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ABSTRACT

The design of containment systems for PHWRs in India has
undergone progressive improvements to enhance their reliability
and effectiveness. The state-of-the-art containment design
incorporates a double containment structure for minimizing
radioactivity release to the environment, a completely passive
vapour suppression system with huge suppression pool for limiting
pressure build-up during postulated LOCA and various engineered
systems for depressurising the containment and cleaning the
containment environment following an accident. The containment
related Engineered Safety Features (ESFs) include Reactor
Building (RB) coolers, Primary Containment Controlled Discharge
(PCCD) system, Primary Containment Filtration and Pump-Back
(PCFPB) system and Secondary Containment Filtered Recirculation
and Purge (SCFRP) system.

Studies indicate that the unique feature of double
containment with huge suppression pool at basement and associated
ESFs not only ensures near zero ground level release during
Design Basis Accident (DBA) conditions, but also provides
adequate assurance for containment integrity even in beyond DBA
scenarios. In this paper, an outline of the containment design
evolution in Indian PHWRs is presented and salient features of
standardised containment design are highlighted. Important
containment related studies are discussed and outstanding safety
issues viz. hydrogen generation and management, containment
venting, containment over pressure capability, etc. are
addressed.
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1.0 INTRODUCTION

The containment being the ultimate barrier between the reactor
system and environment, its existing designs are continuously
being scruitinized and improved to increase their reliability,
effectiveness and to extend their capabilities to manage beyond
design-basis-accident (DBA) situations. India's PHWR programme
started with construction of a 2x220 MWe station at RAPS in late
sixties with Canadian collaboration. Subsequently, five
indigenously designed 220 MWe units (MAPS-1&2, NAPS-1&2 and KAPS-
1) were built, which are now under operation. Five more 220 MWe
units (KAPP-2, Kaiga-1&2 and RAPP-3&4) and two 500 MWe units
(TAPP-3&4) are at various stages of completion and many more are
planned. As also with other safety systems, the design of
containment system for PHWRs in India has undergone progressive
improvement to enhance its reliability and effectiveness.

NAPS type containment design is adopted as the standardised
design and the similar philosophy been/being used for all
subsequent 220 MWe and 500 MWe units. The standardised
containment design for Indian FHWRs (IPHWRs) is rather unique in
the sense that it uses a complete double containment philosophy
with suppression pool conceptni. It also incorporates several
engineered-safety-features (ESFs) for minimising the release of
radioactive materials to the environment under postulated
accident conditions. Various functional requirements of
containment system are identified in Fig. 1. The features
available/used in IPHWR containments to meet each of these
functions are also identified in the same. The evolution of
containment design and associated ESFs from one station to
another is summarized in Table-1. Fig. 2 shows schematically the
various features as used in the standardised design.

In the following sections, evolution of the containment system
design is presented highlighting the salient design features and
experience with containment Proof Tests (PTs) and Leakage Rate
Tests (LRTs). Important containment related studies (e.g.
pressure and temperature transient analysis, activity release
assessment, suppression pool hydrodynamic analysis, 3D hydrogen
dispersion analysis, etc.) are discussed. Various containment
related issues for IPHWRs viz. hydrogen generation and
management, containment venting, containment over pressure
capability, etc. are also addressed.



2.0 CONTAINMENT AND ASSOCIATED ESFsC2,3,4,5]

Various design improvements are described below:

