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ABSTRACT

The Municipa and Industrid Strategy for Abatement (MISA) regulation, which came into effect in 1995
in Ontario (Ontario Regulation 215/95 under the Environmental Protection Act), imposed additional
limitations on liquid discharges from power generating sations.

The MISA regulation has divided discharges into non-event and event streams, which have to be
monitored for, prescribed parameters and for toxicity. Radioactive Waste Management Systems fall into
category of non-event sreams. Standard toxicity testing involves monitoring lethdity of Dgphnia Magna
and Rainbow Trout in the effluent. The new legidation hasimposed a need to address severa issues.
acute toxicity, complying with the specific limits prescribed by the regulaion and, in along run, chronic
toxicity.

In thefirgt phase, the correlation between various chemical parameters and acute toxicity was
edtablished and severd investigations were initiated. The effects of microbid activities in the waste
streams were the mogt difficult to address because many synergies between chemica toxicants and
microbid toxins were not known. Due to limited time schedule to achieve MISA compliance, awide
approach was taken. Approaches included best management practices in the power plants, waste
stream segregation and a choice of trestment technology that could smultaneoudy address a number of
potentid toxins. Furthermore, the variability of the waste streams in present and in future had to be
taken into account. This gpproach had a drawback in potentidly generating Sgnificant costs of
consumables and volumes of secondary solid radioactive waste. A strategy, to monitor treatment
technology performance and to optimize processes and costs in the long run, was therefore devised.
Control of waste generation and centraizing laundry facilities from Pickering and Darlington to the Bruce
gte have enabled achievement of MISA compliance with Smple processes and modifications at
Pickering and Darlington gtations (laundry is akey source of organic toxins). In pardld, the more
elaborate technol ogies were applied a Bruce 1-4 Ste for treatment of additiond laundry wastes.

Origindly, Active Liquid Waste Trestment (ALW) systems were designed to remove radioactivity from
the liquid waste streams. Achieving radioactivity Derived Emisson Limits (DEL's) and Station Target
Limits was never a problem in Ontario Power Generation stations and the ALW treatment systems
were rarely required for this purpose. Modifications of these existing systems and ingtdlation of the new
treatment systems, were a part of the strategy developed at OPG.

At Pickering a completely new trestment system was designed and ingtalled. The process conssts of an
ultraviolet biocide unit, cartridge filtration, Granulated Active Carbon (GAC), cation resin and
neutrdizing filter (CaCQOs) bed. This combination of processes enabled use of adsorption for reduction
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of organics and cation 1X resin for removd of dissolved cations. Filter optimization will have to be
consdered for long term operation.

The Darlington ALW system was modified so that a redundant IX column was used for GAC (later
switched for Macronet resin). For the long-term operation, filtration, cation resin and a CaCOs; bed are
being consdered.

The Bruce 1-4 ALW system is a complex, multi-stage trestment system consisting of pretreatment, a
multi- tage reverse osmos's system (ROS), and an evaporator solidification system (ESS). The
concentrates from the ROS are fed to the ESS and evaporated via the use of athin film evaporative
process. The evaporator bottoms are solidified in bitumen and the solidified resdue placed ina
container for sorage on-site as alow-leved radioactive waste. In the fina polishing stage of the process,
the permesate from the ROS is treated via a cacium carbonate bed for pH adjustment and this water
discharged to the lake.

The overdl effort to achieve MISA compliance at OPG Nuclear Sites was extremey chalenging, in
particular because of the very tight schedules. Lessons have been learned in the areas of procurement
and design. Interna management processes have been established to ensure continued MI1SA
compliance. Future chalenges include MISA compliance with the minimum impact on secondary
radioactive waste generation. Thiswill require operations organization adjustments so that detailed
system performance monitoring can be continuoudy carried out.

INTRODUCTION TO MISA COMPLIANCE REQUIREMENT

In 1990 Ontario Minigtry of Environment issued the Development Document for the Effluent Monitoring
Regulation for the Electric Power Generation Sector under the MISA srategy (MISA =
Municipa/Indugtrial Strategy for Abatement; [1]). The MISA strategy intent was to stop water pollution
at its source. At that time it became clear that toxic discharges from power generating stations would
have to be diminated. Bruce A NGS had an early start in search of processes and technology to
eliminate pollutants from Active Liquid Waste effluent. The active liquid waste trestment system project
darted in 1993 but with no clear idea of what would have to be iminated from the waste streams to
achieve MISA compliance. The actud legidative act wasissued in April 1995 as Ontario regulation
215/95 under the Environmenta Protection Act and with the title: "Effluent Monitoring and Effluent
Limits- Electric Power Generation Sector”.

