
























































BARC Newsletter

Founder’s Day Special Issue

CHALLENGES IN DEVELOPMENT OF
SAFETY CRITICAL SOFTWARE FOR NUCLEAR PLANTS

R.M. Suresh Babu
Control Instrumentation Division

Shri R.M. Suresh Babu is the recipient of the DAE Homi Bhabha Science & Technology
Award for the year 2010

Abstract

This paper provides an overview of the challenges in development of safety critical software for Nuclear Plants, with
illustrations showing how the patterns of development, documentation, verification, etc. have evolved in BARC over

the last two to three decades.

Introduction

Nuclear Power Plants (NPPs) in India have been using
software-based instrumentation & control (I&C) systems
for more than 3 decades. But, it was only from late 1980’s
that software has shown its presence in safety-critical
systems — which initiates reactor trip, decay heat removal,
etc —of Indian NPPs. Because of their criticality with respect
to plant safety, development of these software packages
has distinct characteristics from that of commercial
software or information system software. BARC has been
in the forefront of development of these critical software
packages for Indian NPPs. This paper provides a brief insight
into the main issues related to its development along with
a few snapshots of its evolution in BARC from rudimentary
to a more formal and sophisticated development process,
illustrated by data from various projects that the author
executed over the years.

Safety Critical Software

Safety critical software is one, the failure of which can
lead to accidents, which can cause damage to the system/
plant, personnel and the environment. In case of NPP’s,
this kind of software is used in class 1A systems [1], which
are responsible to prevent postulated initiating events (PIES)
from leading to accident conditions. Examples of such
systems are reactor protection system, safety actuation
system, decay heat removal system, etc.

Three important attributes of safety critical software are:
safety, security and comprehensibility. To ensure and assure
(i.e. to demonstrate) these attributes it is necessary to
follow a systematic and controlled software development
process. In this paper, to limit the contents, the safety
attribute is elaborated with details of its definition, main
issues, methods & practices and illustrations based on
data/statistics from various projects executed in BARC.

Safety

Definition

‘Safety’ is the degree of conformance of a system or
software to,

specified requirements, and,

implied requirements to ensure plant safety, such
that “as far possible, under all failures/unspecified
conditions, a safe signal trajectory is executed that
leads the system being controlled to a safe state”

Main Issues

The main difficulties in ensuring safety are: incomplete
requirements and design verification.

Incompleteness in requirements is due to scenarios not
envisaged, and when such conditions occur, the design
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fails to produce the expected outputs. The omitted
scenarios may be failure conditions or even normal
conditions. For example, failure of an I/O board that causes
avalve to be in both open and closed state, or multiple
and possibly contradictory commands arriving
simultaneously from operator or process interlocks. There
is another class of scenarios that cannot be specified at
the system level, but are very crucial: those which arise
from the specific implementation chosen. For example,
overflow of integers, precision loss in type conversion,
array bound violation, etc. While, at system level it may
be possible — albeit with arduous efforts - to specify all
scenarios for a moderately complex system, it is extremely
difficult — if not impossible — to specify all the
implementation related scenarios, except for very simple
systems. In summary, the software engineer — responsible
for safety critical software - should continuously strive to
discover new safety requirements throughout the
development, i.e., during requirements specification,
design, coding and testing. The ability to carry out this is
part of the safety culture that the software engineer should
possess [2].

Main challenge with design verification is to ensure
complete coverage of the design/code in the verification
process. This means that the design or code should be
checked in all possible scenarios that not only cover all
specified system functions, with the software taken as a
black box, but all possible paths executed by software,
which additionally encompass all possible internal states
of the software. While it is fairly straight forward —
although cumbersome for complex systems - to test the
software with all possible inputs to check if the desired
outputs are produced, it is more challenging to design
‘negative tests’, which ensure that the software does not
do anything that it is not supposed to do. For example, if
a particular combination of inputs is supposed to trip the
reactor, the negative tests create all other combinations
of the inputs and check if the system does not trip the
reactor.

How to Ensure and Assure Safety?
Fig. 1 illustrates the elements for ensuring and assuring

safety. The inner three blocks are the elements related to
ensuring safety, i.e. requirements analysis, standards
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compliance and testing & verification and validation
(V&V). Outer two circles indicate the elements that are
necessary to assure safety, i.e. planning and
documentation. These elements of safety are described in
the following sections.

