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L'ENERGIE ATOMIQUE DU CANADA, LIMITEE

Conditionnement des déchets provenant des réacteurs CANDU
avant leur enfouissement

par

N.V. Beamer, W.T. Bourns, L.P. Buckley et R.A. Speranzini

Résumé

Un centre de traitement des déchets est actuellement construit à
Chalk River pour développer et démontrer des procédés de conditionnement
des déchets de réacteur avant leur enfouissement. Ce centre comprend
un incinérateur â air raréfié pour réduire le volume des déchets
solides, une section d'osmose inverse pour réduire le volume des déchets
liquides et une section d'immobilisation pour incorporer les déchets
conditionnés dans du bitume.

L'incinérateur est actuellement mis en service avec des déchets
inactifs: environ 16.5 Mg de déchets empaquetés dans des sacs de
polyethylene ont été incinérés en 17 fournées. Des réductions moyennes
de poids et de volume de 8.4:1 et 32:1, respectivement, ont été obtenues.
La construction de la sectîon d'osmose inverse est terminée et la mise
en service commencera en janvier 1982 avec des déchets inactifs. La
section d'osmose inverse a été conçue pour traiter 30 000 m3/a de
déchets radioactifs dilués. Les cendres de l'incinérateur et les déchets
acqueux concentrés seront immobilisés dans du bitume au moyen d'un
mélangeur horizontal et d'un évaporateur à film essuyé.

Dans ce rapport, on décrit les résultats obtenus durant la mise en
service de l'incinérateur avec des déchets inactifs ainsi que les
résultats récents des programmes d'études ayant pour but de démontrer
les procédés de l'osmose inverse et de la bituminisation.
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ABSTRACT

A Waste Treatment Centre (WTC) is being constructed at the Chalk
River Nuclear Laboratories to develop and demonstrate processes to convert
reactor wastes to a form suitable for disposal. The WTC contains a starved
air incinerator for reducing the volume of combustible solid wastes, a
reverse osmosis section for reducing the volume of liquid wastes and an
immobilization section for incorporating the conditioned wastes in
bitumen.

The incinerator is currently being commissioned on inactive waste:
approximately 16.5 Mg of waste packaged in polyethylene bags has been
incinerated in 17 burns. Average weight and volume reductions of 8.4:1 and
32:1, respectively, have been achieved. Construction of the reverse
osmosis section of the WTC is complete and inactive commissioning will
begin in 1982 January. The reverse osmosis section was designed to process
30,000 m-Va of dilute radioactive waste. The incinerator ash and concen-
trated aqueous waste will be immobilized in bitumen using a horizontal
mixer and wiped-film evaporator.

In this report, results obtained during inactive commissioning of
the incinerator are described along with recent results of laboratory
programs directed at demonstrating the reverse osmosis and bituminization
processes.
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1. INTRODUCTION

At the Chalk River Nuclear Laboratories (CRNL) a major program is
underway to develop and demonstrate technology for the conditioning and
disposal of reactor wastes. In particular, a Waste Treatment Centre (WTC)
is being built at CRNL to treat the reactor and laboratory wastes generated
there and to demonstrate new technology for possible use at CANDU stations.

The WTC contains a starved-air incinerator for reducing the volume
of combustible solid wastes, a reverse osmosis section for reducing the
volume of liquid wastes and an immobilization section for incorporating the
conditioned wastes in bitumen. The choice of materials and equipment for
use in the WTC was made after an extensive research and development program
which, in the case of the bituminization plant, included a laboratory
evaluation of a twin-screw extruder along with a wiped-film evaporator and
ribbon blender.

In previous reports (1,2) early work in the development of the
reverse osmosis, evaporation and bituminization processes was described.
In this report results obtained during inactive commissioning of the
incinerator are described along with recent results of laboratory programs
directed at demonstrating the reverse osmosis and bituminization
processes.

