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ABSTRACT

Records are presented of the amounts of radionuclides deposited in engineered
enclosures and directly into the ground in the waste management areas at the Chalk River
Nuclear Laboratories up to the end of 1972.

About 5.2 MCi of long-lived radionuclides, mainly in the form of stored reactor fuel,
have been placed in engineered facilities and about 32 kCi have been deposited directly
into the ground. Any radionuclides escaping into public waters from this system must
pass down Perch Creek into the Ottawa River. The total run-off down Perch Creek over
the whole period was 13 Ci.

The Chalk River site has therefore proved to be very effective in retaining radionuc-
lides in spite of the low ion-exchange capacity of the soil and conditions of climate and
water table height that make it less than ideal for radioactive waste management.

It is hoped that this information will be useful in planning future waste management
operations.
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Retention des radionuciides deposes
dans les zones de gestion des dechets

des Laboratoh'es Nucleaires de Chalk River

par

W.F. Merritt et C.A. Mawson

Resume

On donne des precisions sur les quantites de radionuciides deposes dans des enceintes
elaborees ou enfouis directement dans le sol, dans les zones de gestion des dechets des
Laboratoires Nucleaires de Chalk River, jusqu'a la fin de 1973.

Environ 5.2 MCi de radionuciides a longue vie, se presentant prineipalement sous la
forme de combustible de reacteur stocks, ont ete places dans des installations elaborees et
environ 32 kCi ont ete enfouis directement dans le sol. Tout radionuclide s'echappant
dans les eaux publiques, a partir de ce systeme, doit traverser le ruisseau Perch avant
d'atteindre l'Outaouais. Les pertes totales Ife long du ruisseau Perch durant toute la
periode consideree se sont elevees a 13 Ci.

Le site de Chalk River s'est, par consequent, avere tres efficaci; pour retenir les
radionuciides en depit de la faible capacite d'echange ionique du sol el: des conditions de
climat et de hauteur de nappe aquifere qui en font un lieu peu propice a la gestion des
dechets radioactifs.

On espere que ces renseignements seront utiles pour la planification des futures
operations de gestion des dechets.

L'Energie Atomique du Canada, Limitee
Laboratoires Nucleaires de Chalk River

Chalk River, Ontario

Septembre 1973
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RETENTION OF RADIONUCLIDES DEPOSITED IN THE CHALK RIVER
NUCLEAR LABORATORIES WASTE MANAGEMENT AREAS

by

W.F. Merritt and C.A. Mawson

INTRODUCTION

Radioactive waste materials have been produced at
the Chalk River Nuclear Laboratories (CRNL) since
operations first began in 1945. The bulk of the wastes
have been placed in the CRNL waste management
areas, either in engineered facilities or directly into
the ground (1), although the cooling water from the
NRX reactor has been discharged directly to the
Ottawa River. This paper will attempt to summarize
the experience of the past 20 years in the manage-
ment of these wastes, to show that the methods of
storage have not constituted a hazard to the public
and to point out how the experience may be useful in
assessing new proposals for waste management.

CRNL HIGH-LEVEL WASTES

Solid Wastes

Most of these consist of spent reactor fuel, but a
small portion is made up of expended irradiaiion
sources and spent ion-exchange columns from reactor
caloporteur clean-up systems. These materials are
stored in various types of concrete tile holes, con-
structed in the soil at least 2 m above the water table
and sealed on the outside with bitumen (i). If the
material is to he recovered at a later date a special end
plug is used; otherwise the hole is capped with
concrete.

Liquid Wastes

At present it is not economic to process the fuel
from heavy water natural uranium reactors. Therefore
production of high-level liquid waste at CRNL is
minimal. About 16 m3 of wastes, containing 80 kCi
mixed fission products produced from the operation
during the early 1950's of a small reactor fuel
processing plant for the separation of plutonium, has
been stored beneath ground in double-walled stainless
steel tanks equipped with monitoring instruments. In

addition, about 55 m3 of regenerant from the
rod-bay clean-up system containing about 275 Ci is
stored in similar tanks, and an additional 9 m1 is
produced annually. This is not technically "High-
Level" waste.