V&V

Planning

Documentation

Fig. 1: Elements of Safety

Requirements Analysis

Requirements analysis is one of the most difficult tasks
for safety-critical software, as is clear from the description
given above. Industry statistics show that typically 25%
of software errors are due to erroneous requirements. It is
also quoted that if the effort to correct an error in
requirements analysis phase is 1, the effort for correction
during testing is 100 and after deployment it gallops to
400.

The software bugs detected during development is
developer’s perspective, while the software bugs detected
after deployment is user’s perspective; these may not be
considered as bugs by the developer. These conflicts
between developer and user arise because of
misinterpretation or incompleteness in the requirements.
Hence, itis prudent to involve users during requirements
analysis. This is especially important in case of Human-
machine interface (HMI) requirements.

A good software requirements document should be:
complete, correct and unambiguous. Correctness and
completeness are to be ensured thorough reviews,
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especially by the users. Usage of natural language, such
as English, is one of the main sources of ambiguities,
which can be reduced by using semi-formal (e.g. UML)
or formal language (e.g. Z). We have evolved from
software requirements written in English to use of data
flow techniques [3], and currently we use Unified
Modeling Language[4] (UML). Fig. 2 shows how, in our
projects, the documentation effort and document size
have multi-folded over the years, illustrating growing
emphasis and importance given to the requirements
analysis.
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Fig. 2: Evolution of Software Requirements Analysis

Standards Compliance

The second element related to ensuring safety is compliance
to relevant and applicable standards. The standards specify:

Requirements for development, V&V, quality
assurance and change management

List of documents to be produced

do’s and don’ts in the design

Important design criteria (e.g. connecting systems of
different classes)

Depending on safety class of the system, i.e. IA, IB, IC,
there are different standards. AERB-D-25[5] is the guide
to be used for safety systems of an Indian NPP. Other
widely used international standards are: IEC 60880 (for
IA systems)[6] and IEC 62138 (for IB & IC systems).
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Testing and V&V

The third element related to ensuring safety is testing and
verification & validation (V&V). Verification checks if
product of a software development phases meets the
requirements set forward in a previous phase, while
validation checks if the software meets the software
requirements.

Fig. 3 illustrates how V&V methods have changed over
the years. Initially, review was done at the end of software
development, which does not provide any scope for
improving the software quality. Later years, the reviews
were done at the end of each phase. Manual reviews are
now supported by tools and formal methods for better
coverage and to reduce human errors.

Ose-wise

@n Manual+Tool-based
ase-wise peer- peer-review,

review, IV&Y, V&V
® formal V&V

Phase-wise
Review

(Manual)
@Checklist

(atend of
dev.)

1980 1990 2000 2010

Fig. 3: Evolution of V&V Methods

From the last decade we have successfully been using
peer-reviews, in which software team members review
each other’s software designs. Also, independence V&V
(IV&V) was introduced for critical software, in which a
team independent of the user and designer executes the
V&V tasks. Fig.4 shows the comparisons of Peer V&V
and IV&YV in terms of their effectiveness, i.e. the percentage
of errors detected in a phase. The Peer V&V is found to be
more effective as it is executed in line with the
development and because of better motivation in execution
of the V&YV activity.

Software testing is conducted at three levels: unit test,
integration test and validation test. Fig. 5 shows how the
testing methodology has been evolved over the years.
Initially, software testing involved only the functional
checks based on inputs and outputs.
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Fig. 5: Evolution of Testing Methodology

Later on, structure-based (coding structure) and coverage-
based (path coverage, condition coverage, etc.) tests were
introduced. We have also used reliability growth based
testing, in which the fault intensity (failures per unit time
of test) was used to evaluate software reliability. Also,
statistical test was used in one system, in which pseudo-
random number based commands were executed
continuously over a period of few months and the system
response was evaluated. Now software tools are used to
make the software testing more effective and efficient.

Software Planning

A documented software development plan at the
beginning of a project is a very important element in
assuring software quality. Various software plans and
their inter-relationship are illustrated in Fig. 6. The plans
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consists of Software project management plan (SPMP),
software quality assurance plan (SQAP), software V&V
Plan (SVVP) and software configuration management plan
(SCMP). These plan documents not only stream line the
development, but specify the activities to be performed
(e.g. QA checks) and reports to be generated to provide
documentary evidence (e.g. for regulatory body) that the
development indeed was executed as planned.

