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ABSTRACT

The basic concern from regulatory perspective in the operation of
Indian PHWRs is for radiation exposure to the occupational workers and to
the members of public during normal operation as well as abnormal
cond - t o; �I'he radiation exposure to the o�up:! n I workers is the
result of radiation conditions in the plant and the practices followed for
operation and maintenance. Both technical and administrative actions are
responsible in controlling the radiation exposures. As far as exposure to
the members of public is concerned, integrity of heat transport and
moderator systems, performance of the ventilation system and integrity of.
fuel cladding are important elements during normal operation and some of
the anticipated operational occurrences. Containment systems play an
important rle in controlling the impact in public domain during accident
conditions. Elaborate emergency preparedness plans ready in advance
perfected and optimised through drills and exercises give an assurance that
should a mishap our requiring eergency action in the public domain,
adequate and necessary ations to reduce the radiological consequences will
be taken. In this context, four areas of interest are : Radiation
Exposure of Occupational Workers, Fuel Performance, Containment Systems and
Emergency Preparedness in Public Domain.
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1. INTRODUCTION

The basic concern from regulatory perspective in the operation of
Indian PHWRs is for radiation exposure to the occupational workers and to
the members of public during normal operation as well as abnormal
conditions. The radiation exposure to the occupational workers is the
result of radiation conditions in the plant and the practices followed for
operation and maintenance. Both technical and administrative actions are
responsible in controlling the radiation exposures. As far as exposure to
the embers of public is concerned, integrity of heat transport and
moderator system, performance of the ventilation system and integrity of
fuel cladding are iportant elements during normal operation and some of
the anticipated operational occurrences. Containment systems play an
important role in controlling the ipact in public domain during accident
conditions. Elaborate emergency preparedness plans ready in advance
perfected and optimised through drills and exercises give an assurance that
should a mishap occur requiring emergency action in the public domain,
adequate and necessary actions to reduce the radiological consequences will
be taken. In this context, four areas of interest are as follows

i) Radiation Exposure of occupational Workers
ii) uel Performance

iii) Containment Systems
iv) Emergency Preparedness in Public Domain

These are discussed here in some detail.

2. RADIATION EXPOSURE OF OCCUPATIONAL WORKERS

Collective radiation exposures to occupational workers at Madras.
Atoruc Power Station (MAPS) and Rajasthan Atomic Power Station (RAPS) are
sum)arised in Figure 1. Occupational workers consist of plant eloyees,



transit work force and contractor's personnel. Tritium contribution to
the whole body exposure was around 12% for MAPS, wereas for RAPS, it was

40% in 1989 and 1990. Also the collective radiation exposure at RAPS was
higher as compared to MAPS. Tritium exposure contribution to totai'man-rem
both as fraction of total exposure as well as absolute terms is causing
concern. Stations are being insisted to improve upon thiough achieving
better integrity of heavy water systems and use ofappropriate protective
equipment. In parallel, development work is being undertaken for tritium
removal system. Another common reason for these radiation exposures is
fuel performance. There have been larger fuel failures since 1985-86 as
compared to earlier operation at RAPS. The analysis of contamination on
the internal parts of the PHT system indicated predominant presence of Zr-
Nb-95. In addition, spread of A41 is seen in the accessib 'le areas of
RAPS. This is mainly dte to unsatisfactory integrity of the boiler room
area which results in ingress of A41 into the accessible area. Also,
vault drier system integrity, which gets affected due to the "presence of
oxides of nitrogen, needs to be attended often. An area of high man-rem
consumption has been the work on pressure tubes for creep measurement and
adjustment. The zig-saw panels are required to be opened for doing this
job, hich take time and consume high man-rem. Technique of creep
measurement with the help of fuelling machines has resulted in saving
considerable man-rem. Concerted efforts have been made in the past to
improve fuel integrity. Better schemes for detecting failed fuel and its
removal from core as soon as possible depending on the location and burn up
have _been implemented. The Atomic Energy Regulatory Board (AERB)
appointed a Committee to investigate the reasons for high man-rem for RAPS
and MAPS and to suggest technical and administrative measures to reduce the
same. The objective was to reduce the exposures progressively and operate
these reactors within abudget of 500 man-rem. RAPS and MAPS have started
implementing some of these reconTnendations. These have been found to be
effective 4nd the radiation exposures are reducing at both RAPS and MAPS.
MAPS recorded collective dose of 700 nan-rem in 1990. This indicates that
both RAPS and MAPS could be operated in less than 500 man-rem exposure with
concerted efforts, irovement of work practices and innovative practices.

The information on the recent Reconmndation of International
Commission on Radiological Protection (ICRP-90) has become available now.
Studies on the fraction of occupational workers receiving more than 2 rem,
per year whole body exposures have been undertaken. The maximum umulative
individual exposure till 1990 was about 50 rems. RAPS and MAPS Units has
seen 2 and 13 years of reactor operation respectively so far. Thc!se
indicate that about 1.5-to 2 occupational workers received more than 2 rem
exposure in 1990. It is felt that administrative measures alone would make
it p.Ible to ensure less than 2 rem per year exposure. Where the
individuals whose exposures are found to be more than 2 rem, redeployment
could be one of the actions resorted to deal with such cases.

3. FUEL PERFORMANCE

Performance of fuel in the core for clad integrity has been of concern
for a few years. This was recognised by higher than normal I-131
concentration in PHT system, short-lived airborne activity in some areas of
the reactor building, release of fission product noble gas from stack and
increasing trend in the radiation fields on boiler cabinets, end fittings
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and feeder cabinets. During this period while the Technical Specification
limit of 100 uCi/1 for I131 was not reached, howeverthe count rate of
Del ed Neutron Monitoring System had been showing increasing trend. The
c�uy sample of the PHT system, showed about 1% activity from Co-60. The
crud levels in the system are generally very low. This indicated that
chemistry control of the system was good.

