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1. INTRODUCTION

Chalk River Nuclear Laboratories (CRNL) and Whiteshell Nuclear
Research Establishment (WNRE) are two nuclear research centres
operated by Atomic Energy of Canada Limited (AECL). Both research
centres have been routinely processing a broad range of low-level
radioactive wastes (LLRW) generated on-site, arising from the opera-
tion of research reactors, laboratories and various experimental
facilities. A comprehensive program is required to manage these
radioactive wastes to assure protection of the public and the environ-
ment. To date, except for some wastes containing only short-lived
radionuclides or very low concentrations which are diluted and
dispersed, most of the wastes are stored. Routine radiological
monitoring is done at waste management facilities and surrounding
areas and at the property boundaries to ensure that environmental
protection standards are maintained.

Although storage of LLRW provides protection of the public and the
environment at an acceptable cost, the need for surveillance, main-
tenance and land-use control to be continued for perhaps hundreds of
years imposes responsibility and costs on future generations. To
remove these future responsibilities, a program is underway to provide
a transition from the current storage mode to permanent disposal.
Thus wastes from both current and future operations will remain satis-
factorily isolated as long as they remain hazardous [1-4]. Advanced
waste treatment processes have been developed and brought into opera-
tion to improve waste processing so that the conditioned wastes can be
easily retrieved from storage and transferred to the ultimate disposal
facility when a repository becomes available. Various solid and
liquid wastes are volume reduced, immobilized in stable matrices and/
or properly packaged to facilitate safe handling during current
interim storage and future permanent disposal.

This paper presents a review of the current waste processing practices
to handle LLRW arising from the two AECL nuclear research centres.
New treatment facilities being constructed and brought into operation
will be briefly discussed.
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2. WASTE PROCESSING AT CRNL

Waste Treatment Centre (WTC)

AECL has constructed a waste treatment centre (WTC) to demonstrate
volume reduction and immobilization techniques on a commercial scale
and to improve management of CRNL wastes. The choice of processes,
equipment and materials for use in the WTC was made after an extensive
R&D program which included both laboratory and pilot-plant tests
[5-6]. The WTC integrates several processes to convert much of the
waste generated at CRNL into a stable, compact, leach-resistant form
which is suited for both storage and disposal. The basic flowsheet of
the WTC is shown in Figure 1. It comprises: a controlled-air
incinerator for combustible solid and liquid wastes; a baler for non-
incinerable solid wastes; membrane filtration, reverse-osmosis and
evaporator systems for dilute aqueous wastes, and a ribbon-blender and
a wiped-film bituminizer to immobilize the incinerator ash and liquid
waste concentrates. The incinerator and baler have been in service
since 1982. The bituminization systems are ready for operation, but,
as a result of equipment difficulties discussed below, the liquid
treatment system is still being commissioned.

Solid Waste Treatment

Waste Segregation. Solid LLRW at CRNL is segregated at source into
incinerable, nonincinerable and nonprocessible categories. Specially
marked polyethylene bags placed in containers of different colours and
labels are provided at various waste-collection points to facilitate
waste segregation. Incinerable wastes are composed of combustible
materials, ideally free of items which might accelerate corrosion or
interfere with safe operation of the incinerator. Materials having
high chlorine-content, such as PVC gloves and plastic suits, generate
highly corrosive HC1 gas if burned, and thus are disposed of in non-
incinerable waste containers for compaction. Glass and metal objects
are classified as non-processible wastes because they could form slag
in the incinerator, interfere with the ash removal operation and could
not be significantly volume reduced in the baler.

