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Abstract

This paper describes the existing radioactive waste management scheme of KANUPP. The radioactive
wastes generated at KANUPP are in solid, liquid and gaseous forms. The spent fuel of the plant is stored under-
water in the Spent Fuel Bay. For long term storage of low and intermediate level solid waste, 3m deep concrete
lined trenches have been provided. The non-combustible material is directly stored in these trenches while the
combustible material is first burnt in an incinerator and the ash is collected, sealed and also stored in the trenches.
The low-level liquid and gaseous effluents are diluted and are discharged into the sea and the atmosphere. The
paper also describes a modification carried out in the spent resin collection system in which a locally designed
removable tank replaced the old permanent tanks. Presently the low level combustible solid waste is incinerated
and stored, but it is planned to replace the present method by using compactor and storing the compacted waste
in steel drums underground.

1. INTRODUCTION

Karachi Nuclear Power Plant (KANUPP) is a 137 MWe CANDU PHWR. It is located at Paradise
Point on the Arabian Sea coast 25 Km west of Karachi. The reactor has been generating power since
October 1971. Till the end of 1998 the plant has produced over 9.2 billion units of electricity.

The plant faced many challenges during its 28 years of operation mainly due to withdrawal of
vendor support; but, through indigenous efforts the plant continues to be operational till now. KANUPP
now operates with its fuel bundles manufactured in Pakistan.

There are generally two ways of waste management: concentrate and store or dilute and disperse.
Both these techniques are used at KANUPP. Highly active waste is stored in underground concrete
trenches and low level activity waste is diluted and dispersed into the sea or atmosphere. Presently
Pakistan does not have a permanent storage facility for radioactive waste, so all the waste storage is
temporary for short or medium duration until a permanent disposal facility is available.

KANUPP faithfully adheres to its original safety and public risk targets. The average personnel
radiation exposure has been well within the limits prescribed by the International Commission on
Radiological Protection
(ICRP). The release of radioactive material through gaseous and liquid effluents has been less than 4%
of the maximum permissible limit.

2. RADIOACTIVE WASTES AT KANUPP

A wide variety of radioactive wastes e.g. solids, gases and liquids of various activity levels and
half-lives result from the operation of a nuclear reactor. These are handled and disposed of by a
corresponding variety of methods such that they are not hazardous to the public.

Some of the gases and vapours produced are argon, krypton, xenon, iodine and tritium. The noble
gases do not constitute an internal hazard, but Tritium and Iodine are very hazardous. The solid wastes



comprise a great variety of material such as laboratory waste, secondary floor covering, disposable
plastic suits, rubber gloves, which are all combustible items, and active piping, components of valves and
pumps, filters, ion-exchange columns etc., which are non-combustible items. Liquid radioactive wastes
arise from laundry and personnel shower effluents, evaporator distillates, effluents of the
decontamination centre, spent fuel bay water clean up, accidental spills, ion-exchange column
regeneration and evaporator concentrates etc.

Three different classes are loosely defined, as low level, medium level and high level wastes. For
radioactive waste it is often quite unnecessary and also tedious to determine the exact radioactivity
content. For solids, the low, medium and high level waste containers are those which show, on the
surface, dose rates less than 2 mSv/hr (200 mR/hr), between 2 - 1 0 mSv/hr (or 200 - 1000 mR/hr) and
higher than lOmSv/hr (1000 mR/hr), respectively. For liquids, the respective limits are less than 10
|uSv/hr (< 1 mR/hr), between 10 |uSv/hr and 0.5 mSv/hr (1 and 50 mR/hr) and more than 0.5 mSv/hr (50
mR/hr), respectively. Obviously, this categorisation is arbitrary.

3. MANAGEMENT OF RADIOACTIVE WASTES

3.1 Solid waste storage

The largest amounts of radioactive waste are the spent fuel bundles. These are stored underwater
within the plant building in a specially designed spent fuel bay. The water temperature and purity is
carefully controlled. The spent fuel bay is designed to contain and keep all the spent fuel for the life of
the plant.

For other solid wastes a waste disposal area has been allocated near the plant. This area, measuring
about 36m x 70m, about 1 Km north of the plant and within plant's boundary has been provided for a
long-term, retrievable storage of the plant's solid waste.

The combustible waste with only trace amounts of radioactive contamination is first burnt in an
incinerator to reduce its volume before the ash is collected in plastic bags, sealed and placed in
concrete-lined trenches. The most active items stored there are the filters from primary system,
moderator system, vault cooling and bay water system. A trench, when nearly full, is topped by about
60cm dirt to seal it off from the environment and is then topped by a lid.

A highly active waste is the spent resin from ion-exchange columns from the moderator system,
primary system, and other active systems. The spent resin is collected in underground storage tanks.
Previously there was no provision to remove the resin when the tanks filled up. Now a removable tank
system has been incorporated which allows the spent resin filled tanks to be removed and buried in the
waste disposal area.

All radioactive waste that cannot be immediately disposed of must be placed in suitable storage, to
take its radioactivity out of circulation. The natural decay of radioactivity reduces the degree of hazard.
Temporary storage of predominantly short-lived radioactive waste results in the decay of a major part of
the radionuclides. Long-term storage facilities are required for the more hazardous long-lived wastes.
Putting the high-level waste containers in concrete-lined trenches in a suitable area marked off for this
purpose may act as a relatively long term storage.

3.2 Low level fluid waste dispersal

The ultimate disposal of almost all low-level fluid waste is its dilution and dispersal into the
environment. Adequate dilution has to be carried out so that the resulting concentration of radioactivity
is too small to pose any hazard. This dilution may be carried out either before the release to the
environment or after release, as a result of natural phenomenon. In some cases, it may be more



advantageous to evaporate the waste (instead of diluting it) and to fix it in a concrete block, which may
then be treated as a high level solid waste and buried in a concrete lined trench.

