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Hon’ble Prime Minister Dedicates to the Nation
the First Pair of 700 MWe Indigenous PHWRs
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February 22, 2024 will be remembered as the day
that witnessed a golden chapter being added to
the Indian nuclear power history, when
Hon’ble Prime Minister Shri Narendra Modi
dedicated to the nation two indigenously
developed 700 MWe nuclear power reactors at
Kakrapar Gujarat Site.

The two new reactor units of 700 MWe each,
KAPS-384, are the first pair in a series of 16
indigenous Pressurised Heavy Water Reactors
(PHWRs) being set up in the country. The remainder
of these reactors are at different stages of
construction and planning, and will be deployed
successively in the coming years.

After inaugurating the reactors, Prime Minister
accompanied by Shri Bhupendrabhai Patel,
Chief Minister of Gujarat, visited the main control
room of the plant and the dignitaries were briefed
about different processes and other vital details of
the plant by Mr. Bhuwan Chandra Pathak, CMD,
NPCIL. The Prime Minister also interacted with
scientists and senior officers at the plant and
congratulated them on this remarkable
indigenous achievement that has made

country proud.

Built at a cost of about 222,517 crore, KAPS-384 are
the largest indigenous PHWRs in the country. They
are first-of-its-kind reactors with several
advanced safety features. Together, these two
reactors will produce about 10.4 billion units of
clean electricity per year, catering to consumers in
Gujarat, Maharashtra, Madhya Pradesh,
Chhattisgarh, Goa and UT of Dadra & Nagar Haveli
and Daman & Diu.

These reactors have been designed, constructed,
commissioned and operated by NPCIL, whereas
the supply of equipment and on-site project
execution were carried out by Indian industries
and companies, reflecting the true spirit of ‘Make in
India’ and ‘Atmanirbhar Bharat'.

Kakrapar Gujarat Site has been operational since
1993. The two new 700 MWe indigenous reactor
units have been built adjacent to the two existing
ones of 220 MWe capacity each. Unit-4 achieved its
first criticality on December 17, 2023 and was
connected to the western power grid on February
20, 2024. With full-power commercial operation of
Unit-4, the Kakrapar Gujarat Site now has a total
installed nuclear power generation capacity of
1,840 MWe.
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Kakarapar-3&4:Icons of India’s
Atmanirbharta in Nuclear Power
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India has a robust and vibrant nuclear power
programme that is thriving and widening its
span with every stride, scaling newer peaks of
technological prowess. In this endeavour,
Kakrapar Atomic Power Station units-38&4
(KAPS-3&4) in Gujarat have added a glorious
chapter to India’s nuclear power history. These
reactors not only symbolise India’s maturity
and mastery in PHWR technology, but are also
testimony to the nation’s indigenous
endeavour to expand climate-friendly power
generation.

KAPS-3, which has commenced commercial
operation, is the first reactor in a series of 16
indigenous PHWRs of 700 MW each, while its
twin unit, i.e. KAPS-4, the second reactor unit in
this series, has also, subsequently
commenced commercial operation in due
course of time. KAPS-4 attained the milestone
of its first criticality within six months of the
commencement of commercial operation of
its companion unit (KAPS-3), which is
remarkable feat.

The 700 MWe reactors are the largest PHWRs in
the country.
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Kudos to our dedicated teams of scientists, engineers,
employees and vendor partners for these indigenous triumphs!
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Editorial

Name: Common Ringed Plover
Scientific Name: Charadrius hiaticula
Presence in our NPPs*: KAPS, MAPS, KKNPP, KGS

*at our sites located at Kakarapar (Gujarat), Kalpakkam (Tamilnadu), Photo Credit: R. Bayana
Kudankulam (Tamilnadu), Kaiga (Karnataka)
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Nuclear Power Pivotal to

Decarbonisation for Energy Transition

The dedication of Kakrapar
Atomic Power Project units-38&4
to the nation by Honble Prime
Minister Shri Narendra Modiwas a
momentous occasion that also
underscored  the  profound
importance of nuclear power in
the nation’s energy mix to tackle
the challenge of global warming.

The United Nations Climate
Change Conference — the 28™
edition of Conference of Parties
(CoP28) - concluded recently in Dubai, United Arab
Emirates. In all, 198 Parties (197 countries and the
European Union) participated in this apex global
confluence of international organisations, national
delegations, decision-makers, climate scientists,
energy professionals and other domain specialists.

AT
S.K.Jena
Editor

The urgency for accelerated global climate action was
palpable at the conference, as the world is now facing
the possibility of missing the opportunity to limit globall
warming to 15°C, which would be the case without
fast-tracking energy transition to clean energy
sources. The 15°C target, prescribed by the 2015 Paris
Agreement, is a desirable goal to achieve in order to
limit the extent of global warming and climate change
within manageable levels. Thus, the need of the hour
for the world community is to curb global emissions
decisively and rapidly, led by a major shift towards
clean, sustainable energy, with nuclear power playing
a significant role in this global energy transition.

At COP28, the emphasis was on achieving deep global
emission cuts by the end of the decade and facilitating
an equitable energy transition. Among the major
highlights of the conference were to operationalize a
Loss and Damage Fund' to assist developing nations in
mitigating the adverse effects of climate change, and
a goal to triple the world’s nuclear power generation by
the year 2050.

In this context, nuclear energy is a clean and virtually
emissions-free source of base load power generation
available 24x7, which makes it exceptionally suitable as
a large-scale option for displacing fossil fuels to a
significant extent. No wonder, nuclear power has been
hailed by the global scientific fraternity as a necessary
component with increased share in the global energy
mix, if substantial lowering of the world’'s greenhouse
gas emissions is to be ensured. Presently, 438 nuclear
power reactors across the globe generate about 10

percent of the world's electricity. What's more, nuclear
power constitutes about a quarter of the world's
low-carbon electricity.

India has been generating climate-friendly nuclear
power safely and efficiently for well over half a century
and it is poised to multiply nuclear power generation
capacity in the next few years. Nuclear Power
Corporation of India Limited (NPCIL) designs,
constructs, commissions and operates nuclear power
plants in India, generating clean and economical
nuclear power safely and efficiently. NPCIL has 24
reactors in operation. The recently commissioned
Kakrapar Atomic Power Station Unit-3 (KAPS-3) near
Surat in Gujarat is the frontrunner in a series of 16
indigenous 700 MWe Pressurised Heavy Water
Reactors. Meanwhile, Kakrapar Atomic Power Station
unit-4 (KAPS-4), the second reactor in this series, has
also commenced commercial operation. In addition,
nine reactor units are under construction and the
remainder are at various stages of implementation.
These reactors are the embodiment of various
advanced safety features, making them among the
safest in the world and truly reflect the spirit of
Atmanirbhar Bharat. Four reactors using Light Water
Reactor (LWR) technology, each of 1000 MWe capacity,
are also under construction at Kudankulom with
Russian cooperation. By 2031-32, NPCIL India aims to
take the installed nuclear power capacity to an
impressive 22,480 MWe from the current 8180 MWe.

As the global community sharpens its focus to speed
up energy transition towards a clean future, nuclear
power gains even greater importance in giving an
added fillip to clean power generation by reducing the
world's excessive reliance on fossil fuels.

Nuclear power not only plays a key role in India’s
self-reliance in energy in the quest to decarbonize
electricity generation, but is also crucial in the nation’s
mission to achieve net-zero emissions by the year 2070.
In the same vein, India’s commitment to nuclear power
is an inspiring example for the global community in
leading the way towards sustainable development
through clean energy.

Happy reading!

SK.Jena
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Name: Pred Bushchat
Scientific Name: Saxicola caprata

Presence in our NPPs*: NAPS, RAPS, KAPS,
TAPS KGS, GHAVP, MAPS, KKNPP

*at our sites located at Narora (Uttar Pradesh), Rawatbhata (Rajasthan),
Kakrapar (Gujarat), Tarapur (Maharashtra), Kaiga (Karnataka), Gorakhpur (Haryana), Kalpakkam (Tamilnadu), Kudankulam (Tamilnadu)
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Establishment of Snout Weir Level
Control in Fuelling Machines at
KAPS-3: A Unique Experience

Sunil Kumar Roy, Outstanding Scientist & Station Director, KAPS-384,
T.Subrahmanyam, SME(F), KAPS-384, R. K. Moharana, SO/G, FHS, KAPS-384,

S.V.S.Kiran Kumar, SO/F, FHS, KAPS-384

Introduction

Kakrapar Atomic Power Stations-38&4
(KAPS-384) are the first reactors of the
700-MWe series of Indian Pressurised

/ Heavy Water Reactors (IPHWR) in the

country. There are a number of
(FOAK)
the design of

first-of-a-kind systems
the

700-MWe reactor to improve safety,

introduced in

reliability and operability.

In Fuel Handling System (FHS), two
remotely operated Fuelling Machines
(FMs) — one at each end of reactor
channel perform on-power refuelling
operation in reactor core and
downstream FM transfers the spent fuel
bundies to Fuel Transfer (FT) system. FM
Head working in heavy water (D,0)
environment transfers spent fuel
bundles to Mobile Transfer Machine
(MTM) working under light water (H,0)
environment. To prevent mixing of two
D,O in FM is

Mmaintained below snout level with the

environments, level
help of a new component called Snout
Weir provided inside FM Head along
with
control

the associated process and

systems. Snout weir level

control is introduced in Fuelling
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FM Head in FT mode

Machine Head (FMH) as a FOAK scheme
for the first time. The snout weir is bolted
to the inside of FM Magazine End Cover
to facilitate snout level draining for dry
transfer of fuel bundles between the FM
Head and the MTM. Similarly, a weir is
also provided in MTM to maintain H,0
level below Fuel Transfer Port (FTP).
Since, transfer of a pair of spent fuel
bundles from FM to MTM is done without
any cooling, and the operation is called
‘Dry Transfer’,

1. FM snhout level control
design description

The weir in FM Head is so designed that
a gap of 21 mm is available between
weir top edge and
bottom of FT port tube. With such
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arrangement, spent fuel bundles waiting for transfer,
remain submerged in D,0, while a single pair being
transferred from FM to MTM is in air atmosphere.
There is sufficient margin available between water
level which will get built up above weir top edge and
FT port tube under normal cooling flow as well as
abnormal scenario. At normal cooling flow of 60 lpm,
the D,0O level above weir top edge will be about 12
mm and with 100 lpm flow, the level rise will be 17 mm.
These values are well below the actual available
gap of 21 mm.

