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Développement de techniques pour
la gestion des déchets dans les
centrale CANDU

par

W.T. Boums, L.P. Buckley et K.A. Burrill

Résumé

On développe actuellement à Chalk River des techniques permettant
de réduire le volume des déchets des réacteurs CANDU et de les
bituminiser.

L'osmose inverse convient pour la purification initiale des
déchets radioactifs aqueux dilués. On se sert de membranes tubulaires
pour concentrer les déchets jusqu'à ce que leur teneur en solides soit
de 5% en poids. On peut nettoyer mécaniquement ou chimiquement les
membranes salies ou encore en y versant un nouvel effluent liquide.

Un évaporateur pelliculaire à essuyage concentre alors les
résidus jusqu'à l'obtention d'un schlamm à 20% en poids.

On s'est servi d'un évaporateur-expulseur à double hélice pour
bituminiser ce schlamm. Le même dispositif servira pour les résines
échangeuses d'ions et pour les cendres sèches provenant des
incinérateurs. On étudie actuellement la possibilité d'utiliser un
évaporateur pelliculaire à essuyage comme bituminiseur pour divers
types d'effluents. Avant de pouvoir passer à la phase de la
démonstration, il va falloir acquérir plus d'expérience dans la
manipulation des déchets solides.

Rapport présenté au Symposium AEN/AIEA sur la gestion in_ situ des déchets
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IN CANDU POWER STATIONS

by

W.T. Bourns, L.P. Buckley and K.A. Burrill

ABSTRACT

Techniques to reduce the volume of CANDU reactor
wastes and to bituminize them are being developed at Chalk
River Nuclear Laboratories (CRNL).

Reverse osmosis is suitable for initial purifi-
cation of dilute radioactive aqueous wastes. Tubular
membranes are used to concentrate wastes to 5 wt% solids,
and while the membranes do foul, they may be cleaned
mechanically, chemically, or with fresh feed.

A wiped-film evaporator then concentrates the
retentate to a 20 wt% slurry.

A twin screw extruder-evaporator has baen used to
bituminize this slurry, and it will also handle ion exchange
resin and dry incinerator ash. Work on a wiped-film
evaporator as a bituminizer for various feeds is in progress.
More experience in handling solid feeds is needed before work
can proceed to the demonstration phase.
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1. INTRODUCTION

Two kinds of radioactive waste are produced during nuclear
power generation:

- fuel waste: Fission products in irradiated fuel account for more
than 99.9% of all the radionuclides produced, but the fuel volume
is small (20 m3/a from 600 MWe CANDU reactor). This waste can be
stored conveniently and safely in water-filled bays at the power
stations.

- reactor operating waste: These are wastes in gas, liquid, and
solid forms that contain less than 0.1% of the radionuclides pro-
duced and, because of their volume, they must be treated regularly
at a station. Table I lists liquid and solid waste quantities
and their radioactivities from a typical CANDU reactor. Low level
liquid and solid wastes are the major contributors to the volume
of waste while ion exchange resins are the major source of
radionuclides.

Generally, gaseous and liquid waste flows are monitored,
then diluted and dispersed, and solid wastes are stored. However,
Ontario Hydro now incinerate two-thirds by volume of their solid
wastes [1]. Additional treatment is desirable to reduce the
quantity of radioactive material released from the stations even
further. The Waste Treatment Center (WTC) under construction at
Chalk River Nuclear Laboratories (CRNL) provides the oppor-
tunity to develop and to demonstrate recent technology for treat-
ment of liquid and solid wastes. Successful demonstration will
lead to these techniques being adopted, in part, in the radwaste
systems at CANDU stations.

Reverse osmosis (RO) has been used in a development
apparatus for five years to concentrate dilute radioactive liquid
waste. A wiped film evaporator then concentrates the RO retentate
even further, prior to the slurry being bituminized. Incinerator
ash and ion exchange resin have been bituminized in a twin screw
extruder and are being tested in the wiped film evaporator, while
a ribbon blender will be used to explore a third bitumini^ing route.

