposition

Wet and dry deposition samples are collected in open buckets lined
with polyethylene film at 8 locations. Two samples are collected in the Active
Area and one additional one is collected in the CRNL Inner Area. There are two
samples collected offsite and three in the Outer Area. The buckets are changed
on a monthly schedule and the samples are dried and ashed before analysis. All
of the samples are analysed for total beta and gross alpha activities. One
offsite sample and the two samples from the Active Area are also analysed by

famma ray spectrometry. In addition, the offsite sample is analysed for
Osr.

The results of the analyses provide estimates of radioactivity
deposited on the soil from airborne releases. The offsite samples provide
estimations of the deposition due to weapons fallout.
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Since HTO is volatile and fractionation occurs during evaporation,
open buckets cannot be used to reliably estimate ^H deposition. Seven
special samplers are used to collect samples for tritium analysis. These
samples are collected regularly and the ^H concentration is determined in
monthly composite samples. Two of the samples are collected offsite while the
rest are collected in the Outer Area.

5.3 Monitoring of Exposure Rates in the Environment

Ambient gamma exposure rates are monitored at 13 outdoor sites and 3
indoor sites with LiF TLD's. Each station holds two TLD packages. At most
sites one package is changed quarterly while the other is changed annually.
However, one site is inaccessible during the winter months so the package is
changed less frequently. These TLD's provide estimates of the ambient exposure
rate and the contribution from CRNL at locations onsite, at the perimeter and
offsite.

Additional measurements of ambient exposure rates are made along
roadways with a sensitive exposure meter mounted on a truck. These
measurements are taken annually and extend from onsite tc offsite. The onsite
surveys are scheduled to avoid the plume from the NRX/NRU stacks. These
surveys provide background information which would be required in the case of
an emergency.

5.4 Monitoring of Local Milk

Milk samples are delivered to CRNL four days per week by a local dairy.
Monthly composite samples are dried, ashed and analysed by gamma ray
spectrometry.

5.5 Monitoring of Offsite Surface Waters

Once each year a survey of radioactivity in offsite streams, springs,
lakes and the Ottawa River is carried out. This survey is coordinated with a
similar survey of surface waters onsite. The surveys cover an area which
extends from Deep River to about 7 km downstream of CRNL and is bounded by
Highway 17 and the Province of Quebec. The samples are analysed for total beta
activity and ^H. Although the total beta activities are near background
levels, the ^H concentrations are slightly elevated due to ̂ H releases from
CRNL.

5.6 Monitoring of Radioactivity in Fish

Radioactivity levels in fish are not monitored on a routine basis,
although they were earlier. A survey of fish in local lakes and the Ottawa
River was undertaken several years ago. This survey provided specimens which
have been prepared for analysis for radioactivity. However, these analyses
have not yet been completed and reported.
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6. Meteorology at CRNL

Routine meteorological measurements must be made to provide data
required to assess the effect of both chronic and accidental releases of
radioactivity to the atmosphere. To ensure the validity of the data during an
emergency, data outputs must be checked and analysed regularly. Measurements
made routinely at CRNL are related to three sources of airborne radioactivity.
Measurement sites, data requirements and output results are summarized in
Table 14.

6.1 Building and Reactor Stack Releases

Meteorological measurements are made routinely to ensure the
availability of the current wind speed, direction and turbulence data needed
for atmospheric dispersion models used to estimate doses in the event of an
accidental release of radioactivity to the atmosphere. The data are checked
and compiled for quality control and climatological records. Records of wind
speed and direction frequency and persistence of turbulence conditions, which
are characterized by vertical temperature gradients and wind direction
fluctuations are used as aids in weather forecasting and could influence
decisions during an emergency. For example, if an accident occurred during an
inversion it would be useful to know how long it could be expected to persist.
Frequency records are also used to estimate population doses due to chronic
releases and for DRL calculations.