To start fuel transfer operation, D,O level in FM is
lowered and maintained below snout to avoid
D,O flow towards MTM side. To achieve weir level,
a weir drain line is provided with two motorised
valves MV-204 (DW1) & MV-205 (DW2) mounted (in
series) on FM head. A small tank, TK-3 is mounted
on FM Head for the purpose of (i) level monitoring
in the FM magazine, (i) to facilitate venting during
lowering of D,O level to Snout Weir and (i) filling of
FM magazine after completion of fuel transfer
operation. A weir drain tray with hose connection
is provided below each FT Port (North and South).

The tray moves up and down by an oil hydraulic
cylinder to provide quick connect/disconnect
arrangement between weir drain line on FM head
and drain line after FM Head is clamped on the FT
port. Normally, the weir drain tray remains
retracted and moves up when FM is clamped on
to FT port.

After selecting low pressure, MV-372 in FM return
line is opened to allow FM return flow to go to FM
D,0 tank (35228-TK-1). Magazine station D' is
aligned to snout bore. Weir drain valves MV-204
and MV-205 are opened to drain the FM to weir
level. After achieving very low pressure
(less than 1 kg/cm2), TK-3 isolation valves MV-200
(bv1), Mv-201 (DV2), MVv-202 (DT1) and MV-203
(DT2) are remotely opened. Magazine D,0O level
goes below the snout as D,0 flows over the weir to
the FM D,O tank. After D,O level is lowered and
maintained at weir level, ball valve CC is opened
to start fuel transfer operation.

An FM D,O level monitoring tank, TK-3 along with
motorised valves, MV-202 and MV-203, facilitates
monitoring of D,O level inside the magazine. The

MAGAZINE VENT WALVES

tank is provided with 3 level
indication switches. One level switch

(LS) is set for ‘Snout Level and

second LS for ‘Weir Overflow Level.
During fuel transfer operation,
Snout Level LS is so selected that it

remains actuated to indicate
adequate level above topmost fuel
tube in FM magazine. Weir Overflow
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Level is selected to give alarm
indication on control panel in case
the FM magazine D,0 level
rises due to any abnormal condition
like increase in flow in supply
line or inadvertent closing of

Schematic diagram of FM Snout Level Control scheme
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MV-204/205. The third LS is used for indication
when FM is filled after completion of FT
operation. A level transmitter, LT-3002, is
provided in addition to level switches.

2. Issues encountered during
commissioning

Establishment of snout level control is an
important activity in commissioning of FM Heads
at the first 700 MWe station, KAPS-3, and it has
taken significant amount of time in achieving
flawless level control. Being a FOAK system and
the success of the scheme largely depending on
effective venting and draining of FM Head and
associated process loops, the commissioning of
the system became a challenge due to issues
related to sizing and layout of the pipelines and
tubing. A lot of experiments and trials were
conducted and a number of modifications were
carried out in consultation with design group to
make the scheme a success. Following are the
details of issues encountered, modifications
carried out and experiments conducted for
establishing snout level control in both FM Heads

(North & South) at KAPS-3.

2.1 During the initial commissioning of FM Heads,
the following problems were observed in
snout weir level control

i) D,0 level monitoring tank, 35228-TK-3 was
not getting drained properly due to
ineffective venting.

i) FM Head was not getting vented properly
with existing design of respective vent
tubing/piping.

i) There was high variation in TK-3 level, of
the order of 100-200 mm as observed in
local Level Gauge (installed temporarily
for commissioning purpose). It was found
difficult to achieve stable level and set the
level switches.

iv) There were U-loops observed in weir drain

and vent lines and weir drain &

Vent catenaries.

v) FM (North) was not draining properly
through weir drain lines and there was
rise in level in the magazine observed
at times.

vi) With  provision of local  venting
arrangement also, there was fluctuation
in 35228-TK-3 level corresponding to
normal magazine flow of 60 lpm. Level rise
in TK-3 was much higher corresponding
to 95 Ipm flow than design values. TK-3
level was not repeating every time for
same flow rates.

vii) 35228-TK-3 level transmitter (LT) could
not be taken in line, as it could see higher
pressure and no remote isolating valve
was provided to isolate.

viii) Minor D,O leakage was observed at the
respective FT Port in FT room at times
during FM D,O pump operation.

2.2 Solutions

To resolve the above issues, the following
modifications were carried out in
consultation with FHS design group.

i) FMweir drain line, 50-D,0-3-35228-211 was
taken down by 800 mm to eliminate the
U-loop in weir drain catenary. The portion
of the pipe inside FM service area from
drain tray TR-1to EP was cut, taken down
by about 800 mm and rerouted with
slope towards the downstream for better
draining. The original drain catenary was
of shorter length (about 800 mm only)
and was having less flexibility for smooth
upward motion of the drain tray cylinder

CX. The drain catenary was replaced with
20
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3-25-A-35228-212N

a longer catenary of 15m length
separately procured by site. The new
drain catenary after modification of the
line forms a smooth downward curve
when the drain tray is advanced and
helps in better draining of FM Head during
snout level control.

1

|
3-50-D20-35228-211N i |

FM weir drain and vent lines before and
after the modification

Weir line vent pipe and catenary of line,
25-D,0/A-3-35228-212 after drain tray TR-1
were cut short to remove U-loop invent
catenary. The length of vent pipe and
catenary after drain tray inside FM service
area were readjusted to remove U-loop in
the catenary for effective venting of FM
Head during snout level control.

ii)

valve Mv-208 (DS) (North) in vent line,
25-D,0/A-3-35228-212 outside FMSA was
relocated to remove the U-loop. However,
there was still inclination problem in vent
line, resulting in water accumulation. In
view of the above, the complete line,
25-D,0/A-35228-212 from drain tray vent
hose was replaced with 25 mm tube up to
FM D,O tank vent line on North side. On
South side, the vent line from drain tray to
DS (South) valve outside FMSA (South)
was replaced with 25 mm tube and
provided with better layout to eliminate
U-loops. The modified line has helped in
improving the venting of FM magazine
and TK-3 significantly.

FM magazine vent line,
12T-D,0-0-35228-218 (DVI/DV2 line) was
replaced with a 20 mm tube. The line was
re-routed on FM Head almost in a straight
line to eliminate U-loop, bends and
slopping. Earlier, 12 mm tubing with a
number of other vent tapings and several
bends and slopes in the vent line resulted
in water accumulation and prevented
effective venting of the FM magazine and
TK-3. The modified line helped in
eliminating high-level fluctuations in Tk-3,
and improved venting was observed.

Sealing between drain and vent compartments provided

Weir drain tray compartments sealing

22



V)

Vi)

e 3of ¢ b1 elenfdd oe 3ol 3ie de daurddic &
faefoid fobarr I 3iie 3oids offe eae efifesar g
I gged Glefl haurcdc gare i &, 3¢ D,O foldhre
Hf Y qifeld dhed g6 foloprel &t dew & de ot
e Yder gsedr T | gefersl greT de &igel 3 D,O o
gdel ol T e fedm Irar 3 dfesr ol dgde
CEIRIEIEI

CWhCd D,0 des dAlfelcledT b, 35228-Cld-3 gol
1gel (Sleh/siet2 ®rsa), 121-D,0-0-35228-217 &
THTH HITuATe] dob bl 201a1afl eI & dGesl I 20T
TEa] 391811 Eite) gred o Uigl g8 off 3iie aoh e o
gCT ST I 527 THhTd dTuflel &ad o &ael i
Cih-3 I dgde folard/aeia & dee AT

vii) TBEH &8 Ue Clch-3 ovd giddied (Toel) & fobt

e & AT T 3ffdldh dimaliss dled (Tardh)
IO fdar 1T gl Tadt ol Tareftane & eianfosd
ol Y FolldT I1T, Tgod Tesel ol BIgal o ofal
(o5 AT b dT o Tlfdh g TWHEH & 3ifeldh gaTd
giar, fAed Ig affdred € dcbal & auiifas Sel 9gd
B a1d (5978197 1 Hiversngsl) &l feafd & faT
fSuTTgal TohdIT I1AT 1 TadT ob YTdelsl o &Tel, THEH
FITHTGT o GaTd ohl b Thial ob dlg sl i tlgal
3 fo3ar a1 gap

vii) T3¢ e fold7uT o Urdfaids Ieull & Gielel, &de

23

folvTelafl Sab Eidb-3 Bich & T3t olgl &l gl off 3
ade A 3T 3dre-Jeld S&T I1AT ATl 5 Jfg Pl g5
ol & T, Eld-3 o dgde fAapre sl fee e
Tt ool I 5T 2& & T RITad de dled 3JTdT
I 35228-Cldh-3 dc [SIEGH
20T-A/D,0-0-35228-1-216 & 3{Uol &ad FHuel fged
& @ATe(1g dfeIT & ST dics dled b Y 20fdaft
TSol & ISl ITATI &1l & 35228-Cldh-3

dec (20 faAsfl y@) dI de @IEad 20T-A/
D,0-0-35228-1-216 & fSechelare fdsar 1Tl 2eirsfia

iX)

AT UTaelTel 3i¢ dC ®Igel L-216 & dhoidrelel gelal
& dIG Cidh-3 & &de A 3dre-dald hithl ohd &l IdT|
gleaifad, 35228-Cle- 3001 ATETH & THTH HIuflol
dfeaT graenst o] glel o dic 3 Tfold de ol
I ger fear I

&SA13C e fdauT ot Ufdhar & Clelel, Ig ST I T
fob AL ol BTgol hl UdTg dhdl gl 2gT off, fiidd 60
TSYITH YdTg & &1 THEH AvTuflel ade & dfes &
Zel offl 9Ue gol &Igal died glgacy3 (3de) 3T
TWhel-3001 (3de 3iTe &felun) bl gel fear Iram 3
qTgdT aedai ol ugdlel o fobC TAfem A1 sl
cigdice & f[AUdsel dTes ¢u, oTq & dTe, dre 3iie
digecy] 3 (3d¢) & BIC eU UIC JCI 8ol &ATHIAT B
hTIUT BTgel I UdTg bl 3fifelds & & 3iddes g Il
oT| TWEt-3001 Pl &1 i AT gol lgal i 40TTd
TTey & dtd & Scos 3T I difds wTget ohi gfeiar
efdTdT Tals ol &b, ahdifch TWhel-3001 bl 3MTsel
I8 20 A3t € 81 BTesifh Bhel-3001 b1 f2uTTgal
IIE b el & aTqe ATdiled ohe 1T I 3iie dlg

