
ATOMIC ENERGY OF CANADA LIMITED

CHALK RIVER PROJECT

RESEARCH AND DEVELOPMENT

WASTE DISPOSAL INTO THE GROUND

A paptlr I?resenteQ at the United Nations
International Conterenoe on the Peaoetul

Uses ot Atomio Energy, Geneva, SWitzerland,
August 8 - 20, 1955.

BY

C.A. MAWSON

CHALK RIVER, ONTARIO

A.E.C.L. NO. 211



•

•

•

1.

2.

WASTE DISPOSAL INTO THE GROUND

by

C.A. Mawson!l)

Introduction

The establishment of an atomic energy project is soon followed by
the production of a variety of radioactive wastes which must be disposed
of safely, quickly and cheaf'ly. Experience has shown that much more
thought ha s been devoted to the de sign of l)lant and laboratorie s than to the
apparently dull problem of what to do with the wastes, but the nature of
the wastes which will arise from nuclear power production calls for a
change in this situation. We shall not be concerned here with power pile
wastes, but disposal problems which have occurred in the operation of
experimental reactors have been serious enough to show that waste dispo
sal should be considered during the early stages of the planning of such
a project.

Site Selection

2.1 Waste disposal should be a factor in the selection of a site for a
reactor and chemical processing plant. Serious thought must be given
to the fact that in addition to the material foreseen by the chemical engi
neers as a continuing product of normal operation, accidents will happen.
Faults will develop in the processing plant which will cause spills of
radioactive solutions, equipment will become so highly contaminated that
it is not economically recoverable, and our experience has shown that a
reactor can break down in such a way that millions of litres of radioactive
water create an urgent disposal problem. Accidents result in emergencies
and when emergencies arise., it is convenient to have an area close at
hand where radioactive material can be dumped without fear of contamina
tion of ground water supplie s.

2.2 It is a mistake to assume that when a solution is run into the soil
it will soon be diluted by the grOlmd water. This water moves slOWly and
is not mixed by turbulence and temperature changes in the same way as



surface water, so the solutions may move a long way without much mixing
or dispersion. Pollution control depends more upon filtration, adsorption
and chemical reaction with the soil than upon dilution in the general body
of the water table, but observation of the movement of the ground water is
necessary to estimate the speed and direction of travel of solutions put into
the ground. The knowledge we need for choice of a ground disposal area
lncludes, therefore, information on the chemical and physical nature of
the soil, including its neutralizin" capacity and its cation exchange capa
city, and also data on the movement of ground and surface water.

2.3 Useful knowledge of the chemical and physical nature of the soil can
be gained by laboratory experiments on core samples, but the application
of such studies to forecasting the results of waste disposal in the field
depends on factor s which cannot be controlled from the laboratory. The
stratification of the soil is of great importance in translocation of water
because much of the movement may occur through narrow soil horizons
which are difficult to recogni:.oe and isolate in core samples. In some
types of overburden such as wind-blown sand, the surface topography may
bear little relation to the direction of movement of ground water and hidden
formltions of bedrock may give rise to relatively fixed reservoirs of
water from which there is only sli,;;ht surface run-off. On the other hand,
what appears at the surface to be a soil-filled rock basin may have a deep
draina_se system throuzh fissures or channellins.

2.4 Before deciding the site of a disposal area, a geological survey
should be done. This would begin with a surface reconnaissance of the
proposed plant area by a geolo;ist, Selected locations would be mapped by
aerial survey methods to give a 1/2400-scale map with 2-metre contours.
A surface geological survey would then place on the map all rock out
crops, soil types and surface drainage. The approximate profile of the
subsurface bedrock would next be determined by seismic technique.
Finally, the best area would be chosen and drilled in detail to test the
character of the overburden, its grain size and its water content. The
water table would be acurately loctted and the bedrock profile determined.
The drilling programme would provide samples for laboratory work on soil
permeability, porosity, adsorptive capacity and retention(2).