2.1 Containment Envelope:

All IPHWRs use concrete containment buildings with epoxy/vinyl
coating for improving leaktightness and ease of decontamination.
Though the first two units at RAPS constructed in late sixties
use single containment of Reinforcrd Cement Concrete (RCC),
improvements have been incorporated in the form of partial
Secondary Containment (SO in MAPS to full SC in the subsequent
plants at NAPS, KAPP, Kaiga and in 500 MWe design (refer Table-
1). The current standardised designs of IPHWRs incorporate a
passive suppression pool type Primary Containment (PC)
constructed from Prestressed Cement Concrete (PCC), which is
completely enveloped by an RCC constructed SC on a common base
raft. Figs. 3 and 4 show the typical cross sections of standard
220 MWe and 500 MWe Reactor Buildings (RB). The basic purpose of
SC is to reduce the ground level release of radioactivity by way
of holdup and dilution of leakage from PC. Also, the combined
thickness of PC and SC provides adequate sheilding from direct
radiation. PC is designed to withstand the overpressure caused by
the release of hot coolant from the primary heat transport (PHT)
system under DBA condition. The design pressure of SC is decided
based on continuous holdup of leakage from PC (assuming
conservatively high leak rates) during the overpressure period
following DBA. The design pressures and temperatures for various
plants are also indicated in Table-1. The design target leakage
rate for both PC and SC envelopes is typically 0.1% of contained
volume per hour at the respective design pressures.

The concept of double containment is extended to cover the entire
RB (except the base slab) including the penetrations and pipings
open to containment atmosphere such as airlocks, ventilation
ducts and other air handling systems. The annular space between
the PC and SC envelopes is provided with a purging arrangement to
maintain a negative pressure in the interspace. This prevents
ground level release to the environment during accident
conditions involving radioactivity release within the PC.
Automatic isolation of the containment is initiated, by closing
the isolation dampers (multiple in series) on all containment
duct penetrations, in the event of (a) pressure rise, or (b)
activity build-up in the containment, or (c) ECCS actuation (as
sensed by fall in pressure of primary coolant system while still
hot). Provisions have been made for testing the functionality of
all active containment isolation devices and an overall system
reliability of over 99.9% is ensured by periodic testing. With
the above mentioned double containment features, the ground level
radioactivity release in the event of an accident would be
reduced by orders of magnitude as compared to a single
containment.



2.2 Pressure Suppression System

In RAPS, the pressure rise in RB following LOCA/Stearo Line Break
(SLB) is limited by the dousing system consisting of a big (1820
m3) water tank (at high elevation) and spray system, used to
establish a curtain of water in the passage of steam flow on
sensing the break. Since the functioning of dousing system mainly
depends on a number of active components like fast opening
valves, in MAPS and subsequent reactors, it is replaced by a
completely passive suppression pool system (at basement) from
reliability considerations. This has also helped in reducing
loads on structures, particularly during a seismic event. Though
the internal layout of MAPS RB is not significantly different
from that of RAPS, the entire RB has been divided into two
accident based volumes viz. VI (i.e. drywell) and V2 (i.e.
wetwell) separated by leaktight walls and floors. Volume VI
encompasses all enclosures housing high temperature Primary Heat
Transport (PHT) system and (in all units subsequent to KAPP) part
of the secondary system. The rest of the building constitutes
volume V2. The basement floor accommodates the vapour suppression
pool. The only interconnection between VI and V2 is through
suppression pool by means of vent system which consists of vent-
shafts, distribution-headers and (In some cases) downcomer pipes.
The suppression pool system does not perform any function during
normal operation, however, it condenses a fraction of steam
released during LOCA/SLB. In addition, the availability of huge
suppression pool at basement serves as a large heat sink inside
the RB for long term decay heat removal by emergency-core-
cooling- system (ECCS) in recirculation mode. A good amount of
particulate activity, soluble active species and tritium
activity, flushed out from PHT system by discharging fluid, also
gets trapped in the pool water .

2.3 Containment Depressurisatlon:

In order to minimize the integrated out-leakage of radioactivity
from containment to the environment following an accident, it is
desirable to depressurise the containment in as short a time as
possible. Following ESFs have been provided to handle the above
requirement.

2.3.1 Reactor Building Coolers:

The high capacity RB coolers, qualified for functioning under
harsh LOCA/SLB environment, have been engineered to cool down and
thereby depressurise the containment quickly following an
accident. These coolers are supplied from assured process water
and diesel-generator backed (Class-Ill) power supply. Part of
these coolers are normally operating during reactor operation and
the remaining ones come on sensing increase in RB pressure.