ONTARIO REGULATION 215/95

The Ontario Regulation 215/95 lays out the definitions and conditions of effluent monitoring and effluent
limitsfor al specified power generation sations listed in Schedule 1 of the regulation [2]. The purpose
of the legidation is to monitor and control the quality of effluent discharged from the plantslisted in
Schedule 1 of the regulation. It isimportant to say that this regulation does not apply with respect to the
discharge of effluent to amunicipd sanitary sewer.
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The discharges from the power generating stations have been divided into event process streams, non
event process streams and building effluents. The nonevent process effluent stream seems to be related
more to nontradioactive systems and non-nuclear plants.

The event process effluents are defined in the regulation under the list of examples of various waste
streams. Radioactive Liquid Waste Management System (RLWMTY) istypicaly under the event
process effluent streams.

Regulation 215/95 furthermore defines the way of establishing sampling points and sampling frequency
for the event and non-event process effluent streams.

Specific limits on effluent parameters are given in the Schedule 2 of the Regulation 215/95. Theligt of
these limits on effluent parameters for active liquid waste discharges from the Ontario Power Generation
nuclear gationsisgiven in Table I. Although the limiting parameters are listed specificdly for each
dation, they are the same for al Radioactive Liquid Waste Management System (RLWMSTE)
discharges. Typicdly, there were not many problems in compliance with the limits specified in Table .

The sampling points establishment and analysis methods are described in the "Protocol for the Sampling
and Andysis of Industrid/Municipd Wastewater" issued by Ministry of Environment and Energy
Publication [3].

The requirement that had the largest impact on radioactive liquid waste management systems discharges
was the requirement that al the effluents be nontoxic a dl times. The non-toxic discharge was defined
as lethaity of less than 50 % to both Daphnia magna and rainbow trout.

The protocol for the acute toxicity testing requires a lengthy exposure of Daphnia magna (48 hours) and
ranbow trout (96 hours) to the effluent sample. Toxicity testing was therefore not a practical means of
contralling effluents in the operating tation environment given that there was not enough spare capacity
in RLWMS tanks to hold wastewater until toxicity testing is performed.

The firgt problem that was encountered was to find the causes of toxicity in RLWMTS effluents and to
try to trandae them to the measurable chemica parameters that would provide an indication of toxicity
in reasonably shorter time than toxicity testing. Knowing the chemical parameters that cause toxicity
would aso enable usto select the most adequate treatment and apply it selectively, depending on the
characteristics of each waste batch or stream. It was aso important to trest waste batches sdlectively in
order to minimize unnecessary generation of the secondary solid radioactive waste (i.e. filter cartridges,
IX resn etc.).

Severd studies were performed by OPG in conjunction with Ontario Power Technologies (OPT) to
gain the necessary information about causes of toxicity in RLM TS effluents and about treatability of
waste streams.
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CAUSESOF TOXICITY INRLWMTSEFFLUENTSAND DERIVED TOXICITY LIMITS

A firg toxicity study was conducted in 1995. A later and more extensive study on the causes of toxicity
was issued in September 1998 [4]. Thislater study was utilized more because it was based on more
recent and more detailed sampling and andysis results. The results of the 1998 study results have
pointed out that there are severd suspected causes of toxicity in RLMTS streams specific to each OPG
nuclear station.

Tablel. Chemica Parametersin Radioactive Liquid Waste Management System Effluents for dl
Nuclear Stations Limited by Regulation 215/95

Parameter M onitoring Frequency Daily Concentration Monthly Average
Limit (mg/L) Concentration limit
(mg/L)
Total Phosphorus Weekly - 10
Total Suspended Daly 730 21.0
Solids (TSS)
Zinc Weekly 10 05
Iron Weekly 9.0 30
Oil and Grease Weekly 36.0 130
Darlington

From the 60 samples andyzed from Darlington RLWMTS 38% were nontoxic (neither Daphnia magna
nor rainbow trout. The rest, 62 % of samples were toxic either to Daphnia Magna or rainbow trout or
to both. The study has shown that there was a clear relationship between the concentration of the tota
organic carbon (TOC) and toxicity. At TOC concentrations below 10 mg/L, effluent was consstently
non-toxic while at concentrations above 20 mg/L effluents were congstently toxic. Adjustment to the
lake hardness did not effectively reduce toxicity of Darlington RLWMTS effluents.