2. DESCRIPTION OF THE WASTES

The quantities and radioactivities of typical solid and aqueous
wastes estimated for a 600 MWe CANDU reactor are shown in Table 1. The
low-level solid and aqueous wastes are the major contributors to the volume
of wastes, about 300 rar/a and 10,000 m?/a respectively, while ion-
exchange resins are the major source of radionuclides. The low-level solid
and aqueous wastes which are produced at CRNL are given in Table 2. The
laboratory and reactor wastes are dilute slurries of untreated Ottawa River
water containing low concentrations of chemicals and radionuclides from
sinks and floor drains. The Decontamination Centre waste has a high
chemical content since it contains all the chemicals used in cleaning
equipment. As illustrated in Table 3, the main constituent is sodium
phosphate but it also contains appreciable amounts of iron, calcium and
sulphate ions. Almost 30,000 m^ of the combined low-level aqueous wastes
containing about 5,200 GBq of activity are produced per year. Approxi-
mately 1,000 nr* of solid wastes containing 370 GBq of radioactivity are
also produced per year. The incinerable wastes are packaged at source in
polyethylene bags which normally register <1 mSv/h at 30 cm. Waste
ion-exchange resins and filters are not produced in large quantities at
CRNL. The solid and aqueous wastes which will be treated in the WTC are
equivalent to the wastes produced by three CANDU reactors.



3. WASTE TREATMENT CENTRE

The CRNL wastes will be treated in the WTC according to the
flowsheet shown in Fig. 1. Each of the incineration, ultrafiltration/
reverse osmosis and bituminization systems will be described in turn.

3.1 Incineration

Combustible solid wastes are to be burned at CRNL using a batch-
loaded, starved-air incinerator designed by Trecan Ltd., Mississauga,
Ontario. The incinerator, currently being commissioned inactively, is
similar to the larger production unit which has been operated by Ontario
Hydro at the Bruce Nuclear Power Development since 1977 May (3). To
overcome some of the difficulties experienced by Ontario Hydro, the design
of the CRNL incinerator was modified to improve control, to reduce
corrosion and to evaluate its performance better.

3.1.1 Process Desription

The main features of CRNL's incinerator are shown in Fig. 2. The
primary chamber (approximate volume = 10.5 m^) is a vertical stainless
steel cylinder with a conical bottom. Only the cone is lined with
refractory to minimize activity buildup and refractory maintenance. An
outer shell of carbon steel ?orms an annulus for preheating or cooling with
air. Bagged waste (up to 1200 kg) is gravity fed in batches through a
loading chamber with interlocking doors, then ignited by a propane burner
in the cone. Primary combustion air is supplied to the chamber through the
lower burner and a butterfly type grate at the bottom of the cone. Since
this air is initially limited to much less than the bulk stoichiometric
requirement, most of the waste is thermally decomposed to a partially
oxidized combustible effluent, mainly CO, H2, CH4, N2 and H20. Most of the
volume reduction occurs during this pyrolysis phase. As waste is consumed,
primary air is slowly increased so that during the latter stage of the 20 h
burn cycle, excess air combustion occurs. Carbon-rich residuals are
oxidized during this phase leaving mostly inorganic ash. Since the system
normally operates at a slightly negative pressure, activity containment is
good. The relatively low flow of combustion air fed to the primary
combustion chamber limits disturbance of the waste bed and hence, fly ash.

The pyrolysis products are burned between 850-1000°C with excess air
in a refractory-lined afterburner sized for a nominal residence time of
0.5 s.

Flue gas is cooled to about 200°C in a shell-and-tube countercurrent
forced air heat exchanger. The ti.be bundle is type 316L stainless steel.
Tubesheo.t insulation and Inconel 625 ferrules in each tube protect the hot
end against flue gas and radiant heat from the afterburner. Cooling air is
tempered by recycle to prevent condensation and corrosion at the cold end.
Flue gas is filtered in a small baghouse with precoated fiberglass bags,
high-temperature roughing filters and then High Efficiency Particulate in
Air (HEPA) filters before being discharged to the atmosphere.



The incinerator has equipment to convey, sort and drum the
discharged ash. Fine ash, including fly ash from the baghouse, will be
immobilized in bitumen as described in Section 3.3. The oversize fraction,
principally non-combustibles or slag, may be baled or possibly mixed with
bitumen.

