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General approaches to minimize the risk in
the Nuclear Power Plants:

Design

Manufacturing

Operation

Licensing stage

A Case Study on 500 MWe Prototype Fast
Breeder Reactor (PFBR)

Approach for Enhancing Safety of Future
Sodium Cooled Fast Reactors



Establishing Robust Design Bases

ASafety Criteria

AFunctionality of each safety related
structures, systems, components and equipment
(SSCE)

ASafety Classifications

AChoice of materials

ASeismic Design Requirements
AApplicable Design Criteria
AComputer Codes and Validations
AQualification Methodologies for SSCE



Desi gn Approac

AlIn case new materials are unavoidable, the relevant and
sufficient data base should be generated with the strong
scientific and technological basis, complying the
construction code requirements

ADesign criteria should address all the possible failure
modes and incorporate adequate factors of safety at
various levels to comply the reliability requirements

ADesign should follow 6desig
design by Othumb rul ed. Suc
out employing thoroughly validated tools

n
h

AOverall performance and availability of factors of safety
should be demonstrated by testing under simulated or
actual environmental conditions

ADesign should be reviewed involving high level experts



Manufacturing Aspects

AMatured construction codes, standards and
methodologies should be employed

ASpecification of manufacturing tolerances based on
rational basis of functional requirements, structural
Integrity considerations and should take into account
relevant experiences and industrial capability

AFor those items, which the industry is attempting first
time, appropriate and novel mockup trials are essential

AAssembly sequences should be well understood and
efficient handling schemes are to be designed and
validated

Alt is essential that the components should be
manufactured practically with insignificant repairs



Construction Strategies

AFor the successful erection and subsequent integration
of components, complete picture of construction
sequences should be made available and they should
be discussed involving all concerned

ATo ensure the quality assurance, applicable acceptance
criteria and advanced pre-service technigues should be
adopted

AApplication of modern computer software would
certainly solve many of the assembly and construction
problems

ATransportation schemes should be designed and
developed in an innovative or novel ways to achieve
economy without affecting safety



Operation Aspects

APlant should be commissioned systematically from
component level to integrated plant performance

ACommissioning of instrumentation and control systems
IS an essential ingredient

ASubsequent operation should be carried out by well
trained operators. Operators training should address
with adequate depth on the accident management
Issues, referable employing real time computer system.

AThe plant should have robust mechanism for the
technical services, to I nvol
and documentation consolidating and synthesizing the
Incidents and events systematically.

ADue consideration should be given for the international
review processes



Licensing Issues

Aln all stages of
design, manufacturing, erection, commissioning
and operation, safety clearance should be
obtained by providing satisfactory analysis
results and outcome of thorough multi-level
reviews by relevant experts

Aln the review process, the results of investigation
of operating experiences and feedback that has
been taken into account in the relevant areas
should be brought out clearly



Safety Criteria

Categ_o_ry of Event Plant criteria Safety criteria
conditions frequency
1- Normal > 1 lyear High availability No radiological release
Able to return to power at : :
: 5 Radiological release lower
2- Incidental | > 10 /year short term after .
e than the limit
rectification
Able to restart after : :
. 4 . : . Radiological release lower
3-Accidental | > 10 /year inspection, repair, .
e than the limit
requalification
4- To maintain core coolability,
Hypothetical | > 10° /year | Plant restart not required limited change of core
Accident geometry
Design Releases lower than the
Extentsion | > 107 /year | (loss of plant investment) targets (no need off-site
Condition provisions)
Residual | 107 year (No Acliff ed

Risk




A Case Study on

a Typical Pool type SFR




FEATURES OF FAST BREEDER REACTORS

@ Effectively utilizes the natural uranium (nearly 80 %)

With a large number of thermal reactors operating and planned
worldwide, the limited available natural uranium would be consumed very
fast. On the other hand, with FBRs, energy supply can be ensured over a

@ FBR is important from waste management and environmental
considerations.

@ Burns actinides and long lived
radioactive fission products. Generation
of precious metals such as Cs, Pd etc
which have many important societal
applications and can be extracted from
Its waste (wealth from waste).

10000 100000 1000000

Current trends in oil prices and available uranium resources bring FBR with
closed fuel cycle to focus




Prototype Fast Breeder Reactor (PFBR)
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PFBR under construction at Kalpakkam India and

will be commissioned in 2012



Functions, Materials & Safety Classification
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Faillure modes considered for the Design
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Seismic Design Requirements

I The reactivity insertion becauseof core compaction due to
horizontal displacementsand relative vertical displacements
betweenthe absorber rod and fuel subassembly,should be
lessthan 0.5 $.

1 It should be possibleto insert control rods during design
basisearthquake

I The drop time of absorberrods should belessthan 1s

I Primary pumps should not seize

I Sodium ejectionto the reactor containment building through
the top shield penetrations is to be prevented

I The stressesat the components should be less than the
allowable valuesas per the RCC-MR to ensurethat there is
no risk of buckling and lossof structural integrity .