H UL Sl Tgel A T RITUd thddh THUH Zoll3c
Tae bl Ard bt 1) Tg SET IAT foh ToT3e ade ot

GTid &b GIelel BWhal-3001, 95 TBUITH ddab UdIg G2
Pl HHTchal H T 2Tl

o3¢ e fAd=0T UfchdT & Clelel, Thel &l 3f o
D,0 BesehId bl Sialfeld Uef TWhel U1e & Gl 1T Tl
g Uil &1 It fdh 0,0, 20T-D,0-3-35228-224
Tgol b ATEYH & TSl Ul UL 3T 28T 2T, 0id ST
dled T 3¢ THEH D,0 YU, THEH D,0 Sh &
diezrel €elde ¢b dab D,0 UU de ¢El ATl U8
faessyuT fdsar I1aT fds OTg THEH D,O U9 w9167
17-18kg/cm? o fe&Tof ele & o Ted <gl off, dl
Sefol T ol




—aallA

v) Weir drain tray was modified with partition for

pboth drain and vent compartments and
rubbersealing was provided between them.
both
communication and D,0 used to ingress from

Earlier, compartments  were in
drain side to vent side, obstructing the vent
path. The modification eliminated the ingress
of D,0 into vent line and helped in better

venting.

vi) FM D,0 level monitoring tank, 35228-TkK-3 drain

line (DTI/DT2 line), 12T-D,0-0-35228-217 to FM
magazine was replaced by a 20-mm tube.
The 20T line was connected almost in a
straight path and zigzag routings were
removed. This helped in better draining/filling

of TK-3 with respect to FM magazine level.

vi)One additional solenoid valve (SV) with

bracket for TK-3 Level Transmitter (LT) is
installed on FM Head. The SV was made
operable from MCR. Earlier, the LT could not be
taken in line, as it would see higher pressure
from FM and may get damaged, as it is
designed for very low-pressure (about 1 psid)
conditions. With the provision of SV, the LT
could be taken in line after FM magazine

pressure reduced to low pressure.

vii) During the initial stages of snout level control,

level monitoring tank TK-3 was not draining
properly and high fluctuation in level was
observed. To resolve this issue, one local vent
valve was initially provided for better venting
and achieving stable in TK-3. The
35228-TK-3 vent line 20T-A/D20-0-35228-1-216
at its topmost portion, was connected to a 20

level

mm line with ball valve for local venting.

Also, 35228-TK-3 vent (20 mm tube) was

disconnected from vent line
20T-A/D20-0-35228-1-216. The level fluctuation
in TK-3 was reduced considerably after local
venting provision and disconnection from vent
line L-216. However, the local vent arrangement
was removed later after the FM magazine
venting provision was implemented through

35228-TE-3001 opening.

During the process of snout level control, it was
observed that weir drain line flow was getting
reduced, leading to increase in FM magazine
level with 60 Ipm flow. Weir drain line valve DW3
(North) and FT-3001 (North & South) were
removed and inspected for foreign materials.
Sticking tapes, metal coils, and wires were
found from Flow Transmitter and small tapes
from DW3 (North). The materials caused partial
blocking of flow in the line. FT-3001 was later
replaced by a 40 NB pipe spool piece in weir
drain line to increase the draining capacity of
the line as ID of FT-3001 is about 20 mm only.
However, FT-3001 has been normalised back in
consultation with design group and FM snout
level checks were carried out later on with FT
installed in weir drain line. It was observed that
FT-3001 was able to handle a flow rate of up to
95 Ipm during snout level checks.

During the process of snout level control, some
D,O spillage in FT room was noticed from the
respective side FT Port. It was checked that D,O
coming the
20T-D,0-3-35228-224 to FT Port when DX valve
was open and FM D,0 pump was pumping out
D,0 fromFMD,0

was through line
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Tank to PHT storage tank. It was analysed that
when FM D,O pump was running with discharge
pressure of about 17-18 kg/cm? it generated back
pressure on the weir drain line, 50-D,0
-3-35228-209 through pump recirculation line,
20T-D,0-3-35228-226. The back pressure created
resistance to FM weir drain flow through line,
50-D,0-3-35228-21. As the lines 35228-1-21,
35228-1-163, and 35228-1-224 are connected
together, the resistance created to weir drain flow
had led to some D,0 ingress from drain line,
3-35228-163 to DX line 3-35228-224 and then to FT
Port, following the path of least resistance.

other FM D,0 Tank top flanges due to
unavailability of the required opening space. It
was then decided to connect the pumps
recirculation line 20T-D,0-3-35228-226 to FM D,O
Tank drain line, 25-D,0-3-35228-200 with a
provision for draining/sampling.  With  this
modification, the possibility of D,O escape to FT
Port through DX line, 20T-D,0-3-35228-224 was
eliminated.

xi) Inadequate venting of FM D,O Tank was
observed during the venting of FM Head for
weir level control. As per design, the FM D,0
Tank vent line, 25-D,0/A-3-35228-210 was

l\.jlmu\q j'""""' -

— o 1
FM Tank vent line is removed from| 70052 “91 Cas Kg
IARS tank vent line & blanked [ -
et 2' = =f | om0

FM weir drain & vent lines from
FMSA to FM D20 tank were cut &

R A

rerouted to prevent U-loops.

0’7.-‘?’

pumps recirculation ine
is removed from drain header.

T A 1
FM Tank vent is
taken from oty
1G-3001 top and | ==
connected to
Aux.dryer suction
duct.
D
e
[FM D20 pumps recirculalion line. EZVZ}I/’ S =
is connected fo tank drain line /
with sample poink.

Modifications in FM D,O tank vent line and FM Weir drain and vent lines

To resolve the issue, it was decided to isolate the
FM DO pumjps recirculation line,
207-D,0-3-35228-226 from FM D,0 Tank line,
50-D,0-3-35228-209. However, the pump
recirculation line could not be connected to any

connected to IARS Tank vent line and routed as
a single line to FM Vault dryer duct at 115 m El.
With long horizontal runs and a number of
bends and slopes in the vent line, the venting
of FM D,0 Tank was observed to be insufficient.
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This was confirmed by providing local venting at
FM Tank Level Gauge (LG) top opening and air
movement was noticed during FM weir level
operation. Venting of FM Head and FM Tank were
improved after local venting of the tank.

To improve the venting of FM D,O tank, the vent
line of tank was removed from IARS tank vent line
and routed independently to FM vault (South) in
consultation with the FHS design group. However
with all FM vault fans operating, the venting of FM
D,0 tank was not improved significantly during FM
weir level condition due to long pipe routing and
air pressure condition in FM vault area. To resolve
the problem, the vent line of FM D,O tank was
routed directly to nearest low enthalpy area dryer
suction duct from 917 m EL This significantly
helped in venting of FM tank FM weir level
operation.

2.3 Operation in various conditions for FM snout
weir level control

(A) FM (North) snout weir level control with
the above modifications

In this configuration, snout weir level
checks were carried out a number of
times and after each line modification.
Based on observation in each trial, further
analysis and modifications were carried
out. With all the above modifications,
snout weir level checks were carried out
with local vent valve (above TK-3) open

during level control period and
comparatively  better results were
obtained.

It was observed that FM (North) snout
level was almost stable at 60 lpom flow.
There was no overflow of D,0O in LMD-3002
and from FT Port at 60 Ipm and 95 Ipm
magazine flow. It was checked that there
was no spillage of D,O to FT Port in FT

(B)

Xii)

room after opening of ball valve CC and
removing snout plug from snout. The TK-3
level indication was having minor
fluctuations in local LG and LT with locall
vent valve in open condition. Snout level
and weir overflow level switch setting was
carried out.

However, it was seen that at 95 Ipm
magazine flow, level rise in TK-3 was more
(about 60-70 mm) than the expected
value of 7-10 mm. The in the
mMagazine was as per expected value and
D,0 was not spilling over to FT side. It was
observed that the level in TK-3 was not
matching with level in the magazine at
higher flows.

level

Snout weir level control with FM Head
venting through TE-3001 opening

During opening of DV lines during the
experiment, it was observed that there
was some water accumulation in vent
lines and it was suspected that this was
due to passing from FM return line. To
further improve the venting effect in FM
(North), it was thought to separate the
existing FM vent line from magazine return
line. It was proposed to remove one
temperature element at top of the
magazine 35228-TE-3001 and wuse its
opening as vent line with DV line. The
proposal was discussed with the design
group and implemented on
experimental basis.

it was

35228-TE-3001 (North) was removed and
the point was connected to DVI/DV2 line
for dedicated venting of FM magazine. A
tap-off of DV line 35228-1-218 was
connected to TK-3 vent and was
connected to vent line 35228-1-216 as
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kept earlier. The DV line was disconnected from
FM return line 35228-L-16. Only Ram assembly
vents were connected to FM return line
35228-L-16.

With this configuration, FM (North) snout weir level
control was checked again. It was observed that

(©)

Snout weir level control with FM Head
venting through Ram Assembly vent line:

In Set-B, one temperature element was
required to be removed forever for using its
opening as magazine vent line. In order to
find other viable alternative and to retain
35228-TE-300], it was suggested that the

snout level was appearing faster than the earlier vent line of Ram assembly nozzle
set up and was remaining stable with Ls feedback connector 127-35228-1-33 should be
|m &TK-3 ventlines L-218/L-216
. modified and size increased fo 207
= — e —
| o FM VENT LINE T l I
OROS OB : @“ES s E 1 |
| I
: E-'-“i"-ﬂ § .
| . ~ k . |
., | Py | I B L :
I ‘—‘L_ __________________ T _? : T\'{ @ : BALL VALVE-CC
| :‘-.‘\ posaze oy ; i i ! ' i i . E !
e e B s T Y A S
\ : - tf | 1| Te-ao00
i | { | ! 1 | || removed &
| A : Lo {1 | ||usedasem||
| Ay ) [ S VT | ventiine
‘ i I
| — |
cew | I :
| i I N N O A o |
I ] i : / !
. i : s QE@ QE@ """" - |
| =\ T A e ey |
I — SEAL LEAK-OFF . ;{E m\:
| mesermous /L o pE= |
KAPP.IISIIE00UFS . | v '
______________________________________________ g (R |
DT line 1-217 n:5;::2 N . == Drain Tray
| modified to 201 7———‘ ) 02 Compadment &
. M WEIR — — . M VENT PORT 4] TR FM WIIR DRAIN PORT (M)
DRAIN PORT (5) FM VENT 1030011 -
TR-1% mmml M Dﬁuulfmmunmsl_‘ § \:._..::_’:\f-'.' R s AT T T T W
_ LETE fET T R meete ! - R T

Modifications in FM Head drain and vent circuit

coming. The most important observation was
that level control was done without opening the
local vent valve above TK 3. The operations were
repeated twice and similar results were observed.
Also, level rise in TK 3 corresponding to 95 Ipm flow
was much less as compared to configuration
Set-A above and was similar to expected value.

connected to DV line and existing DV line
should be disconnected from FM return
line. Other Ram assembly vent connections
should remain connected to magazine
return line. The proposed configuration was
implemented in FM (North) and weir level
checks were carried out again. It was
observed that the FM was taking
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Modified drawing of FM Head drain and vent circuit

longer time to vent and TK-3 level indications
were not coming every time even after 20
minutes. The local vent valve above TK-3 was
kept closed during this test. The operations were
done two times and similar results were found. It
was observed that FM venting through nozzle
connector vent line was not effective, as this
opening is of smaller size (6 mm).