2.3.2 Primary Containment Controlled Discharge fPCCD) System;[*3

If ground level releases are found to take place as a result of
degradation of containment barriers, the controlled



depressurisation of the PC could be initiated by resorting to
filtered release through stack using PCCD system. This may also
be used to achieve further depressurisation at low pressures (say
below 0.05 kg/cm*(g)) which may be difficult to achieve by
cooling alone, if the circumstances demand. This system draws air
from V2 space to avoid release of gas loaded with high
concentration of radioactive materials including aerosols, as may
be the case in volume VI. This reduces ground level release but
adds to the release via stack. The system is operated under the
supervision of an advisory group after a minimum delay of 24
hours into the accident only after ascertaining the containment
pressure trend, stability of meteorological conditions and extent
of ground level releases.

NAPS onwards, the availability of double containment envelope
allows the PC to remain at a small overpressure for extended
duration following LOCA, without adding significantly to ground
level release. Thus, the need to go for controlled discharge
through stack can be conveniently delayed. Meanwhile, the primary
containment cleanup system (refer section 2.4.1) would have
substantially reduced the concentration of activity in the
primary containment atmosphere, so that stack release associated
with controlled gas discharge is significantly reduced. The
activity holdup in the containment also allows the natural decay
of short lived radio-nuclides and plate-out of particulate
activities on exposed structural surfaces inside RB.

2. 4 Fission Product Reatoval f ron Containment Atnosphere:

While in RAPS and MAPS, no specific engineered systems are
provided for attending the above requirement, in NAPS and
subsequent reactors, additional means have been incorporated for
post-accident containment atmosphere cleanup on long term basis.
These systems are briefly described below:

2.4.1 Primary Containment Filtration and Pump Back (PCFPB)
Svatem:

This system has been provided to clean up the PC atmosphere by
removing particulate and iodine isotopes in various forms so that
the long term activity release following an accident involving
substantial release of fission products into the containment can
be controlled to a very low value. The system is designed to
function under LOCA environment and powered by class III electric
supply. Typical iodine removal half-life of about 3.5 hours would
be effected by this system. Operation of the system is under
administrative control after a delay of at least 4 hours into the
accident.

This system draws air from volume VI and the filtered air is
discharged into volume V2. It also serves to promote mixing of
hydrogen between VI and V2 following an accident involving
release of hydrogen.



2.4.2 Sftoondarv Contai nment F1 1 t.ftred Recirculation and Purge
(SCFRP) System:

SCFRP system provides multi-pass filtration by recirculation (via
redundant HEPA and Iodine filters) within the SC space. It also
maintains small negative pressure within the SC space by purging
to stack after refiltration, which brings the net ground level
release of activity down to virtually zero. The system consists
of (class-Ill powered) fans and filter banks. It starts
automatically after an accident.

3.0 CONTAINMENT PROOF TEST AND LEAKAGE RATE TESTED

In order to ensure the effective performance of the containment
and its associated ESFs, these are required to be tested before
first criticality and thereafter periodically during the service.
The pre-operational tests on the containment structure include
PTs at 115% of design pressure. Besides the demonstration of
structural integrity, the load-deformation characteristics are
evaluated during the PT. For a prototype containment, strains at
various locations are also monitored in addition to deflections.

LRT on containment structure is mandatory prior to reactor
criticality and thereafter at an interval not exceeding two
years. LRTs include tests carried out on individual penetrations,
closure devices, access airlocks, various joints, etc. before
commencement of Integrated LRT (ILRT). The pre-operational ILRT
is carried out at design pressure (to ensure that leak rate is
within the permissible limits) at periodic test pressure (i.e.
i/srd of design pressure) and at some intermediate pressure
points to assess the leakage characteristics. Test of passive
pressure suppression system involves ascertaining the extent of
bypass between VI and V2. Also, the active isolation devices
connecting these two volumes are tested for fast isolation. LRTs
on SC barrier are conducted in a manner quite similar to those
for PC. However, the test pressures so far have been decided
based on feasibility, measurability, etc., rather than the
pressures resulting from postulated accidents.