Pickering A and B

From the 104 samples of RLWMTS effluents tested from Pickering, 55% passed both acute toxicity
tests. The rest, 45% of samples have falled either Daphnia magna or rainbow trout test or both tests.
Detalled andysis of results by tanks of origin has indicated that TOC and Cu were sgnificant
contributorsto toxicity. In most cases, TOC or Cu done were likely causes of toxicity (23 % and 22%
of toxic samples respectively). It was aso concluded that Li, NHz and low hardness were occasionaly
contributors to toxicity.
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BruceA

Only three andyzed samples were reported in this study. Only one of the three was toxic and the main
suspect in this case was hydrazine. The reason for the limited number of sampleswas that Bruce A isto
some extent, in their early start in MISA compliance project. Since the legidation was not yet issued at
the time of their gtart, they have chosen an advanced combination of processesto treet RWMTS aswell
as a non-selective treatment gpproach and they had a confidence that thiswill render their effluent non-
toxic no matter what the cause of toxicity might be.

BruceB

From the 17 analyzed samples from Bruce B, 13 (76%) have failed either Daphnia magna or rainbow
trout tests or both. Based on these study results and some other related studies, it was concluded that
hydrazine was the cause of toxicity in most of the RLWMTS samples at this site.

Later on, supplementary treetability sudies were performed on samples from non laundry tanks from
Darlington and Pickering stations [5] [6]. The results of these studies have confirmed the prediction that
most toxic samples could be treated successfully with granulated active carbon (GAC) or IX resin (very
often just cation resin). It aso showed that in gpproximately 4 % of dl samples none of the treatment
worked in the firgt pass through both mediain series. For such cases, mixing with other non-toxic waste
batches was foreseen.

As mentioned while Bruce A and B have chosen the approach to treet dl waste streams, Darlington and
Puckering have adopted a selective treatment approach.

For Pickering and Darlington it was therefore necessary to trandate toxicity into chemica parameters so
that the most adequate trestment could be selected. The congdered trestment was mainly based on
filtration, GAC and IX resin. The additiond reason for a selective trestment approach was that the large
volume of discharged effluents in aday, in particular a Pickering (up to 500 n per day), would result
in large volumes of secondary solid radioactive waste and high cost of consumables (e.g. filter
cartridges, GAC, IX resn).

To enable selective trestment approach, Derived Toxicity Limits (DTL) were developed for Pickering
and Darlington gtations. Derived Toxicity Limits are acombination of literature data and specific data
obtained by OPT sudies[7]. Derived Toxicity limitsare shownin Tablell.

DTL and TU represent a concentration or avaue of achemicad parameter above which this parameter
aone would cause more than 50 % lethdity by either toxicity testing method. Synergies of severa
chemicd parametersin causing toxicity were not origindly included in TU'sor DTL's DTL for OPG
power plants are not considered to be afixed value, but rather the best limit obtained from the available
information. Learning about synergies between specific toxicants has dready and may in future change
thevauesof DTLs.
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A new method of toxicity testing with Dgphniamagna caled "Daphnia Q" was introduced later in the
MISA compliance project. This method of checking the toxicity of the waste stream sample can be
done within one hour. The results of this method were compared to the test results performed
according to the MISA protocol and they seem to be on the conservative Sde i.e. more samplesfailed
1Q tests than the regular toxicity tests by the MISA protocol. It was estimated that Daphnia |Q testing is
showing failure in 10% more cases than regular Daphnia magnatesting [8]. The benefit of the "Daphnia
Q" tests far exceed the drawback of potentia unnecessary trestment of smal volumes of liquid waste.

Tablell.: Currently Applied DTLs at Darlington and Pickering

Parameter Limit or Range
pH 6-95
Ammonia 0.8 mg/L
Hydrazine 0.1 mg/L
Copper 0.05 mg/L

Iron 3.0 mg/L
Lithium 0.5 mg/L

Zinc 0.5 mg/L

Total residual Cl (TRC) 0.5 mg/L

Total Organic Carbon (TOC) 15 mg/L (7.5 ppm for DNGD)
Oil in Water 13.0 mg/L
Conductivity 10 to 150 mS/m
Total Phosphorus 1 mg/L

Total Suspended Solids (TSS) | 217 mg/L

*There are further restrictions to this limit related to hardness and Zn concentration
** There are further restrictions to this limit related to hardness and Cu concentration
*** Thisisthe monthly average daily limit for and individual daily limitis 73 ppm

WIDE APPROACH TO ELIMINATION OF ACUTE TOXICITY FROM OPG RLWMTS
EFFLUENTS

Theinitid notion was that toxicity of radioactive liquid waste effluent could be diminated just by
selective or full waste stream treatment. This notion had to be abandoned soon, based on the
information that treatment did not produce non-toxic streamsin al cases.

