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Programme de développement canadien pour le conditionnement
des déchets de réacteurs CANDU avant leur enfouissement

par

D.H. Charlesworth, W.T. Bourns et L.P. Buckley

Résumé

A l'heure actuelle, les déchets radioactifs provenant du

fonctionnement des réacteurs nucléaires canadiens sont placés en stockage

intérimaire dans des enceintes de confinement en béton, à l'exception des

déchets gazeux et liquides contenant de petites quantités de radioactivité,

lesquels sont dispersés. Dans le but de remplacer le stockage

intérimaire par un enfouissement permanent, un programme a été mis sur pied

pour développer et démontrer une technique intégrée permettant de donner à

tous les déchets de réacteur une forme stable, résistant à la lixivation,

qui immobilisera les radionucléides dans les galeries du site d'enfouisser;ent

des déchets. La principale installation pour ce développement est un

centre de traitement des déchets actuellement construit près des Laboratoires

nucléaires de Chalk River. On aura recours, dans ce centre, à des méthodes

d'osmose inverse, d'incinération, d'évaporation et de bituminisation.
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Abstract

Currently, radioactive wastes arising from the operation

of Canadian nuclear reactors are placed in interim storage in

concrete containment structures except for gaseous and liquid

wastes containing small amounts of radioactivity which are

dispersed. With the objective of replacing storage by perma-

nent disposal, a program is underway to develop and demonstrate

an integrated process for converting all reactor wastes to a

stable, leach-resistant form which will immobilize the radio-

nuclides in the waste repository. The major tool for this

development is a Waste Treatment Centre, now being constructed

at Chalk River Nuclear Laboratories, which will combine reverse-

osmosis, incineration, evaporation and bituminizing processes.
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Introduction

The radioactive products which arise in the nuclear

electrical generating stations are primarily of two types,

the irradiated fuel and the radioactively contaminated wastes

produced in the operation and maintenance of the station.

The former type contains all but a small fraction of the

radioactivity and its management and disposal have, therefore,

been the focus of the most concern, planning and development.

The latter type, termed "reactor wastes" in this paper, do,

nevertheless, contain a significant amount of radioactivity

associated with a large variety of waste materials which must

be managed carefully if the public, and the environment in

general, are to be protected.

Description of Reactor Wastes

Reactor wastes arising from the operation of a CANDU*

reactor are generally similar in quantity and nature to those

from other water-cooled reactors but differ in some aspects

important to their management, storage, and disposal. Most

of our experience with CANDU wastes is derived from operation

of the Ontario Hydro 2000 MWe Pickering A generating station.

Wastes originate as solids, liquids, and gases but with the

exception of tritium nearly all the radioactivity of half-life

greater than a few days is associated with the solids. The

amount of radioactivity released with the gaseous wastes is

controlled to a small fraction of the regulatory limitsfl]*,

and additional delay facilities planned for the stations will

decrease it even further. Our development effort has, there-

fore, concentrated on means of managing the solid and liquid

reactor wastes. The estimated annual quantities of these

wastes from each reactor unit of 500-900 MWe are given in

Table 1.

* CANDU - Canada Deuterium Uranium
** Numbers in [I refer to references listed at the end of paper.
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TABLE 1

ESTIMATED ANNUAL QUANTITIES OF REACTOR WASTES
ORIGINATING FROM EACH REACTOR

Waste

Low-level solid

Ion-exchange resin

Filters

Aqueous

Volume before
Treatment

m'/a per unit

350

25

5

1000

Radioactivity**
Ci*/a per unit

5

1500

500

<5

* 1 Ci = 37 GBg

** excluding tritium
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The low-level solid wastes are a mixture of contami-

nated paper and plastic trash plus discarded equipment and

supplies. The majority is combustible and is packaged in

clear polyethylene bags, Cobalt-60 (decay half-life =5.3

years) and cesium-137 (half-life - 30 years) are the most

important of the associated radionuclides{23.