6.2 Tritium Evaporation and Groundwater Flow

The evaporation rate of water from Perch Lake must be known to estimate
the evaporative loss of tritium from the lake. Also the evaporation values
together with stream flow data allow an estimate of annual subsurface input of
water and tritium to Perch Lake. This complements the subsurface monitoring
program which defines flow paths and site specific concentrations but does not
give a total flux into the lake. Energy budget estimates of evaporation are
also made routinely for Maskinonge Lake.

Meteorological measurements are made routinely throughout the open water
season to provide the data needed to estimate evaporation from Perch Lake by
the energy budget method. A list of the parameters measured is given in
Table 15. Although most of the measurements are automatic with signals fed to
a data logger, instruments and data outputs must be checked daily. Computer
file editing and manipulation and data quality checks require considerable
effort. Back up charts are maintained where possible and manual readings are
taken when necessary.

7. Follow-up Monitoring and Special Investigations

Routine monitoring may provide evidence showing an abnormal condition
which needs to be more clearly defined and perhaps remedied. Also, general
knowledge of conditions on the site leads to questions about environmental
effects due to these conditions. This often leads to requests for follow-up
monitoring or special investigations. In recent years, this type of work has



- 13 -

included: a number of investigations into unusual releases through various
sewer systems, monitoring of deposition from stack releases, special
investigations into leaks in pipelines and tanks and investigations into
subsurface plumes in the Active Area.

This type of monitoring can require a considerable effort over a short
or longer period of time. It is essential that sufficient resources be
available so that a timely response can be made to these requests.

8. Emergency Monitoring

Since CRNL is a major nuclear installation there is the potential risk
that an accident onsite may lead to significant doses offsite. Although the
probability of this is very small, CRNL maintains an offsite contingency plan
to cover such accidents^). During an emergency the Environmental
Research Branch would be called upon to carry out environmental monitoring both
onsite and offsite. Meteorological data and source term information would be
used to model the plume due to airborne releases. Additional liquid effluent
monitoring would also be carried out in the case of a liquid release. The
information obtained would be communicated to the Health Sciences Division
Control Centre which would recommend appropriate responses for the protection
of the public.

An on-going effort is required to ensure that the Environmental Research
Branch can respond as outlined in the contingency plan. This effort includes
maintenance of emergency equipment and staff training on a regular basis.
Exercises are held to determine the ability of staff to respond and to test the
effectiveness of the plan. Additional effort is also required to update the
plan and coordinate it with Provincial and Municipal plans.

9. Recording and Reporting of Results

Permanent records of the results of routine radiological monitoring are
kept in notebooks. These notebooks represent a continuing record of the effect
of CRNL on environmental radioactivity levels. They may also be required to
demonstrate compliance with the legal requirements (objective 2).

Recently a computer data base has been set up for the radiological
monitoring data. When possible the current data are entered soon after the
samples are analysed. Historical data are being entered with the aid of
student help during the summers. This data base will expedite the preparation
of reports and generally make the data more readily available to both the
Chalk River Environmental Authority and researchers at CRNL.

Results of radiological monitoring are reported in a variety of ways.
Releases from CRNL are not only regulated by the DRL's but also by .
Administrative Levels and Warning Levels which are set at a small fraction of
the DRL's. If a Warning Level is exceeded in an effluent stream with a clear
owner (e.g. the Process Sewer) then the owner is notified promptly so that
remedial action or an investigation can be initiated. When the Warning Level
is exceeded in a stream with no clear owner then the Chalk River Environmental



Authority is promptly notified. The notification procedure is similar when
Administrative Levels are exceeded except that the owner is then required to
notify the Chalk River Environmental Authority of the unusual release. In most
cases the Warning Levels for liquid effluents are based on weekly average
releases while the Administrative Levels for liquid effluents are based on
monthly averages. Thus, prompt response when a Warning Level is exceeded often
results in remedial action which avoids releases which exceed the
Administrative Level. Very large releases would probably be first detected by
the alarming systems associated with the major facilities on-site.