A much wider gpproach was taken to diminate toxicity, This approach included:

1. Best management practice, which is mainly minimizing the use of toxic chemicasin the plant

(selection of non-toxic detergents and other chemicals).

Cleanup of active liquid waste tanks and sumps.

Minimizing the volume of generated liquid waste at the source.

4. Waste segregation. It was shown that in many stations laundry waste was a sgnificant contributor to
toxicity. It was necessary, as a minimum, to separate the laundry waste from other cleaner wastes.
Higtoricdly, waste batches were mixed and in the long run, it caused cross contamination with
toxins.

wnN
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AsBruce A had an early start in building technology to treet radioactive liquid waste for MISA
compliance, they have chosen a more advanced technology consisting of filtration, waste stream
pretrestment and reverse osmosis. Furthermore, additiona washing machine capacity was installed at
Bruce A. At the same time there were limited trestment capabilities planned for Darlington and
Pickering liquid waste treestment due to tight schedules. A logica decision was then made to transfer dl
laundry from Darlington and Pickering to Bruce A laundry. This move has immediately decreased the
burden of toxicity on Pickering and Darlington stations.

MODIFICATIONSAND NEW TREATMENT SYSTEMS FOR RADIOACTIVE LIQUID
WASTE EFFLUENTS

The origind RLWMTS systemns were designed to reduce radioactivity to maintain effluents within
Derived Emisson Limits (DELS) and Station Target Limits (STLs) aswdl asto hdp reduce activity in
the case of accidents. Higtoricaly, there were not many problems maintaining DELs and STLs even
without use of these systems. The systemstypicaly consisted of filtersand I1X resins and were, in most
cases, not cgpable to eiminate toxicity.

Bruce A has started working on its new Radioactive Liquid Waste Treatment Systen in 1993. The
Active Liquid Waste Treatment System (ALWTS) a B A is a complex, multi-stage treatment system [9].
At the “heart” of the B A ALWTS is amulti-stage reverse osmosis system (ROS) consisting of two
separate RO stages (RO-1 and RO-2), followed by chemica precipitation / decantation and ultrafiltration
(UF). As can be seen from the flowsheet in Figure 1, the distinct yet highly interactive unit operationsin
the ROS are as follows.

Pre-treated and filtered water is concentrated in the first stage of the ROS (i.e. RO-1). Processing
of the water in RO-1 isfacilitated by the addition of acid and antiscalant to prevent scae on the RO
membrane surface.

The concentrate from RO-1 is fed to the second stage (RO-2) for further processing and
concentration. Acid is added and the pH carefully controlled to prevent scae formation. The
permesete from RO-2 is recycled back to RO-1.

Sodium hydroxide is added to the concentrate from RO-2 to adjust the pH and precipitate sparingly
soluble compounds such as cacium carbonate, silica and metdlic hydroxides. The precipitation
occurs in the reaction/decant tank.

The supernatant from the decant tank is darified viathe use of tubular ultrefiltration (UF)
membranes, which remove suspended solids down to a pore size of 0.05 microns. The "softened”
UF permeste is recycled back to RO-2 to enhance overdl system recovery.

The ROS has been specificaly designed to meet the very stringent performance criteria, which were
origindly specified by OPG.

A comprehensive study was undertaken to quantify the performance of the ROS system, Sinceitisa
crucia component towards the Station's goal of achieving MISA (environmenta) compliance.
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Pre-trestment to the ROS is currently provided by a*“temporary” system congsting of polymer addition
followed by disposablefiltration (DFS). The disposablefilters currently in use are the same filters that
were put into service when the station was commissioned (at that time, the filters were used in
conjunction with / as a pre-trestment to ion exchange (1X)). The DFS system is outdated and
inefficient. Operating cogts for the current pre-trestment scheme using DFS are extremdy high, asthe
disposable filters are being replaced very frequently, at an enormous cost. A new pre-trestment system
supplied by CETCO has been ingdled and is scheduled to be commissioned by the end of Q2 2000.
This new pre-treatment system is expected to gresatly reduce the need for and frequency of DFSfilter

change-outs.