CRNL MEDIUM AND LOW-LEVEL WASTES

Solid Wastes

Much of this material appears in the form of
bagged wastes from laboratories, remote handling
caves and decontamination and clean-up procedures.
Bags above a certain radiation level {100 mR/h at 30
cm on an AEP 2153A survey meter, corresponding to
about 5 mCi of 500-day-old fission products) arc
classed as medium-level and stored in reinforced
concrete trenches. Bags below this level are placed
directly into trenches dug in the soil. Other wastes
such as contaminated equipment are similarly
monitored and placed in the appropriate trench.
When full, concrete trenches are sealed with a con-
crete cap, while the low-level wastes are compacted
and covered with soil.

Liquid Wastes

The largest volume consists of water from the
spent fuel storage bays. This is piped into a large hole
in the soil (70 x 37 x 2.5 m| filled with 4—6 cm
pebbles to prohibit access to the water surface.
Liquid wastes containing high concentrations of
acids, alkalis or complexing agents are placed in a
similar but smaller facility. Small quantities of 6 0Co
and l 0 6 Ru from these pits have appeared in the
swamp adjacent to the pits and from there detectable
amounts have moved with the surface waters into
Perch Lake.

Small quantities of low-level wastes judged unsuit
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able for soil disposal because of very high concentra-
tions of complexing agents, detergents or other
industrial chemicals are diluted into the reactor
cooling water at a controlled rate and pass to the
Ottawa River in the process sewer at concentrations
acceptable under Ontario water quality guidelines.

SPECIAL DISPOSALS INTO THE GROUND

Following the reactor accident of 1952 (2,3) some
5,000 m3 of water containing about 10,000 Ci of
mixed fission products was piped into trenches dug in
the ground in the A Disposal Area (Fig. 1). In 1957,
Ophel and Fraser (4) reported evidence of ""'Ru and
'ynSr from this disposal reaching the adjacent swamp.
However in 1961, after careful sampling of the area,
Parsons (5) was unable to ascertain unambiguously
the origin of the 90Sr in the swamp. In .973,
Mawson (6), after a careful survey of all the available
evidence, concluded that the material arose from
disposals unconnected with the NRX accident
trenches.

In 1954, 7 m3 of 1.7 M nitric acid, containing
2,300 kg of ammonium nitrate, 60 Ci of 90Sr, 70 Ci
of I 3 7Cs and other fission products to total 173 Ci
was pumped into a pit in the sand lined with crushed
limestone. In 1955, 50 m3 of 3 M nitric acid,
containing 300 Ci of 9 0Sr, 250 Ci of ' 37Cs and 120
Ci of 10<1Ru plus other fission products to total 900
Ci was placed in a similar pit, without limestone, in
the same area. The movement of radionuclides from
these experiments was carefully studied and docu-
mented by Parsons in 1961 (5). Since that time the
movement of the 9 0Sr plume from the 1954 experi-
ment has been measured about every three years. The
tip of the plume has moved beneath the road into the
Perch Lake Swamp, a distance of about 200 m. The
upper surface of the plume has intersected the water
table in the swamp, but is confined by the muskeg
layer which has a high absorption capacity for stron-
tium. Pools of surface water, therefore, contain only
small amounts of ?0Sr, but plants and trees, particu-
larly the deep rooted alders, show appreciable Q fields

Figure 1 Waste Management Areas at CRNL. Rim of Perch Lake Basin shown by broken line.
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from the 9 0Sr that they have absorbed. However,
since the swamp is visited only by monitoring or
sampling personnel, this poses no problem. The
1 3 7Cs is moving at a much slower rate and the tip of
the 1 3 7Cs plume is still quite near the disposal area.