Monthly summaries of the monitoring results are routinely reported by
memoranda to both the Chalk River Environmental Authority and
Operations Division. The memoranda to the Chalk River Environmental Authority
include tables which summarize the releases in terms of percentages of the
DRL's.

Much of the monitoring data are summarized and published in the
progress reports of the Health Sciences Division. These reports are available
to the public through the Scientific Document Distribution Office at CRNL.
Annual summaries are published in the AECL Annual Safety Report which is also
available to the public.

The monthly concentrations of 9oSr, l37Cs and total beta
activity in the Ottawa River and in fallout collected in Deep River are
reported to the Chalk River Environmental Authority. The results for the
Ottawa River are also reported to the Radiation Protection Bureau of Health and
Welfare Canada.

The routine monitoring results are summarized and reported to the
Chalk River Environmental Panel once a year. This report also includes a
discussion of unusual releases and changing trends during the previous year.

The results of special investigations, follow-up monitoring and
emergency exercises, are reported to interested groups within CRNL by internal
memoranda or reports. Research studies are sometimes reported in internal
reports but more frequently they are published in AECL reports or in the
scientific literature.

10. Resource Requirements for Routine Radiological Monitoring and
Meteorology

The manpower devoted annually to the routine monitoring of liquid
effluents and the environment at CRNL consists of 3 technical person-years, one
laboratory attendant year and about 0.6 student person-year. The work also
requires significant laboratory and counting facilities. One professional
person-year, one technical person-year and 0.4 student person-year are used in
the meteorology part of the program. This listing only includes the resources
of the Environmental Research Branch which are devoted to routine monitoring.
It does not include resources used for studies which are primarily research
oriented nor does it Include resources outside the Environmental Research
Branch (e.g. Radiation and Industrial Safety Branch).
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11. Sunmary

In order to meet the objectives given in section 1, CRNL maintains a
comprehensive program for monitoring radioactive releases and the local
environment. The routine releases are very low; typical results range from
less than 1 percent to much less than 1 percent of the DRL's. The contribution
from operations onsite to the concentrations of radionuclides offsite is also
very small. At the present time the concentrations of J Cs in the Ottawa
River at Pembroke are generally about 3 to G Bq/m^ compared to about 2 to 3
Bq/nP upstream at Deep River. These downstream concentrations are only about
0.1 percent of the target concentration for 3'cs recommended by Health
and Welfare Canada^ '. Likewise the tritium concentrations at Pembroke
are generally less than 1% of the target concentrations.

The monitoring program at CRNL also contains an extensive
meteorological component which provides the long term data required to predict
the doses due to routine airborne releases. The meteorological measurements
are complemented by a computer modelling capability which could be used to
predict offsite consequences in the case of an accidental release to the
atmosphere.

Routine monitoring is also supported by an on-going research effort at
CRNL which is directed towards improving our understanding of the behaviour of
radionuclides in the environment and predicting the resultant doses to man.
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TABLE 1 SOURCES OF LIQUID EFFLUENT DISCHARGING INTO OTTAWA RIVER AT CRNL

Typical
Source Flow Radionuclides

(m3/s) Present"1"
Description

Process Sewer 1.6 H-3 (oxide)

ActivationVe.g., Na-24,
Products f Cr-51, As-76)

Fission
Products

[e.g., 1-131,
Cs-137, Ce-144)

of flow from NRU heat
exchangers and normally
inactive.

Remainder of flow mainly
from NRX cooling with
small additions from:
- Heavy Water Recovery

Plant
- Decontamination Centre
- Waste Treatment Centre

Sanitary Sewer 0.012 H-3 (oxide)

ActivationUe.g., Cr-51,
Products j Co-60, Cs-134)

Fission
Products

)(e.g., 1-131,
f Cs-137, Ce-1144)

Toilets, showers, and
floor drains,- and laundry

04 Storm Sewer 0.05 H-3 (oxide)
Co-60
Sr-90
Cs-137
Alpha*

Contaminated groundwater

Maskinonge/
Chalk Lake
System

0.16 H-3 (oxide)
Co-60

Drainage from Waste
Management Area "C" via
Duke Stream

Perch Creek 0.06 H-3 (oxide)
Co-60
Sr-90
Alpha*

Drainage from Waste
Management Areas into
Perch Lake Basin

t Either confirmed by analysis or potentially present In significant
quantities.