Wastes suspected of being contaminated with radioiodines and/or
significant quantities of tritium are also currently not processed to
minimize contamination of operators and the environment. The process-
ible waste bags, when received at the WTC, are monitored for radio-
activity and inspected visually but are not opened, so as to minimize
contamination. The current distribution of incinerable and non-
incinerable wastes is 70% and 30%, respectively.
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FIGURE 1: FLOWSHEET OF CRNL WASTE TREATMENT CENTRE (WTC)

Incineration. The incinerable waste category has been burned in a
batch-loaded, two-stage, starved-air incinerator. The system (shown
in Figure 2) consists of a vertical stainless-steel primary chamber, a
horizontal refractory-lined afterburner and a dry flue gas treatment
system. The incinerator was designed to burn 10 m or about 1000 kg
of solid waste in every 24 hour burn cycle. A more detailed descrip-
tion of the incinerator design and operation has been presented else-
where [7-9].

The incineration program not only provides volume reduction of site
waste but also is aimed at identifying design limitations and modifi-
cations necessary to achieve reliable operation. Following are a
number of our operating experience highlights:

• The incinerator has performed satisfactorily. All operational and
maintenance functions are carried out with negligible contamination
and personnel exposure problems. Table 1 summarizes operating data
for the past six years. The waste volumes reported in the table are
"as-received" volumes, measured with waste receiving bins each of
which has a volume of 0.7 m . An operating schedule of at least one
burn per week has been maintained, and occasionally operating fre-
quency was increased to two burns per week to keep up with waste
receipts. The waste charge has been gradually increased from the
design value 1000 kg per burn to 1600 kg per burn to improve
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throughput with no detrimental effects on performance. The waste charge
has been increased by including baled waste as feed. As a result, the
number of burns has decreased while the volume of waste incinerated has
remained fairly constant.
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FIGURE 2: SCHEMATIC DIAGRAM OF CRNL STARVED-AIR RADWASTE INCINERATOR

TABLE 1: PERFORMANCE DATA OF CRNL INCINERATOR

Year:

Quantity:

(m3)
(Mg)

No. of burns

Average charge

(kg/burn)

1982

540
48

45

1070

1983

720
67

57

1170

1984

790
84

62

1350

1985

920
95

75

1270

1986

740
74

53

1400

1987

720
71

44

1620
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• The incinerator has consistently produced a fully satisfactory inert ash
product with an average volume-reduction factor (VRF) of about 150:1 and a
weight-reduction factor of about 30:1- Fine ash is the most abundant
material, constituting about 75% of the bottom ash product. It is of con-
sistent quality, free flowing and containing 1-3 wt% of fixed carbon. The
contact gamma radiation field measured on an ash drum averages 3.5 mGy/h,
and rarely exceeds 10 mGy/h.

• Since the system normally operates at slight negative pressure, activity
containment is high. The relatively low flow rate of the primary combus-
tion air limits disturbance of the waste bed, resulting in low flyash
carryover. The baghouse and roughing filters have provided effective
removal of the flyash particles. The two downstream HEPA filters, in
service six years since startup, did not require replacement until 1988
March when one of them failed the routine DOP filter efficiency test. Par-
ticulate beta-gamma stack releases remained negligible, i.e. <37 kBq
(1 \£±) per burn. Tritium releases averaged about 200 GBq (5.5 Ci) per
burn and were normally less than 370 GBq (10 Ci) per burn.

• The starved-air combustion process is able to cope with waste items
having a wide variety of physical forms. A waste-segregation-at-source
program is required, but no waste pretreatment is necessary. Segregated
LLRW from a nuclear power demonstration (NPD) reactor has been routinely
mixed and burned with CRNL waste without difficulty. The incinerator is
also able to handle radioactive oils and solvents. A system to convert the
afterburner into a dual-fuel arrangement to burn some stockpiled organic
liquid wastes has been installed and commissioned. Burning of liquid scin-
tillation fluids by including the vials in the regular waste charge has
also been successfully demonstrated. Tests with bales of both wet and dry
incinerable waste were burned to demonstrate the ability to satisfactorily
burn compacted waste as part of total incinerator charge. This practice
has been effectively used to deal with wastes accumulated during inciner-
ator shutdown periods for repair and maintenance; routine incineration of
baled waste has also been adopted as a cost-saving measure.