3.1.2 Operating Experience

Since 1980 August over 16.5 Mg (nearly 370 m3) of mixed inactive
waste packaged in polyethylene bags has been incinerated in 17 burns with
no major problems. This feed is not segregated at source and likely
contains more cellulose than will active waste. Bags are visually
inspected before loading and rejected if they contain significant amounts
of metal, glass or plastics. A program has started at CRNL to segregate
at source items which might accelerate corrosion (materials containing
chlorine or sulphur) or interfere with incinerator operation (grate
doggers).

An average charge contains 240 bags, weighing 1000 kg with an as-
received total volume of 15 m3. The bags are compacted by their own
weight to approximately 9.5 m3 when loaded into the primary chamber. On
average, 470 L (2.2 drums) of ash are obtained from each burn; nearly 30%
of this ash is oversize material (>13 mm), primarily cans or slag. Average
weight and as-received volume reductions of 8.4:1 and 32:1, respectively,
are achieved.

As described in reference 4, satisfactory automatic control of the
main process flows and temperatures has been achieved. The incinerator has
been evaluated for the effects of process failures:

(i) No unexpected explosions occurred, even though Ontario Hydro had
several which eventually were eliminated only by continuously firing
the top ignition burner. This apparently burns off flammable
mixtures as they form in the primary chamber, thereby preventing
explosive flashback from the afterburner (3). Because no accidental
explosions occurred in the CRNL incinerator, one explosion was
deliberately induced at peak pyrolysis by introducing metered air at
the top of the primary chamber, simulating a moderately leaky
loading gate seal. As free O2 built up to about 5%, a flammable
mixture formed and flashed back from the afterburner to the primary
chamber. Pressure relieved safely without damage and caused minimal
burn disruption. On-line analysis also shows that free O2 normally
drops slowly to near zero at peak pyrolysis. Thus, explosive condi-
tions are highly unlikely without substantial leakage of air into
the primary chamber. Even if an explosion occurs, the effects are
minimal.

(ii) Combustion products from the primary chamber have burned well in
CRNL's afterburner, and no unburned combustibles have been detected
in the afterburner effluent. The system downstream of the



afterburner is free of tarry deposits. Even soot formed from
pyrolysis of nylon-cord bus tires burned adequately without
affecting baghouse pressure drop. High-calorific-value feed (~ 60 L
of ion-exchange resin) burned at a controlled rate without
overheating either the primary chamber or afterburner.

(iii) System response to afterburner flame failure was successfully tested
at peak pyrolysis by shutting off propane to the burner. Although
the pilot flame went out, pyrolysis gas continued to burn completely
in the afterburner. The propane burner was safely relit into the
main flame.

The baghouse filter performs well; there is no evidence of spark
damage or chemical attack. Ontario Hydro has experienced rapid filter
plugging (3). Our baghouse has not yet required cleaning by shaking since
pressure drop has remained low and constant (0.06 kPa). The baghouse
filter was tested and found to be 99.5% efficient for dioctylphthalate
(DOP) smoke when freshly precoated with diatomaceous earth. Efficiency
dropped to 95%, perhaps due to slumping or spalling of the precoat, but
then recovered to 97-98%. Particulate carryover from the primary chamber
to the baghouse averages <0.15% of the total charge. Isokinetic sampling
of the stack gas shows that about 75% of the particulate release is
generated during pyrolysis and particulate size in the stack effluent
ranges from 0.2 to 3 pm. Major elements detected in these particulates are
Cl, Si, Zn and Al. Without the HEPA filters installed, total particulate
stack release from a burn averaged 18 g. Particulate stack activity
release limits might be met using only the baghouse and roughing filters.
Releases from Ontario Hydro's incinerator are acceptable with filtering by.
baghouse only (3).