* Includes natural radionuclides.
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TABLE 2 LIQUID EFFLUENT MONITORING - PROCESS SEWER

Analysis

Total Beta )
Gross Alpha )

Nominal Beta

3H

Gamma Activities

Frequency

daily
(Mon-Fri)

weekly

weekly

weekly

Sample Size

500 mL

500 mL

1 mL

2.1 L

Comments

The Monday sample also covers
releases over the weekend.

The sources are allowed to
decay for 5-7 days before
counting.

Duplicate composite samples.

Total U and
Total Pu

Radioisotopes of
Np, Pu and Th

NRX-gamma
activities

One is counted after 1 week
while the other is counted
after 3 weeks.

monthly 100 mL/day

monthly 1 to 1.25 L

monthly 8 to 10 L

monthly 2.8 to 3.5 L
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TABLE 3 LIQUID EFFLUENT MONITORING - SANITARY SEWER

Analysis Frequency Sample Size Comments

Total Beta )

Gross Alpha/

3H

Gamma Activities

Total U and
Total Pu

Radioisotopes of
Np, Pu and Th

daily 500 mL

weekly 1 mL

monthly 100 mL/day

monthly 2 to 2.5 L

monthly 1 to 1.25

30C mL/day
monthly

TABLE 4 LIQUID EFFLUENT MONITORING - STORM SEWER "04"

Analysis

Total Beta )

Gross Alpha J

3H

Gamma Activities

90Sr

Frequency

weekly

monthly

. weekly

quarterly

Sample Size

500 mL

1 mL

2.1 L

Comments

Estimated from total beta
counts.
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TABLE 5 LIQUID EFFLUENT MONITORING - PERCH CREEK

Analysis Frequency Sample Size Comments

Total Beta

Gross Alpha

3H

weekly 1 L

monthly 200 mL/week

Gamma Activities quarterly 2.1 L

9Oe quarterly

1 mL of the composite
is analysed

Estimated from total beta
counts.

TABLE 6 LIQUID EFFLUENT MONITORING - MASKINONGE LAKE

Analysis Frequency Sample Size Comments

Total

Gross

3H

Gamma

Beta 1

Alpha)

Activity

weekly

monthly

monthly

1

1

2

L

mL

.1 L
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TABLE 7 LIQUID EFFLUENT MONITORING - OTHER STREAMS

Frequency of
Sampling Frequency # Sampling Locations Analysis Analyses

weekly 2 Total 2 - weekly for 3 & a
Gross 1 - monthly for ^H
3 H

semi-annually 2 Total 3 2 - semi-annually for y

^H and y 2 - semi-annually
for 6

annually 3 Total 6 2 - annually for 3
% 3 - annually for

3H
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TABLE 8 MAJOR SOURCES OF AIRBORNE EFFLUENTS AT CRNL

Typical
Source Flow Radionuclides

(nr/s) Present*
Description

NRX/NRU Stack
(50 m high)

12 H-3 (oxide)
0-14
Ar-41
Radioiodines
Radiokryptons
Radioxenons

Exhaust air from NRX/NRU
reactors in ̂ 2.1 ratio-of
flows

61 m Stack
(Bldg. 206)

I?.oof Vents:

- Bldg.

- Bldg.

- Bldg.

- Bldg.

- Bldg.

- Bldg.

- Bldg.

- Bldg.