The ion-exchange resins are primarily mixed-bed

bead-form resins discharged from the purification systems

for the heavy-water moderator, the reactor coolant, and the

irradiated-fuel bay. The coolant purification resin is the

major source of radioactivity in reactor wastes. Cesium-137

is the predominant radionuclide, and any transuranic content

is less than 10 nCi/g (370 Bg/g). The moderator purification

resin is essentially free of fission products, but contains

major amounts of neutron-activated products. The external

radiation field is largely from cobalt-60 but the major

radiological hazard results from carbon-14 (half-life = 5700

years). Because a CANDU reactor has a large core relative

to a LWR*, carbon-14 production from the neutron reaction

with oxygen-17 in the water is much more important[3] ,• giving

about 500 Ci/GWe per year (18 TBq/(GWe-a). The carbon-14 appears

to accumulate on the ion-exchange resin as a carbonate and is

discharged with the resin.

The filters are predominantly of the disposable

cartridge type which are efficient and reliable in operation,

but are somewhat awkward to manage efficiently as a waste.

Some design changes are being considered which could ease the

storage and disposal operation.

The liquid wastes generated in CANDU stations tend to

be dilute, both chemically and radioactively. Since the

moderator and coolant are heavy water, system integrity is

* Light Water Reactor
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maintained at a high level and the small amount of leakage

which does occur is carefully collected and recovered, The

main sources of liquid waste are the laundry, laboratory,

decontamination facilities, and floor drains. To date the

amount of radioactivity in the aqueous waste has been smalJ.

enough that only a few batches have required special treat-

ment; most has been discharged, after sampling and analysis,

with the condenser cooling water[4]. However, because most

of the more active liquid wastes arise because of non-routine

occurrences and are therefore unpredictable, it is considered

prudent that the stations have an installed capability for

retaining and treating some aqueous wastes.

Tritium is more widespread at detectable concentrations

in CANDU wastes than in LWR wastes. Routine measures to avoid

loss of heavy water have been adequate to restrict tritium

releases to date to a small fraction of the derived limits[4].

The most positive method of reducing tritium releases even

further is to depress tritium concentrations in the reactor

heavy water by tritium removal from a sidestream. Tritium-

removal techniques are under study so that they will be

available if needed.

Waste Storage and Disposal

Currently, all solid reactor waste from Canadian

nuclear generating stations is put in interim storage in

concrete containment[5]. Since the hazardous life of much

of the waste is expected to exceed the period for which the

integrity of the containment can be guaranteed, the storage

cannot be considered permanent and the intent is to retrieve

it in the future for final disposal[6]. The disposal tech-

nique wi'j.1 provide both isolation and containment by a

defence-in-depth, i.e. a series of redundant barriers to

migration of the radionuclides along all the pathways to

man. One of these barriers will be the form of the waste.
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Conversion of all wastes to stable leach-resistant forms

will ensure that the release of the radionuolides from-the

waste will be slow even though other barriers should fail

and flowing water should contact it. Once all aspects of

the disposal technique have been satisfactorily established

and a repository put in operation, we expect that interim

storage of reactor wastes will be superfluous. The wastes

could be converted to the stable form promptly and disposed

of directly in the repository.

Waste Forms for Disposal

To be suitable for disposal the form of the waste

should be:

- stable so that its characteristics are retained for

the hazardous life of the waste

- leach-resistant so that it contributes a significant

barrier to the migration of the associated radionuclides

- space-conserving so that it is moderate in repository

volume requirements.

As the initial stage of our program we assessed the degree

to which all the waste forms for which a reasonable amount

of experience was already available fulfilled these criteria.

Our aim was to choose one form which would be the focus of

an AECL program which would develop and demonstrate the

technology for the conditioning of reactor wastes expected

to arise at Canadian nuclear generating stations preparatory

to their final disposal.