Charlesworth, Bourns, and Buckley [2] have recently
reviewed the reverse osmosis, evaporation and bituminization pro-
cesses chosen for the WTC at CRNL and early work in their develop-
ment. These processes will be briefly reviewed here in the context
of the WTC. Then, our recent work on them will be covered in
detail.

2. WASTE TREATMENT CENTER [WTC]

Figure 1 is the flow sheet for wastes in the WTC at CRNL.
The intent of the WTC is to treat CRNL wastes but also to demon-
strate the usefulness of new technology for use at CANDU stations.
Table II summarizes waste quantities that will be treated at CRNL.
The WTC will treat wastes from the equivalent of about three CANDU
reactors.

2.1 1nc-lne.ia.tion

About 2/3 by volume of a CANDU reactor's low level solid
wastes are incinerable. As a result, Ontario Hydro (operators of
several nuclear power stations) are interested in incineration,
and are operating a starved air incinerator at the Bruce Nuclear
Power Development site. Choi et al. [1] of Ontario Hydro have
recently reported details of early operation. Volume reduction is
about 40 to 1; the ash is chiefly silica (SiO2>, alumina (AI2O3),
calcium sulfate (CaSOiJ, and iron oxides (aFe2O3, Fe3O<.) as
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reported in Table III.

A smaller, similar incinerator will be commissioned in the
WTC in 1979. A schematic diagram of the incinerator is given in
Figure 2. Ash from the WTC incinerator will be immobilized in bitu-
men and cast in carbon steel 210 litre drums for trench storage.
Ultimately these wastes will go to a repository.

It is unlikely that each CANDU station would have its own
incinerator. The capital cost of the WTC incinerator is about
0.4 M$ (excluding building). A cheaper solution for isolated
stations such as Pt. Lepreau, New Brunswick, or in Gentilly, Quebec
may be to ship their solid waste to a waste processing site, pos-
sibly at a disposal repository.

Waste oil can be burned in these incinerators. Presently,
oil must be decontaminated at a station if its contamination exceeds
the acceptable shipping limit. Major oil contaminants are acti-
vated corrosion products and fission products. Most radionuclides
can be removed by filtration. Table IV gives oil contaminants and
removal efficiency on Millipore filters.

2.2 Wa.tQ.ii TKta.tme.nt

Reverse osmosis has been selected as the major volume
reduction technique in the WTC. Reverse osmosis has the aura of
new technology about it, yet has been in use in nuclear applications
for several years [3,4,5].

Figure 3 gives the proposed WTC flow sheet for RO. Waste
from three.sources will be mixed in the feed tank, and then concen-
trated 14 fold. Then, the feed tank contents are pumped to the
secondary stage tank where the volume is further reduced 12 fold.

Permeate from the primary stage is discharged, but the
permeate from the secondary stage is recycled. Retentate from the
secondary stage may be concentrated further (from about 5 wt% solids
to 20 wt% solids), but eventually will be immobilized in bitumen.

Many evaporators were evaluated before a wiped film
evaporator was selected for the WTC. Table V lists ten evaporator
types that were compared, but only four were judged suitable to
handle foamy waste. Of these four, only the wiped film evaporator
was versatile enough to act either as an evaporator or as a bitu-
minizer. Of five commercial designs available, the LUWA evaporator
was deemed easily maintainable, proven as a bituminizer and rad-
waste evaporator, and the least expensive to buy.

2. 3 Waite. lmmob-il-izatlon

Many matrices can immobilize radionuclides. Each has its
own advantages and disadvantages. Examples are cement, polymers
(e.g., urea formaldehyde, polyester resin, polyethylene), glass,
ceramics and bitumen. Based on early work by several authors
[6,7,8], bitumen was selected as the reference matrix at CRNL and
work has been directed towards gaining experience with different
bituminizers, and toward product evaluation. Both a wiped film
evaporator and twin screw extruder have been tested, with the
evaporator finally selected for the WTC, chiefly on the basis of
low capital cost compared to an extruder of similar capacity.