24 From the above three sets of experiments for
establishing FM (North) snout weir level control,
it was observed that FM vent line using
35228-TE-3001 opening was most effective for
venting. The 35228-TK-3 level was remaining
stable and level switches were appearing as
desired. This setup also did not require the use
of the local vent valve above TK-3. The rise in
level in TK-3 for 95 Ipm flow was also small

compared to other combinations and as per
expected value.

In view of the above, it was discussed in detail
with the design group to implement the
proposal for use of TE-3001 opening as FM vent
line. For temperature measurement of FM
magazine housing during normal and weir
level conditions, other two temperature
elements, 35228-TE-3002 and TE-3004, are
available. Therefore, the removal of top TE-3001
will not affect safety. The FHS design group
reviewed the above thoroughly and
concurred with the proposal for
implementation.

The final modification (point no. xii above at 2.3
Set-B) was implemented in FM (North). Local
vent valve on TK-3 was removed as
recommended by the design group.
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In FM (South), all the above modifications were
implemented. The FM vent line was connected
with TE-3001 opening as per the new scheme.
Local vent valve on TK-3 was removed. Snout
weir level control was carried out and stable
TK-3 level was observed. There was no
overflow of D,O in LMD-3002 and from FT Port
at 60 lpm and 95 Ipm magazine flow. It was
checked that no D,0 was spilling over to FT
Port (South) in FT room after opening of ball
valve CC and removing snout plug from snout.
Snout level and weir overflow level switches
setting was carried out.

25 Level transmitter LT-3002 issues

As the local vent valve above TK-3 was
deleted, it was observed that level transmitter
LT-3002 was not showing accurate readings. It
was displaying negative readings sometimes
and the readings were not repeat in nature
also. It was checked that high pressure leg was
connected to TK-3 and LP leg was kept open.
With discussion and concurrence of design
group, low pressure point of the LT-3002 was
connected to TK-3 vent line for accurate
accounting of water and air pressures. The
modification was carried out in both FM (North
& South). However, even after the modification,
LT was not responding properly. LT readings
were not repeating and were not reliable. The
issue is being analysed with Design group for
its availability.

2.6 Results

After the above modifications, FM (North &
South) snout weir level control was checked
and observed satisfactory in both sides,
except the LT readings. The following were the
final snout level control details and data taken
in both FM Head (North & South):

FM (North & South) snout weir level control was
checked with the final configuration. It was
observed that FM Head and 35228-TK-3 were
getting. drained smoothly to snout level within
about five minutes. TK-3 snout level was
remaining stable at normal magazine supply
of 60 Ipm flow with snout level LS appearing.
With 95 Ipm flow, indication was coming in the
weir overflow switch was coming and there
was no overflow of D,O in LMD-3002 and to FT
Port as checked from ball valve CC with snout
plug removed. There was no requirement of
local vent valve above TK-3 to be opened for
level control. All three level switches, i.e, Snout
level, weir overflow level and TK-3 were set to
Full. LS actuation and de-actuation were
checked for three times and observed
satisfactory. FM pump pressure

FM Head (North)
clamped to FT Port
after modifications

was kept at 60 kg/cm? and FM magazine flow
(including magazine supply, seals supply and
Ram-C return at Force-3) set at 60 lpm during
the level control.

During snout level LS setting, it was observed
that LS was disappearing sometimes when FM
magazine was rotated, or ball valve CC
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was opened or during movement of
Ram-B/Ram-C with Ram Adaptor. In order to
make sure that snout level LS be available at alll
times during dry transfer operations, the LS
was set conservatively at slightly lower level. At
normal flow of 60 lpm, there was rise of about
5-6 mm D,0O level in 35228-TK-3. Snout level LSI
was set about 2-3 mm above the weir edge
(le.when no flow was maintained). At this
position, it was checked that snout level LSI
was remaining stable for all above conditions.
It was checked that snout level LS was
disappearing when supply flow to magazine
was isolated or reduced significantly. It was
observed that snout level LS1 was appearing
from flow rate of 35 lpm onwards. At abnormal
flow of 95 Ipm, there was rise of about 6-7 mm
D,0 level in 35228-TK-3 above the snout level.
Weir overflow LS2 was set about 9 mm above
the snout level LS] (i.e., about 12 mm above weir
edge level). There was no overflow of D,0 in
LMD-3002 and to FT Port at this level. Weir
overflow LS2 was appearing at this flow and
level.

Finally, snout level LS-1 was set about 2-3 mm
above the weir edge at 60 lpm flow. Weir
overflow LS2 was set about 9-10 mm above
snout level LS1 12 mm above weir edge) at 95
lpm flow.

3. Conclusion

The snout weir level control has been
successfully established in both FM Heads
(North and South) of first 700 MWe unit KAPS-3.
Being a FOAK system, this was an important
milestone in the commissioning of Fuel

Handling System at KAPS-3&4 and will be a
lead unit for all upcoming 700 MWe reactors.
The level control was achieved after a number
of modifications, experiments and trials. The
final result was satisfactory in both FMs
meeting the design intent. There was no
overflow of D,O up to 95 Ipm flow from
magazine to FT side. The level switches in level
monitoring tank TK-3 were set and
repeatability was ensured. The TK-3 level
transmitter is not responding properly and is
being pursued with design group for its
availability.
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online on-load transformer oil purification at TAPS-38&4.
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commissioned, first criticality achieved,
synchronisation with grid made and power operation
up to 50% Full Power of the first 700MWe Indian PHWR
achieved in a record time during the COVID-19 period.
He had guided and been instrumental in resolution of
many  design including
establishment of FM Head snout level control scheme,
d FOAK system introduced in 700 MWe PHWRs.
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in  commissioning and maintenance

commissioning of Fuel Handling Systems at KAPS-3.
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of Fuel Handling Systems at the first 700 MWe Indian
PHWR. He played an instrumental role in the successful
commissioning of the Fuel Handling System at KAPS-3,
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FM snout weir level control, Mobile Transfer Machine
(MTM) based Fuel Transfer System and in making the
FHS ready for first on-power refuelling.
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3D Plant Engineering and Modelling

of KAPS-3&4

Prasanta Kumar Pati, Dy. Chief Engineer, RDPS & UGP section
(Directorate of Engineering) and Sulok Kumar Saxena, Associate Director
(Reactor Process Group), Directorate of Engineering

Introduction

Detailed engineering of a nuclear
power plant is an iterative process

which involves handling of large
amounts of data and interaction
among various disciplines. Prior to

KAPS-384 project, detailed engineering

 of indigenous Indian Pressurised Heavy

Water Reactors (PHWRs) were carried
out in 2D mode, in which areo-wise
composite layout drawings were
prepared to study the interaction
among hardware of various disciplines.
Possible interferences and design
deficiencies were used to be identified
with the use of these composite layout
drawings. Bill of materials required for
procurement were calculated
manually using the layout drawings.
Since detailed engineering of a nuclear
power plant is an iterative process, this
method of engineering was tedious
and time-consuming. Also, it was
difficult to visualize ‘what-if scenarios in
the design process. The layout
drawings were also prone to error since
they were prepared manually. The
conceptualisation and finalisation of
plant layout is a mammoth task,
especially when engineering is to be
carried out afresh for an entirely new
reactor design, which was typically the
case for 700 MWe PHWR, — KAPS-38&4. To
overcome these  difficulties, 3D
model-based engineering was
adopted for KAPS-3&4. Many
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commercial 3D plant  modeling
software are available in the market,
out of which CADMATIC was chosen
based on suitability.

Methodology Adopted for
3D Plant Modelling

The first step in the preparation of a 3D
plant model is creation of library items
in the 3D model database. This includes
defining of various systems, lines,
attributes, symbols, standard
components (with their geometries
and dimensions), specifications,
formats for extraction of drawings, etc.
The standard components and
specifications were prepared based on
input documents such as piping and
ducting material specifications, data

sheets of components, valve
specification  sheets, drawings of
standard  components, etc.  For

pipelines, ventilation ducts, equipment
and supports, systems were defined
USI-wise. For civil structures, Embedded
Parts (EPs), reserve spaces, and
systems were defined building and
volume-wise. For distributed systems
(pipelines, ventilation ducts and cable
trays), line numbers and their attributes
such as material, schedule/rating,
design code, design pressure and
temperature, seismic category, etc.
were defined oand one or more
40
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specifications were assigned to each of the lines  on an input document prepared for the same.
based on their material specifications. In a 3D  This unique identification of items helps in
model library, specifications define the list of clubbing of similar items of different systems
components which are allowed to be used inthe  during extraction of bill of materials from the
line. Each of the items in the specifications was 3D model database.

assigned a unique identification number based
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Figure-1: A snapshot from 3D Model Library Database
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The centre of Reactor Building-4 (RB-4) was
chosen as origin of co-ordinate system, with +X
oriented towards construction east, +Y oriented
towards construction North and +Z oriented
upwards. In a 3D model, Z co-ordinate defines
actual  construction Plant and
building-wise grids having Constant X and
Constant Y co-ordinates were defined in the
model with respect to the co-ordinate system.
This enabled locating structures, equipment and
components in the 3D model with respect to
these grids. Civil structures were modelled based
on preliminary Concrete Forming Drawings
(CFDs), General Arrangement (GA) drawings and
Structural Steel Drawings. Brick walls and other

elevation.

partition walls were modelled based on

preliminary architectural layout drawings.