4. RADIOACTIVE EFFLUENT MONITORING

Strict control is maintained on the quantities of low-level active wastes released with the liquid
and gaseous effluents of the plant to ensure that no public hazard arises on account of the radioactivity
releases. A continuous monitoring is carried out to assess the contents of various kinds, which are being
released with liquid and gaseous effluents. For the KANUPP site, the Directorate of Nuclear Safety and
Radiation Protection (DNSRP) has approved the amounts of radioactivity of various kinds that may be
safely released in an year. The basis for derivation of these limits is as follows:

(a) From gaseous effluents, a hypothetical person staying continuously at the point of maximum
concentration resulting from plant's releases (about 1.5 Km downwind), in average weather,
should not receive a dose in excess of what is permitted for general public.

(b) For liquid effluents, the radioactivity content of the released liquid, at the point of its discharge to the
sea must be less than the maximum permissible concentration of Sr-90 in drinking water. In order
to make the most pessimistic and safe assumption, the entire radioactivity released with liquid
effluent is assumed to be due to Sr-90 which is the most restrictive radionuclide. Also, no
advantage is taken of the further dilution provided by the sea.

The purpose of the effluent monitors is to keep a continuous record of the activity releases and to
raise alarm if the established safe limits are ever exceeded.

4.1. Gaseous effluents

The gaseous effluents are released at the top of a 45m high stack after passing though absolute
filters. The effluents are continuously monitored by a set of different radiation monitors for radio-iodine,
noble gases, radioactive particulates and tritium.

If the released radioactivity in the control room approaches 10% of the permissible limits, alarms
are annunciated in the control room so that, if necessary, additional filtration or hold-up may be
incorporated.

The derived release limits for some of the radionuclides in KANUPP are as follows:

Tritium 8140 TBq per year
Noble gases 8140 TBq per year
1-131 4.2 TBq per year
Particulates (including Sr-90) 1.4 TBq per year

(excluding Sr-90) 141 TBq per year

So far the only radioactivity released from KANUPP has been tritium and the quantity has been
generally less than 4 % of the derived limit.

4.2. Liquid effluents

Two in-line monitors, consisting of well-shielded sodium iodide detectors are utilised for
measuring the beta-gamma radioactivity escaping with the liquid effluent. One of these is monitoring the
drainage which is normally expected to be non-radioactive while the other is the active-drainage monitor.

Liquid effluent from all the active areas of the plant, which could generate radioactive effluent e.g.
decontamination area etc, is collected in 32,000L hold-up tank, AD-TK3. When this tank fills up, its
contents are transferred to one of the two 180,000L dispersal tanks AD-TK1 or AD-TK2. When this tank



is nearly full (in about 2-3 weeks) its contents are analysed in radiation laboratory to determine its
radioactivity content and identify of its radionuclides. The effluent is then pumped out to the sea after
mixing it with the plant cooling water to such an extent that the discharge point radioactivity level of the
effluent is below the permissible set limit. Drainage monitor continuously monitors the discharge.

If the pre-set safe discharge limit is exceeded the monitor blocks the flow of the active effluent and
diverts it into the hold-up tank AD-TK3 where its storage plus further dilution may render it safe for
discharge.

5. NEW REMOVABLE RESIN TANK

Ion-exchange resin columns installed in the primary system, moderator system, bay water system
and vault cooling system carry out the removal of contaminants, the highly radioactive fission and
corrosion products from the systems. As a result, the resin becomes highly contaminated. When spent,
the resin is flushed into storage tanks by remote handling. In the original KANUPP design two tanks of
22,600L capacity each (DU-TK1 and DU-TK2) were provided for long-term storage of the spent resin.
The tanks are buried underground, normally inaccessible and their capacity was originally expected to be
adequate for storage of 30 years of plant's output of spent resin. However, both of these tanks (DU-TK1
and DU-TK2) were completely filled a long time ago.

Various alternatives were considered namely, digging out the old tanks and putting a new one in,
evacuating one of the two tanks to make room for more spent resin, putting in a third tank next to the
first two, etc. It was decided that for further storage of spent resin, a new smaller tank of about 2000L net
capacity, be installed in the vacant space of bay water circulating equipment room. The tank, 2.4m high
and lm diameter, made of stainless steel is fixed on a 1.2m x 1.2m platform, which is fixed on castors.
The tank is shielded with 2.5cm thick lead bricks. The whole tank assembly, when installed is further
enclosed in thick concrete walls. This tank (designated DU-TK3) is sufficient to store the resin generated
during plant's one-year operation. The total weight of the tank assembly, including its trolley, shield and
resin is about 7000 Kg. The shielding provided around the tank (lead and concrete) is adequate to reduce
the dose rate in its immediate vicinity to the permissible level.

This tank, when filled with spent resin, is removed and transported to KANUPP waste disposal
area for long-term storage in a reinforced, concrete-lined trench. A new tank of similar description is
installed in its place for further storage. Three such tanks have already been filled up, transported and
buried in the KANUPP waste disposal area.

6. COMPACTOR

Presently the low-level radioactive combustible solid material is burned in an incinerator and
then the ash is collected and stored in concrete lined underground trenches. It is now proposed to
eliminate the burning and to compact the waste using a heavy-duty compactor and store it in steel drums
directly in the trenches.

7. CONCLUSION

KANUPP has been operating safely since 1971 and continues to manage all the radioactive
wastes being produced in the plant in a safe and effective manner. Up till now no radioactive emission
has exceeded any limit imposed by the national and international standards.
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