(sare )
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(sc )

SPMP
QA

activities
Config

SVVP
Mangt
activities Development V&V activities
activities

\ o

Fig. 6: Software Planning

Documentation

Documentation is very often neglected, but it is one of
the most crucial elements to assure or demonstrate safety.
Documents not only include design documents, but, test
documents, V&V reports, etc.

Documentation provides evidence that an appropriate
system of development and V&V has been used. It also
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Fig. 7: Evolution of Software Documentation




BARC Newsletter

makes the products (requirements, design) amenable to
review - by V&V team and users - so that anomalies are
resolved at the earliest.

Fig. 7 shows how the software documentation has multi-
folded over the years, indicating that the importance and
efforts of documentation have considerably gone up over
the years.

Parallel Trends

There are also methodologies other than that described
above. Formal verification can be effectively used for
hardware design, where the specification is clear, but is
not mature enough to handle fairly complex control/safety
software, where, requirements are very complex and have
to be understood from a plant perspective.

Model-based development reduces coding errors and cuts-
down the development and V&V time. But, one requires
very high confidence on the tool (as manual intervention
in V&V is cut-down drastically) and software models can
become extremely difficult to review. Besides, from security
point of view, software produced through some of these
tools are more vulnerable (e.g. Stuxnet).

Conclusion

This paper briefly discussed the important elements for
ensuring and assuring safety attribute of critical software
to be deployed in NPPs. In BARC, the software
development process and methodology used for NPP safety
systems have evolved considerably over the years. Using
our current development process, we are able to produce
software with less than 0.05 faults per KLOC after
deployment, which is better than the internationally
published data for similar software[7][8].

Founder’s Day Special Issue

Acknowledgement

| express my sincere gratitude to Shri G Govindarajan,
former Director, E&I Group and Shri GP Srivastava, Director,
E&I Group for their encouragement and support while
carrying out the projects covered in this paper. | also thank
all my colleagues in CnID and RCnD with whom | was
associated in these projects.

References

1. Safety Classification, AERB/NPP-PHWR/SG-1, AERB,
2003.

2. Software for Computer based systems important to
safety in NPPs, NS-G-1.1, IAEA, Vienna.

3. Hatley et al., Process for System Architecture and
Requirements Engineering. New York, NY: Dorset
House Publishing.

4. Grady Booch, Ivar Jacobson & Jim Rumbaugh, OMG
Unified Modeling Language Specification, March
2000.

5. Computer Based Systems of Pressurised Heavy Water
Reactor, AERB Safety Guide, AERB/SG/D-25, January
2010.

6. IEC 60880 2006-05, “Nuclear power plants —
Instrumentation and control systems important to
safety — Software aspects for computer-based systems
performing category A functions”.

7. Kelly, Tim, McDermid, John A, Software in Safety
Critical Systems: Achievement and Prediction, Volume
2, No. 3, Nuclear Future, June 2006.

8. Hatton, L., Estimating Source Lines of Code from
Object Code: Windows and Embedded Control
Systems, 2005.





























































































































































































































































































































































































































































BARC Newsletter

Heterogeneous-distribution of Hydrogen on
zircaloy

Zircaloy coupons were charged with hydrogen having
different concentration by MMD,BARC. The charging
process can control both hydrogen concentration and its
uniformity. However we have used non-homogenised
hydrogen to study the feasibility of detecting
hydrogen distribution. Fig. 5 shows the neutron
radiograph of three samples mounted on
sample manipulator. The hydrogen content of
the three sample was 0 ppm, 50ppm and
100ppm. It is very obvious that conventional
from neutron radiography one can not detect
the presence of minute quantities of hydrogen
in samples. However the neutron-tomography
reconstruction (Fig. 6) we could detect the
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also the fact the charging process did not produce uniform
hydrogen distribution [1].

Neutron tomography of a Turbine blade

The first row of turbine blades used in power generating
gas turbines has to withstand high temperatures and stress.

distribution of hydrogen even upto 50ppmand i 7: Neutron Tomography reconstruction upper and lower part
of turbine blade

Fig. 5: Neutron radiograph of zircaloy
with different hydrogen content

50 ppm

100 ppm

0 ppm

Fig. 6: Neutron tomography reconstruction of
hydrogen distribution (rendered Red) in the three
different samples (right O ppm, middle sample 50
ppm and left sample 100 ppm of hydrogen)

Fig. 8: Neutron absorption and Phase contrast image
of various samples
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Failure of the blades during operation can lead to very
high costs for repair and loss of power-production. To
investigate those blades three-dimensional (3D) neutron
tomography may be used for non-destructive evaluation
(NDE). The reconstruction of the top portion of the blade
and reconstructed volume of the body part is shown in
Fig. 7.