The forms which were assessed included concrete,

polymers (both urea-formaldehyde and polyester), bitumen,

glass, and ceramics. As well as the factors outlined above,

the assessment took into account the versatility of each form
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in accommodating all expected types of waste and the probable

reliability of the conditioning process. On this basis

bitumen was judged the most attractive matrix for investiga-

tion. Concrete and polymers were considered somewhat defi-

cient in leach resistance; glass and ceramic were- thought to

have limited versatility as well as a significant cost

disadvantage. Bitumen rated well in leach-resistance and

versatility and resulted in relatively low volumes. Also,

the demonstrated natural stability of bitumen over millions

of years in an underground environment was considered a real

advantage over man-made materials.

Preconditioning of the Waste

Before aqueous and solid wastes can be incorporated

into a matrix such as bitumen most must undergo a precondi-

tioning step in order to reduce the volume and put the waste

into a more stable and treatable state. For dilute aqueous

wastes the need is primarily to remove the bulk of the water

while retaining the radionuclides. Probably the most common

technique for this application in the nuclear industry is

evaporation[7]. Other options are filtration and ion

exchange, chemical precipitation, and reverse osmosis. Our

assessment of these concluded that commercially available

evaporation equipment would fulfill most requirements.

However, though experience with reverse osmosis in radio-

active service was limited[8], the technique offered enough

potentially significant advantages (low energy requirements,

modular equipment) compared to evaporation, that we under-

took to develop and demonstrate it for our application.

A technology for preconditioning all solid wastes

by a single process is not available. Compaction can reduce

the volume of many solid wastes but the treatment does

little to facilitate conversion of the waste to a stable
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form in bitumen. There are a variety of pyrolysjB-incinera-

tion techniques,6] for the combustible components which

constitute a major portion of solid reactor wesstes. These

wastes can also be converted to a suitable form by acid

digestion[9]. From our assessment we concluded that starved-

air incineration was the simplest of the advanced techniques

and offered a good probability of satisfactorily precondi-

tioning most of the combustible solid waste. Concurrent

with, and independent of our conclusion, Ontario Hydro

ordered such an incinerator for processing low-level combus-

tible waste at their Bruce Nuclear Power Development sitef2],

The opportunity of sharing experience with Ontario Hydro thus

became an added advantage for our choosing this option.

We have not selected any preconditioning step for

the noncombustible solid wastes. We have concluded that

there is no obviously satisfactory process available and

have decided that we require more detailed information on

the characteristics of this category of waste before we can

define a program for developing one. We expect to reassess

the situation in a year or two.

Developing and Integrating the Selected Processes

An experimental program was begun in 1974 to investi-

gate the reverse osmosis (RO) and bituminizing processes,

beginning first at the laboratory scale and progressing to a

small pilot-plant scale. At the same time a design study

of a starved-air incinerator was commissioned. Since the

overall aim of our program is a system which will convert

all reactor wastes to a form suitable for final disposal it

is essential that we not only develop each of the selected

processes individually, but that we demonstrate that they

can be integrated. The basic flowsheet of such a system is

shown in Figure 1. Once the feasibility of applying each of
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Figure 1 - Basic flowsheet chosen for the conditioning of CANDU reactor wastes for disposal.
The CRNL Waste Treatment Centre, now under construction, is based on this flowsheet.
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the processes to CANDU reactor wastes seemed reasonably

assured the design of a Waste Treatment Centre based on

this flowsheet, was begun, concurrent with the continuing

pilot-scale development of the processes. The Centre is

to be a facility which includes each of the processes at

a seals which would be large enough to serve the waste

conditioning needs of at least, one reactor unit. All

will be linked together as in Figure 1 to ensure that

the product of each step is suitable as feed for the

next operation.

The waste feed to the Centre will be those

wastes generated at the Chalk River Nuclear Laboratories

(CRNL) which are similar in the relevant characteristics

to those which might be expected at a Canadian nuclear

generating station. The CRNL low-level solid and aqueous

wastes, listed in Table 2, cover the full range of the

corresponding reactor wastes. The supply of waste ion-

exchange resin and filters at CRNL is small and will need

to be supplemented to test the facilities fully.