Based on the experience gained from the testing of containments
at RAPS, MAPS and subsequent units, provisions have been made for
individual testing of the penetrations & in-line leak paths and
drastic reduction in leakages through the penetrations was
observed. Leakage rate measurement and leak detection techniques
were also improved. It has been observed that in case of RCC
containments (RAPS 1&2), there has been a deterioration in
leakage integrity with time mainly due to deterioration of the
concrete joints. This has necessitated periodic repair of the
concrete joints using epoxy grouting. In case of containments
constructed from PCC (MAPS onwards) no deterioration in the
concrete has been observed. On the other hand, consecutive repair
works during plant shutdowns have progressively brought down
overall leakages closer to the design target. Leakages through
concrete containments have been varied in nature. Of these, the



leakages through the concrete itself are more difficult to arrest
and they need to be tackled by appropriate quality assurance
during construction. The standardised double containment design
can accommodate performance degradation to . quite an extent
without significantly affecting the post accident dose to public.

4.0 CONTAINMENT STUDIES

In the approach adopted for IPHWRs, the identification of design
basis events for the design of various safety systems is based on
definitions of 'single ' and 'dual' failures. The single failures
relevant to containment design are the single process system
failures (i.e., LOCA/SLB) resulting in substantial loading on
containment structure and/or release of radioactivity from core.
In view of radiological consequences to public, the dual failures
(though quite unlikely) are the limiting DBAs and involve
simultaneous failure of a process system along with a safety
system meant to mitigate the effect of that particular process
system failure. Following sections describe some of the important
design analysis studies carried out for IPHWR containments.

4.1 Containment Pressure and Temperature Transient Analysis:

The design of containment system and its internal structures
requires evaluation of LOCA and SLB induced pressure and
temperature transients in the containmentt8>s,10]. in the case of
postulated LOCA, the double ended rupture of largest diameter
pipe in PHT system (reactor inlet header for 220 MWe PHWRs and
pump suction line for 500 MWe PHWRs) has been considered.
Similarly, in case of SLB, double ended rupture of one steam line
is considered. The above postulations result in the maximum
conceivable discharge rates from primary and secondary systems.
In a pressure suppression pool type containment, following a
rupture in primary/secondary heat transport system, the high
enthalpy coolant discharges into volume VI. The resulting
pressure rise drives the air-steam mixture into the suppression
pool via the vent-shaft and distribution-header system. The steam
condenses in the pool water and the air gets vented to volume V2
compartments. A leakage path (an order of magnitude higher than
design specifications) between volumes VI and V2 bypassing the
suppression pool is assumed for conservatism.

This analysis has been carried out using the computer code PACSR
(Post Accident Containment System Response). The code models the
containment as two (or more) well mixed volumes representing the
VI and V2 with connection via the vent system through suppression
pool. Models for various ESFs for post accident containment
depressurisation such as RB coolers, PCCD, spray system, etc. are
incorporated in this code. Also modeled are the structural
walls/floors which serve as natural heat sinks. Figs. 5 and 6
show the typical pressure and temperature transients simulated
for 500 MWe containment following LOCA. The code has been
validatedt*!J against experiments performed in a model
containment facility.