AERB started an investigation into this problem. As a preliminary
step the DN ratio was reduced to 12 from 14 to declare a channel as
containing failed fuel and the same was required to be refuelled as soon as
possible. Increased background count rate results in lower statistical
spread. Hence, the lower ratio also gives satisfactory indication. This
action alone resulted in reducing concentration o 1.31 in the PHT system.
Post irradiation examination of suspected failed bundles is being insisted
upon. This will consist of dry/wet sipping and under-water visual
examination at the power station sites and selective examination in hot
cells. An evaluation of the manufacturing process was undertaken to
improve the quality of fuel. On-site hot Helium leak test is conducted
for all the bundles used for refuelling. Refuelling strategy has been
adopted to reduce power-peaking in the neighbouring channels.

The other technique eployed to recognise the integrity of fuel clad
is to measure I133/I-131 ratio. The PHT system water samples are
regularly analysed for this ratio. Results of this study for a sample
period are given in Figure 2 and 3 for MAPS and RAPS respectively. It is
seen from these figures that removal of failed fuel increases the ratio and
its appearance decreases it. This is presently being used for failed fuel
detection along with DN ratio as stated above. In parallel, progress is
being ade to introduce Can-lub fuel.

The prompt recognition and subsequeril removal of failed fuel i having
�j,,_)od effect on the radiation fields on PHT system and equipment. The
radiation fields have generally reduced by a factor of 34 on boiler
cabinets, feeders and end fittings.

4. OTAINMENT SYSTEMS

The containment systems in PHWRs have evolved from single containment
building with dousing to limit peak pressure during accidents and coolers
to reduce the pressure subsequently as at RAPS. The slight overpressure
during post OCA phase towards the end is released through a combined Hepa
and charcoal filter in a controlled manner. The MAPS containment consists
of a partial double containment with a suppression pol for initial energy
absorption, other features being similar to RAPS. The reactor buildin is
fully pre-stressed concrete. The current design of 235 MWe unit upto
Kakrapara has full double containment, primary containhient made of
pre-sti-c-,; concrete and secondary made of reinforced concrete. Future
reactors of 235 Me and 500 MWe will have full double cntainment, dome in
dome as shown in Figure 4 The suppression pool and other energy removal
features are retained. In addition, Narora onwards the primary containment
has a Filter Pump Back System consisting of Hepa and charcoal filters in
addition to a purge system through Hepa and charcoal filters as shown in
Figure 5. Presently, discussions are taking place on design leak rate for
primary as well as secondary containments. The calculations indicate that
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upto Design Basis Acident (DBA), leak rate of 0.3�1,, V/V per hour and 09%
V/V per hour for primary and secondary containments could be acceptable.
The primary containment filter pump back system could also be used for
hydrogen anagement, if required.

AERB has focused its attention on standardization of leak rate test
procedure. Integrated leak rate test for primary and secondary containment
or to treat secondary containment as a confinement feature is also being
discussed. The availability of primary containment filter pump back syst,,;j
beyond DBA, due to aerosol loading, is also being activply evaluated, as
this feature is to be used for post accident hydrogen management. Amongst
other aspects which are actively under consideration are on-line gross loss
containment integrity, automatic data acquisition, passive isolation
dampers and analysis capability during leak rate testing etc. Containment
being the last barrier between the plant and public during accident
conditions, it deserves utmost attention.

5. EMERGENCY PREPAREDNESS IN PUBLIC DOMAIN

Emergency preparedness n the, j-'.dic - �iin to deal with large scale
uncontrolled release of radio-active material to the environment has been
receiving added emphasis following the Three Mile Island and Cernobyl
accidents. It has attracted attention in the highest quarters and
organisations have been set up at National, State, Headquarters and Plant
levels (Figure 5). Div�rgejic-y preparedness plans are very detailed ix�
specifying equipment, facilities, manpower etc. for taking emergency
measures in the public domain as required from radiological considerations
and for protection of the public. The areas of responsibilities,
func-L.-'Lons, channel�; of communications, identification of parameters for
measurement, levels for taking countermeasures, line of authority etc. have
been identified. Since these plans i7olve multiple organisations and
demand mobilisation of resources only during low possibility high
consequence events, drills on limited scale where activity of menibers of
public are not disturbed are conducted on a periodic basis. Feedback by a
team of independent observers including those from AERB, serves to
strengthen the weak links in these plans.

6. CONCLUDING REMARKS 

Each of the area discussed above deserves much more detailed
discussion. An attempt, however, has been made here to focus only on some
of the salient aspects. This is an account of limited expertise on my part
and the time available to me for the preparation of this paper. The views
expressed in this paper are my Fcrsonal.
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Figure 2 MAPS-2 (Ratio 1133/1-131)
(1.9.89 TO 19.12.89)
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Figure 3 RAPS-2 (Ratio 1133/1-131)
(15.1.90 TO 30.4.90)

7

F 13M4
4 - F-7 LA M-43

3 -

2 -

SID
0

0 20 40 60 so 100

DAYS



E L. 15 0.5 5
EL. 14 75 0

G.
S30

EL. 136.00

iT
S34 TOR

S3 PUMP.
S32S23C E L. 11 5. 50

P PK

T T s 3 s
s 31

FIM AIRLOCK EL. 105.50
E L. 1 45 0

C= S35 S35 -
EL. 100.00

la
Mm4ls IC

EL 9.00 i FT-T--n I
E�. 9 40

EL. 85.00

EL. 79.50

4: Containment Concept Dome-in-Dome
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