Development work with reverse osmosis, evaporation, and
bituminization will now be reviewed in detail.
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3. REVERSE OSMOSIS (RO)

A simple, effective, inexpensive way is needed to reduce
the volume of radioactive liquid wastes in CANDU stations. Both
ion exchange and evaporation are simple and effective, but their
operating costs are high. Reverse osmosis has the potential to
purify large volumes of liquid cheaply and has been studied for five
years at CRNL. Table VI lists the major contaminants in liquid
waste at one CANDU station. While tritium is a major contaminant
not removed by RO, it should be noted that tritium decays with a
very low energy beta ray emitted (0.019 MeV.) and consequently has a
high release limit, compared to other radionuclides. The remaining
radionuclides can be removed with about 99% efficiency.

All our experience has been gained on 2.5 cm i.d. tubular
membranes made by Electrohome Canada Limited. In general, membranes
capable of treating many aqueous wastes with different suspended
and dissolved solids were selected over hollow fibre and spiral
wound membranes because radwaste high in dissolved solids would plug
membranes with narrow flow passages when solute precipitates. One
partially disassembled module is shown in Figure 4. Each module
contains 7 tubes 1.2 m long, and in series. At a feed pressure of
3.43 MPa, and flow rate of 0.94 kg/s, the permeate flow rate through
membranes in a clean module is 10 g/s, about 1% of the feed.

Much of the work to date has been done with Decontami-
nation Center (DC) Waste. An analysis of this waste is given in
Table VII. It is characterized by a high concentration of sodium
phosphate. A decrease in permeate flow caused by fouling with this
feed was effectively countered by sponge ball cleaning or by rinsing
with water. A wash with 1% citric acid solution also restored the
membranes to normal.

Much of the CRNL liquid waste, and waste at a CANDU
station will be water that may or may not have been filtered or
chlorinated before use, but the dissolved and suspended solids will
be much lower than in the DC wastes. Testing with the soft water
from the Ottawa River gives more rapid fouling of the membranes than
with DC waste. An amorphous, gelatinous material, probably an iron
hydroxide, is observed on Millipore filters used to filter river
water. Figure 5 gives data for two modules in parallel, one with a
75% rejection efficiency for a 0.35 wt% NaCl solution, and one with
a 99% rejection efficiency. Sponge ball cleaning did not reverse
fouling with this waste, but chemical cleaning at 25°C with a 3 wt%
citric acid solution buffered to pH 4 with NH..OH restored permeate
flows to normal. The fouling film with Ottawa River water is very
slippery. Perhaps the sponge balls initially get a surface coating
of this material and then simply slide over the fouling film for
the remainder of the membranes. The inorganic deposits with DC
waste (chiefly sodium phosphate) are crystalline and hard, and
apparently more amenable to removal by sponge balls.

The feed rate did not affect the permeation rate nor the
separation efficiency when the membranes were clean, but had a
strong effect on permeation rate when the membranes fouled, as
shown in Figure 6. Thomas and Mixon [9] have shown the same effect
of feed rate on permeation rate with primary sewage.

Thus, tubular membranes have shown their usefulness for
Ottawa River water and DC waste; decontamination factors > 100 have
been obtained with membranes of 95-99% rejection efficiency. Since
they can be easily cleaned, mechanically or chemically, they have
been selected for the secondary stage in the WTC where fouling by
then-concentrated waste is certain.

One possible alternative to high rejection efficiency mem-
branes is ultrafiltration membranes with rejection efficiencies
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< 10% for NaCl. These membranes are cast inside porous plastic
tubes and operate at higher flow and permeate rates than RO mem-
branes as shown by the comparison in Table VIII for single tubes.
The ratio of permeate flow rates shows that one-fifth the number of
tubes are needed if the water is pretreated by ultrafiltration. The
ultrafiltration permeate is then pumped through a compact RO module
such as the hollow fiber or spiral wound type. These latter modules
require a separate high pressure, high flow pump. Thus, feed pre-
treatment by ultrafiltration should protect these modules from
particulate fouling and, provided no precipitation occurs, the com-
pact modules would have a useful life. This approach is being
explored now in our developmental work and may be used in the pri-
mary stage in our WTC, rather than tubular RO membranes.