2.5 This programme seems at first sight to be very elaborate and
expensive, but it is a brief summary of the work undertaken at Chalk River
to investigate our own disposal area. It Seems logical to suggest that
such work should be done before the dumping of wastes into the ground has
begun.

3. Disposal of "Hot" Wastes

We have no experience of the disposal of "hot" wastes into the ground.
Such wastes result from the concentration of processed rod solutions and
contain mixed fission products giving about 109 disintegrations per second
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per millilitre and are about 7-molar in nitric acid. They are stored
below ground in stainless steel tanks which have shown no sign of corro
sion over a period of more than six years. We do not regard tank
storage as permanent disposal, and experimental work is in progress for
fixing the hot waste in a form in which it can safely be put into the ground.

Disposal of "Cool" Wastes

4.1 Our "cool" wastes contain 2.5-molar nitric acid and in Some cases,
4-molar ammonium nitrate. Their radioactivity is about 106 disintegra
tions per second per millilitre. Experimental disposals of these wastes
have been made into the ground. Laboratory experiments have shown
that our sandy soil is surprisingly efficient in the neutralization of acid,
and this has been confirmed by drilling in the field. About 54,000 litres
of a waste containing 2. 5-molar nitric acid was dumped into a pit 4 metres
deep during January, 1955. A drill hole was sunk on May 1, 1955, about
15 metres from the edge of the pit in the presumed direction of the ground
water flow. Although radioactivity was detected in the drill hole, no free
acid was present.

4.2 In another experiment 6800 litres of a different "cool" waste,
containing 2-molar nitric acid and 4-molar ammonium nitrate, was run
into a lime-filled pit 4 metres wide and 4 metres deep. The soil at field
capacity holds about one third of its volume of water, so when all the
liquid had sunk into the ground, the lower level of the radioactive area
should have been about 1-1/2 metres below the bottom of the pit, or 5-1/2
metres from ground level. The liquid disappeared very rapidly, in spite
of the fact that the bottom of the pit was at the level of the water table. A
drill hole was made several months after completion of the disposal at
about 6 metres from the edge of the pit in the presumed direction of ground
water flow. A sharply defined zone of intense radioactivity wa s found at a
depth of 5-1/2 metres which continued to a rather ill-defined lower limit
at about 7-1/2 metres. This seems to show that although the waste had
travelled a lateral distance of 6 metres and had sunk for a distance of
1-1/2 metres through the water table, it had dispersed very little in its
vertical diTI1ension.

4.3 Our drilling pro"ramme has not gone far enough (May 12, 1955) to
define the leading edges of the radioactive regions produced by experimen
tal disposals. However., in the case of cooling water which was pumped
to the burial ground afte r the pile accident in December, 1952, the situa
tion is clear. Radioactive material in solution and in suspension was run
into trenches cut in the sand. The total volume dealt with in this way was
about 5 x 10 6 litres, containing 104 curies of long-lived fission products.
The trenches were 5 metres wide, 3-1/2 metres deep and about 300 metres
in total length. A drill hole sunk on May 6, 1955, 12 metres from the
edge of one of these trenches, showed no sign of radioactivity. A hole
sunk through the middle of the trench showed radioactivity starting at the
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bottom of the trench and extending to a depth of 3-1/2 metres. The core
has not yet been analysed, but a core-sample taken about a year previous
ly in a similar position showed that most of the radioactivity had been
held near to the surface in spite of the very large volume of water which
had washed through the soil.

4.4 These field observations confirm laboratory results from radio
active burial ground soil which was leached with various solutions. The
mo st efficient leaching solution (Table 1) was ammonium chloride, followed
by hydrochloric acid, citric acid, sodium hexametaphosphate, ammonia,
sodium hydroxide, trisodium phosphate and water, in that order. Alka
line solutions percolated through the soil very slowly, owing to action on
the organic constituents. These experiments illustrate the importance of
keeping detailed records of disposals made into the ground to ensure that
fixed material is not leached by subsequent disposals.

I·

•

Table 1

Disposal area soil containing fission products (mainly Sr89 ,
Sr90 , Csl3 7 , Csl34 and Ce144 ) leached with solutions likely
to be put into the ground.