• The air-to-air heat exchanger is the most critical piece of equipment
because it has been susceptible to corrosion and deposition problems under
high-temperature cyclic operating conditions. Heat-exchanger tube damage
occurring at the hot inlet end is in the form of severe corrosion, embrit-
tlement and impingement attack. Many heat-exchanger tubes have failed and
are progressively being replaced. A hard deposit forms rapidly on the
inside of the tubes, mostly at the inlet end, and is difficult to remove
completely, resulting in frequent tube cleanings.

• In addition to being used to treat site waste, the incinerator has been
used as a development tool in a waste characterization program to estimate
quantity and radiological characteristics of solid LLRW going to disposal.
The incinerator ash is an ideal waste form that can be sampled and analyzed
destructively to verify the data produced by a nondestructive waste monitor
that measures gamma activity of individual waste bags fed to the
incinerator. The incinerator also continues to be a test bed to evaluate
the performance of high-temperature corrosion-resistant alloys in the
incinerator off-gas environment.
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Baling. The non-incinerable wastes, constituting about 30% of the process-
ible wastes, have been compacted in a 50-ton baler. The baler is basically
a single-chamber downstroke hydraulic baler, equipped with a hydraulic
system to compact the waste and a hydraulic systen to eject the completed
bale. The baler is a relatively compact unit, having the overall dimen-
sions: 3.2 x 1.8 x 1.7 m. It is equipped with a ventilation system to
prevent airborne contamination during baling operation. The baler is
operated under a slight negative pressure and exhausted through HEPA
filters to the building ventilation system.

Since more than 90% of the waste contains very little activity (less than
10 [iGy/h on contact with a 40-litre waste bag), baling operations such as
emplacement of plastic liner, waste loading and bale strapping are carried
out manually. Waste bags are loaded into the compaction chamber without
being opened. On average, it takes about 2 hours to complete one bale
which contains about 70 bags of waste. The number of bags that can be put
into a bale vary according to the extent to which the bags are filled and
the compactability of the contents. Each bale is strapped before being
ejected from the compaction chamber. It is transferred by a two-tong
lifter to a reusable sheet metal box for shipping to the waste storage area
outside the plant.

The baler has been operating with a VRF greater than 6:1, producing waste
packages of about 0.45 m3 s i z e* Table 2 provides some statistics on the
performance of the baler. The average weight of a bale is 290 kg. The
contact radiation fields from waste bales vary widely from 20 pGy/h to
20 mGy/h. The distribution was found to be log-normal with the average
field of 250 pGy/h.

TABLE 2: PERFORMANCE DATA OF CRNL BALER

Year:

Quantity:
On3)
(Mg)

No. of bales

1982

780
64

222

1983

565
50

173

1984

580
53

184

1985

415
38

128

1986

380
34

110

1987

360
35

122

The baling operation is quite simple, and has been virtually maintenance
free. The only routine maintenance is to decontaminate the compaction
chamber by rinsing it with a detergent solution, carried out mostly for
sanitary purposes. Occasionally wet wastes are compacted and the liquid
released during compaction is drained and collected for processing in the
WTC liquid-waste treatment system.

The baler has also been used routinely to compact a fraction of incinerable
waste. Metal straps are replaced by plastic straps to facilitate the burn-
ing of baled waste in the incinerator. The baling/incineration combination
has proved to be especially effective in dealing with incinerable wastes
accumulated during maintenance shutdowns of the incinerator.
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Shredding. The WTC has also been used as a test ground to develop treat-
ment technology for wastes which currently are not processed. Shredding in
combination with compaction can provide an effective volume reduction
treatment for bulky nonprocessible waste items. The shredding/compaction
combination may also provide a means to repackage wastes that have to be
retrieved from existing storage facilities for disposal in an engineered
facility. A slow-speed and high-torque shredder was purchased for the
evaluation program. This type of shredder was chosen for study because:
(i) slow-speed shredding (less than 100 rpm) produces very little dust, an
important consideration when working with active wastes; and (ii) high-
torque allows shredding of most materials.