4. EVAPORATION

A 0.5 m2 wiped film evaporator was chosen for testing
because of its versatility and low cost. Figure 7 shows a cross
section of the LUWA evaporator selected. Feed enters near the top
and falls along the inside of a steam-heated chamber. Rotor blades
turning at 1600 rpm sweep within 1 mm of the heating surface and
agitate the falling film. Concentrated liquid overflows a small
weir at the bottom and leaves the evaporator. Exiting vapour,
possibly with some entrained liquid, is swirled through a
centrifuge-like separator at the top of the evaporator and then
passes to a condenser. Our installation is shown in the photograph
in Figure 8.

Prime variables in the evaporator's operation are steam
temperature (pressure) and waste feed flow rate. Figure 9 sum-
marizes some data obtained with a feed of Decontamination Center
Waste (Table VII), previously concentrated to 6 wt% solids by
reverse osmosis. High steam temperatures and low feed rates pro-
mote a large volume reduction of the feed. The steam consumption
rises almost linearly with steam jacket temperature; the overall
heat transfer coefficient remains roughly constant at 1.3
MW/(m2-°C).

Decontamination factors from feed to condensed vapour
exceed 1 0 \ as shown in Figure 10, and seem insensitive to feed rate
at high steam temperatures (160°C).

Only minor fouling of the heat transfer surface has been
experienced. Fouling with inorganic precipitates from the wastes
described by Table VII seems reversible with a detergent wash.

5. BITUM7N1ZATÏ0N

Tests to bituminize different kinds of radioactive waste
are being carried out in a twin screw extruder-evaporator and in
the wiped film evaporator just described. The tests will determine
the versatility of each piece of equipment, and the acceptability
of the products. A ribbon blender will also be tested on inciner-
ator ash and possibly ion exchange resin.

5.1 Tto.cn Sciett) Ex.tnude.'i-Evapofiatot [TSEE)

The TSEE has been used with many different liquid and
solid feeds: aqueous salt solutions, liguid waste concentrated to
5 wt% solids by reverse osmosis, alkaline peroxide decontamination
solution, ion exchange resin and its regeneration solution, and
incinerator ash. A view of the Werner and Pfleiderer model T-2 9
TSEE used in our tests is shown in Figure 11. This extruder has an
evaporative capacity of 4 kg H2O/h, with the 0.15 m

2 barrel area
heated by 0.7 MPa pressure steam.
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Mechanically, the equipment has been trouble-free, and our
tests have concentrated on how to feed the various wastes and how
acceptable the products were.

5.1.1

The feed throa': of this'TSEE is narrow (-2.5 cm diameter)
and it can plug with damp ion exchange resin, while wet resin
easily flows around the co-rotating mixing screws in the barrel
rather than remaining suspended on them. At the other extreme,
incinerator ash had to be dry, else it, too, formed lumps and
plugged the throat. Both results show that either dry feeds or wet,
slurry-like feeds are acceptable, but they must not be damp.

The screws could not carry the incinerator ash particles
away from the feed port unless theyiwere < 1 mm diameter particles.
This means that the ash will have to be ground since 80 wt% of the
ash is greater than this particle size. Different bituminizing
equipment, more tolerant of a wide range in particle size, such as
a ribbon blender, may be more useful than the extruder for ash.

Some experiments were done using radioactively-traced
solutions of the kinds used in the TSEE. Table IX gives the decon-
tamination factors (DF) measured for water in these feeds. While
the ion exchange resin was traced with C-14, a DF could not usefully
be measured since the feed, steam dome and product ports had not
been isolated from possible ingress of atmospheric carbon (as CO 2).
This latter modification will be made.

5.1.2 Product

The product is judged chiefly by how it interacts with
water, although the strength of the product may be important. For
example, if the product is cast inside degradable containers of
cardboard, plastic, or carbon steel, and stored prior to disposal,
the product must be freestanding in case the container fails. The
molten bitumen used in the TSEE provides freestanding products, but
no decision has been made on the need for this characteristic.

The operating conditions of the TSEE affect the product
leach rate. For example, the screw speed and barrel temperature
profile (there are three sections along the barrel, each section
with its own steam supply) affected both the DF and leach rate, as
shown by the data in Figure 12. Leach rates are lowest for high
screw speed and low barrel temperature; both conditions keep the
product temperature relatively low. With a 20 wt% NaNO3 slurry as
feed, high bitumen temperature (200°C) (promoted by high pressure
steam, or low screw speed) gave a poor DF for Na+ compared to other
operating conditions.