The Centre's incinerator is scheduled to begin

operation in 1979, with the remaining sections being

brought on-stream in the following two or three years.

In its early stages of operation the Centre's systems

will be used to continue the development of the waste-con-

ditioning processes. Once routine operation has been

achieved the main role of the Centre will become one of

demonstration in which to evaluate performance, reli-

ability and costs. Coincident with both these roles,

the Centre will serve to convert much of the waste

generated at CRNL to a form ready for final disposal.

An inventory of conditioned waste will thus be available

should it be needed in - repository test program.
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TABLE 2

CRNL LOW-LEVEL WASTES

Aqueous Wastes

Reactor Drains

Laboratory Drains

Decontamination
Centre Drains

Volume
m3

1 5 ,

1 0 ,

3 ,

/ a

000

000

000

Radioactivity** Tota3 Solids
Ci*/a Concentration

25

100

15

100

100

3000

Solid Wastes 1,000 10

* 1 Ci = 37 GBq

** Excluding tritiuiw
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The waste feeds, reduced in volume in the precondi-

tioning steps of incineration and reverse osmosis will not

necessarily be discharged in an ideal form to be fed to the

bituminizing equipment. The linking of the processes must,

therefore, be a part of the development program. The factors

which must be considered are primarily of two types: those

that relate to the physical compatabil.ity of the discharge

and feed properties, and those that affect the quality of

the final product for disposal.

To ensure that no particles or incinerator ash too

large to be accommodated are fed to the bitum-inizer, the ash

will be discharged directly to a vibrating screen. Currently

the plan is to collect the oversize material in the drums

into which the bituminized fine fraction of ash will be

discharged later. Thus, the coarse material will also be

protected from water by a bitumen coating. A similar treat-

ment might be adequate for some of the noncombustible wastes

not fed to the incinerator.

The amount of residual water which can be removed

conveniently from the concentrated aqueous waste in the

bituminizing process will depend on the equipment choice.

With some types of bituminizing equipment it will almost

certainly be desirable to concentrate the reverse-osmosis

effluent further by a separate evaporator before it is fed

to the bituminizer. Although this possibility is included

in the general flowsheet (Figure 1 ) , the ultimate decision

on the linking of the reverse osmosis and bituminizing

processes will require more detailed verification of the

capabilities of both processes.

Conditions existing in the linking of steps are

expected to affect the final product leach resistance. For

example, chemical additions during the concentration of the
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aqueous wastes have been found to improve cesium retention

in the bituminized product[10]. Another option which needs

to be evaluated is the combining of the aqueous concentrate

and the ash as a slurry before the bituminizing stage. .Tn

fact, there may be an advantage to adding the concentrate

directly into the incinerator chamber to form a combined

dry solid. The bituminizing stage might, then require only

a good mixing capability with no evaporation.

As mentioned above, experimental and design studies

have been in progress several years to define the process

details for incineration, reverse osmosis, and bituminization

in the Waste Treatment Centre. Some of the objectives and

results of these studies are discussed briefly in the follow-

ing sections.

Incineration

A wide variety of equipment has been applied by a

number of countries[11] to the volume reduction of combustible

radioactive wastes with various degees of success. All seem

to have displayed some undesirable characteristics and, as a

result, a consensus as to the most suitable methods has been

slow in evolving. The first CRNL radioactive incinerator[12],

in which a one-year test program was conducted 15 years ago,

was a divided-chamber excess-air unit. The incinerator now

being installed in the Waste Treatment Centre is a two-

chamber starved-air unit, the main features of which are

shown schematically in Figure 2. Some of the reasons that

starved-air incineration is our favoured concept are:

- the relatively low flow of combustion air (about 1/3

the stoichiometric requirement) fed to the primary

chamber causes less disturbance of the waste bed

and, therefore, less fly ash
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Figure 2 - Schematic diagram of starved-air incinerator which will be installed in the
CRNL Waste Treatment Centre. The incinerator is batch loaded and discharged
on about a 24-hour cycle.
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- the resultant bed temperatures are lower, perhaps

500'c rather than 900°C or more, and thus broaden

the choice of construction materials

- the independently fired afterburner' allows a batch-

type operation without sacrificing control of smoke

and soot.