Although stack-gas analysis shows that some chloride-containing
wastes have been burned (up to 0.5 wt% of charge), the inner shell shows no
significant surface attack or wall thinning. Twenty coupons of 10
different alloys installed in the primary chamber also show minimal surface
attack. Borescope examination shows the heat exchanger is standing up
well. The tubes are coated with a thin layer of loose fly ash near the hot
end, but no plugging or siag-like deposits are evident. The tubes show
little metal oxidation or wastage. The protective ferrules show some
surface attack and scaling, but are expected to give reasonable service
life.

Random channelling in the waste bed caused localized overheating (up
to 75O°C) of the inner shell and some permanent deformation; the inner
shell bowed slightly. These temperature excursions can be limited by
throttling underfire air but this stifles pyrolysis. Instead, a replace-
able heat shield was installed after the fourth burn to protect the lower
part of the inner shell which is directly exposed to the burning zone,
thereby preventing chronic deformation. Shell temperatures under the
shield are now <250°C, even when the exposed face of the heat shield is at
700°C or more. The unprotected portion above the shield receives brief and



relatively uniform heating to ~ 450°C. Recent measurements show the heat
shield has almost stopped deformation of the inner shell.

The ash has been successfully *scharged from the primary chamber,
screened and placed in drums. The bottom grate shows no signs of
overheating or distortion. Noncombustibles (e.g. cans, wire, etc.)
occasionally interfere with grate rotation, but binding from slag
deposition has not occurred. Large lumps of slag have formed from molten
glass, vermiculite, and metal, but did not. bond to the cone refractory or
grate. The ash when discharged, fell freely into the receiving hopper with
minimal hangup of unburned material on the inner shell and cone. However,
during initial testing the discharged ash bridged and hung up in the hopper
and the bin vibrators had little effect. The hopper wall was subsequently
made steeper and thinner, and the ash now flows freely at a controlled
rate. Although overall volume reduction has been acceptable, a number of
large "flakes" formed from incineration of some of the waste paper; they
contain about 30 wt% fixed carbon. The quantity of fines in the final ash
product has been increased significantly by comminution of these oversize
"flakes"; the resulting fine mix contains about 5 wt% fixed carbon. This
product has been shown to be a suitable feed for the bituminizing process.

3.2 Ultrafiltration/Reverse Osmosis

Of the three processes which have been used extensively for
radioactive: waste purification, evaporation and ion-exchange are costly and
flocculation gives a low degree of purification. Reverse osmosis promises
to give intermediate purification at reasonable cost.

The reverse osmosis (RO) section of the Waste Treatment Centre has
been built and inactive commissioning will begin in 1982 January. The
three interconnected recirculating systems which make up the reverse
osmosis section of the WTC are shown in Fig. 3. Liquid waste is fed
directly to a recirculating ultrafiltration (UF) system where it is
filtered. The UF permeate, now free of suspended solids but still
containing all the dissolved material, is passed onto a spiral wound
reverse osmosis (SWRO) system. The permeate from the SWRO system will be
low in both suspended and dissolved radioactivity. It will be stored,
sampled, and, if below established limits, discharged to the Ottawa River.
The relatively small volume of concentrate from both the UF unit and the
SWRO unit will be transferred Co the concentrate stage. This system
consists of tubular reverse osmosis (TRO) units because it must handle a
slurry and have a reasonable efficiency for removing dissolved salts. Even
with a very efficient membrane, the permeate will contain considerable
radioactivity since the feed concentration will be high at this point;
therefore the TRO permeate is recycled to the SWRO system for reprocessing.
The retentate is to be sent to the wiped-film evaporator for
bituminization.

In the initial design of the WTC, TRO membranes were to be used in
the dilute stage as well as in the concentrate stage of the RO section.



This design was based on the results of preliminary laboratory-scale tests
using only TRO membranes which showed that solids were going to form in the
RO equipment (2,5). Since solids were going to form as the wastes were
concentrated there was little advantage in removing small amounts of
suspended solids from the feed by filtering. Also, since the RO equipment
would need to tolerate the presence of solids, the best configuration of
membrane would be tubular. As a result of subsequent pilot plant tests
(described below) using UF and SWRO membranes the decision was made to
replace the TRO membranes in the dilute section with a combined UF/SWRO
system.