The shredder was commissioned with inactive waste and then tested with non-
incinerable and incinerable wastes to study the impact of shredding on com-
paction and incineration of LLRW. The operation of the shredder was inter-
rupted repeatedly due to knife failures despite changes made in the
arrangement, configuration and type of shredder knives. It was identified
that the knives broke from either impact with large unshreddable metal
objects or from small quench cracks present in the knives. The cracks were
likely caused by an improper case hardening heat treatment during the knife
manufacturing process. To this point in time, the limited operating data
indicate that:

• the shredded waste can be compacted to a higher density than unshredded
waste, resulting in an increase of up to 50% in the overall volume
reduction factor;

• shredding appears to have little impact on the incinerator performance
in terms of burning rate or ash quality; and

• waste shredding leads to more waste handling, and in turn, more
exposure; thus, there is a need to develop techniques to minimize
hands-on operation and reduce man-rem exposure.

Liquid Waste Treatment

Low-Level Radioactive Aqueous Wastes. During the last 35 years, approxi-
mately 20 000 m 3 of low-level aqueous wastes have been discharged annually
into seepage pits in a sand knoll at CRNL. Extensive monitoring combined
with environmental research has been underway for many years in the
vicinity of the sand pits. Although the sand has only modest retention
capacity for dissolved radionuclides, only a small fraction of the radio-
nuclides has migrated beyond the knoll. Although radioactivity releases
via groundwater streams which drain the area have remained below 0.1% of
the Derived Release Limit* for CRNL, direct discharges of liquid wastes to
the soil are to be reduced to small values within the next few years
through the use of waste treatment processes installed at the WTC.

*The Derived Release Limit (DRL) is defined as the upper limit for the
release rate of a single radionuclide from a single source which is derived
from the regulatory dose-equivalent limits by analytical models of all
significant environmental pathways to an individual in the most heavily
exposed group. In deriving the DRL, the intention is to establish a
release limit such that adherence to it will provide virtual certainty of
compliance with the recommendations of the International Commission on
Radiological Protection [10].



The low-level liquid-waste treatment process at the WTC originally
consisted of three interconnected, recirculating membrane-separation
systems as shown in Figure 3 [11]. This membrane process was designed to
concentrate radioactivity and other impurities into a small volume, and
discharge the bulk of the treated liquid into the Ottawa River. Liquid
waste was to be fed to an ultrafiltration (UF) system where it was to be
filtered. Water passing through the UF membrane, called permeate, which
would be free of suspended solids but still contain all the dissolved
material, was to be passed into 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
volumes of concentrates from both the UF unit and the SWRO unit will be
transferred to the concentrate stage. This system consists of tubular-
reverse osmosis (TRO) membrane modules because it must handle a slurry and
have a reasonable efficiency for removing dissolved salts. The TRO
permeate will contain considerable radioactivity, since the feed
concentration will be high at this point, and is recycled to the SWRO
system for reprocessing. The TRO concentrate is sent to a wiped-film
evaporator for bituminization.

RO SECTION OF WASTE TREATMENT CENTRE

UF
(Ultra Filtration SWRO

(Spiral Wound Havana Oamoala)

WASTE WATER
• >

SEMI-PERMEABLE
MEMBRANE

TRO
(Tubular Ravaraa Oamoala

IMMOBILIZATION

FIGURE 3: FLOWSHEET OF THE LIQUID-WASTE TREATMENT
PROCESS OF THE WTC

Commissioning of the UF/RO plauu has revealed generic design deficiencies
in the original TRO and UF membrane modules. Membrane ruptures were
encountered with the TRO units. The tubular membranes which were inserted
into the supporting tubes could be easily separated from those tubes during
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shutdown periods and torn when they were re-pressurized. On the other
hand, the deficiency found in the original UF modules was the poor design
of end seals which function to prevent the pressurized feed water from con-
taminating the permeate water. In addition to these design deficiencies,
the costs to purchase replacement membranes for the original TRO and UF
modules were also found excessive. These units were therefore replaced by
membrane modules that are not only of better design, but also cheaper.