The incinerator is of the same basic layout as that

installed by Ontario Hydro[2] but includes a number of

modifications related to improved control and versatility,

corrosion reduction, and performance evaluation. It is

also smaller with a batch size of one tonne of waste rather

than two. The primary chamber is a stainless steel vessel

surrounded with an annular air jacket. By the choice of a

metal chamber rather than a refractory-lined ojie we hope

to reduce the buildup of radioactivity and obviate frequent

refractory maintenance. This does, however, introduce the

risk of corrosion problems, particularly from the chlorine

and sulfur compounds in the wastes. Although this risk

could be minimized by the use of more expensive alloys, we

have chosen to determine first whether the use of stainless

steel can be successful if feed composition is controlled

and the system is designed to avoid both extremes of

temperature. Temperatures which are too high can lead to

metal wastage and temperatures which are too low result

in condensation and, therefore, local attack. The prime

devices for control are regulation of the combustion air

flow and of the temperature and flow of air to the chamber

jacket. Heat recovered from the afterburner exhaust gases

is used for heating of the chamber in the early and late

stages of the batch cycle. Test coupons at a variety of

temperatures will be used to monitor corrosion in the

system.
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The flue gas is cooled to 200°C in an air-to-air

heat exchanger then filtered in a small baghouse backed up

by HEPA* filters. A large exp^ ion-relief duct on the

primary chamber is also fitted :h filters. .

Although it is expected that segregation of combus-

tible and noncombustible waste will be practised in the

stations, complete separation will not be attained. The

incinerator feed and ash discharge systems have been

designed to be sufficiently tolerant of noncombustible

items that little if any additional sorting of the waste

is expected to be necessary.

The incinerator program is aimed at identifying the

limitations of the current design and the modifications

which are necessary to achieve reliable processing of all

combustible reactor wastes either at the generating station

or at a central waste facility.

Reverse Osmosis

Reverse osmosis (RO) is already used extensively

for water purification and waste treatment. In this tech-

nique, pressure applied to an aqueous solution forces water

through a semi-permeable membrane. Since only a small

fraction of the solutes and none of the suspended solids

permeate through the membrane with the water, the retained

liquid (the retentate) becomes increasingly concentrated

while the permeate remains relatively very dilute. As the

concentration of solutes in the retentate increases, the

osmotic pressure of this solution increases and opposes

the permeation flow. Also, the continued accumulation of

entrained and dissolved solids against the membrane, accom-

panied in some circumstances by solids precipitation, tends

* High-Efficiency Particulate in Air
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to foul the membrane and further reduce the permeation rate.

We have undertaken experimental studios of these phenomena

and their characterization and control during the concentra-

tion of aqueous reactor wastes at both laboratory and pilot-

plant scales. To emphazise problems with solids most testing

has been done with the more concentrated type of waste pro-

duced in the Decontamination Centre (see Table 2).

Early small-scale tests indicated that precipitation

of solids on the membranes was likely to occur but that it

could be removed fairly readily by flushing or wiping if

phosphates were present. This led to two decisions. First,

since solids were going to form in the RO equipment there

was little advantage in removing small amounts of suspended

solids from the feed by filtering. Second, since the RO

equipment would need to tolerate the presence of solids, the

best configuration of membrane would be tubular with an out-

ward permeation flow direction. Test modules were purchased

from a Canadian manufacturer* whose product has been shown

to be compatible with sponge-ball cleaning. Modules each

contain seven 25 mm diameter cellulose-acetate membranes

arranged for flow in series and are mounted as a stack of

six modules in a rack as pictured in Figure 3.