_

Figure-2: Overall plant layout of KAPS-3&4

Intelligent P&IDs (Piping and Instrumentation
Diagrams) were prepared in ‘Diagram” module of
the software, based on Input Process and
Instrumentation Schematic (PIS)/ Flow Sheet (FS).
Each line, component, equipment and instrument
in the P&ID was assigned some attributes,
specify the
line/component/equipment/instrument.  P&IDs
extracted from the model database carry these
attributes in the CAD soft copy, which helps
in easy retrievability of the information.

which details about

Equipment were modelled in

‘Component

/\_/*\/\5 1

Manager” module of the software, based on input
tender drawings | available dimensions from
previous projects. These equipment were then
located at appropriate locations in the 3D model,
GA

Shg paxs kA

based on preliminary drawings.

2ilg=oed ez

Figure-3: A Snapshot from Component Manager

Piping, ducting and cable trays were modelled
based on preliminary layout drawings. Openings
and penetration EPs were modeled in civil
structures and architectural walls for passing of
lines (piping, ducting and cable trays). Girders for
cranes, monorail beams for hoists and reserve
volumes for cranes and hoists were modelled
based on structural steel drawings and material
handling drawings. Platforms required for
operation and maintenance were modelled
based on system requirements for operation and
maintenance, while considering availability of
free space in the 3D model. These platforms were
later on qualified and required changes were
incorporated in the model. Reserve volumes were
modelled for walkway passages, equipment
handling and removal path. Supports for piping,
ducting and cable trays were modelled based on
standard support drawings prepared in-house,
depending upon availability of  structural
elements nearby. At some places, layout was
modified for supporting considerations. Wherever
it was not feasible to provide supports
using standard configurations, non-standard
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configurations were designed and modelled.
Optimisation of supports were carried out by
clubbing supports for multiple
pipelines/ventilation ducts/cable trays. EPs used
for supporting were modelled based on
standardisation. Equipment EPs were modeled
based on drawings of the equipment. An
Integration check between P&IDs and 3D model
was carried out to identify the mismatches
between the two and those were rectified. Piping
stress models were extracted from the 3D model
database using Check STRESSNuke software. This
software runs on a 3D model environment and
extracts raw stress models of piping. These stress
models were further verified, required additional
inputs were defined and stress analyses were
The required changes
incorporated in the 3D model based on the
results of the stress analyses. Further, piping
supports were qualified based on loads arrived
from piping analyses. Interferences between
objects in the 3D model were identified using the
collision control tool of the software and were

carried out. were

resolved by conducting multidisciplinary review
meetings. The model was then exported into a
lighter module of the software called e-browser
and used for a virtual walkthrough of the plant. A
periodic and detailed integrated review of this
model by o designated
walkthrough committee through the virtual
walkthrough. Design deficiencies and areas of
improvements identified in
walkthroughs and subsequently implemented in
the 3D model. This activity of resolution of
interferences and integrated design review was
usually carried out volume-wise. EP location
drawings were then extracted from the model
and subsequently incorporated
Forming Drawings (CFDs) and final CFDs were
then released for construction.

was carried out

these

were

in Concrete

civil

Extraction Of Deliverables
From 3D Plant Model

The following deliverables were extracted from

the 3D model:

1) Piping and Instrumentation Diagrams (P&IDs)
Piping and Instrumentation Diagrams provide
details of the process flow, equipment,
instrumentations and controls, logics notes, etc.
These were prepared in the Diagram module of
the software and extracted from the model
database in CAD format.

2) Concrete Forming Drawings (CFDs)

Concrete Forming Drawings contain
information  regarding various  structural
elements such as concrete floors, walls,
columns, beams, EPs etc. These drawings were
extracted from the 3D model and used for
construction. Minor post-processing like EP
summary table, customised notes, etc. were
carried out outside the software. For
preparation of CFDs of ICW and OCW in
developed view, macros were developed, and
drawings were prepared using the same.

3) Piping Isometrics
Piping isometrics present the layout of piping in
isometric view with all the dimensions, end
co-ordinates, line sizes and schedule, pipe
fittings, inline components and instruments
along with their tag numbers, bill of materials of
piping etc. These drawings were extracted from
the 3D model and used for the erection of
pipe lines.

4) General Arrangement (GA) Drawings of
Equipment, Piping, Ducting and Cable Trays
General Arrangement (GA) drawings show
scaled layouts in orthographic projections.
Different views and sections are shown for
clarity of layout. These drawings were used for
overall understanding of a system in a
particular area. GA drawings of ducting and
cable trays were used for construction. Piping
GA drawings were used for erection of tubing,
for which there were no isometrics.
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Figure-4: A snapshot from Isometric Extraction Module

Bill of Quantities

Bill of quantities list out items in a tabular
format with item code, type of component,
material, size, rating, design code, dimensional
standard and quantity, etc. Accurate bill of
quantities could be extracted from the 3D
model database.

Nodal Data for Cable Trays

Cable trays are an important constituent of a
Nuclear Power Plant. They can be of very large
length and varying dimensions. Functionally,
there are two types of cables in an NPP, viz,
power cables and instrumentation cables.
These cables are laid on different trays. Nodal
data defines the path of the cable trays. These
data were extracted from a 3D model
database using a macro developed for the
same. Necessary automation for selection of
trays, their interconnections, their source and
destination was carried out. The data was then
used for the preparation of the cable schedule.
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Piping Stress Models

These are used for analysis and qualification
of piping as per applicable code. The models
were extracted from the 3D model database
using a software that runs in a CADMATIC plant
model environment. This simplified the
process of preparing the stress models,
which was earlier done manually, was
time-consuming and prone to errors.

Support Schedules

Support schedules detailed
information about supports in a piping system
such as tag number of the supports, lines
supported, type of support, base of support,
drawing number of the support, isometric
drawing numbers in which the supports are
marked, etc. Macros |/ programs were
developed for extraction of schedules directly
from the 3D model as per the NPCIL format.
This process is quick and generates accurate
support schedules.

contain
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9) Support Detailed Drawings

Piping support drawings show details of the
supports which include configuration and
member sizes of the supports along with lines
supported, details of members and
components along with their bill of material

and fabrication details of the supports.
Necessary software customization  was
carried out to extract support drawings in the
required format from the 3D model and some
fabrication details were added manually.

O
A4

Advantages of 3D Plant Modelling

The 3D model based engineering has offered the following advantages, to name a few

1)
2)
3)

4)

5)

6)

Better visualization and understanding of the
plant in an integrated manner

Integration among various disciplines is more
effective

Identification and resolution of interferences
possible at design stage

Design review is more effective for
identification of deficiencies and
improvements

Simultaneous development of the 3D model
from multiple geographical locations is
possible

Extraction of accurate drawings and bill of
materials

7) Fast and effective resolution of construction issues
8) Effective presentation of various issues /

cases for easy understanding and resolution

9) Identification of space and path for material

handling requirements

10) Engineering changes are easier to manage
1) Can be used for training purpose
12) Effective tool for planning for system

commissioning

13) Same 3D model can be used as a base

model for subsequent similar projects

14) Can be used for operation and maintenance

planning of the plant
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Figure 5: A snapshot of Moderator Room from E-browser Model
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Challenges Overcome in KAPS-38&4

In KAPS-3&4, concurrent engineering was adopted,
e, engineering and construction were going
parallel. During the initial phase of the project, the
progress of civil construction was ahead of 3D
modelling. This was mostly for areas which were
below 100 m elevation of nuclear building. In these
areas, EPs were shown in concrete forming
drawings (CFDs) based on the 2D mode of
engineering. For these areas, 3D modelling was
completed a little later and supports were
provided from existing locations of EPs. Later on,
the progress of 3D modelling
construction and EPs located in the CFDs were
based on extracted drawings from the 3D model.

overtook

Equipment, valves and components were
modelled based on available drawings of the
earlier 540 MWe project and Tender drawings of
KAPS-3&4. Later on, when drawings of equipment,
components and valves were submitted by the
suppliers, the dimensions of some of them were
found to be higher than those existing in the 3D
model. These led to interferences in the 3D model,

which were subsequently resolved.

In the software, clashes were identified between
objects with clearance of 2mm or below and
resolved. However, due to higher construction
tolerances, some clashes were observed at site.

Realization of the updated 3D model is possible
only after extraction of drawings from the model.
Any model updating after release/freezing of
drawings has to be regularised by way of issue of
modified/revised drawings or ECNs (Engineering
Change Notices). A proper control over the model
was required so that there were no inadvertent
model changes, once the 3D model of the volume
was frozen and drawings were extracted.
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As the development of the 3D model and civil
construction had some overlap and as KAPS-38&4
was the first 700 MWe project, it was not possible
to estimate the exact quantity of material at the
beginning of the project. Materials were procured
based on a preliminary 3D model of the plant.
After the completion of 3D modeling and clash
resolution, the required bill of quantities was
extracted from the 3D model and compared with
the procured quantities. Any shortfall of items was
identified and procurement action was taken for
these items.

Conclusion

3D-model based engineering is an efficient and
way of carrying out detailed
engineering of a nuclear power plant, which
enables integration of all disciplines in an
integrated engineering environment, extraction
of accurate construction drawings and bill of
materials. The 3D model remains a replica of the
Nuclear Power Plant (NPP), which can be
visited/modified as per requirements, for the
entire life of the plant. NPCIL has gained expertise
in this field during the process of detailed
engineering for KAPS-3&4. Since KAPS-3&4 are the
first 700 MWe indigenous reactors in which this
was carried out for the first time, there were some
challenges faced and a lot of experience has
been gained and lessons learnt  while
overcoming these challenges. Many
improvements have been carried out on the
methodology, while preparing the 3D model of
the subsequent 700 MWe project, GHAVP - 1&2.
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Prasanta Kumar Pati is the
Dy. Chief Engineer in Moderator,
RDPS & UGP section of the Reactor
Process Group, which comes
under Directorate of Engineering.
He joined NPCIL in the year 2007,
through the DGFS-4" batch of

BARC training school, after completing his M. Tech in

Mechanical Engineering from IIT Kanpur. He was
extensively involved for 3D model-based plant
engineering for KAPS-384 and GHAVP-1&2 and has also
contributed in the mechanical design and analysis of
various equipment, piping, supports, etc. for 700 MWe
projects. He is an expert in 3D modelling for NPPs using
CADMATIC software and has trained many engineers
on usage of this software at HQ as well as at project
sites. Presently, he is involved in process and
mechanical design of Moderator & Auxiliary Systems,
Reactivity Devices Process Systems and Heavy Water

Upgrading Plant.