Leaching Solution Amount Leached
(Relative only)

•

100
•

HCl (0.01 M) 87
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4.5 Particle size analysis of radioactive soil from the burial ground has
given some information on the relative efficiency of the soil constituents
in holding fission products (Table 2). Our soils consist mainly of sand,

•

•

6

31

59

12

12

82

Trisodium phosphate (0.01 M)

Sodium hexametaphosphate (0. 02 M)

Water

Citric acid (0.1 M)

NaOH (l.0 M)
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but the small proportion of clay and silt is responsible for much of the
fixation. Strontium is easily exchanged and can be eluted with calcium
chloride solution, but much of the caesium and all the cerium resist this
treatment. Caesium is fixed in the inter-layer spaces of the mica-type
minerals vermiculite and illite, while cerium is fixed in inverse propor
tion to particle size. This suggests that fixation of cerium depends on the
surface area of the grains a.nd recalls the behaviour of ferric oxide, which
is known to form a thin layer over soil particles. The larger sand parti
cles bind a small amount of caesium very firmly, but as our soil consists
mainly of sand, a high proportion of the bound cae sium is held in this way.
The feldspar fraction of the sand is responsible for this binding (Table 3),
and it is suggested that cae sium may be fixed by a coating of layer sili
cate which is formed on the surface of the feldspar grains by weathering.

Table Z

Sr, C sand Ce bound to separate fractions of disposal area soil. Activity
extracted from soil in successive treatments.

Treatment Counts/min. /100 g. Whole Soil

•

•
1 CaClz wash

Z HZOZ (destroys organic matter)

3 Dispersion in NaZC03

4 Separation of soil fractions;
fractions dissolved in HF

Sr

o

Cs

Z.4 x 10 5

Ce

o

o

o

•

Sand

Coarse silt

Medium silt

Fine silt

Coarse clay

Medium and fine clay
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0 Z.9Xl05 5.7 x 102

0 3.1 x 10 5 3.6 x 10 3

0 1.2xl05 Z.l x 10 3

0 1.9xl05 8.1 x 102

0 4.3 x 105 3.1 x 103

0 Z.6 x 10 5 1.1 x 104



Table 3

Radioactivity held by separated fractions
of sand in disposal area soil

Mineral

Feldspar

Hornblende

Quartz

Counts/min. /g

22,800

2,535

524

•

4.6 We have not carried inve stigations far enough to be able to give a
detailed picture either of the physics and chemistry of our soil or the
field behaviour of fission products in our burial ground. Extensive inves
tigations of radioactivity in trees surrounding the burial ground and
sampling of ground water from shallow bore-holes has shown that no
appreciable contamination has progressed beyond about 60 metres from
the burial ground fence. Figure 1 shows a map of a disposal area with the
bore-holes marked as circles. The ground to the south-west of the area
fence is thickly covered with trees. and the movement of ground-water is
from north-east to south-west. Contours of relative radioactivity have
been drawn showing that some movement has been detected in a south
westerly direction, but only very slight traces of activity have been found
in the water of the swamp marked in the south-west corner of the map.
Some of the deciduous trees near to the fence have taken up a great deal
of ra.dioactive material--for example, one poplar tree contains about 40 me
of Sr90 , whereas neighbouring jack-pines are relatively inactive. Surveys
of the outfall of the springs and streams along the bank of the Ottawa River
have shown no evidence of contamination, but until the deep drilling pro
gramme is complete. we shall be unable to be sure that nowhere between
surface and bedrock is there any evidence of radioactive contamination
beyond the area defined by radioactivity found in the trees and bore-holes.

(1) Biology Research and Radiation Hazards Control Division,
Atomic Energy of Canada Limited, Chalk River, Ontario, Canada.

(2) Faragraph 2.4 is abstracted from a letter dated January 6, 1955,
from B. S. W. Buffam to W .J. Bennett concerning the report
"Ground Water and Subsurface Geology at the Chalk River Waste
Disposal Area" by A.F. Gregory.
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