Membranes can be obtained with a variety of rated

solute-retention capabilities, for example 50 to 99% reten-

tion. The rating is determined by a standard test measuring

the retention of sodium chloride. In general, higher rated

membranes exhibit lower permeation fluxes. We have found,

however, that after a short period in actual service the

performance of membranes of different original ratings

converge toward very similar retention and flux character-

istics. As can be seen in the values given in Table 3 the

retention by a 90% rating rpembrane when processing waste

is about 96% based on conductivity and over 99% based on

* Electrohome Limited, Kitchener, Ontario



Figure 3 - Sampling of the permeate from a reverse osmosis module. Four modules (in a
standard 6-module stack) are under test for concentrating decontamination
wastes.
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TABLE 3

AVERAGE SOLID RETENTION EFFICIENCIES OF RO MEMBRANES

WHEN CONCENTRATING DECONTAMINATION CENTRE WASTES

Percentage Retention Based on

Sodium Solution Concentration of Concentration
Chloride* Conductivity Most Radionuclides** of Iron-59

75 96 99 77

90 96 99 77

95 93 99 86

* Nominal rating of membrane, measured with 3.5 gAg solution

** Cobalt-60, manganese-54, chromium-51, zirconium-95,
cerium-144, cerium-141, ruthenium-103
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most, radionuclides. The lov/er retention efficiency for

iron-59 is not understood.

Sets of permeation rate data obtained from one

module in a series of four runs done with the pH of the feed

adjusted to 8.6, 7, 6 and 5 are plotted in Figure 4. The

feed, which was decontamination centre waste (Table 2) in

which the predominant solute was sodium phosphate, was

concentrated batchwlse in each run by recirculating the

retentate. These data illustrate several points. The

empirical relationship between permeation rate, and retentate

conductivity demonstrates the steady decrease in flow through

the membrane as the waste becomes more concentrated, Little

effect of pH was evident except at pH7 which produced notice-

able fouling of the membrane. There is a possibility that

some fouling also occurred in the other runs but was obscured

by the concentration effect. However, a short flush with

water between each run restored the permeation rate to its

original value.

In other runs, not reported here in detail, batches

of waste were concentrated to a total solids content of up

to 15 per cent. No distinctive effects from the precipitated

solids were observed. With the waste which contained signi-

ficant concentrations of phosphate we have found that no

treatment other than the water flush is necessary to control

fouling. However, with some other feeds without phosphate

more tenacious fouling was observed which required a sponge-

ball cleaning or even a citric acid wash to remove the

deposit.

The experience gained in these studies, which are

still continuing, is being factored into the design of the

RO system for the CRNL Waste Treatment Centre. The instal-

lation will likely be a batch system with two stages of
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concentration, a schematic flowsheet for which is shown in

Figure 5. Each batch of feed will be a blend of wastes from

the various sources to take advantage of the phosphate con-

tent of the decontamination wastes. The waste blend, which

will be adjusted to a pH of 6, will be reduced in volume by

about a factor of 7 to 15 to the first stage to a total

solids concentration of about 0.2 to 0.4%. The second stage

is expected to bring the overall volume reduction factor to

150 to 200 yielding a concentrate containing about 5% solids.

A hydroclone is proposed in the second stage to limit the

recirculation of precipitated solids. Much of our pilot-scale

investigations to date have centred on expected conditions in

the second stage.

Evaporation

Typically, aqueous wastes are concentrated, to about

20 wt% solids before feeding to a solidification process. It

is not clear yet whether it will be preferable to use only RO

to concentrate the feed to the bituminizing system rather

than to link the systems with a small intermediate evaporator.

To ensure the latter option we have begun some evaporator

testing. Several, varieties of wiped-film evaporators exist.

We are testing a vertical modelI13] with a 0.5 mz heated

surface area, using both a synthetic fecc! of: sodium phosphate

solution and radioactive waste solutions concentrated by RO.