Sulok Kumar Saxena is an
Outstanding  Scientist,
holding the

Associate

currently
responsibility  of
Director  (Reactor

Process Group) of Directorate of

Engineering. He is a Mechanical

Engineering graduate from REC,

Kurukshetra (now NIT, Kurukshetra), who joined NPCIL in
the year 1990 after graduating from the 33 batch of
Training School (Orientation Course). He has been a
key person for adoption of 3D-based Plant Engineering
and Modelling, which was deployed for the first time in

NPCIL for the first 700 MWe project viz, KAPS-38&4. Earlier,
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as Head of the Plant Engg. & Modeling section, he set
up a Computer Aided Engineering (CAE) Center at HQ,
NPCIL and established the necessary infrastructure
and manpower for toking the 3D-model based
engineering forward. He garnered a team of engineers
from HQ as well as from various sites and got them
trained in usage of the CADMATIC modelling software.
As the 3D model was being developed for an entirely
new layout for 700 MWe PHWRs, he steered a
walkthrough committee for the in-depth review of the
3D model of KAPS-38&4 and optimised the layout for
ease of construction, operation and maintenance.
After facilitating assimilation of this technology in
NPCIL, the 3D model
engineering in the Directorate of Engineering. This

is now the mainstay of

mode of engineering is now being successfully
followed for other later 700 MWe projects.

Currently, as Group Head of the Reactor Process
Group, he is responsible for Design & Engineering of
various important nuclear systems like Primary Heat
(and its
Emergency Core Cooling System, Moderator System

Transport  system auxiliary — systems),
(and its auxiliary systems), Liquid poison-based
reactor shutdown systems and control systems viz.
Secondary Shutdown System (SSS) and Shut Down
System#2 (SDS#2), Liquid Poison Injection System,
Liquid Zone Control (LZC) System and Liquid Poison
Addition System (ALPAS & LPIS), Heavy Water Upgrading
Plant and Waste Management Systems for PHWRs. His
group also provides design support to all operating
PHWR units for various activities such as EMFR, EMBHR,
periodic safety assessments, system upgradation,

ageing management, regulatory support, etc.
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TAPS-3&4 540 MWe Units:
A Stepping Stone to 700 MWe

Ritesh Chandra Singh, Senior Technical Engineer (Nuclear), TAPS-384
Randhir Kumar, Technical Services Superintendent, TAPS-384

Tarapur Atomic Power Station-38&4

Soon  after independence, the
Constituent Assembly passed the
Indian Atomic Energy Act in the year
1948, under which the Atomic Energy
Commission (AEC) was constituted in
the same year. The Department of
Atomic Energy (DAE) was set up in
August 1954. DAE is mandated to
develop nuclear power technology and
radiation technologies in India.

As a first step for power generation
through nuclear power, the
construction of 210 MWe Boiling Water
Reactors (BWR) was started in October
1964. They commenced commercial
operation in October 1969 and were
among the first few nucler power
reactors to operate anywhere in the
world. Two nuclear reactor units, set up

at Tarapur, Maharashtra, were the first
nuclear power reactors in India as well
as in Asia. As a part of India’s long-term
nuclear power program, ds envisioned
by Dr. Homi Jahagir Bhabha, the first
Pressurised Heavy Water Reactor
(PHWR) of India—Rajasthan Atomic
Power Station (RAPS-1) in Rawatbhata,
Rajasthan -  started commercial
operation in December 1973. Thereafter,
a series of 220 MWe PHWRs came into

operation. The first-stage Indian
Nuclear Power Program went through
the stages of Technology

Demonstration,
Standardization, Consolidation and,
Commercialization. The
operation for 962 days by Kaiga
Generating  Station  (KGS-1)  and

Indigenisation,

continuous
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continuous operation for more than a year for 46
times (more than two years achieved 4 times out
of 46 times) by various reactors operated by
Nuclear Power Corporation of
(NPCIL) is a testimony to the maturity achieved by

India Limited

NPCIL in nuclear power technology. Encouraged
by the success of indigenising the 220 MWe
PHWRs, NPCIL with Bhabha Atomic Research
Centre (BARC) initiated the design of 500 MWe
PHWRs. Later, based on feasibility studies, the
500 MWe reactor design was scaled to 540 MWe
and Tarapur Atomic Power Station-384 (TAPS-384
-2 x 540 MWe) were set up. The conceptual design
of the 540 MWe reactors incorporates all the
basic features of a PHWR, e.g., horizontal pressure
tube design, fuelled with natural uranium dioxide
elements, moderated and cooled by heavy
water,  fast-acting, diverse, independent
Shutdown Systems (SDSs), High pressure and
long-term phases of Emergency Core Cooling
double

supplementary control room, etc. However, there

System, containment, main  and
are considerable changes in the design from

220 MWe reactors to 540 MWe reactors.

The important ones are two loops of Primary Heat
Transport (PHT) System, Pressurizer for PHT System
pressure control, Liquid Zonal Control System
(Lzcs)  for regulation,
Neutron Detectors (SPNDs) for in-core flux
monitoring for reactor regulation, protection and

reactor Self-Powered

flux mapping, Liquid Poison Injection for Shutdown
System-2, etc. Several first-of-a-kind (FOAK)
systems were introduced in TAPS-38&4. The design
and development of these new systems added
to our valuable experience. The successful
commissioning and operation of FOAK systems
further boosted the confidence of the NPCIL
design and O&M fraternity. Based on this
confidence, the design of Indian PHWR units of

700 MWe was carried out. The 700 MWe PHWR
design utilises essentially the same core of the
540 MWe. Sixteen nuclear power reactors of 700
MWe PHWR design, namely, Kakrapar Atomic
Power Station (KAPS-384), Rajasthan Atomic
Power Project (RAPP-7&8), Gorakhpur Haryana
Anu Vidyut Pariyojana (GHAVP-1 to 4), Kaiga
Generating Station (KGS-5&6), Chutka Madhya
Pradesh Atomic Power Project (CMPAPP-182) and
Mahi Banswara-1 to 4 are in different stages of
commissioning,  construction,  design  and
operation.  Successful commissioning and
operation of 540 MWe reactors at TAPS-38&4

paved the path for bigger 700 MWe Indian PHWRs.

Numerous improvements were incorporated in
the 700 MWe design based on the operating
experiences of 540 MWe reactors. Some of the
major modifications incorporated are outlined in
this article:

e Cobalt SPNDs replacement with Inconel SPNDs

e Separation of Helium circuit for SPNDs in
Horizontal/Vertical Flux Units (HFU/VFU) from
the Moderator Cover Gas System and boxing
up of the Horizontal/Vertical Flux Units with dry
Helium

e Replacement of multi-nodal system of
Reactor Regulating System (RRS) with Dual

Computer Hot Standby (DCHS) architecture

e Replacement of Ultrasonic Ball Detection
System (UBDS) with Mechanical Ball Detection

System (MBDS) in Shutdown System-2 (SDS-2)

* Series arrangement of moderator system ion
exchange columns to improve moderator
system chemistry during poison removal

* Improved reliability of Liquid Zone Control
System (LZCS)
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Replacement of Cobalt SPNDs with
Inconel SPNDs

TAPS-38&4 core being large in size, requires
continuous in-core power monitoring, since the
flux profile within the core cannot be properly
represented by neutron leakage flux. For reactor
regulation and protection, 96 Cobalt SPNDs (42 for
Reactor Regulation System, 36 for Reactor
Protection System-1 and 18 for Reactor Protection
System-2) are provided in the original design
because of their prompt response to changes in
power. For in-core flux mapping, Vanadium SPNDs
(102 in nos.) that provide accurate measurement
of neutron flux, even though having slow
response, are provided.

In case of Cobalt detectors, the power signal
results from neutron-gamma interactions with
Co-59. The sensitivity of the SPND to neutron flux
depends on the number density of Co-59 atoms
in the emitter. As time progresses, the sensitivity
reduces due to the depletion of Co-59, which on
absorbing a neutron becomes Co-60, which is
highly radioactive and has a half life of 5.2 years.
The buildup of Co-60 makes the irradiated Coballt
SPNDs highly radioactive. The measured gamma
field at a distance of 2 meters from an irradiated
Cobalt SPND ranges from 7,000 R/hour to >105
R/hour. During the operational stage, frequent
failures of Cobalt SPNDs were experienced due to
degradation of Insulation Resistance (IR) values.
The replacement of faulty Cobalt SPNDs posed
significant radiological challenges due to high
gamma field. In view of high radiation fields from
irradiated Cobalt SPNDs, it was proposed to phase
out the Cobalt SPNDs and replace them with
detectors having Inconel-600 as emitter material.
Inconel-600 is a common industrial material
readily available in India and Inconel SPNDs are
already in use in several CANDU 600 reactors. The

safety proposal for replacement of Cobalt SPNDs
with Inconel SPNDs was thoroughly reviewed
in-house and by Regulatory body. After regulatory
clearance, performance of Inconel SPNDs was
observed in reactor conditions. From the
operational data also, it was established that
Inconel SPNDs are prompt response neutron
detectors and can be used for reactor regulation
and protection. After a thorough review and
satisfactory performance of Inconel SPNDs,
Cobalt SPNDs were replaced with Inconel SPNDs in
TAPS-3&4.

Based on the operating experience of TAPS-38&4,
Inconel SPNDs were incorporated in the 700 MWe
design in place of Cobalt SPNDs for in-core power
monitoring. Also, performance of three-pitch
SPNDs incorporated in 700 MWe design in place of
single pitch/two-pitch SPNDs in 540 MWe design
was checked and verified in TAPS-38&4.

Separation of Helium circuit for
SPNDs in Horizontal/Vertical Flux
Units (HFU/VFU) from the Moderator
Cover Gas System and boxing up of
the Horizontal/Vertical Flux Units
with dry Helium

In TAPS-384, there are 26 Vertical Flux Units (VFUs)
in the reactor core, which house 102 SPNDs for Flux
Mapping System (FMS), 42 SPNDs for Reactor
Regulating System (RRS) and 36 SPNDs for Reactor
Protection System-1 (RPS-1). VFUs are enclosed
Carrier Tube Assemblies (CTAs) located vertically
between various lattice locations, with terminal
box welded to the embedded part on the top
hatch. There are 7 Horizontal Flux Units (HFUs) in
the reactor core, which house 18 SPNDs for
Reactor Protection System-2 (RPS-2). HFUs are
closed tubes located horizontally between
various lattice locations, with terminal box in the
horizontal position. Moderator Helium cover
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gas was the cooling medium for SPNDs. During
initial operation, SPND failure rate was higher due
to the presence of moisture in moderator cover
gas. In view of this, it was proposed to separate
the Helium circuit for SPNDs in HFUs/VFUs from the
Moderator Cover Gas System and box up the
HFUs/VFUs with dry Helium gas. HFU box-up
scheme was implemented at TAPS-3&4 and
post-modification, SPND failures in HFUs were
reduced drastically. However, VFU design is to be
modified to implement VFU box-up scheme.
Based on the experience, HFU/VFU box-up
scheme is implemented in 700 MWe to avoid
moisture ingress to VFU/HFUs. Also, dimensional
changes have been incorporated in VFU Carrier
Tube Assembly design to take care of SPND
stucking and other operational issues based on
the experience of TAPS-384.