150

210

221

234

250

375

468

558A

3.1

7.8

9.7

5.1

3.5

0.4

4.7

1.1

0.7

Radioiodines
Radiokrypton
Radioxenons

H-3 (oxide)

H-3 (oxide)

Radioiodines
Radioxenons

Particulates
Radioiodines

H-3 (oxide)

Particulates
Radioiodines
Radioxenons

H-3 (oxide)
Radioiodines

H-3 (oxide)

Exhaust air mainly from
Mo-99 Production Facility
in Bldg. 225 and 234.

NRU Reactor Bldg.

Heavy Water Upgrading
Plant

Chemical Operations

Universal Cells

Chemical Engineering

Metallurgy Cells and
Mixed Oxide Fuel
Fabrication Facility

Decontamination

Tritium Recovery Exp't

* Either confirmed by analysis or potentially present in significant
quantities.
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TABLE 9a Waste Management Areas and Disposal Sites at CRNL
Perch Lake Basin

Area Designation
Period of
Operation Description

Waste Management 1948 - 1955
Area A

Liquid Waste
Area

1953 - 1956

1956 - 1957

1956 to
present

Solid and liquid waste discharge into
unlined trenches.
1952 - Discharge of 370 TBq of
fission products in liquid form
to trenches.

1954 - Discharge of 6-3 TBq of mixed
fission products in high ionic
strength solution to an unlined
pit.

1955 - Similar disposal of 33.3 TBq
of fission products.

Reactor Pit #1 - liquid waste dis-
charged to natural pothole.

Laundry Pit - liquid waste from
laundry discharged to engineered
pit.

Chemical Pit - liquid waste from
site laboratories and chemical
operations discharged to gravel-
filled pit.

1956 to
present

Reactor Pit #2 - liquid waste of
low ionic strength from rod bays
discharged to gravel-filled pits.
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TABLE 9a (Cont'd) Waste Management Areas and Disposal Sites at CRNL
Perch Lake Basin

Period of
Area Designation Operation Description

Waste Management 1953 to Low-level solid waste disposal in
Area B present unlined trenches 1953 to 1963.

Intermediate level solid waste
disposal in asphalt trenches
1955-1959. Intermediate level
solid waste disposals in various
concrete structures since 1959.

First Glass 1958 11.1 TBq of mixed fission products
Block incorporated in glass blocks
Experiment buried below the watertable.

Second Glass 1960 40.7 TBq of mixed fission products
Block incorporated in glass blocks buried
Experiment below the watertable.



- 24 -

TABLE 9b Waste Management Areas at CRNL -
Maskinonge Lake Basin

Area Designation
Period of
Operation Description

Waste Management 1963 to
Area C

Low level (<100 mR/h at 30 cm from
container) solid waste in unlined
trenches. Total area 3.7 ha;
impermeable cover installed on 0.75
ha in 1983 November. Currently
contain 4 x 10* m of waste,
half from CRNL, half from NPD,
Canadian hospitals and
universities.

Waste Management
Area F

Nitrate
Decomposition
Plant

1976 - 1979 Contaminated soil, primarily from
Port Hope - 130 000 tonnes
partially filling natural valley.
Clay cover installed in 1979.

1953 - 1954 Accidental discharges of mixed
fission products in high ionic
strength solutions to infiltration
pit. Decontaminating solutions
also discharged, and contaminated
equipment buried on site.

* 1 R = 2.58 x 10~4 C.kg"1



TABLE 10a Subsurface Monitoring of Waste Management Areas
Perch Lake Basin

Area Designation
Date of

Investigation Results / Comments Source

Waste Management
Area A

1958 Hydrogeologic conditions between Area B
and the LDA and Perch Lake defined.

1961 Plumes from the 1954 and 1955 discharges
in Area A mapped in detail (both
1 ^7 Qftrr Qf\ v

1 J /Cs and *°Sr) *°Sr
inventory calculated. Migration rates
predicted (*°sr migrating at 2.7%
of groundwater velocity or .=.
2 m.a'l).

1971, 1975 Position of the fronts of the 1954 and
1955 discharges determined.

1974, 1975 Additional hydrogeologic and geo-
chemical studies of the flow system
between Area A and Perch Lake, including
digital simulation of a vertical section
along the approximate axis of flow.