4.2 Activity Release Assessment:

Activity release to atmosphere can take place when there is a
release of radioactivity from failed fuel to containment
atmosphere while the latter is pressurised following a LOCA.
Following are the upper bound dual failures analyzed:

4.2.1 LQCA Simultaneous With Impai rment. of ECCS:

A hypothetical dual failure involving LOCA simultaneous with
impairment of ECCS results in the release of a large fraction of
fission product inventory from core due to gross fuel failure. To
demonstrate the capability of the containment system for
controlling the release of radioactivity to the environment,
estimates are made for likely releases at the ground level as
well as through the stack. In the analysis, the 'source term'
(i.e. the amount of radioactivity released from fuel as a result
of DBA) is given as input. This inventory is conservatively
assumed to be getting released instantaneously from fuel at the
time of accident and mixed uniformly with the containment
atmosphere. Credit is taken for water trapping and plate out of
iodine on the exposed containment surfaces and in the leak paths
as also for the removal by ESFs involving recirculation and
filtration. Plate out, effect of ESFs, etc. are defined through
appropriate removal half lives. The model for release calculation
is shown in Fig. 7. Out-leakage of activity from containment is
estimated based on (a) the calculated pressure history following
accident; (b) the containment leakage rate (with conservative
margin) at reference pressure and (c) the leakage rate vs
pressure correlation applicable to the containment envelope.

Main contribution to activity release through stack is due to
manual operation of PCCD towards the end of the overpressure
transient. A small fraction of stack release is also due to purge
flow from SC space. The above releases take place through Iodine
filters for which an efficiency of 90% is assumed in the
analysis.

4.2.2 LOCA Simultaneous With Impairment pf Containment:

The postulation of dual failure involving LOCA with impairment of
containment function (i.e., failure of containment isolation) is
treated as one of the limiting accident scenario. Under this
event, intended functioning of the highly reliable (99.9%) ECCS
will ensure that there will be no gross fuel failure and fuel
damage will be limited to clad failure for some hot fuel
elements. However, for the purpose of activity release assess-
ment, it is conservatively assumed that all the channels connec-
ted to affected header will experience low flow leading to sheath
failure in active fuel bundles. Activity release to containment
will be limited to the activity present in PHT coolant and gap
inventory of failed fuel bundles, out of which, a significant
fraction of particulate activity and soluble radio-nuclides will
remain trapped in PHT coolant and suppression pool water.



Analysis (assuming conservative partition and plate-out factors
for Iodine-131 and other particulate activities) indicates that
the failure of isolation dampers in ventilation inlet duct
results in larger ground level release than failure in other
isolation devices. Even during this event, the fractional
release from the containment (at ground level) will be around 0.5
and the radiological consequences will be well within the
permissible limits for DBA.

4.3 Suppression Pool Hydrodynanic Analysis:

For the structural design of the containment system, apart from
the loads due to pressure -temperature transient in the
containment during LOCA/SLB, there are additional loads arising
from the dynamic effects of the steam-air mixture from volume VI
being rapidly forced into the suppression pool, which must be
considered. These include (a) Loads on pool submerged structures
during vent clearing; (b) Jet reaction loads on distribution
header/downcomer during vent clearing; (c) Pool swell loads on
structures due to lifting of pool water by the incoming air and
(d) Chugging loads arising from unsteady condensation of steam in
the suppression pool.

The factors governing the above hydrodynamic loads are volume VI
pressurisation transient, steam-air ratio and rate of flow
through the vent system, size and geometry of the vent system,
submergence and orientation of downcomers/vent openings, geometry
of the pool and mass of contained water, clearance between the
pool level and the structure above, etc. Various loads have been
estimated!12] based on rigorous thermal-hydraulic model
consisting of conservation of (air-steam) mixture mass, momentum,
thermal energy and mass of air along with physical system model
consisting of vent-shaft, distribution header, downcomer, pool
water and V2 air space.

Owing to the large size of volume VI in IPHWRs, the suppression
pool hydrodynamic loads are generally of much lower magnitude as
compared with those for typical BWR containment. Because of
slower pressurisation history of VI, the maximum vent clearing
velocity is much smaller (about 6 m/sec compared with about 20
m/sec for typical Hark II containment). For the same reason, the
pool swell is of smaller magnitude. Furthermore, since the fluid
passing through the suppression pool during a LOCA/SLB blowdown
event will carry a large fraction (above 38%) of non condensable
(air) throughout the transient, steam chugging and associated
loads are not expected to occur in these containments. The
chugging phenomenont13] occurs only if the air fraction is less
than 1%.