The original TRO modules were replaced by modules which have membrane tubes
much more resistant to ruptures because they are smaller in diameter and
are bonded strongly onto a rigid support tube. The UF system has been
replaced by a compact microfiltration system, equipped with 0.2 |Jm hollow-
fibre modules which can be frequently cleaned by backwashing with air. The
changes, however, involved effort in searching for and evaluating alterna-
tives available on the market as well as in making modifications tc the
original systems. These changes therefore resulted in considerable delays
in the commissioning program of the R0 plant. Commissioning with inactive
water has been completed, and a limited quantity of liquid waste (about
130 m ) has been treated during active commissioning.

Other Liquid Wastes. CRNL is currently storing small volumes of medium-
and high-level liquid radioactive wastes. These wastes originated from ion
exchange regeneration operations, spent fuel reprocessing carried out in
the 1950s, and medical isotope production. They require treatment to con-
vert into a stable form for disposal. Some liquid wastes generated from
the production of Mo-99 and Xe-133 isotopes contain enriched uranium which
CRNL has determined can be economically recovered. CRNL has prepared
design studies of a facility, known as the Plant for Active Liquid Wastes
(PAWL), which would consist of a batch vitrification process to immobilize
high-level liquid wastes into sodium borosilicate glass, and a uranium
recovery process to recover enriched uranium from liquid wastes resulting
from medical isotope production [12]•

3. WASTE PROCESSING AT WNRE

At WNRE, a research centre approximately half the size of the Chalk River
facility, less wastes are generated and processed. Solid wastes are com-
pacted; low-level aqueous wastes are discharged directly to the Winnipeg
River after being sampled and analyzed; intermediate-level aqueous wastes
are concentrated for immobilization of radioactivity in polyester resin;
and organic liquid wastes are incinerated.

Solid Waste Treatment

Baling of Low-Level Wastes. Low-level wastes were originally stored in
shallow earth trenches, but since 1986 they have been baled and stored in
above-ground storage bunkers. A small segregated fraction of the wastes,
about 10%, which contains glass and metal objects, is not processed but is
stored in the same structures.
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Solid low-level radioactive waste is compacted using a \>aler identical to
the unit at CRNL. The baler processes about 250 m3/a of solid waste,
achieving a VRF of 5:1 on average. Since the waste generation rate is
relatively small, the waste bags collected are not processed immediately.
They are accumulated in the low-level waste processing building which also
contains the baler housed in a separate heated room. A baling campaign is
carried out when sufficient waste has been collected, at a frequency of
once every 4-6 weeks. Because the storage area in the building is
unheated, the presence of frozen mopheads in the stored waste causes a
large drop in the VRF during the winter. On average, the VRF achieved in
the winter is only 4:1 while the VRF in the summer is about 7:1.

The baler ventilation exhaust is discharged through a seven-metre-high
stack equipped with an absolute filtration system which contains both
roughing and HEPA filters. The total radioactivity released annually to
the atmosphere from the baler operation has been about 20 kBq based on a
total py analysis of a proportional stack gas sample [13]. A plan will be
developed to segregate wastes into incinerable and nonincinerable fractions
if it is decided to ship bales of incinerable wastes to CRNL for inciner-
ation.

The compaction process at WNRE has permitted economical storage of low-
level radioactive waste in aboveground engineered facilities and eliminated
the need for trench storage. The experience to date in using the process
has been similar to CRNL's.