TRITIUM DISPOSALS

Tritium is produced in quite large quantities in
heavy water moderated reactors, and constitutes a
special case in waste management. It :s transferred to
the rod storage bays on irradiated fuel rods and the
rot', bay water pumped to the seepage pits contains
appreciable amounts. Tritium moves at the same rate
as tije ground water and is often used as a tracer in
measuring ground water movement. For the past few
years <ibout 1,000—1,500 Ci/y has been pumped to
the pits. Evapo-transpiration losses in the Perch Lake
Swamp and evaporation processes in Perch Lake and
Perch Creel" lower the amount reaching the Ottawa
River to about 700-800 Ci/y. The low toxicity of
ihis radionuclide, combined with the large flow of
water in Perch Creek and the Ottawa River makes this
amount insignificant as a public health hazard.

RETENTION OF RADIONUCLIDES IN THE WASTE
MANAGEMENT AREAS

Estimating the amount of radioactivity in the
management areas is admittedly not an easy task.
Most of the radioactivity is contained in stored
reactor fuel, located in steel and concrete lined holes,
and its content can be estimated from the irradiation
history. Other solid wastes are either placed in con-
crete trenches or directly in the ground and the
amount of radioactivity is estimated from the
radiation fields (see section on CRNL Medium- and
Low-Level Wastes). This is at best an estimate but
seems the only feasible means of measuring the
widely differing types of disposals carried out.

Drainage within the basin collects in Perch Lake
which discharges to the river by way of Perch Creek
(Fig. 1). The lake and creek are monitored regularly
for radionuclides and discharge rates are measured at
a recording weir so that the amount of radioactive
material reaching the Ottawa River is known. This
gives us a figure for how much has left the basin.

Figure 2 shows the accumulation of radioactivity
in the engineered facilities. Figure 3 shows the
cumulative deposition of radioactivity placed directly
into the soil and the total amount leaving the area.

Figure 2 - Cumulative deposition, mainly in the form
of expended reactor fuel, in engineered facilities.
Amounts arp expressed as equivalent Curies in terms
of 500-day-old fission products.

Table I Radioactivity Deposited In and Leaving CRNL Waste
Management A'ea (Ci)

Concrete Direct into Total leaving to Amount leaving
Facilities* Soil* end of 1972 during 1972

5,235,000 32,000 13 0.88

* (Activity in "equivalent Ci" of 500-day-old mixed fission
products, calculated from irradiation history or radiation
measurements).
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The data on which Figure 3 is based show that
during the past 10 years the rate of deposition
directly into the ground has remained fairly constant
at 300 Ci/y while the amount leaving the system has
also been fairly constant at about 0.84 Ci/y.

Figure 3 — Cumulative deposition directly into the
ground expressed as equivalent Curies of 500-day-old
fission products; and cumulative release of equivalent
fission products via Perch Creek t< the Ottawa River.

Using the data from Figure 2 and Table I, it can be
<een that for the time involved about one part in
2.500 of the amount put directly into the soil has left
the area, and that at thp present time, about one part
in 35,000 escapes annually. This assumes that none of
the 13 Ci which have passed down Perch Creek
originated from wastes in engineered facilities.

DISCUSSION

The Perch Lake watershed consists of a rock basin
about 2 km wide by 7 km long, the geology of which
has been well described (7). Water from the basin
collects in Perch Lake, which drains through a single
outlet, Perch Creek, to the Ottawa River (Fig. 1).
With the exception of one low-level solid waste area,
all the waste management areas at CRNL are situated

within the Perch Lake system. They have served the
needs of an establishment operating two large re-
search reactors for more than 20 years, including the
operation of a pilot fuel processing plant, wastes
arising from a reactor accident (2,?.) and the dis-
semDiing and rebuilding oi the NRX reactor on two
occasions. Strontium-90 is the controlling radio-
nuclide as far as hazard is concerned and the concen-
tration in Perch Creek has averaged less than l4 of the
ICRP 168 h maximum permissible concentration for
drinking water for the past several years. Perch Creek
water is diluted throughout the whole volume of the
Ottawa River before it reaches a public drinking
water intake, and in fact the 90Sr contribution to the
Ottawa River from all sources at CRNL has been less
than 10% of that already in the river water due to
fallout from weapons testing.