4.4 Hydrogen Migration Studies:

Owing to large containment volumes, the (short term) global
concentration of hydrogen following the DBA (i.e. large LOCA with
ECCS unavailable : refer section 5.1 for details) is expected to



be much lower compared to deflagaration/detonation threshold and
the basic problem is one of local hydrogen pockets.
Identification of potential pockets where hydrogen concentration
may exceed and its management are the unresolved issues. In order
to assess the above problem, NPC has taken-up development of a 3D
finite-difference computer code for analysing the details of
hydrogen transport throughout the containment and to evaluate the
effectiveness of hydrogen management systems. This computer model
considers history of steam and hydrogen releases, effect of
suppression pool, sub-compartroentalization, inter-compartment
communication, availability of cooling and mixing devices, heat
transfer to/from structures, condensation and evaporation, etc.
and uses finite-difference fluid dynamic model for solving three-
dimensional time-dependent Navier-stokes equations with species
mass conservation and transport. Nitrogen, Oxygen, Steam and
Hydrogen are treated as separate species. The effect of molecular
diffusion and turbulence are also taken into account.

4.5 Structural Analysis:

The loads for which the containment structures are designed
include normal and construction loads, abnormal loads and extreme
environmental loads. Abnormal loads include pressure and
temperature loads resulting from the DBA, loads due to expansion
of pipes at increased temperature, reaction loads due to fluid
discharge, hydrodynamic loads in the suppression pool chamber,
loads due to potential pipe whip, etc. Extreme environmental
conditions include winds, tornado, floods and earthquakes.

The seismic loads considered for RAPS and HAPS containments were
0.05 g and 0.1 g equivalent static respectively. In case of NAPS
(i.e. standard design), however, the design is based on a dynamic
analysis for the Safe Shutdown Earthquake (SSE) with peak
horizontal ground acceleration of 0.3 g. Combinations of LOCA
and SSE occurring simultaneously have been considered in MAPS and
subsequent designs.

b . 0 OUTSTANDING ISSUES AND DESIGN TRENDS

The occurrences of accidents at TMI during 1979 and at Chernobyl
in 1986 have focused the attention on the response of the
containment under severe accident situations which may load the
containment to beyond its design capability. The TMI accident
resulted in severe core damage and brought forth the issue of
hydrogen, although the containment performed its intended
function, with negligible effect to the environment. The
Chernobyl accident on the other hand resulted in extensive
radiological releases. In the Chernobyl design, unlike the
normal practice of providing a containment for the entire reactor
system, a segmental containment approach was followed to cover
the localized events. Even if the design were different with
full containment, the explosive nature of the accident might have
resulted in failure of its containment.



Some of the containment related issues for IPHWRs associated with
severe accidents and the design approach are outlined in the
following sections.

5.1 Hydrogen Generation and Management:

The hydrogen production transients of stylised dual failure
scenarios involving rapid loss of primary coolant (large LOCA)
and nonavailability of ECCS are far more severe than those
associated with other LOCAs and, therefore bound the hydrogen
production for all accident scenarios. Under such an event, the
over-heating of fuel cladding could lead to a rapid generation of
hydrogen due to oxidation of the clad material (i.e. zircaloy).
Subsequently, radiolysis of water due to radiations from fission
product decay gradually adds hydrogen in the atmosphere of the
sealed containment. Beyond certain concentration limits, this
hydrogen could form flammable, or even explosive mixture with the
containment air, leading to high pressure loads on the
containment, which could jeopardize its integrity. Apart from
ensuring that the global concentration in the containment does
not exceed safe limits, the possibility of high hydrogen
concentration build-up in certain local pockets is also to be
considered.