3.2.1 Ultrafiltration

The objective of the ultrafiltration tests was to produce a permeate
of sufficient clarity for use in the spiral wound RO modules at an adequate
permeation rate. New UF tubes give about eight times the permeation rate
of new RO tubes, so the potential for fouling is higher. Tests were
performed on "mixed wastes", made by combining all three radioactive wastes
in the ratio expected in the WTC, adjusted to the desired pH of 6. The
centrifugal pump gave, at 360 kPa absolute, a maximum flowrate of 1.7 kg/s,
80% of the desired rate of 2.2 kg/s. Most tests were run on a single
module containing a cellulose acetate (CA) membrane but one test had two
modules* in series, the second one containing polysulphone (PS) membrane.

The efficiency of a membrane -is usually measured as the percentage
of a solute retained in the retentate. Since the efficiency varies with
the particular chemical used, membranes are usually rated for the retention
of sodium chloride under standard conditions**. The percent retention is
relatively independent of the concentration of the solute, so as the
concentration in the retentate increases, the concentration in the permeate
will increase. While the UF membranes were rated at 0-10% retention for
NaCl the directly measured retention for soluble activity ranged from 20%
to 50%. Removal of activity associated with solids was almost complete;
most values were above 98%. •

3.2.2 Spiral Wound Reverse Osmosis

All the tests to date have been run on an Osmonics Inc. (Minnesota)
model OSMO 112-97 SWRO module. This 5 cm diameter by 56 cm long module is
rated at 6.3 g/s at 2.86 MPa for 1000 ppm NaCl solution at 25°C. All tests
were run at 29°C on permeate from the UF unit. Since the UF feed had been
adjusted to pH 6, the permeate was usually accepted as received, around
pH 6.3.

Because the feed might not be completely clear of suspended solids,
the first runs were made at the maximum retentate flowrate recommended by
the manufacturer, 0.22 kg/s. Over a 15-fold volume reduction the
permeation rate decreased from 7 g/s to 5.7 g/s for an average of 6.5 g/s.

*Supplied by Electrohome Ltd., Kitchener, Ontario
**3.5 g/kg NaCl solution at 30°C at 3.5 MPa pressure



This is slightly above the manufacturer's rating, so, although the
conditions differed, the manufacturer's rating could be used for sizing the
WTC. Average percent retentions, shown in Table 4, were excellent for the
first three runs then showed some decrease. The dilute stage of the RO
plant has been designed to reduce the feed volume 15 fold but in Run 3 a 3.1
fold reduction was obtained; this shows that overshooting due to above
normal feed concentrations can be handled. The high volume reduction
decreased the permeation rate, requiring two citric acid washes to restore
it to normal. Six modules can be placed in series inside one pressure
vessel and the number of pressure vessels in series is limited only by the
pressure drop through them. This is 330 kPa at the maximum retentate flow
rate but is reduced to 120 kPa at the minimum recommended flow rate of
0.06 kg/s. A series arrangement reduces the number of high pressure pumps
required, so for Run 5 this lower flowrate was used. Greater fouling was
encountered but this cannot be unequivocally attributed to the lower
retentate flowrate since the pH had increased to 7.7. Reducing it to 6.2
increased the permeation rate from 2.9 to 5.0 g/s.

Based on the experimental results in Runs 1-3, the release of total
activity (excluding tritium) will be less than 11 kBq/kg but poorer results
were obtained with Runs 4 and 5, and membrane damage is suspected. Further
tests are planned but it will probably require the start-up of the RO
section of the WTC to establish firm values for the effluent concentration
over a prolonged period.

A volume reduction of approximately 15 is expected for the UF/SWRO
section of the WTC.