Neutron Phase contrast imaging

In phase contrast imaging methods images records a
special form of contrast generated due to a phase shift
induced by the object and determines the phase shift
quantitatively [2]. Phase information is generally lost in
measuring neutron transmission images due to absence
of required coherence for recording interference effect.
Specially designed collimators of pinhole sizes 1mm and
0.5mm were used to make a coherent neutron source.
The high resolution images were recorded on neutron
sensitive image plates. Fig. 8 show some of the results of
neutron phase radiography. The acquired images clearly
show that there is an increase in sensitivity in phase mode
for neutron radiography as compared to conventional
neutron radiography.

Dynamic neutron radiography imaging of lead
melting

Neutron radiography has been used to online visualization
and study of lead melting [3-4] .This work was done in
collaboration with RTD, BARC and IIT, Mumbai. Solid lead
and liquid lead has a density difference of 6%
approximately. One surface of the cubical lead block is
heated from one side and temperature is increased from

Founder’s Day Special Issue

room temperature up to its melting point. Due to heat
transmission from the surface in to the bulk of the
material, the temperature of the specimen increases with
time. The heat transmission is caused by conduction as
well as convection hence a definite pattern of melted
portion is observed in the meting phenomena which gives
the information about the heat transmission process in
the bulk. The radiographic images were acquired
continuously and melting phenomena was observed

(Fig. 9).
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Fig. 9: Radiographs of different stages of a typical melting phenomena in lead. The melting propagation front

can be clearly seen




BARC Newsletter

References

“Study of Hydride blisters in Zr-alloy using Neutron
tomography”, Ashish Agrawal, Yogesh Kashyap,
P.S.Sarkar, A. N. Behra, M. Shukla, R. N. Singh, Amar
Sinha, J. K. Chakravartty, Journal of Nuclear materials,
421,47, (2012).

“Neutron phase contrast imaging beamline at CIRUS,
reactor India”, Yogesh S. kashyap, Ashish Agrawal,
P.S.Sarkar, Mayank shukla, Tushar Roy and Amar Sinha
Applied Radiation and Isotopes, 70, 625 (2012).
“Visualization of lead melting and solidification using
neutron radiography”, P.S. Sarkar, Lokendra Kumar,

Founder’s Day Special Issue

Ashish Agrawal, Yogesh Kashyap, Amar Sinha, B S
Manjunath, S V Prabhu and S G Markandeya.
Accepted for publication in International Journal of
Nuclear Energy Science and Engineering
Experimental Investigations on Melting of Lead in a
cuboid with constant heat flux boundary condition
using thermal neutron radiography Lokendra Kumar,
B.S. Manjunath, R.J. Patel, S.G. Markandeya, R.G.
Agarwal, Ashish Agrawal, Kashyap Y, Sarkar P.S, Amar
Sinha, Kannan lyer and S.V. Prabhu Accepted for
publication in International Journal of Thermal
Sciences.




BARC Newsletter

Founder’s Day Special Issue

INDIGENISATION OF REMOTE HEAD METERING PUMPS &
BELLOW SEAL BELLOW OPERATED VALVES
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Nuclear Recycle Board

Shri V.K. Savarkar, Nuclear Recycle Board and his team received the DAE Group
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Introduction

Remote head metering pumps and bellow sealed bellow
operated valves are essential equipment for fuel
reprocessing and waste management plants. The zero leak
feature and reliability of both these equipment, the
accuracy and repeatability of the remote head metering
pumps are the features which make them essential for
handling highly radio-active fluids in these radio-chemical
plants.

Development of remote head metering pumps

Any fuel reprocessing plant typically needs 36 metering
pumps with capacities ranging from 5 Iph to 600 Iph.
Waste immobilisation plants require about 6 such pumps.
These pumps handle highly corrosive and toxic liquids.

The accuracy, repeatability, reliability of pumping required,
zero-leak requirement, radioactive nature of the liquids
handled and safety aspects there-off make these pumps
very special. Till date these pumps were imported as no
reliable source was available in India. Difficulties in

Fig. 1: Remote Head

Fig. 2: Drive Head

importing pumps could have led to a major bottleneck
for NRB projects.