Replacement of multi-nodal system
of Reactor Regulating System (RRS)
with Dual Computer Hot Standby
(DCHS) architecture

The Replacement of multi-nodal system of
Reactor Regulating System (RRS) provides
continuous reactivity control so as to control the
reactor power at a level set by the operator. The
originally designed RRS system was based on
multi-nodal architecture in which separate nodes
were provided to handle a particular process. It
consisted of three Input Processing Nodes (IPNs)
for performing input data acquisition and
processing, two Main Processing Nodes (MPNs) to
execute various algorithms and calculations, two
Output Processing Nodes (OPNs) for generating
output in field and two Operator Console Nodes
(OCNs) for human machine interface and display
purpose. Later, after detailed studies, the
multi-nodal architecture of RRS was replaced with
more reliable Dual Computer Hot Standby (DCHS)
configuration. The new DCHS scheme addressed
the issues related to IPN halting, non-availability of

working prototype/test facility for functionality
verification of RRS hardware, and issues like delay

in implementing changes due to long support
cycle. During the initial operation of TAPS-3&4,
diverging bulk power oscillations were observed
in both units. Even, TAPS-4 reactor tripped in
over-power on four occasions due to bulk power
oscillations. A thorough study was conducted on
RRS stability based on RRS cycle time and RRS
feedback gain values to avoid bulk power and
spatial power oscillations. These values were
optimised based on the above studies and it
resulted in stabilising the zonal as well as bulk
power.

The experience gained during RRS change and
trouble-shooting of power oscillation was utilised
in the 700 MWe design.

Replacement of Ultrasonic BallDetec-
tion System (UBDS) with Mechanical
Ball Detection System (MBDS) in Shut
Down System -2

In TAPS-3&4, two independent, fast-acting and
diverse Shutdown Systems (SDS-1 and SDS-2) are
provided. Shutdown System-2, on actuation,
injects liquid poison (Gadolinium Nitrate solution
in heavy water) into bulk moderator inside
Calandria through six perforated poison injection
tubes using high pressure Helium to shut down
the reactor. The liquid poison is stored in six tanks
(known as poison tanks), with each tank
connected with a poison injection tube. A floating
plastic ball is provided in each tank. The ball
position at top indicates poised condition of
SDS-2 poison tank. When the tank becomes
empty after poison injection, the ball is seated on
the bottom ball seat, thus preventing high
pressure Helium from entering into the Calandria
after system actuation. Ultrasonic Ball Detection
System (UBDS) was provided in the original design
to provide the exact location of ball in poison tank.
The performance of Ultrasonic Ball Detection
System for SDS-2 was not satisfactory at
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TAPS-38&4. In view of the system importance, a
necessity was felt for a simple and direct method
for ball detection inside poison tanks. The system
for detection of ball should be such that it should
not affect the working of poison injection and
system integrity, as well as it should be easy for
conducting maintenance.

An innovative scheme for ball detection
mechanism using mechanical plunger and reed
switch inside poison tanks was proposed. The idea
was conceptualised and experiments were
carried out on the proposed system to be installed
at TAPS-384. It was named as Mechanical Ball
Detection System (MBDS). Subsequently, the
scheme was  successfully installed and
commissioned at TAPS-3&4 after due clearance
from the regulatory body. The scheme was simple
to implement within minimum possible time and
minimum man-rem consumption, while
complying to all the regulatory requirements. The
simple modification without bypassing any safety
concerns satisfied the regulatory requirements,
which eventually helped to resolve the issue of ball
detection inside poison tanks with earlier UBDS
without any doubt. The same scheme has been
adopted in the 700 MWe design for ball detection
in SDS #2 system.

Series arrangement of moderator
system lon Exchange columns to
improve moderator system
chemistry during poison removal

Gadolinium nitrate is used as poison in
moderator system at TAPS-3&4. At TAPS-3&4,
removal of Gadolinium poison from moderator
heavy water is a regular practice during start-up
of reactor after a long shutdown or after the
actuation of SDS-2. This was done earlier by single
moderator-lon Exchange (IX) macro-porous
strong Acid Cation (MSAC): Macro Porous Weak
Basic Anion (MWBA)-30:70). It was observed that
removal of Gd* by a mixed bed containing

macro-porous strong acid cation (MSAC) and
macro-porous weak base anion (MWBA) in the
30:70 volume ratio gives highly acidic pH in the
outlet of the IX column. This led to a lowering of
the pH of the moderator system. The lower pH is
not compatible with moderator equipment and
system construction materials. In the past, the low
pH of the moderator system has resulted in
failure of moderator pump can and passing of
various moderator system MVs, CVs and manual
valves, the rectification of which has been a very
dose intensive activity and has consumed a lot of
station man-rem. Also, during the subsequent
reactor startup and power raise, deuterium
management becomes difficult. In order to
resolve the low pH issue, a series arrangement
where MB is followed by MWBA was thought of
and implemented in TAPS-3. Based on successful
demonstration of system behavior with changed
IX configuration, Committee of Steam and Water
Chemistry (COSWAC) recommended using this
scheme in future for Gadolinium Nitrate and Nitric
Acid removal in 540 & 700 MWe plants.

Reliable operation of Liquid Zone
Control System

Liquid Zone Control System (LZCS) is one of the FOAK
systems used in the 540 MWe design for reactor
regulation. Several iterations in LZC system design
were made to achieve satisfactory system
performance. The compressors of LZCS of TAPS-38&4
used to fail frequently due to water ring seal failure.
After a detailed study of system parameters and
behavior, LZCS delay tank pressure set point for
compressor was modified. Also, LZCS compressors
were operated continuously in place of intermittent
operation design. These actions improved system
reliability and availability. The design changes in the
LZCS system of 540 MWe reactors based on
operating experience were incorporated in the
700 MWe design.
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Conclusion

The successful commissioning and operation of
540 MWe reactors paved the path for the design
of 700 MWe reactors. The operating experience
gained during the safe and reliable operation of
TAPS-38&4 provided valuable inputs for 700 MWe
design. The improvements based on the
feedback from the operating experience of the
540 MWe reactors have been incorporated in the
700 MWe design. With safe and reliable operating
experience of around 15 years of 540 MWe
reactors, NPCIL is poised to enter an era of
successful operation of 700 MWe reactors.
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a Control Assistant

NUCLEAR POWER is one of
the few technologies that can
quickly combat climate
change while providing
reliable, affordable, and safe
electricity.

-Dr.Ken Caldeira

Climate Scientist
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Educating about Nuclear Science and
Technology at ‘Vigyan Sagar’, Science
& Technology Park at Thrissur

Dr.T.R. G.Kutty, Advisor, Vigyan Sagar Science & Technology Park, Thrissur, Kerala.

Introduction

Science, technology and innovations
are the key elements of economic and
social development  that can
contribute to sustainable and inclusive
development of the country. To achieve
the above objectives, it is essential to

/ develop a scientific temper among its

masses, particularly students, from an
early age onwards. The first and
foremost aspect that is crucial when it
comes to developing a student's
scientific temper is to ensure his ability
to inquire, observe physical reality, test,
hypothesize, analyse, and
communicate. The challenge for us is
to inculcate an attitude of logical and
rational thinking among the student
community. Vigyan Sagar Science and
Technology Park at Romavarmapuram,
near Thrissur, Kerala is such an institute
designed to serve as a dynamic
medium of science communication for
the public and inculcating a sense of
inquiry and scientific temperament in
the minds of the students right from
pre-school to post-graduate level. The
major objectives of this centre are to
pursue and promote and facilitate to
do basic research in science, covering
broad areas through active interaction
and participation. The other objective
of the centre is to engage, educate and
entertain the visitors from various
educational institutions through
thematic exhibitions, interactive

educational activities and outreach

programs.

| !gil" il

Fig. I: Vigyan Sagar Science & Technology Park
at Thrissur

Vigyan Sagar Science &
Technology Park, Thrissur

Vigyan Sagar Science & Technology
Park is a prestigious organisation under
the auspices of Thrissur Jilla Panchayat.
It is in the suburbs of Thrissur, which is
regarded as the cultural capital of
Kerala, and recently Thrissur has earned
global recognition with its inclusion in
the Global Network of Learning Cities
(GNLC) project under United Nations

Educational, Scientific and Cultural
Organization (UNESCO). The GNLC
project will catapult Thrissur to a

learning city. In the above context,
Vigyan Sagar has to play the leading
70
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role of propelling science in Thrissur and around
its periphery. This centre is going to be a podium
to articulate ideas and imaginations of young
minds and will create a platform to promote
innovation and help creative minds to converge
their ideas.