Dispersion of the ~15 urn size NaNO3 crystals throughout
the bitumen was uniform, as shown by the photograph in Figure 13.
However, dehydration of precipitated salts (e.g. NaaPCK • 12 H2O)
during bituminizing of some feeds may lead to product swelling when
the salts réhydrate. This was evident in Decontamination Center
wastes where 60 wt% salts (principally Na3POi,) in bitumen led to
gradual swelling (and subsequent unacceptably high leach rates)
after 30 days. Continued testing has shown that even the product
containing 11 wt% salts swelled after ~6 months immersion in water
at 25°C. Similar results for NaïSCK in bitumen [10], and for
Na2C0î in bitumen [11] have been reported. When the salt is NaNO3,
with no water of hydration, the product does not swell. This
suggests that the salts (sodium sulfate and phosphate) must be con-
verted to forms which will make the product more stable.
Williamson [12] has recently reported low leach rates for a wide
range of bituminized aqueous reactor wastes.
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5.2 Illipzd film Eua.pox.atoi IWFE)

The same WFE described in the evaporation tests was used
as a bituminizer.

5.2.1

Concentrated slurries of salts in water were fed to the
WFE without difficulty, although feeding slurries of incinerator
ash or ion exchange resin in RO concentrate has revealed two dif-
ficulties. The ash is abrasive, so a slurry pump must be selected
with proper attention to materials. Natural rubber is preferred
over the harder Buna-N as stator in our Moyno pump. Ion exchange
resin may fall faster in vertical lines than an aqueous slurry of
resin can be pumped to the top of the WFD. A flow of 50 kg/h with
5 wt% resin in a 0.7 cm i.d. line was found suitable. Internal
diameters of 1.3 to 2.5 cm were too large at this flow rate.

Emulsified bitumen (40 wt% H2O) is mixed with the waste
feed about 1 m from the evaporator inlet and the mixture is then
fed at the distributor ring. The bitumen has a low thermal conduc-
tivity and a high viscosity compared with water so the WFE
evaporative capacity is halved to 100 kg/(m2>h).

5.2.2 Product

A senies of tests explored the effect of feed concen-
tration and operating steam pressure on product quality. Results
are given in Table X. A high jacket steam pressure prevented water
in the product regardless of the amount of salt in the product or
the amount of salt in the feed solution. Water in the product
resulted in extremely soft products. One additional observation
from this series of tests was the improved decontamination factor
(ratio of sodium concentration in the feed to that in the
distillate) when higher salt concentrations were fed to the
evaporator.

From these tests, we concluded that when the evaporator
is fed a bitumen emulsion and RO waste solution, it can produce a
product containing 45 wt% salts without any operational
difficulties.

6. SUMMARY AND FUTURE WORK

The design and construction of the Waste Treatment Center
(WTC) at CRNL has served as impetus to review existing methods for
treatment of both liquid and solid low-level radioactive wastes.
As a consequence, treatment techniques were identified, and subse-
quently, development experience is being gained with the types of
equipment that will go into the WTC. Emphasis is being placed on
recent technology to ensure that the best techniques are finally
recommended for the WTC and for CANDU radwaste treatment systems.

In particular, we have looked at:

(i) Reverse Osmosis: It has been used successfully to con-
centrate local site wastes, giving volume reductions up to 100.
While the membranes do foul, the use of tubular membranes of 2.5 cm
i.d. and 1.2 m length allows mechanical cleaning with sponge balls,
or more usually, chemical cleaning with 1 to 3 wt% citric acid/
ammonium hydroxide solution.

Other combinations of reverse osmosis membranes are being
tested: tubular ultrafiltration modules followec by spiral wound
or hollow fibre membranes, for example. A package suitable for a
CANDU station is being developed and will be tested at a station to



— 7

remove activated corrosion products and fission products from the
liquid waste discharge.

(ii) Evaporators; A study of published information on many
evaporator types was made and a LUWA wiped film evaporator (WFE)
was selected for testing on CRNL wastes. Operation has been
trouble-free, with some fouling observed. The fouling film can be
removed by washing with detergent- oolution.