Drum compaction of Intermediate-Level Waste. A commercial 110 L drum ram
compactor has been installed for remote operation in the enclosed decon-
tamination area associated with the Hot Cells Facility (HCF) [14]. The HCF
provides shielded facilities for post-irradiation examination of fuels and
reactor core components, spent fuel management services, and remote handl-
ing services for other WNRE experimental programs. Tests have shown that
garbage cans containing the compactible fraction of solid intermediate-
level radioactive waste can be compacted by a ratio of 4:1 inside a
standard 110 L drum. An average of four garbage cans will be contained in
a drum. The crumpled garbage cans provide restraint against springback of
the compacted waste, that has been a problem with this type of compaction
process. The drum of compacted waste is capped with a sheet-metal lid
using a remotely operated lid crimper. The filled drum is then transported
to a partially abovegrade concrete storage bunker in a bottom unloading
lead shielded flask. Commissioning of the compaction, transportation and
storage facilities has recently been completed and the system is now in
service.

Liquid Waste Treatment

Low- and intermediate-level aqueous wastes at WNRE are handled in an Active
Liquid Waste Treatment Centre (ALWTC).

Low-level Aqueous Waste. Low-level aqueous waste solutions from various
buildings (e.g., laundry, decontamination, R&D, reactor) are collected and
stored separately in holding tanks. The underground piping system to
transfer waste from various sources to the holding tanks has recently been
replaced with a double-wall containment system. The plastic transfer
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pipes for each source are contained in larger plastic pipes which are
sloped to monitored leak-collection sumps. Spare lines in the containment
pipes can be used to replace leaking lines. When a tank is filled, its
content is mixed, sampled, and analyzed before being discharged at a con-
trolled rate into the process water effluent to the Winnipeg River. The
effluent from the process drain outfall where it enters the river is con-
tinuously and proportionally sampled. Daily and weekly samples are
routinely analyzed to confirm that release limits are not exceeded [15].

Table 3 summarizes volumes and activity of low-level aqueous waste dis-
charged to the Winnipeg River. The average waste volume is about 4500
m /a, and the total radionuclide content released annually is about 70 GBq,
which corresponds to less than 0.1% of the Derived Released Limit [16].

TABLE 3: DISCHARGE OF LOW-LEVEL AQUEOUS WASTE AT
WNRE

Year

1983
1984
1985
1986
1987

Waste
Volume

(m3)

6300
5000
4600
3300
3400

Total
Isotope
(GBq)

123
107
51
34
24

%DRL

0.14
0.11
0.07
0.04
0.03

Intermediate-Level Aqueous Waste. The intermediate-level liquid waste
collected from the Hot Cells represents less than 1% of the volume of
liquid waste generated at WNRE but it contains more than 90% of the
radioactivity. This waste contains about 300 GBq/m total PY> 40 g/m
total heavy elements and some fissile materials « 1 g/m3 of U-233 + U-235
+ Pu).

A set of two parallel climbing-film evaporators, each with a design evapor-
ation rate of 10 L/h, has been used to concentrate the intermediate-level
aqueous waste. An average volume of 12 m per year is processed through
the system [15]. Concentration factors of about 10 and decontamination
factors greater than 10 000 are routinely achieved. The concentrated
liquid waste is immobilized in water-extendable polyester resin and
packaged in 110 L mild steel drums. The decontaminated condensate is
suitable for release through the low-level waste holding-tank system.

The operation of the climbing-film evaporators has been plagued with foul-
ing, plugging and entrainment problems. Fouling of the evaporator tubes
has been dealt with by filtration of the feed solution to remove particu-
lates, by pH control to prevent precipitation of salts in the feed solu-
tion, and by tube replacement after processing 4000-5000 L of waste
solution. Plugging of the concentrate return line from the steam/
concentrate separator resulted in a poor decontamination performance.
This problem was solved by increasing the pipe size of the return line. On
the other hand, the evaporators have been assisted by natural evaporation
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occurring in the waste holding tank. The rate of water loss by this
phenomenon is 3000-5000 L/a. Routine sampling of the building ventilation
system confirms that the high evaporation rate does not result in signifi-
cant release of radioactivity from the facility.