1977-79 Detailed geochemical studies of controls
on sorption in the '54 and '55 plumes.
Half of the sorbed 9oSr not
exchangeable, most -"Cs not
exchangeable. Migration rates for
9oSr and 137Cs estimated to be
3 and 0.3% of groundwater velocity
respectively.

COMMENTS: Studies have been Initiated
to better define the movement of wastes
from area A. Slow subsurface migration
rates of 90sr and •'•37gs m e a n
that infrequent monitoring is acceptable.

Parsons (1960) [1]

Parsons (1961) [2]

Jackson and Inch
(1980) [3]

Cherry et al. (1975)
to

Jackson and Inch
(1980) [3]



Perch Lake Basin

Area Designation
Date of

Investigation Results / Comments Source

Liquid Disposal
Area: Reactor Pit

1958 Hydrogeologic conditions between LDA,
Area A and Perch Lake defined.

1960 Subsurface distribution of fission
products around the chemical pit and
Reactor Pit 2 mapped; resolution was
insufficient to calculate subsurface
inventories.

1962 Subsurface distribution and inventory
of H downgradient of the Reactor
Pit determined.

1969 Tritium distribution downgradient of
Reactor Pit 2 re-mapped.

1981-82 Detailed stratigraphic sampling and
installation of a network of permanent
samplers between the Reactor Pit and
Perch Lake leading to some revisions
to concept of fluid system.

1981-82 3|] plume mapping and inventories;
discussion of release rates to
surface.

LDA - Chem. Pit 1980-81

1981-82

1983

Hydrogeology, groundwater chemistry,
3H distribution downgradient of the
Chemical Pit defined.

Distribution and inventory of
60Co from Chemical Pit determined.

Sorption and solution speciation
studies of 6oCo; prediction of
possible future release rates.

Preliminary dose assessment of
subsurface 60Co.

Parsons (1959) [1]

Parsons (1962) [5]

Parsons (1963) [6]

Merritt (unpub.)
Barry and Entwhistle
(1975) [7]

Killey and Munch
(in prep.)

Killey (1983) [8]

Killey and Munch
(1984) [9]

Killey et al. [10]
(1984)

Champ (unpublished)



Perch Lake Basin

Area Designation
Date of

Investigation Results / Comments Source

Area B 1974 Watertable defined

1983 Phase I hydrogeology/plume mapping
under way.

Merritt and Risto [11]

Killey and Munch
(in prep.)

Glass Block
Sites

1963 Detailed mapping of 137Cs and
90Sr plumes downgradient of
second glass block site. Detailed
groundwater flow path and velocity
measurements. Glass leaching rates
and subsurface transport rates
predicted.

1978 Plume re-mapped. Revised
predictions of glass lead rates and
subsurface migration behaviour.

Merritt and
Parsons (1964) [12]

Walton and Merritt [13]
(1979)
Melnyk et al. (1983) [14]



TABLE 10b Subsurface Monitoring of Waste Management Areas
Maskinonge Lake Basin

Date of
Area Designation Investigation Results / Comments Source

Area C 1979-80 Regional hydrogeology (stratigraphy, flow Killey and Munch
directions and velocities) and groundwater (in prep.)
chemistry defined. General configuration LaFleur et al. (1985)
and residence times of -*H plume [15]
determined, but data insufficient for
inventory calculations.

COMMENT: With groundwater residence
times of 2 to 4 years and unknown
radionuclide (esp. ^H) content in waste, ,
subsurface monitoring at 6-month intervals to
would be necessary to provide advanced °°
warning of increases in surface waters in '
discharge area.

1983 Closely spaced (30 m ) monitors installed Killey and Munch
around portion of site covered by (£
impermeable membrane, and pre-cover
samples collected.

COMMENT: Frequent (4 to 6 months)
sampling required to give qualitative

• information on cover effectiveness.