Based on the experience with imported pumps,
indigenisation efforts were taken up with Indian pump
manufacturers.

These pump manufacturers were manufacturing metering
pumps for applications not requiring high accuracies. Also
pumps only with Teflon diaphragms (i.e. resilient
material and not metallic diaphragms as required
by us) were being manufactured. These pumps
had major problems like unstable metering action,
improper leak tightness, and inaccurate flow rate
adjustment, excessive pressure drops on suction
side, unsatisfactory NRV design, improper
suction and discharge connections and
unsatisfactory surface finishes. In addition to the
above the manufacturers had inadequate facilities
in manufacturing, QA and testing.
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All the above problems were addressed during
development. Manufacturing methods were improved to
get proper contouring of remote heads for repeatable
performance for a given size of pump. The design of NRVs
was changed to sandwich type for ease of maintenance.
VRV sizing was done to get good metering stability. VFDs
were used for flow control. This led to ease of setting
flow rates and quick stabilising of flow rate. The suction /
discharge nozzles on the pumps were made with welded
design. The internal and external surface finishes were
improved by elctro-polishing for ease of decontamination.
QA procedures were set for each step of manufacture.
Facilities and procedures were set for testing components
and performance testing of assembled pumps. Pumps with
metering accuracies of 1%, Repeatability & Linearity of
3% have been achieved as required by API standards.

These pumps were tested at vendor’s works and in-plant
as follows:

A) Atvendor’s works:
1) Performance testing on test bed,
2) Simulated testing,
3) Endurance testing: 6000 hrs. continuous running
under simulated conditions.
B) In-plant Testing:
1) In-plant testing at PREFRE with process fluids.
2) In-service testing at PREFRE for scrub solution
transfer.
C) Field application:
1) In-service performance during commissioning
2) In-service performance during regular operations

About 3 years of effort has gone into the successful
development of these pumps. Subsequently, 35
Nos. of these pumps have been installed and
commissioned at PREFRE-2, Tarapur and are being
used for radioactive service as a part of regular
operations. Four pumps have also been installed
at WIP(K) & five Nos. at PRTRF Trombay. Further,
30 pumps are being installed at project P3A,
Kalpakkam. This development is expected to
benefit all users and users like BETDD and PP are
also in the process of procuring pumps from the
same source.
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Commissioning trials of all the pumps installed at PREFRE-
2, Tarapur, were carried out. This included performance
tests for confirming accuracy, linearity and repeatability
in the actual piping system in the field. Pumps of capacities
in the lower range viz. 0 to 10 LPH, O to 20 LPH and 0-40
LPH and 0-125 LPH for product purification cycles and
higher range viz. 0 to 300 LPH, 0 to 500 LPH and 0-600
LPH for organic feed and treatment, were tested at various
points in the capacity range. Metering accuracies of 1%
and linearity within 3% has been achieved in actual
field trials. Commissioning reports for the same were
prepared, reviewed and accepted. For the first time, these
pumps were operated and controlled directly from control
room using VVVFDs. The satisfactory performance of these
pumps was confirmed during integrated water trials in
the initial commissioning stage and with actual radio-
active process solutions in the hot commissioning stage.

Development of these pumps has also led to a major
financial saving e.g. An indigenously manufactured pump
costs about Rs.3 to 5 lakhs as compared to Rs.30 to 60
lakhs for a similar imported pump. This has resulted in a
saving of about Rs.12 to 13 Crores for a project like PREFRE-
2. More importantly development of these pumps in India
has led to providing a reliable indigenous source of pumps
and spares.

Development of bellow seal bellow operated
valves

Any Fuel Reprocessing plant typically needs about 100 to
150 Bellow Seal Bellow Operated Valves of sizes from

Fig. 3: Bellow Seal Bellow Operated Valve
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15 NB to 40 NB. Waste immobilisation plants require
about 30 Bellow Seal Bellow Operated Valves in the above
sizes. These valves handle highly corrosive and toxic liquids.

The zero-leak and reliability requirement due to the
radioactive nature of the liquids handled and safety aspects
there-off make these valves very special. Till date these
valves were imported as no reliable source was available
in India.

Based on the experience with imported items,
indigenisation efforts were taken up with Indian
manufacturers. Some manufacturers in India manufactured
manually operated bellow seal valves. There were no
manufacturers for Bellow Seal Bellow Operated Valves.