(iii) Bituminizers; A twin screw extruder-evaporator (TSEE) and
the above WFE were used to bituminize various waste streams. The
TSEE has been operated with feeds of concentrated salt slurries,
incinerator ash, ion exchange resin and regeneration solution, and
decontamination solutions. Products of acceptable leach resistance
were obtained, except for sodium phosphate in bitumen, which causes
swelling of the product due to hydration. Ways to solve this pro-
blem are being explored.

The WFE has successfully bituminized salt slurries, but
feeding difficulties have temporarily prevented testing with
incinerator ash and ion exchange resin. A ribbon blender will be
tested for the ash, partly because much of the ash has a large
particle size (> 1 mm).
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TABLE I

ANNUAL QUANTITIES OF REACTOR WASTES

ORIGINATING PROM EACH REACTOR (600 MWe)

Waste

Low-level solid

Ion-exchange resin

Primary coolant filters

Low-level aqueous

Organic (oils)

Volume Before
Treatment
mVa

3 00

15

5

10,000

2

Radioactivity**
Ci*/a

5

1,000

500

< 5

< 5

* 1 Ci = 37 GBq

** excluding tritium
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Aqueous Wastes

Reactor Drains

Laboratory Drains

Decontamination
Centre Drains

Solid Wastes

TABLE II

CRNL LOW-LEVEL WASTES

Volume
m Va

15,000

10,000

3,000

1,000

Radioactivity**
Ci*/a

25

100

15

10

Total Solids
Concentration

g/m3

100

100

3,000

—

* 1 Ci = 37 GBq

** Excluding tritium

TABLE III

ASH COMPOSITION FROM ONTARIO HYDRO'S

RADIOACTIVE WASTE INCINERATOR

Phase Wt%

A 1 2 O 3
( 1 )

CaSOi,

Fe2O3/Fe3Ou

sio2

ZnS<2)

Other

19

34

7

21

5

14

100

Note:

(1) Aluminum assumed present as alumina, but not identified by
X-ray diffraction.

(2) Identified by E.C. Choi et al., Reference 2.



- 10 -

TABLE IV

CONTAMINANTS IN NPD ̂  WASTE OIL

Radioactive
Corrosion
Products

Fission
Products

Contaninant

Co-60
Mn-54

Sb-124
Zr-95

Nb-95
Ce-141

Quantity*
pCi/iti3

4.5
0.3

2.3
1.9

1.5
0.5

Percent
Removal by

Filtration(2)

80
65

100
60

80
• 45

Tritium H-3 15,000

Note:

(1) NPD: Nuclear Power Demonstration reactor, CANDU
design, 25 MW(e), Rolphton, Ontario.

(2) Filter pore size 0.45 \im Milllpore.

* 1 Ci = 37 GBq
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TABLE V

LIST OF AVAILABLE EVAPORATORS

Evaporator Major
Advantage

Coil

Natural Circulation
Horizontal Tube or
Vertical Tube

Forced Circulation

Low cost

Relatively
inexpensive

Thermosiphon

Vapour Compression

Multiple-effect

Falling Film

Rising Film

Flash

Wiped Film

High heat transfer
coefficient

High heat transfer
coefficient with
dilute feeds

High heat
economics

Major
Limitation

Unsuitable for foaming
liquids

Unsuitable for foaming
liquids

Possible plugging of
tube inlets

Concentration of high
solids feed

Uneconomical for small
flows

Same as vapour compression

Suitable for
foaming liquids

Suitable for
foaming liquids

Economical for
large scale plant

Suitable for
foaming and
scaling liquids

Difficulty in achieving
uniform feed distribution
which leads to fouling

Can not handle large
solids load

Unsuitable for scaling
liquids

High evaporation cost

Suitable
For Foamy
CBNL Wastes

No

No

Yes

Yes

No

No

Yes

No

No

Yes
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TABLE VI

CONTAMINANTS IN KPD AQUEOUS WASTE

Contaminant

Activated
Corrosion
Products

Fission
Products

Tritium

Dissolved

Suspended

Co-60
Mn-54

Zr-95
Cs-3 34
Cs-137

H-3

solids

solids

Concentration*
uCi/m3

2.0
0.1

0.1
15
70

4 x 105

150 mg/kg

50 mg/kg

1 Ci = 37 GBq

TABLE VII

CHEMICAL ANALYSIS OF DECONTAMINATION CENTRE WASTE

Ion

Na

K

Ca

Mg

Fe

Si

Cu

Cl

P04

SOu

Total solute

Suspended solids

Average
Concentration

(mg/kg)