The remaining mgjor component in the ALWTS is the evaporator solidification system (ESS). The
concentrates from the ROS are fed to the ESS and evaporated via the use of athin film evaporative
process. The didtillate from the ESS is processed via a polishing system prior to being fed to the
permeste verification tank. The didtillate polishing conssts of UV oxidation with hydrogen peroxide to
eliminate voldile organics from the didtillate. The evaporator bottoms are solidified in bitumen and the
solidified resdue placed in a container for storage onSite as alow-leve radioactive waste.

Hereisasummary of the results of a comprehensive evauation, which was conducted on the ROS
system between September, and mid-December 1999. Key findings are as follows:

First Stage RO membranes (RO-1) are ddivering the design flux of gpproximatdy 17 US
galons per 0. ft. per day (GFD) after approximately one year of operation, abeit for frequent
membrane cleaning averaging 1 — 2 cleaning applications per week (versus atypica frequency
of once per month).

The ROS system is delivering very high permeate recoveries ranging from 97.5% to 98.5%,
compared to the maximum design value of 99.1%.

The qudity of treated RO-1 membrane permeate meets or exceeds expected performance from
the ROS, having atypica conductivity in the range 15 — 20 n&/cm.

The treated membrane permeate meets MISA parametersincluding Total Suspended Solids
(TSY), total phosphorus, zinc, iron and Oil and Grease. The pH of the treated RO permeate is
typicdly in therange 5.5 — 6.5, compared to the MISA range of 6 —9.5. Treated permesate pH
is adjusted viathe use of a Neutrdizing Filter (calcium carbonate bed). The RO permesteis
sometimes toxic to fish. After treetment with the Neutraizing Filter, the RO permegte is non
toxic. The pH of thefind discharge after neutrdization istypicaly in the range 7.5 — 8 and the
hardnessisin the range 50 — 80 mg/L as CaCO3.

The ROS efficiently reduces Mixed Gamma radioactivity levels. Mixed Gammalevesin the
Discharge Tanks range from 0.002 nCi/kg to 0.03 nCi/kg which are gpproximately two orders
of magnitude (i.e. 99%) lower than their concentration in the ALW Collection Tanks (typicaly
0.25 nCi/kg — 1.0 nCi/kg).
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The concentration of heavy metals in the RO permeate including iron, copper, nickd, zinc,
barium, manganese, chromium, mercury, lead, arsenic, antimony, selenium, cobalt, vanadium,
beryllium, cadmium, molybdenum, siver and thalium were al below detection limits, with typical
reection efficiencies > 99%.

The overal concentration of organic compounds as Total Organic Carbon (TOC), including
Totd Qil and Grease (TOG), Chemica Oxygen Demand (COD), Biologica Oxygen Demand
(BOD) in the RO permeate were dl at about 1.0 mg/L or less, confirming the RO membranes
very high separation efficiency of 90 - 95% for organic molecules such as laundry surfectant,
lubricating and hydraulic oils, water trestment (flocculating) polymers and polymeric scae
inhibitor.

The current ROS pretrestment is inadequate, resulting in very high concentrations of colloida
suspended solids, Silt Dengty Index (SDI), turbidity and iron fed to the ROS system. This poor
water quality has caused severe fouling and scale formation on the second stage RO (RO-2)
and ultrafiltration (UF) membranes aswell as requiring frequent and very costly replacement of
the DFSfilters.

After operating for dmost ayear using the "temporary” DFSfilters, two new treatment processes have
been sdected and ingtdled and are currently awaiting to be comissioned. A ": gray Water Processing
Unit -GWPU by Aquatronics, which utilizes dissolved air flotation (DAF) ozonization, and filtration will
be used to treat the laundry waste. The CETCO process is a proprietary clay-based chemicd addition
process, which brings about flocculation, coarse filtration, excess polymer removd and finefiltration to
produce water with low SDI, which is suitable for treetment by RO. Additional monitoring of the Bruce
A ROS system is planned after start-up of the CETCO pre-treatment system. An additiond benefit will
be reduced operating cogts as the need for replacement of DFS filters will be reduced or €iminated
atogether.

Bruce B has build a new system based on the toxicity studies (Reference 4) that hydrazine is the main
cause of toxicity in their waste streams. They have a NaOCI addition for hydrazine oxidation with GAC
downstream to remove resdua chlorine. With these smple modifications they have managed to
maintain their RLWMTS effluents non-toxic.