Solidification of the concentrated liquid in polyester resin has been per-
formed smoothly without any incident. It is carried out batchwise in
separate campaigns. When sufficient concentrated liquid waste has been
collected for a solidification campaign, a representative sample is taken
and a 0.2 L test block is made in the laboratory. If the test solidifica-
tion is satisfactory, the solidification operation can begin. The drum
mixer is a multi-component assembly that is used to: (i) retain the waste
drum, (ii) provide ventilation, waste and catalyst addition connections,
and (iii) provide high-speed mixing for an emulsion of 60% waste in 40%
resin. Solidification is carried *Sut in-situ in a standard 110-L mild
steel drum which has a large and a small bung opening on the drum top. The
mixing blade is designed to allow installation through the large bung open-
ing. The blade is formed inside the drum by hydraulic actuation of the
mixer shaft. After a catalyst, a methylethylketone peroxide solution, is
added to promote resin polymerization, and after a short mixing period, the
mixer blade and shaft are released from the drive head and fall into the
waste drum. The volume of the solidified product is nearly twice that of
the concentrated liquid waste-
Table 4 summarizes the waste volumes processed by the evaporation and
solidification processes in the last five years. It is worth pointing out
that these two operations are carried out independently in separate
campaigns, and volumes of concentrated liquid produced by evaporation in
one year may be carried over to be solidified in the next year. An average
overall VRF of 3:1 has been achieved for the intermediate-level aqueous
wastes, including all the waste volumes generated by the process such as
tank and line flushing to remove particulate buildup.

TABLE 4: TREATMENT OF INTERMEDIATE-LEVEL AQUEOUS
WASTE AT WNRE

Year

1983
1984
1985
1986
1987

EVAPORATION

Volume
Processed

(m3)

8.8
26.2
0.0
12.2
12.6

SOLIDIFICATION

Volume
Processed
(m3)

2.26
3.73
0.42
0.94
2.06

Number of
Solidified
Waste Drums

38
80
7
16
34

Organic Waste. An industrial incinerator, equipped with a propane vortex
burner, is used to burn spent organic liquid coolant which arose from the
operation of WR-1, an organic-cooled research reactor which has been
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shutdown since mid 1985 for decommissioning. Small volumes of noncarcin-
ogenic laboratory solvents and hydraulic oils free of pollutants such as
nitrates, sulphates and halogens are also burnt in this incinerator. The
designed operating temperature and residence time are 1000°C and 1 second,
respectively. These conditions have been confirmed by tests. Gaseous
effluents are discharged directly through a 12-metre-high firebrick-lined
stack. The incinerator has been burning about 40 m /a of organic liquid at
a rate of up to 75 L/h [17].

The incinerator operates without any off-gas treatment, but the radio-
activity emission control is exerted by limiting the feed radioactivity to
less than 15 Bq/mL. The stack g«is is continuously monitored for radio-
active particulate releases during combustion operation. A proportional
sample is run through a charcoal-impregnated paper filter that is removed
and analyzed on a routine basis to monitor stack releases. The emission of
radioactivity has been consistently less than 0.005% of the derived release
limit for the incinerator [16]. The calculation conservatively assumes
that all the radioactivity present is due to Sr-90, which is the most
restrictive isotope of those present, or potentially present, for a member
of the critical off-site group.

For organic coolant wastes containing more than 15 Bq/mL, a distillation
process is used to yield two products: a light product (about 60% of the
feed volume) Which is decontaminated to less than 15 Bq/mL, permitting its
incineration; and, a heavy product containing most of the radioactivity
which becomes a solid suitable for storage when cooled to room tempera-
ture.

Other Liquid Wastes. WNRE is currently storing small volumes of medium-
and high-level liquid radioactive wastes resulting from a uranium recovery
process and discontinued fuel reprocessing experiments. These liquids will
be immobilized with a suitable process to provide continued safe storage in
a solid form.

4. CONCLUSIONS

Atomic Energy of Canada Limited has been processing a broad range of low-
level radioactive wastes at its nuclear research establishments. Its
extensive background experience in the management of radioactive wastes and
its continued effort to develop, improve and apply advanced waste process-
ing techniques will contribute to a successful transition from interim
storage to permanent disposal.
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