Area F 1976 Hydrogeologic conditions established Gartner Lee,
(stratigraphy, general flow directions Assoc. Ltd. 1976.
and velocities). (Unpublished).



TABLE 10b (Cont'd) Subsurface Monitoring of Waste Management Areas
Maskinonge Lake Basin

Area Designation
Date of

Investigation Results / Comments Source

1983

Nitrate
Decomposition
Plant

1961

1965, 1969

1979-1980

1983

Migration of As, 226Ra, and
effectiveness of clay cover assessed.

COMMENT: Little or no movement of
22*>Ra out of waste; small amount
of As migration, but all apparently
sorbed to underlying sands. Cover of
very limited effectiveness.

General hydrogeology of the area
defined - flow paths and velocities
calculated. Detailed mapping of
90sr on sand, defining plume and
estimating inventory. Migration and
release to surface predicted.

Plume front located.

Regional hydrogeology and approximate
plume locations defined (concurrent
with studies at Area C).

Detailed mapping of dissolved and
sorbed ^Sr plume; studies of
sorption controls. Releases to surface
estimated.

Killey and
Myrand (1985) [16]

Parsons, (1962)
[17]

i
to

Merritt (unpublished)

Killey and Munch

(in prep.)

Killey (1981) [18]

Killey and Munch
(in prep.)
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APPENDIX I

RADIOANALYTICAL METHODS

The samples collected as part of the monitoring program must be analysed
for a wide variety of radionuclides. Several of the methods being used date
back to a report by Grummitt and Guthrie (1). Other methods have been described
by Grummitt and Lahaie (2). Some of the methods have only recently been
developed and are not yet published. The various methods used are described
briefly in Table 1-1.

References

1. Manual of Low Activity Environmental Analyses, Atomic Energy of Canada
Limited, Report AECL-1745 (1963).

2. Problems of monitoring radioactive effluents, W.E. Grummitt and G. Lahaie in
"Monitoring of Radioactive Effluents from Nuclear Facilities", Proceedings
of the International Symposium on the Monitoring of Airborne and Liquid
Releases from Nuclear Facilities, Portorog, Yugoslavia, 1977,
(IAEA ST l/PUB/466, 1978).
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TABLE 1-1 SUMMARY OF ANALYTICAL TECHNIQUES

Analysis Analytical Techniques

Total Beta The sample is acidified, boiled down to few mL and dried on
a stainless steel planchet. The source is counted with a
gas flow proportional counter.

Nominal Beta The procedure is the same as for Total Beta except that the
sample is allowed to decay for 5 to 7 days before
counting.

Gross Alpha

3H

Gamma activities

90Sr

Total U and
total Pu

Radioisotopes of
Np, Fu and Th

The sample preparation is the same as for Total Beta.
Sources are counted with a ZnS scintillation counter.

One mL of sample is added to scintillation cocktail in a
vial and counted by liquid scintillation counting. The
samples are spiked with a known amount of H and
recounted to determine the efficiency.

Smaller water samples (up to approximately 4 L) are dried
in polyethylene lined trays under heat lamps. The liner
and dried sample are squeezed into a compact source.
Gamma emitters are determined by high resolution gamma ray
spectrometry. Solid samples are counted in a calibrated
geometry. Larger water samples are dried on polyethylene
film and dry ashed at 450°C- Milk samples are curdled
and dried in polyethylene lined trays. The samples are
then ashed before counting.

Strontium is separated radiochemically from water
samples and sources are prepared by precipitating SrCO^*
If only 'Osr is present then it is determined by
counting the SrC03 sources. If both 9°sr and
8^Sr are present then ^X_is allowed to grow into

l o is then separated andthe SrC(>3 Sources. The
counted to determine '°sr. The °̂ Sr present is

the

determined from the SrCO^ source after correction for
90Sr and 9oY- The beta activities are determined
with gas flow proportional counters.

U and Pu are separated radiochemically from the samples.
Sources are prepared on stainless steel discs by drying and
flaming. The alpha activities are determined by gross
alpha counting with ZnS scintillation counters.