During development, valve designs were evolved.
Experience in working with imported valves was utilized
and good design features of various valves were adopted
to evolve the final design. Features like full bore, use of
Tefzel as MOC for plug and seals, bellow actuator, are
some of the features adopted. For the first time valves
were made maintenance friendly wherein the actuator
along with spindle and plug are made replaceable. This
will facilitate replacement of a failed valve in future without
cutting pipelines. Compact valve actuators were designed.
Selection of liquid sealing bellows and bellows for actuator
was an important step in design. Further, selection of
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disc springs, number of elements to achieve required lift
of plug, pre-tension required, etc. were part of the design
detailing.

Manufacturing methods were improved at the vendor’s
works. This includes the critical steps like bellow welding,
spindle machining, spindle alignment, etc. The QA
procedures were set for each step of manufacture. Facilities
and procedures were set for testing components and
performance testing of assembled items. Endurance
testing rig was specially made for the valves. These Valves
have been subjected to rigorous tests like performance
testing on test bed, simulated testing, endurance testing
for 25,000 cycles and continuous running under simulated
conditions. Helium leak test was used for confirming no-
leak at various stages like, bellow weld stage, actuator
assembly stage and total valve assembly stage.

As a result of the efforts, Bellow Seal Bellow Operated
valves meeting Class VI requirements have been achieved.

The valves were further tested for in-plant conditions at
PREFRE-1 with process fluids. Subsequently, about 100
Nos. of these valves have been installed and commissioned
at project ROP, Tarapur. Valves have also been installed at
WIP(K), PRTRF Trombay and P3A, Kalpakkam. The valves
installed at PREFRE-2, Tarapur are now in use in radioactive
service and giving a good performance.
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INNOVATIONS IN DESIGN, CONSTRUCTION AND
COMMISSIONING OF ADDITIONAL WASTE

TANK FARM (AWTF), TARAPUR

Umadevi K.
Nuclear Recycle Board

Smt. K. Uma Devi, Nuclear Recycle Board and her team received the
DAE Group Achievement Award for the year 2010

Abstract

This paper briely describes all the innovations that has gone into the design, construction and commissioning stages of
Additional Waste Tank Farm, Tarapur. This facility is an integral part of the reprocessing plant, PREFRE-II, Tarapur and
was commissioned in 2011 along with PREFRE -II. Technology and experience gained so far in the field of high level
liquid waste storage is combined with innovative concepts in design and safety in AWTF to make it much more operator
friendly and environmentally safe compared to the existing waste tank farms.

General Description of the Facility

Additional Waste Tank Farm (AWTF), Tarapur is a facility
meant for the interim storage of the high and medium
active waste generated through PHWR spent fuel
reprocessing plant PREFRE-II operation, containing almost
100% fission product activity, in such a way that the
occupational workers, the general public and the
environment is not affected directly or indirectly. Facility
design is based on activity of high level waste generated
by reprocessing of PHWR spent fuel cooled for more than
three years.

After each batch of reprocessing operation, waste
generated has to be moved out to this storage facility to
ensure continuous plant operation. The waste thus stored
is meant for treatment and final disposal depending on
the nature of the waste and this is done in the waste
treatment facility located nearby the same site.

This waste tank farm facility includes:
a) Ashielded transfer facility for transferring waste from

the generating point, ie, PREFRE-Il to AWTF and also
from AWTF to Waste Management facility.

b) A shielded, valveless diversion facility for diverting
waste to the desired storage tank and emptying the
desired tank without causing any accidental siphoning.

¢) Acluster of huge storage tanks of very high integrity
located in heavily shielded vaults providing a multi-
barrier containment. Refer Fig.1 for General
Arrangement of the Tanks.

d) Restricted Access Corridor where all services and utility
to the storage tanks are located.

€) Service Building to house a control room where all
the operations of the Waste Tank Farm can be carried
out, Waste Cooling Water room, off-gas plant room
and ventilation air supply fan room and exhaust room.
Refer Fig.2 for General Arrangement of the Service
Building.

Other than the above, to ensure safe storage and transfer,
a no. of systems are provided complying the AERB
recommendations to upgrade the engineered safety of
the liquid waste storage system. They are :

Transfer system with adequate stand-by modes and
routes.