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
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TABLE VIII

COMPARISON OF ULTRAFILTRATION AND

REVERSE OSMOSIS TUBULAR MEMBRANES

Dimensions: 2 .5 cm i . d .
Length: 1.2 m

Salt Operating Flow Rate Permeate Flow Rate,
Through Tube Per Tubed»2), (g/s)

(kg/s)
Membrane

Ultrafiltration

Reverse osmosis

Note:

Rejection
Efficiency

0 to 10%

95 to 99%

(1) For clean membranes.

Pressure
(MPa)

0.43

3.43 0.9

7.5

0.7

(2) A typical ultrafiltration module contains 5 tubes in parallel,
and a typical reverse osmosis tubular module has 7 tubes in series.

TABLE IX

DECONTAMINATION FACTORS* FOR THE TWIN SCREW EXTRUDER

Waste Mixture

Resin regeneration
solution, 30 wt% mixture
of H3BOi, NaOH, NaCl

Alkaline peroxide
solution, 10 wt% mixture
of Na2CO3, NaHCO3, EDTA,
H2O2

Moist moderator ion
exchange resin, IRN-150

Steam
Dome

1

2

3

1

2

3

1

2

3

Sr-85

1.7xlO5

1.1x10"

2.4x10"

1.3xlO5

3.7x10*

2.8x10"

6.8xlO5

6.7x10"

5.0x105

Isotope DF
Cs-134

1 .

4 .

3 .

2 .

2 .

1 .

1 .

5 .

1 .

5xlO3

1x10"

9x103

2x10"

4xlO3

6xl0 3

7xlOs

8x103

5x10"

9

1

1

3

3

2

5

5

1

Co-60

•3xl0 3

.3xlO s

.8x10"

.5x10*

.8x103

.5x10 3

.4x10*

.8x103

.2x10*

* n=~~.,.i-=m,-r,=.<-4~ r=^<-^^ - Isotope Concentration in Feed
* Decontamination Factor = I s o t o p e concentration in Distillate

(Feed solution contained 12 mCit Co-60, 12 mCi Cs-134, 4 mCi
Sr-85 per litre.)

t 1 Ci = 37 GBq.
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TABLE X

SODIUM NITRATE BITUMINIZATION TESTS

IN WIPED FILM EVAPORATOR'1

NaNO3
conc.
wt%

5

5

5

5

20

20

20

20

Steam
Pressure

MPa

0,

0,

0.

0.

0.

0.

0.

0.

.45

.45

.85

.85

,45

,45

,85

,35

Waste
Content of
Product

wt%

30

50

30

50

30

50

30

5C

Water
Content

of Product
wt%

30

30

0

0

30
(estimated)

30

0

0

Penetration
o f (2)

Product* '
mm

(a)

(a)

6.2

5.1

20.0

27.5

3.4

4.0

Distillate
DFxlO""

1.

0.

0.

1.

2.

2.

2.

1.

5

75

08

1

8

7

1

8

(a) could not determine value (sample was too soft)

(1) Solution feed rate about 50 kg/h. Bitumen emulsion feed rate
(40 wt% water) varied from 4 to 35 kg/h, depending on desired
waste content in product.