The effect of the operating variables, feed rates, feed

concentration and steam jacket temperature on the overall

heat transfer coefficient was determined. Although both

the feed rate and composition affected the coefficient to

a small extent, in general the coefficient was about

1.5 kW/(m2-°C) over a wide range of operating conditions.

Entrainment of liquid in the vapour and carryover

into the condenser was found to be slight. The decontamina-

tion factor, DF, of the equipment was based on the ratio of
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Figure 5 - Simplified flowsheet of the proposed reverse osmosis section of the Waste Treatment
Centre which will condition all CRNL low-level liquid wastes. The Centre will have
a nominal capacity of 28000 ma/a.
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the sodium ion concentration in the feed to the sodium ion

concentration in the distillate. Analyses for both the

synthetic and RO wastes are plotted in Figure 6 against the

boildown ratio (the ratio of the feed rate to the product

rate). The decontamination factors are generally above 101*.

For the present time no additional de-entrainment equipment

will be installed.

Even though the test evaporator is the smallest pro-

duction size available in its type, its evaporative capacity

is sufficient to concentrate 200 m3 of waste per year from 5%

to 20% solids in 2000 hours of operation per year. Thus if

RO is used to concentrate from an original waste concentration

of 1000 ppm up to 5%, the small evaporator will serve an

aqueous waste generation rate of 13000 m3/a.

Waste Incorporation in Bitumen

Experience with the incorporation of wastes in

bitumen has been obtained mainly in Europe where a number

of techniques have been investigated[14,15]. Of these the

applications of the twin-screw extruder-evaporator and the

thin-film evaporator appear to be most satisfactory since

they provide good mixing and a short residence time for the

bitumen at high temperature. Extended heating times, as

are required in any pot-type process, increase the opportunity

for chemical reaction of the bitumen with the waste solids and

with air, and make quality control of the product more diffi-

cult.

As indicated in the overall flowsheet (Fig. 1)

several types of wastes are to be incorporated in bitumen.

The main feeds are incinerator ash and concentrated aqueous

wastes. The form in which ion-exchange resin will be processed

remains to be determined from further testing. Preconditioning
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of the resin by incineration is attractive except tor thosR

resins containing significant, amounts of carbon--.1.4 . One

possibility is to strip the carbon-14, as carbonate, from

the resin and combine it with the aqueous waste. The resin

could then be incinerated. The alternative is to feed the

resin directly to the bituminizing equipment. The choice

will be affected by the relative leach .resistance of the

products from the two routes.

The choice between the evaporator and the extruder

will also be affected by product quality. In addition the

versatility of the equipment in accepting different feed

will be an important consideration. Although the evaporator

and extruder have been used at several establishments to

process radioactive wastes[14,15] little has been reported

of their performance while handling incinerator ash or ion-

exchange resin. Incinerator ash is expected to be a major

constituent of the wastes which will require solidification

both at Chalk River and from the generating stations. The

aqueous wastes contain a potentially foamy solution of

detergents and cleaners. The experimental program currently

underway will fully explore the operating ranges and character-

istics of the equipment for a wide range of wastes.

The same thin-film evaporator being tested for

further concentrating the RO concentrate is also being

evaluated for bituminizing. To study direct bituminization

of RO concentrate a 5 wt% sodium phosphate solutions was fed

in combination with bitumen emulsion (40 wt% water) to the

evaporator to prepare solidified products having 20, 30 and

40 wt% sodium phosphate. Xn the presence of the bitumen the

evaporative capacity of the unit is reduced to 50 kg/h from

100 kg/h. In an alternative technique, not yet tested, the

aqueous waste is preconcentrated to 20 wt%, then fed to the

evaporator in combination with molten bitumen.
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The evaporator heat-transfer surface cleans easily

whether evaporating solution to 60 wt?. solids or sol id j. lying

the waste in bitumen. Fouling of the heat transfer surface

has not been a problem. In future tests we hope to define

the overall heat-transfer coefficient more closely and obtain

decontamination factors based on activity rather than chemical

analysis. Surface fouling may become an important factor with

the addition of solids, i.e. incinerator ash, to future feed

streams.