Generation of Time Histories for Component Analysis
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Codes and Standards for PFBR

A RCC-MR (2002) is chosen code for the design. For issues not
covered in RCC-MR, ASME or other international code rules were
adopted

A For the issues not addressed in any of the codes, e.g. Rules for
iIrradiated core components, thermal striping, CDA loadings, effect
of sodium, not inspectability of components, etc, interim rules
have been established with critical review by national expert
committees

A Materials, design and manufacturing of critical components were
validated by extensive experiments, manufacturing technology
developments, testing and evaluation

A Apart from commercial codes, many special purpose in-house
computer codes developed and extensively validated. Critically
reviewed by specialists




Testing of Components in Sodium

Critical components operating in sodium are qualified by
simulated tests in sodium and temperatures




Dispiacement - mm

Operating Experiences of FBR 1 Thermal Baffle

Flow Induced Vibration of
thermal baffle shells of
main vessel cooling
system experienced during
commissioning tests in
SPX-1 (FRANCE)

In PFBR, detailed theoretical analysis and experimental
studies on 1:4 scale model,

outer shell

inner shell

.

Phase 1

Phase 2

Fluid
impact

Phase 3

have been carried out to

preclude the occurrence of vibrations.
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Operating Experiences of FBR T Thermal Striping

Core cover plate

Thermal Striping Phenomenon

Frequency : 1-10 Hz
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Protection of Diesel Generators Against Tsunami (2004)

Location Finished floor level of
fD - :
of DG __ nuclear island: 15.4 m 7

I i

Finished floor level of 2.5m
power island: 129 m 3

2.1m .
& 2004 Tsunami observed 9.604m
level: 4.7 m from MSL '
Y N ) ) I O I

Mean sea level 6.096m

PFBR plant is provided with four diesel generators of which
only two are sufficient to meet the station requirement during
normal power failure.
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All four DGs are in separate buildings, 2 are in east and
remaining 2 are in the west side of Nuclear island building.



Safety Grade Decay Heat Removal System

Failure of all Pumps

) AIR DAMPER
EM Pump g AIR HEAT
| EXCHANGER
DECAY HEAT
i EXCHANGER 0: = A -
[ % . i . ' e
_ *‘ i <= Air
IHX CP g ! 4 nouma c
- e ZFAN BLC{WER /P op:lr:ol:
1 N B/ __J |
I .
- 5+ | Inmixed mode circuit
— P gp 111 EM pump is provided in
css intermediate circuit and

air blower is provided in

air circuit.
Inter Wrapper Flow

Analysis with multi-dimensional model for pools with inter-wrapper
space (StarCD) and 1-D model for equipments and piping (DHDYN).

Availability any two circuits for 7 h and one circuit subsequently with
primary circuit under natural convection is sufficient to limit the
}temperatures below category 4 limits




Performance Evaluation of DHR Capability

A Temperature & flow distributions in the hot pool ’. A AN i

A Confirmation of SGDHR system Performance
A Assessment of Inter Wrapper Flow contribution

Facilities Utilized
FBTR, SAMRAT and SADHANA

[ e,

SAMRAT Model (1/4 scale)  Natural convection flow paths SADHANA loop

i . 4\ ‘4 P "A




Regulatory Experiences for PFBR

AThree tier system of review (International safety
committee, Project Design Safety Committee and Apex
Committee for Plant Safety Review)

A To assist the reviews, who are mainly experts of water
reactors, specialists groups were formed

A Safety criteria for PFBR checked with relevant safety

guidelines of water reactors (NS-R-1).

AEvents and Incidents in other FBRS as well as thermal
reactors (for any impact) were analysed critically and
feedback incorporated.

A Apart from safety, Review covered manufacturing and
erection aspects (in view of first-of-kind project)

ABased on the review experiences, safety criteria for future
FBRs revised and under review by regulators




Typical Cliff -Edge Effects Analysed in SFR

To quantify the capacity of structures and components and
strengthen the weak links to achieve highest potential of the

plant to withstand higher internal & external loadings

A Leakage from both main and safety vessels

A Multiple primary pipe rupture

A Total loss of all Decay Heat Removal Systems on
demand

A Multiple pump seizure

A Failure of core support structure

A Ejection of all control rods from the core

A Core Disruptive Accident

A Sodium fire on roof slab



Structural integrity of SV After MV Leak under DBEQ

Buckling load factor
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Normal shutdown
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After main vessel leak, the net hydrostatic force acting on the main vessel is
transmitted to the safety vessel and the force is further amplified significantly during
any seismic event due to dynamic pressures generated in the liquid confined in the
inter-space between main and safety vessels due to fluid structure interaction effects.
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Structural Redundancy Assessment of CSS

Grid plate should remain nearly flat under all the operating conditions including
seismic events to ensure the smooth insertion of absorber rods (AR) into the
absorber sub-assemblies as well as to minimize reactivity oscillations due to
flowering and compaction modes of core SA under EQ

Faillure Mode for CSS

Q0 12500
ooty A ey

A Excessive bending (bowing in vertical T o s

direction) causing core compaction and T P R :'r_mmaEel

in turn, unacceptable reactivity addition - . =1 Thermal batie - 1
A Excessive vertical displacement . [T Trerme! atte -2

resulting in unacceptable withdrawal of | ||

AR | 25 thk
A Hence, CSS should have sufficient core || I P

rigidity and structural reliability. In order |

to achieve these, many design features
are incorporated starting from material
selection |

30thk
Tripple point




Experimental and Numerical Investigation

Model Peak
No Load

1 356t

2 330t

3 373t

4 328t

U Structural redundancy
of stiffeners is ensured
by elaborate numerical
analysis and tests

1 Structural reliability of
support skirt is
established by classical
probability approach

CSS test setup at IGCAR