(2) Penetration in 5 s by needle under 100 g load at 25°C. See
ASTM standard DS-73.
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NONCOMBUSTIBLE
WASTE

COMBUSTIBLE
SOLID & LIQUID

WASTE

SPENT
ION EXCHANGE

RESIN

AQUEOUS
WASTE

BITUMINIZER

CONTAINER

REVERSE
OSMOSIS

EVAPORATOR

BITUMEN

WATER
TO

DISCHARGE OR
RECYCLE

DISPOSAL

FIGURE 1 BASIC FLOWSHEET FOR CONDITIONING CAMOU REACTOR WASTES
FOR DISPOSAL. FLOWSHEET WILL BE USED IN THE CRNL WASTE
TREATMENT CENTRE

WASTE
LOADING
CHAMBER

RELIEF
DUCT

F I G U R E 2 S C H E M A T I C DIAGRAM OF S T A R V E D AIR I N C I N E R A T O R
FOR CRNL WASTE T R E A T M E N T C E N T R E
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LIQUID WASTE

i „ CLEANED WATER
TO DISCHARGE

F I G U R E 3

LEGEND

HC HYDROCLONE

PRV PRESSURE - REDUCING VALVE

X I VALVE (INDICATES INTERMITTENT

FLOWSHEET OF REVERSE OSMOSIS SECTION FL0W)

PLANNED FOR HASTE TREATMENT CENTRE

FIGURE t PARTIALLY DISMANTLED REVERSE OSMOSIS MODULE

FOR VOLUME REDUCTION OF AQUEOUS RADWASTE
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10

A
V

CHEMICAL •
CLEANING
3 *t* CITRIC
ACID, BUFFERED
TO pH4 WITH
NH4OH, 25°t

SINGLE MODULE (7 TUBES IN SERIES
FLOW RATE 0.13 kg/s
PRESSURE 3.43 MPa
OTTAWA RIVER WATER
RETENTATE RECYCLED AND
PERMEATE DISCHARGED

O 99% REJECTION MODULE

• 75% REJECTION MODULE

50 100 150 200 250 300 350

OPERATING TIME, h

FIGURE 5 REVERSE OSMOSIS PERMEATE FLOUS

400 ISO

SINGLE MODULE (7 TUBES IN SERIES)

FEED RATE X 0.13 kg/s
11 " O 0.25 »
11 " • 0.63 "

tS'i REJECTION MEMBRANE EFFICIENCY
OTTAWA RIVER WATER

0 50 100 150 200 250 300

OPERATING T I M E , h

FIGURE 6 EFFECT OF FEED RATE AND OPERATING T IME

ON PERMEATE FLOW RATE



OUKL-ACTION ^
SEPHRtTOR '

HEATING
FLUID - B O T T O M BEHRING

CONCENTRATE

FIGURE 7 VERTICAL LUIVA EVAPORATOR F I G U R E 8 W I P E D F I L M E V A P O R A T O R I N S T A L L A T I O N FOR
E V A P O R A T I O N AND B I T U M I N I Z A T I O N
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DECONTAMINATION
CENTER WASTE
(TABLE 7)
EVAPORATION AREA

0.5 '

FIGURE 9

130 HO 150 160

STEAM TEMPERATURE C O

EFFECT OF STEAM TEMPERATURE AND FEED

FLOW RATE ON EVAPORATOR PERFORMANCE

FEED RATE.

25,000r—

20,000

15,000

10,000

5,000 —

EVflP. AREA 0.5 m2

[Na + ] IN FEED
DF =

[Na + ] IN DISTILLATE

I I I J
120 130 140 150 160 170

STEAM JACKET TEMPERATURES, °C

FIGURE 10 FEED RATES ANO EVAPORATOR OPERATING TEMPERATURES EFFECTS
ON THE DECONTAMINATION FACTOR
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(200 rpm

'1130 TO 200°C PROFILE

42.3% NaNO,

f 200 rpm 44» NaNO
(.120 TO 160°C PROFILE

| 3 0 0 rPm 41.2« NaNO,
1130 TO 200°C PROFILE 3

f 3 0 0 fPm 45. U NaNO,
1120 TO 16O°C PROFILE

FEED RATE: 1 kg /h BITUMEN (OXIDIZED)

3.8 kg/h 20 «t%

NaN03 SOLUTION

I
10 20 30 MO

TIME, days

FIGURE 12 EFFECT OF EXTRUDER OPERATING CONDITIONS
ON LEACH RATE OF SOLIDIFIED PRODUCTS
(VOLUME/SURFACE RATIO = 0.05m)

FIGURE 13 SEM PHOTOGRAPH OF NaNO3/BITUMEN PRODUCT
200X, TYPICAL PARTICLE SIZE - 15 pm
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