Np, Pu and Th are separated radiochemically from the
samples. Thin sources are prepared by coprecipitation with
NdF3> The alpha-emitting radioisotopes are determined by
alpha spectrometry.



TABLE 11 Monitoring of Surface Waters
Perch Lake Basin

Sampling Number of
Frequency Sampling Locations Analysis Frequency of Analysis

3 - weekly for 3H
Weekly 10 Total 3 6 - monthly for 3H

Gross a 10 - weekly for $ & a
3H

Y \ctivities 5 - quarterly for
Y activities

Annually 13 Total 3 8 - annually for 3
3H 8 - a n n u a l l y for 3 H
Y activities 5 - annually for

Y activities

-E-



TABLE 12 Monitoring of Surface Waters-
Maskinonge Lake Basin

Sampling
Frequency

Number of
Sampling Locations Analysis Frequency of Analysis

Weekly

Semi-annually

Annually 10

Total 3
Gross a
3H

gamma activities

gamma activities

Total
3U

1 - monthly for ̂ H

1 - weekly for B & a
2 - monthly for

Y activities

6 - semi-annually

10 - annually for J H
9 - annually for 6



TABLE 13 Monitoring of the Ottawa River

Sampling
Location Frequency

Sample
Size Analysis

Pointe au Baptome

Rolphton

Deep River

Pembroke

CRNL

weekly

monthly

quarterly

1 L

17 - 20 L

Total 3 gross a
gamma activities annually

Total B, 3H, gamma
activities, and ^sr.

Total B, 3H, gamma
activities, and 9°sr.

Total B, 3H, gamma
activities, and '^st.

Total , H, gamma
activities, and '"sr-



TABLE 14 Meteorological Measurements at CRNL

Measurement
Site

Radioactive
Sources

Data
Requirement Output Result

Bldg. 456 CRNL Building Vents
and 61 m stack.

Plant Site
wind characteristics

DRL's, emergency dose
estimates

Perch Lake Tower Reactor Stack Stack height or regional
wind characteristics

DRL'sj emergency dose
estimates

Perch Lake Raft Perch Lake and
Swamps

Energy budget terms ^H release by evaporation
% transport to
Perch Lake by groundwater
flow.



TABLE 15: SUMMARY OF METEOROLOGICAL MONITORING FOR ENERGY BUDGET ESTIMATES
OF 3H EVAPORATION FROM PERCH LAKE, AND
SUBSURFACE INPUT OF 3H TO PERCH LAKE

FREQUENCY DATA LOGGING

Net Radiation

Relative Humidity

Air Temperature

Water Surface Temp.

Hater Temp. Profile

continuous

daily
continuous

weekly

chart or digital integrator

chart or digital recorder

max/min - manual

chart or digital recorder

chart or digital recorder
manual

I
oo

I



Paved Road

Secondary Road

<2> TLD Monitor

A Stream Gauge

H Main Met. Tower

FIGURE 1: LOCATION MAP - Chalk River Nuclear Laboratories Property



PATHWAY A - IMMERSION

EXTERNAL - EXPOSURE

PATHWAYS

INTERNAL-EXPOSURE

PATHWAYS

PATHWAY B - STANDING ON CONTAMINATED GROUND

V

1 0 , 1 1

WHOLE BODY

P'.'2 X j f i , I?

WHOLE BODY

3 - u i

MUST BE LESS THAN MAXIMUM PERMISSIBLE

ANNUAL DOSE L IMITS

INTAKE RATES - MUST BE LESS

THAN ANNUAL L I M I T OF INTAKE

NOTES: ( 1 ) HEAVY LINES INDICATE MAIN

ROUTES FOLLOWED IN CALCULATIONS

AIRBORNE - EFFLUENT PATHWAYS

LIQUID - EFFLUENT PATHWAYS

O

FIGURE 2: Environmental Transfer Pathways for Airborne and Liquid Effluents at CRNL
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