Darlington has chosen a two-phase approach to the MISA compliance project.

In the short-term phase, MISA compliance was achieved with the modification of the existing ALW
trestment system. The modification congsts of usng one of two IX vessels for GAC and adding the
piping between two IX vessas to enable the use of the GAC and IX resinin series. Thereisexiging
filtration in the systlem which uses cartridges with 40mpore Sze. The initid GAC loading problems have
necessitated search for amediawith smilar processing characteridtics, but different physica
characteristics. A mixture of non-polar and weskly basic Macronet resn was sdlected. Handling of the
Macronet was the same asthat of IX resin and the adsorption properties were very similar to those of
GAC. Theinitia study of treatability with Macronet at OPT has indicated an effectivenessin TOC and
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Cu reduction. Furthermore, the TOC va ues have decreased since remova of the laundry from
Darlington ste and it was therefore expected that Macronet would be used less frequently and for lower
concentrations of TOC.

The long-term solution will be confirmed by monitoring the performance of the short-term modification.
For the long tem solution a combination of filter, Macronet cation resin and neutrdizing filter is
recommended (Reference 10). The operation of the modified ALW system has confirmed the
laboratory results that Macronet can successfully reduce TOC in the waste stream.

Macronet aso successfully reduces copper in the waste stream. This was found to be important
because GAC treatment does not affect hardness in the waste stream. The disadvantages of copper and
zinc treatment with X resin isthat it also removes hardness and makes the traces of copper and zinc
more toxic.

Pickering station has desgned and built a new system for RLWMTS. The system congists of aUV unit
to prevent biofouling in the system, cartridge filtration, granulated active carbon, cation bed 1X
exchanger and neutrdizing bed.

The block diagram of the new trestment system is shown in Figure 2.

The system is designed to trest liquid waste sdlectively. Waste streams that contain high TOC will be
treated with GAC. If metals and other cations are indicated to be the cause of toxicity, cation IX resin
will be used. Asthe design of the system has started when there was no decison on removad of laundry
from the Pickering Site, the UV unit was originaly designed for the organic destruction with hydrogen
peroxide. After the decision about laundry dimination from the site, UV was gpplied as abiocide (or
biogtat) before filtration. The need for this was discovered in early attempts to use the existing old
treatment system when frequent biofouling of filters was experienced. The piping was designed so that
UV oxidation with hydrogen peroxide could be used in the future if necessary.

In the origind design of the new system, one vessd was foreseen for anion resin if it shown to be
necessary in the future. Since of dl ionic compounds the cations are indicated as causes of toxicity, the
last IX column was modified into a neutrdizing filter with a CaCOs bed. The benefit of this neutrdizing
bed is multifaceted and was found later during the MISA project. It neutrdizes acidic effluent after
cation resin and aso acts as polishing filter for the effluent. 1t furthermore adds some hardness to the
wadte stream, which very often helps to reduce the effects of traces of untreated toxins. Examples of this
are with copper and zinc, which are more toxic without the presence of hardness. Therefore treatment
with IX resin very often does not eiminate toxicity of copper and zinc. It was found out that passing the
wadte stream through a neutrdizing filter after treetment with IX resin rendersit non-toxic.
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CONCLUSION AND FUTURE ACTIVITIES PLANNED

The overdl effort to achieve MISA compliance a OPG Nuclear Stes was extremdy chdlenging, in
particular because of the very tight time frame. Lessons have been learned in the areas of procurement
and design under the condraint of such atight time frame. Interna management processes have been
established to ensure continued MISA compliance.

The indaled systems are capable of maintaining MISA compliance with the attentive operations staff.
For the plants that have a selective trestment gpproach, close monitoring of system performanceis
necessary. Besides maintaining MI1SA compliance clase monitoring can dso help minimize secondary
solid radioactive waste generation. Neutraizing filtration with CaCO; provides additiona shield and
edge againg MISA non-compliance. Combined with cation resin it can adso reduce resin consumption
of 1X resin to one third of when mixed bed IX resin is used.

There are indications that filtration at Pickering and Darlington could be optimized with respect to pore
sze and filtration technology. This would protect GAC/ Macronet and 1X resin from being used as
filters

Multifaceted approach to MISA compliance, which includes reduction of toxicity at the source, was
necessary because treatment technology aone could not guarantee MISA compliance. The best
management practices programs like tank cleanup, control of chemicals used in the plant, have to be
continued and expanded if necessary.
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