The Perch Lake Basin has proved particularly
suitable for carrying out studies of radioactive waste
management. There are the safety advantages of a
rock lined basin with a single outlet and a lake to act
as a diluting and delay system. The soil has poor
ion-exchange properties, travel distances through the
soil are short enough for detailed monitoring and
ground water investigations to be practicable, the
water table is near the surface and the precipitation
rate is quite high (73 cm/y). The combination of all
these factors has allowed meaningful experiments to
be carried out safely in reasonable lengths of time.

Public concern about, the management of radio-
active wastes has always been connected with the
possibility that man will be affected by the associated
radiation. The concern is usually directed towards the
liberation of appreciable quantities of wastes into the
environment by some deficiency in containment,
some oversight in design, some natural disaster such
as an earthquake or flood, or by some violent act of
man such as war or sabotage. Most people profes-
sionally involved in the management of radioactive
wastes are satisfied that the technology exists for
dealing safely with problems that do not involve
deliberate human violence and the results from the
CRNL waste management areas bear this out. Even
wastes deposited directly into the soil under far from
optimum conditions have a release rate acceptable to
governmental authorities, and so far there has been
no detectable escape from any of the engineered
anclosures.

In choosing a major storage site for high-level
wastes, it should be appreciated that the wastes are
not hazardous while they remain inside the storage
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facility. Rupture of the enclosure, penetration of
moisture, dissolution of waste material, escape of
liquid and travel via soil and ground water to a point
where it can be taken up by man must all be
considered. Therefore one would logically look for an
area with soil of high ion-exchange capacity, a water
table that is deep or absent and a climate where
evaporation exceeds precipitation. Proper design
could then provide an enclosure with a minimum
chance of leakage, especially if it were underground.

In the nuclear industry it has become fashionable
to use the concept of the "maximum credible"
accident. One is therefore forced to demonstrate that
the consequences of such an accident would be
acceptable to the community. However low the
release rates, and however indestructible the enclo-
sures, the question will be asked "Yes, but what if
there is a failure?" One must be sure of the answers
and the answers must be in numbers, not in the form
of bland assurances. The numbers must be based on
experiments or observations, not on assumptions, and
it is these numbers that can be generated from
experiments carried out in the CRNL waste manage-
ment areas.

The "maximum credible" leakage from a well-built
facility at a suitable site would probably have to be
calculated on the assumption that some major
climatic change led to drastic alteration in the preci-

pitation rate and water table level. If an assumption
of this kind seemed acceptable at the proposed
locality, one could then extrapolate from the CRNL
observations to estimate the rate of movement of the
dissolved material from a cracked structure through
the soil. By placing reasonable margins of error on the
numbers generated it would be possible to produce a
design with a realistic "safety factor" built in. If, on
the other hand, the numbers were generated by
pushing each parameter to the pessimistic limit of
credibility, the final result v/ill be practically incre-
dible.

Concern is usually directed to effects on the next
few generations but the critics are increasingly
pointing to our responsibility for protection of
people in the far distant future. It should be realized
that this is an administrative or political problem and
as such cannot be solved by the scientist or engineer.
The authors believe that the efforts and the resources
of the nucleai industry should be concentrated upon
making sure that our wastes are safely confined for
the next hundred years. No one knows what sources
of energy will be developed in the future and if we
can be sure that our safeguards will be intact at the
end of such a period, succeeding generations should
be able to assure that they will last for a good deal
longer.
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