3.2.3 Tubular Reverse Osmosis

Data from TRO module tests as described in references 2 and 5,
formed the basis for the original design of the WTC and will not be
repeated here. In view of the design change, however, further testing was
necessary to verify that the dilute and concentrate sections were
compatible. A test was carried out using TRO membranes and concentrates
from UF and SWRO experiments. The run was started using the clear SW
concentrate, then the heavy slurry from the UF was added. The flowrate
dropped rapidly when operating on the SW concentrate but rose after a 10
minute shutdown to allow osmosis to loosen the crud layer. The addition of
the UF concentrate also increased the permeation rate, evidently by
diluting the concentrated solution. The solids in the slurry had less
effect on the permeation rate than the solubles in the SWRO concentrate.
Upon further retentate concentration, the permeation rate dropped again,
but these tests showed that concentration to a total solids content of
6 wt% can be achieved at a reasonable permeation rate provided sufficient
short shutdowns or other cleaning methods are used. A 6 wt% total solids
content corresponds to a volume reduction of approximately 12 for the TRO
section.

•3.2.4 Plant Design

The reasons for using the double system (UF/SWRO) over the single
system (TRO) for the dilute stage of the RO plant are described below:



(i) the UF membrane, being bonded directly to a porous plastic tube, is
more rugged and less susceptible to tearing then the tubular RO
membrane;

(ii) the UF system operates at low pressure and since this is the largest
section of the plant it reduces both capital and operating costs;

(iii) corrosion of copper tubing and brass valves had been a problem in
some experimental apparatus: the low pressure of the UF system
allows plastic to be used in the bulk of the plant and stainless
steel in the smaller high pressure units;

(iv) inclusion of three different types of modules allows us to test each
on a large enough scale to provide a suitable demonstration.

3.3 Bituminization

Bitumen was selected as an immobilizing material for use in the WTC
because it can accommodate many different wastes with high waste loadings
(up to 40 wt%) and the release of radionuclides is low.

Two pieces of equipment illustrated in Figs. 4 and 5 were selected
for use in the WTC: a wiped-filtn evaporator for liquid wastes and ion-
exchange resins and a ribbon blender for incinerator ash. The choice was
made after an extensive research and development program, which included
laboratory evaluation of a twin-screw extruder, along with the wiped-film
evaporator and ribbon blender. Detailed results of the program have been
reported previously (1,2,6,7) and will not be repeated here.

In the flow sheet initially conceived for the WTC, the liquid wastes
were to be reduced in volume by reverse osmosis and then evaporated to
20 wt % solids before solidifying them in bitumen. Wiped-film evaporation
was chosen as the intermediate volume reduction step because the process
could handle liquids which foamed, a potential concern with decontamination
wastes. A low waste volume, 1% of the hourly feed rate, is retained in the
wiped-film evaporator during its operation and this would minimize
radiation fields. The twin screw extruder was to take the evaporator
discharge, remove the remaining water by evaporation and immobilize the
solids in bitumen.

In the development work it was demonstrated that the evaporator
could also perform the immobilization step effectively, and that this
function could be accomplished directly with the concentrate from the
reverse osmosis plant. Since the wiped-film evaporator had performed so
well, the twin-screw extruder was eliminated from the process flow sheet.
Other factors which favour the evaporator over an extruder with the same
evaporative capacity are:



(i) the cost of the extruder is up to 25 times that of an evaporator;

(ii) savings in operating costs - the bitumen emulsion for the evaporator
can be stored at room temperature, while the bitumen feed stock for
the extruder must be kept heated at 120°C.

While the extruder has demonstrated its robustness and versatility
in the development program by being able to cope with dry incinerator ash
as well as the liquid waste slurries and ion-exchange resins, a ribbon
blender was a cheaper way to immobilize incinerator ash. The. horizontal
blender will mix 210 L in a batch and will need to be operated for short
intervals, about two hours a week, to immobilize the ash.

A second evaporator will be installed in the WTC to serve as a
backup should mechanical difficulties reduce the operating efficiency of
the primary bituminizing evaporator. As well, this unit will be used to
concentrate liquid wastes such as loop decontamination solutions containing
alkaline permanganate which are too aggressive for the membrane processes.
The evaporators, operating as bituminizers, will process 100 kg/h of liquid
waste feed. It will take two eight hour shifts to fill one 210 L drum.