The pressure-tube concept used in PHWRs allows the separate low-
pressure heavy-water moderator in calandria vessel to act as a
distributed low-pressure emergency heat sink surrounding each
fuel channel. Reactor core consists of several hundred pressure
(or coolant) tubes (each containing 12 to 13 short fuel bundles
and enclosed by a calandria tube) located horizontally in
calandria shell filled with moderator. In case of a DBA (large
LOCA with ECCS unavailable), the core damage effects are
significantly less severe than PHRs and BWRs. As the coolant
channel balloons/sags and contacts calandria tube, an effective
heat transfer path from fuel to moderator gets established which
prevents the fuel melting. Heat from moderator system is removed
by its cooling system consisting of pumps and heat exchangers
supplied with assured power and process water supplies.

Studies done for NAPS indicate that for limiting DBA, the total
clad oxidation is less than 30% and overall oxidation of
zirconium in fuel bundles (i.e., clad, end caps & end plates)
remains limited to 20%. Overall oxidation of coolant tube remains
limited to 0.031% because of low temperature (below 850 deg.C)
and much smaller surface area to volume ratio compared to
cladding. As a short term measure, if the released hydrogen is
dispersed in containment atmosphere (by redundant fan cooler
units), it will result in a concentration less than the lower
flammability limit of 4%. However, additional generation of
hydrogen due to radiolysis of water may gradually build up the
concentration over a period of days. Fig. 8 shows the hydrogen
concentration in NAPP containment for the accident postulated
above. While the short term hydrogen management features are
automatic, in the long term (i.e. few hours into the accident),
operator action may be necessary for management of hydrogen from



the radiolytic decomposition of water. Introduction of a gas
scavenging system with venting through the PCCD duct could be
considered for this purpose. Other alternatives like use of
catalytic recorobiners are also being considered for effective
hydrogen management.

5.2 Containment Venting:

Lately, containment venting systems are being
incorporated/backfitted to protect the containment from over-
pressurization resulting from the severe accidents. Such
accident sequences include core melt scenarios for PWRs and BWRs,
suppression pool bypass scenarios, etc. Whereas the consequences
of a core melt in a large containment as in the case of a PWR
would result in slow pressurization due to generation of steam
and other gasses along with addition of energy in the containment
atmosphere, the pressurisation of the containment due to a
suppression pool bypass is a rapid one necessitating different
philosophies for protection of the containment.

The capability of standardised designs of IPHWRs to handle severe
accident is discussed in section 5.4. As far as the suppression
pool bypass scenario is concerned, it may be noted that Indian
PHWR containment typically has a large free volume compared to
the rating of the reactor and the suppression pool system is
completely passive. It is estimated that only about 15 to 25% of
the energy released immediately following a LOCA, gets absorbed
in the suppression pool. The potential bypass paths between VI
and V2 volumes are provided with double doors/barriers in series,
with alarm annunciation if the path is open. Studies were
carried out to evaluate the effect of impairment of
ieaktightness integrity of VI and V2 on the containment peak
pressure following LOCA. The results indicate that for this type
of containment, bypassing of suppression pool upto a relatively
large size of equivalent opening (between VI and V2) would not
significantly increase the peak accident pressure . Therefore,
the need for containment venting system, in the context being
talked about today, does not appear to exist for IPHWRs.
However, as described earlier (in section 2.3.2) a controlled gas
discharge system incorporating absolute (HEPA) and iodine filters
for depressurisation of primary containment already exists in all
units.

5.3 Containment Overpressure Capability:

Capability of the containment to withstand the loads arising from
beyond DBA scenarios, has been in focus for some time. Most of
the work done in this area indicates that good margins are
available for concrete containments particularly of RCC
construction. In India, assessments were made during the mid-
seventiesti4] to gain knowledge on the containment behaviour
under overpressure conditions through model studies. Tests were
carried out on */i2th scale model of MAPS containment after
simulating the structures for dead loads, large penetrations and
plastic liner. Though the first cracking was analytically



predicted to occur in the dome at 1.83 kg/cm2(g), the test
indicated appearance of first crack at 1.76 kg/cm2(g). Once the
cracks appeared and widened, further pressurisation of the model
was not possible even with additional compressors. An
interesting observation was that during the pressure run-down
after the air supply was cut, the cracks showed the tendency of
closing. However, on subsequent pressurisation, the cracks
opened up at somewhat lower pressure.