Cooling facility for HLLW storage tanks to remove
the decay heat generated by the fission products.
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SECTION 1—1

Fig. 1: Plan, Elevation and Side view of AWTF vaults

Waste agitation and mixing provision by compressed
air for all storage tanks.
Provision of introducing air at the vapor space of al
HLLW tanks for diluting any radiolytic hydrogen
generated.
Tank Off-gas treatment and discharge.
Ventillation system and RCC stack

Instrumentation system for continuous monitoring
of tank conditions.
CCTV, cameras and Access control system is provided
for restricted areas.

Remote sampling system for taking samples from
the tanks and sumps.

Critical systems such as WCW system, off-gas

treatment system, ventillation system,
compressed air agitation system etc. are given class
[l power supply.

Infiltration gallery all around the vault to maintain
underground water table well below the raft
automatically.

Innovations in Design for Improved Safety

A number of design innovations are incorporated in AWTF
as compared to the existing waste tank farms. They are:
The tanks, barriers, and the civil structures are designed
to withstand the maximum potential earthquake at
site, ie, Safe Shutdown Earthquake , in accordance
with the provisions of ASME Section-Ill, Division-I,
Subsection-ND.
Existing horizontal tank design was modified to
seismically qualified vertical tank design.
All tanks are made of Stainless Steel refined grade for
long life.
Overhead shielded duct design with multiple
containment was used in place of underground ducts
for waste transfer.
Routing tank concept was used for waste diversion
to make the facility valveless.
The complex AWTF vault piping was analysed through
3- dimensional modeling for SSE qualification.




BARC Newsletter

Founder’s Day Special Issue

T |
=

=+ 0 WASTE OFF GAS
ﬁ FAN RODM
i

-, -

WASTE COOLING WATER SYSTEM

ROOM

R ELETE

W |
- o
] g
o | i
CONTROL ROOM| %
: |
Ll
E EMERGENCY PONER §
o ICONTROL | CENTRE[EPRC) < 5
i || Fo-
=
TR o
o s — A —anh
.F LOADING
LIN_EING
SPACE
SUPFLY PN ROCM
A Ay

Fig. 2: General Arrangement of AWTF Annexe Building.

Air-lift recirculator based mixing system which uses
very less air compared to the existing systems.

A complex design of cooling coil removes decay heat
and provide uniform cooling to all tank contents,
with additional cooling for tank bottom and walls.
The plant was designed for remote operation using
PLC and SCADA from main plant (PREFRE-2) and AWTF
control rooms.

Adequate safety interlocks and cut-offs with back-
ups are built into the system.

VVVF drives were used for ventillation exhaust fans
for energy saving and for reduction in DG capacity.
Shielded plugs for vault lighting.

An additional portable DG set for power supply to
vital systems like cooling water system and off-gas
system under post seismic scenario was provided.
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Dedicated UPS with standby for monitoring system
was used.

CCTV and Access control system was incorporated
for improved physical protection.

Innovations in construction & commissioning

A unique in-situ fabrication methodology without
compromising quality standards was followed to perform
the challenging task of installing the huge tanks inside
concrete vaults. Laying of overhead shielded duct for waste
transfer needs special mention. Routing of the duct at
site with minimum change to existing structures, keeping
the elevation requirements in open areas and at crossings
with existing facilities, integrating with existing facilities
without compromising shielding thickness etc. were
challenging tasks which were carried out with accuracy.
After completion of construction, systematic
commissioning activities were undertaken by the
commissioning team, following the methodology
described below:

Dividing the facility into 37 sub-systems.
Defeciency in each system was noted separately and
corrected.

Commissioning procedures for each sub-system was
prepared.

Following the above procedures, pre-commissioning
(equipment & line flushing, calibrations and transfer
route checking, no-load tests etc) and cold
commissioning, (establishing design intent of each
system with water as test medium) was done. At this
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stage, designated operation staff were inducted into
the commissioning team.

Test reports were prepared for each sub-system, which
were reviewed by regulatory authority.
Recommendations were incorporated..

Regulatory clearance was obtained for hot
commissioning based on the above reports.

The facility was handed over to the operation group
for hot commissioning. Necessary training in the form
of classroom lectures and walk-throughs were also
given to the operation staff.

Performance

Based on the improved design of the PREFRE-II plant, the
waste generation per Ton of fuel processed has come
down drastically and as a result, activity of waste is much
more than that has been handled so far. AWTF, Tarapur is
designed for this level of activity and is giving satisfactory
performance in terms of safe transfer, storage and ease
of operation.
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