4. SUMMARY

When the WTC becomes fully operational in 1982, it will produce 200
drums (210 L each) of immobilized waste per year. Half the production will
come from immobilizing incinerator ash and half from the various liquid and
resin wastes generated at the laboratory site. The expected overall
volume reduction to be achieved by treating the wastes entering the WTC is
1600 for liquid and 80 for combustible wastes. Filled drums will be trans-
ported by shielded flask to engineered storage within the CRNL boundaries.
The drums are constructed of galvanized heavy gauge steel for corrosion
protection during the time the waste will be in storage awaiting the
building of the permanent reactor waste repository.
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Table 1

ANNUAL QUANTITIES OF REACTOR WASTES ORIGINATING
FROM EACH 600 MWe REACTOR

Waste

Low-level solid

Ion-exchange resin

Primary coolant f i l t e r s

Low-level aqueous

Organic (o i l s )

Volume Before
Treatment

m3/a

300

15

5

10,000

2

Radioactivity
*GBq/a

185

37,000

18,500

<185

<185

*1 GBq = 27 mCi

Table 2

CRNL LOW-LEVEL WASTES

Aqueous Wastes

Reactor Drains

Laboratory Drains

Decontamination
Centre Drains

Solid Wastes

Volume
m3/a

15,000

10,000

3,000

1,000

Radioactivity
*GBq/a

930

3,700

550

370

Total Solids
Concentration

g/m3

100

100

3,000

-

*1 GBq - 27 mCi
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Table 3

CHEMICAL ANALYSIS OF DECONTAMINATION CENTRE WASTE

Ion
Ave rage

Concentration
(mg/kg)

Na

K

Ca

Mg

Fe

Si

Cu

Cl

P04

SO4

Total solute

Suspended solids

1,100.0

5.3

12.0

2.5

90.0

5.1

1.4

11.0

3,500.0

110.0

4,840.0

40.0

Table 4

AVERAGE PERCENT RETENTION FOR SOLUBLE RADIONUCLIDES
ON OSMO-112-97 MODULE

Runs

Run

Run

1-3

4

5

60

99

97

96

Co

.6

.3

.9

134Cs

99.8

92.0

83.3

1 3 7C S

99.1

92.0

86.0
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NONCOMBUSTIBLE COMBUSTIBLE SPENT
WASTE SOLID AND LIQUID WASTE ION EXCHANGE RESIN

I
AQUEOUS WASTE

1
ULTRAFILTRATION

REVERSE OSMOSIS

/

EVAPORATOR

f

WATER TO
' DISCHARGE

OR RECYCLE

z
WIPED-FILM
BITUMINIZER

STORAGE

FIGURE 1: Basic Flowsheet to be Used in CRNL Waste Treatment Centre for
Conditioning of CANDU Reactor Wastes for Disposal
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WASTE
LOADING.
CHAMBER*

RELIEF
DUCT

LIQUID
WASTE 4

PRIMARY
CHAMBER
~500 °C

AIR
ANNULUS

FIGURE 2: Schematic Diagram of Starved Air Incinerator for CRNL Waste
Treatment Centre
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LIQUID WASTE
DILUTE STAGE

SW STAGE

PERMEATE

CLEANED
WATER TO

DISCHARGE

BITUMINIZER
BPR

BITUMIftlZER

WASTE TREATMENT CENTRE
ULTRAFILTRATION
SPIRAL WOUND
REVERSE OSMOSIS
HYDROCLONE
BACK PRESSURE REGULATOR
VALVE
INTERMITTENT FLOW
PERMEATE FLOW

FIGURE 3: A Simplified Flowsheet of the Ultraflitration/Reverse Osmosis
Section of the Waste Treatment Centre
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DUAL - ACTION
SEPARATOR

FEED ^

HEATED
SECTION

HEATING
FLUID

UPPER MECHANICAL SEAL

DISTILLATE

VAPOUR

DISTRIBUTION
RING

HEATING
FLUID

BOTTOM BEARING

BOTTOMS PRODUCT

FIGURE 4: Schematic Diagram of Vertical LUWA Evaporator to be used for
Evaporation and Bituminization
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