Studies to evaluate the containment margins for the new
generation containments of standardised plant design are in
progress.

5.4 Containment Integrity During Severe Accident:£* 5•i*J

Severe accident occur under rare combination of equipment and
system failure resulting in impairment of fuel heat removal
function. While in most other reactor designs, LOCA with
unavailability of ECCS leads to core melt, in the standardised
design of IPHWRs, the core melt scenario is a low probability
event owing to the presence of several alternate heat sinks for
decay heat removal from the fuel which can prevent or mitigate a
severe accident. IPHWRs have been provided with two highly-
reliable (99.9%), fully-independent, fast and diverse acting
shutdown systems, either of which can (by itself) safely
terminate the chain reaction following any reactivity insertion
accident including LOCA. All the reactivity devices (control
rods, shut-off rods, etc.) penetrate the calandria shell in low
pressure moderator and are not subjected to any significant
hydraulic forces from a LOCA. Therefore, anticipated transient
without scram (being an extremely unlikely event) is not of
concern for IPHWRs.

During a severe accident, the presence of moderator in calandria
vessel plays the most dominating role in preventing the core
melt. The calandria itself is submerged under a separately cooled
water shield in steel-lined calandria vault. With cold D2O
moderator serving as a backup heat sink even if there is no water
in the fuel channels, though fuel may get severely damaged, the
fuel temperatures do not reach the melting point of DO2 and the
channel would remain intact and contain the debris. In case the
moderator cooling system is also unavailable, the moderator would
heatup, start boiling and eventually be expelled from the
calandria through pressure relief duct. As fuel channels are
uncovered by moderator expulsion, they sag and fail at relatively
low temperatures and dump the fuel fragments to the bottom of the
calandria, where they are quenched by the remaining moderator.
Eventually, all moderator is lost from the calandria and the core
debris begins to heatup. Due to use of natural uranium oxide fuel
with large D2O moderator to fuel ratio, the second criticality is
not an issue for IPHWRs. The study indicates that the hot/molten
core debris would be contained in the calandria vessel which
maintains its integrity throughout the accident sequence. Even
the non-availability of shield water cooling system will
significantly delay the progression of severe core damage



sequence, as its entire inventory must boil off before calandria
vessel breaches and core debris melts through thick calandria
vault floor to the huge suppression pool in the basement. The
molten core debris, which is considerably diluted with
decomposition products due to core-concrete interaction, would
get cooled and contained in the suppression pool water thus
terminating the severe accident sequence.

The formation of steam during boil off enhances passive heat
removal on structural surfaces, promotes rapid aerosol settling
due to condensation on air borne particles and impedes the
possibility of hydrogen deflagaration. While the prestressed
concrete primary containment structure, even when pressurised
beyond design pressure, is unlikely to fail in a catastrophic way
and hence would largely retain the fission products, the
secondary containment would effectively stop ground level release
to atmosphere.

6.0 CONCLUSIONS

The containment system is an important safety system and it plays
a decisive role in mitigating the consequences of unlikely
accidents involving release of radioactivity from the core. Its
provision is part of the defense-in-depth philosophy adopted in
nuclear power industry. Containment system designs are
continuously being reviewed and improved to extend their
capability to handle even the beyond DBA scenarios.

The containment design for standardised IPHWRs is evolved
keeping with the latest trends and incorporates several
noteworthy features. The adoption of double containment concept
along with the provision of huge suppression pool at the basement
and other ESFs not only practically eliminate ground level
release to the environment during DBA, but also provides adequate
assurance for containment integrity even in beyond DBA scenarios.
The PC is of pre-stressed concrete which is known to have a
forgiving behaviour even if it were to fail. The design can
accommodate performance degradation of PC to quite an extent
without significantly affecting the post accident dose to public.
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