We are also testing a twin-screw extruder for bitu-

minizing wastes. Our laboratory-sized extruder with 29 mm

diameter screws has a maximum evaporative capacity of 4 kg/h

(Figure 7). This small version has only three steam dome^

to allow evaporating water to be released and removed from

the steam-heated barrels. We have found that the release

rate from each dome can be varied depending upon the type

of feed, the feed rate, the barrel temperature profile and

the screw speed. In turn, the qualities of distillate and

solid product were also affected by these factors. With

high detergent concentrations in the waste solutions,

mixtures of hot bitumen and wastes are foamy. The steam

domes and condensers plug rapidly if the feed rate is too

high, if the screw speeds are too low, or if the barrels

are too hot. The rate of release of water can be controlled

by adjusting the above variables. To keep product rates

acceptable, the liquid waste feed should contain solids in

excess of 15 wt%.

High screw speeds (300 rpm) reduce the holdup of

material within the extruder and move the bitumen-waste

mixtures past the steam port openings quickly. With

experience we have been able to balance the barrel tempera-

ture profile with the feed rate for all feeds we have tried

such that blockage of the steam domes was not a problem and

the products always had less than 0.5 wt% water content.



Figure 7 - Equipment for bituminizing liquid wastes on a laboratory scale. The twin-screw
™ « ^ « ™ l c h . h a s a n evaporative capacity of 4 kg/h, can also immobilize solid
wastes such as ion-exchange resin or incinerator ash.
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For potentially foamy feeds, the extruder is operated at •/?>%

of the evaporative capacity.

Tests were performed with a 20 wt% sodium nitrate

solution varying the screw speeds and temperature profiles

to observe the effects on the distillate and product

quality. The quality of distillate from the th.ird dome

markedly decreased while operating the extruder near the

recommended outlet temperature of 200°C. Both the amount

of oil and the carryover of waste solids reached undesirable

levels.

The solid product formed by combining bitumen and

a variety of waste feeds had uniform distributions of solid

wastes throughout the bitumen matrix. For most mixtures

containing 40 to 50 wt% waste, the softening point was

increased to 100° from 75°C. The products were also more

rigid than pure bitumen, some being >100% harder. The

evaluation of product quality is still proceeding.

In our test program it has become apparent that the

extruder can be operated to solidify most reactor wastes and

the thin-film evaporator to solidify many of them. What is

required now is to evaluate the products made and optimize the

equipment operation to prepare mixtures of waste and bitumen

which have optimum product characteristics.

Product Characteristics and Final Disposal

Although, as discussed in an earlier section, stabil-

ity, leach resistance and volume economy are recognized as

product characteristics important in waste disposal, qumti-

tative specifications for these characteristics cannot be

identified without full information on the disposal method

and site.
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Adequacy of the product can then be evaluated by a pathway

analysis which estimates for conceivable modes of repository

deterioration the release of radionuclides and resultant

radiation dose to the human population.

Since evaluation and choice of the disposal method

for reactor wastes is only in the early stages, the main

emphasis now in the development of waste conditioning tech-

nology is to relate the important product characteristics

to the processing conditions. However, it is clear that

as the other parts of the disposal program progress, the

focus on product characteristics will sharpen.

Summary

A program was begun several years ago to develop

and demonstrate the technology for converting all types

of reactor wastes arising from the operation of CANDU

nuclear generating stations into a stable leach-resistant

form which would be suitable for disposal in an underground

repository. An integrated flowsheet was chosen in which

most wastes were to be preconditioned by either reverse

osmosis or incineration and then immobilized by incorpora-

tion in bitumen. To develop the individual processes,

reverse osmosis and bituminizing equipment are being suc-

cessfully operated on a pilot-plant scale. Development

and demonstration of the integrated process has been under-

taken in a Waste Treatment Centre now under construction

at CRNL.
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