Vigyan Sagar Science & Technology Park has a ot
of facilities to offer for students to learn and
These include

assimilate. well-equipped

laboratories for conducting experiments in

subjects like chemistry, physics, biology,
electronics and mathematics, an advanced
classroom with audio-visual equipment, a big
auditorium with a seating capacity of around 250
persons and two small auditoriums with a seating
capacity of around 125 persons each. About 100
scientific equipment, which explain fundamental
laws of physics and chemistry covering various
topics are installed here, where students can
themselves carry out scientific demonstrations.
There is also a state-of-the-art Indian Space
Research Organisation (ISRO) pavilion, where
models of all types of rockets and satellites with
detailed exhibited.  An

where  full

descriptions  are

avant-garde  space  pavilion,
descriptions along with models about the origin
of universe, birth and death of stars, formation of
galaxies, details of solar systems, description of
space missions, etc, are depicted in great detail
with well-illustrated displays. Also, there is a mini
theatre, where students can view films on space
technology. A 6-D theatre is already in the

advanced

stage of

commissioning.
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Fig. 2: GSLV MK3 rocket model located near
the main entrance

Fig.4: Scientific equipment with description arranged in
hexagonal racks
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ddfeld Huf g offaihlg faaisel d dodel i 3ide &
fdegidl & Uffdd cherdl Aidl 1 3o ollfaichid faigel b
3MMemee(d dca-fAetdl DI oimel STerdhig-uidl IefeiddT,
Teh oggTel BT 3aeyul Shedl g dl Ig 3Hfeele &l dehdl &
dgC Ahdl gl Sed ULTd 3oTdl, 3fTseciel & SaflcheUl E =
mc2 & 3Mee Ue fahefl fasgel & 3cdool Hulf bl IuTell
2ol o TooC ohgl Ulldl gl fdseft faferse fawiest &f waremT
ol &l fAfS T sovariel diced (200 MeV) Hulf faigdfed
gt g1 saes fAudtd, sifeichae Cremafaid sifaefiserd
HfATHITT (T b PIIST TBTell) Th a1 A hdos
DO eV &l foleddd ded! gl fiTaree & UgHIU] & faeisgol
& 3dool Hulf & Ulell bl a1 & F6esl AAldl & fodd
cafgal gdTdt g 3Me fauTe! gaid g1 312 I8 da S9Ie fobef!
Dol Hedufel b gldl g adifch fSuaredl i JRfaidet bl
OT Tl AATdT & of fob fahefl dhiaey vid ditaredt gefel
311fE BT sfaedde &Iel &ed do3d 2gd & 3¢ gog aifd
Jafle Hlerefl censit ol dgal avd derr [ ol 24x7
TN 3UHEE] dhelal A9 &U H ddTe fasdT ATar g1 3fd &,
STifefchld faeld ael o giee el ugags ue Udbrer
SIo3T I T UdTesofd e, deeall, digde deel d
3{TITd qaTfedi & &1 F darar arar gl (fa-6 a -7 ¢)
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Nuclear Reactor Model

The latest addition to the above list is a nuclear
gifted by Nuclear Power
Corporation of India limited (NPCIL). This
semi-dynamic nuclear power plant model is one
of the best tools to educate the general public
about nuclear power plants. This model was
formally handed over by NPCIL officials to Thrissur
Jilla Panchayat in a well-attended function at
Thrissur in July 2022. The model represents the
latest type of nuclear reactor of India, a Pressurised
Heavy Water Reactor (PHWR) of 700 MW capacity.
This conceptual model displays the reactor
building and turbine building. Through colourful
lighting, the process of fission in the power plant is
explained. Voice commentaries in English, Hindi
and Malayalom are available to explain the
working of the plant. Various safety features are
incorporated in the model to build confidence in

reactor model

visitors that nuclear power plants are safe. The
teachers of the institute have been given training
about the model and its working (see Fig. 5). With
the help of tireless veterans, who had retired from
various establishments of the Department of

Atomic Energy, students have been taught the
basics of nuclear science and technology.

aaid

Fig. 5: NPCIL official giving training to
teachers about the Nuclear Reactor Model

bbbt & L)

The students are introduced to the concepts of
mass defect, binding energy and differences
between nuclear fission and fusion. They are
taught the basics of nuclear fission, where the
nucleus of a heavy atom-such as
uranium-absorbs a neutron, the nucleus can
become unstable and split. They are then asked
to calculate the amount of energy released in a
fission reaction using Einstein’s equation E = mc2.
Typical fission events release about two hundred
million eV (200 MeV) of energy. In contrast, most
chemical oxidation reactions (such as burning
coal) release at most a few eV per event. The
energy comes from splitting atoms in a reactor to
heat water into steam, turn a turbine and
generate electricity, all without carbon emissions
because nuclear reactors use uranium, not fossil
fuels like coal. The nuclear plants are always on
and built to withstand extreme weather,
supporting the grid 24x7. Finally, the safety
aspects of nuclear power plants are briefed with
the emphasis that nuclear power plants maintain
the highest standard for operational safety,
security,  cybersecurity, emergency
preparedness (See Fig. 6 and Fig. 7).

and

2
ANT GLOBAL C N
LOBAL BUSINESS CONNECTITY
GLOBAL MONITORING

Fig. 6: Teacher at Vigyan Sagar demonstrating the working
of the reactor model to the students

AN
2
\
J
mw‘g B‘

27
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Fig. 7: Students listening to the commentary on
the working of a nuclear reactor

Questions Often Asked

Many of the students, especially from higher
secondary classes, are very curious to know
about India’s nuclear power programme and
often they raise several questions. The questions
frequently asked by students are: 1) Are nuclear
reactor sites terrorist proof? 2) How is nuclear
waste stored? 3) How is nuclear waste
transported? 4) Are nuclear power plants worth
the costs? 5) Are nuclear hazards different from
other hazards that we face every day? 6) Why is
thorium, found in the beach sands of Kerala, is not
utilised? 7) Why is nuclear energy not included in
school syllabus? 8) How does nuclear energy
impact the environment? 9) What are the most
contentious issues surrounding nuclear energy?
10) Why are there so many units like Sievert, rem,
rad, gray, becquerel, curie, and roentgen to
measure radiation?

Concluding Remarks

The nuclear reactor model installed in Vigyan
Sagar has evinced new interest among the
students. After viewing the demonstration, they
are convinced that nuclear energy protects the
environment by producing massive amounts of
carbon-free electricity. There is a common
apprehension among the general public about

/\/\/,\W;;A,W;iw, Mg eyl e
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the safety of nuclear power based on prevailing
misconceptions. With the help of Nuclear Reactor
Model, public and students are made aware of
the impacts of climate change and the urgent
need for global reduction in dependency on fossil
fuels in order to reduce greenhouse gas
emissions. Nuclear energy is a low-carbon source
of electricity and can be deployed on a large
scale at the required timescale, supplying the
world with clean, reliable, and affordable
electricity.

Vigyan Sagar Science & Technology Park stands
tall in achieving the above objectives, making
thousands of students aware of the need of a
scientific approach in dealing with the problems
of life. In a nutshell, VigyanSagar has become a
fulcrum of scientific activities for the benefits of
people living in and around Thrissur. Students are
trained to employ a scientific method of
decision-making, like the refusal to accept
anything without testing and trial, the capacity to
change previous conclusions in the face of new
evidence, the reliance on observed fact and not
on pre-conceived notions, etc.

As of now, 35 more NPP models are
present in different science centres
across the country.

Fig. 8: Students and teachers assemble in front of
Dr. Kalam’s bust during a summer camp N
—\ (76)
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BIedre & 39-A=A1 fd=11e1 g A
&Y gfacyae dlaf &t =uraen

gl. dvdla derais, Udje, 3U-8A1 [d571eT dbe, dbledie, dhollcap

fASTTal g, BTl ohl folsTTe bl derdiad g 31
Jog fasiTel o a1e 3 3¢ 3ifeleh Wielal & fT
Ofdd ohd &1 chollce ddbIe gIel 3ae thools
focy & Yermerel o e fAedse fasiics 151,
2017 1 hredTe feld 3U- 821 faiTel dhg ot
RISl &1 11 8 ohg 9 T &gl faaTlel
ctaf & forad o1 fasiel & gdfed fawa ol
e d Yard! &1 F e dbd gl sab
3{cATdl, 5& hg o Tdh 3i13csle fasilel Teh,
1S UTofl bl 3ol Uchlg chi Bl daTedl
Uch ABOIYE 312 EIETHY aft gl

g g 3 B ATEC o FaE AT B
&I & 5 by o Th & oJfaode draf

P 3ifAdeys g fadrd fbdr ga crdf ol

2020 B1 off
HTIEIU, R folgeld, Todiei3mates
I gIeT T 1| 197 T SATfaldhie faeld
A & 19l &b a1 F HATelhIdl ol &b ST g

3gcol féolich 11 oidde,

ctaf i feuaee g cdfsel Aises deal offadhia
fae[d o & fard &Id, 81Ted ob STIfelchid faeld
Jddl a ufddioenstl, uafaeur gemeufladr
PIAhHA!, Hed F SAfADIT I gl hi
diee siie eed & fA-Tevfia gfaosde
PRIGHAT B T & Fgaene off zaft I8 2l
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Miniature Nuclear Gallery at
Sub-Regional Science Centre, Karwar

Dr. Sanjeev Deshpande, Head, Sub-Regional Science Centre, Karwar, Karnataka

Science centres provide impetus to the
curiosity of students and inspire them
to learn more about science. Govt. of
Karnatoka in association with District
Administration of Uttara Kannada set
up a Sub-Regional Science Centre at
Karwar on June 1, 2017. The centre has a
Fun Science Gallery, where students
can learn science, in an easy and

/ effective way. Besides this, the centre

also has an outdoor science park, a
marine museum and agquarium with
different fresh water fish varieties.

Recently, Kaiga site with the help of HQ,
Mumbai has designed and developed
a Miniature Nuclear Gallery at the

Centre. The gallery was inaugurated on

Novemnber 1, 2020 by M.
Satyanarayana, Site Director, NPCIL
Kaiga. The Gallery has information

about reactor and turbine model and is
a consolidated source of information
on nuclear power, nuclear power plants
and projects in India, environmental
sustainability  programs, safety of
nuclear power plants in India and three
stages of India's nuclear power
program to make people aware of the
benefits of a nuclear power plant.




off Troie TpaTe I, A5 folgelds, Toldieft3mates ahal o
off Hereale Jifgcdol, IMSCTE, IUTh 3¢ hools Td 3iezef
3U- A1 faTTel dhg dredie giel fealich 25 Weddl, 2022
I 700 IIMMATC SAfADBTT T HAlges bl IsIcal fhdl
I[N 8 AleE A, fect, 3f9uft g hools HTOT & 3iifedl
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312 3{eTqchl) Pl BN SlfAhId AT b BRIl
faaTest 3cdreet 3Mfe ot Irfa fafeay ol ddrelel & HAeq
et &1 S UES & T, I9TT, I droais foles & fasTal
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HEaqUT ffATpT foTaf 28l &l

HTduTfoloh TNT&ahdl b fo5T afTed 8ie

& 31 dob 13 &Y Jfares e fauf
ZeTfid bt ITg €|
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Mr. Rajendra Kumar Gupta, Site Director, NPCIL,
Kaiga and Mr. Mullai Muhilan, LAS. Deputy
Commissioner, Uttara Kannada and Chairman
Sub-Regional Science Centre, Karwar
inaugurated a 700 MW Nuclear Reactor Model on
February 25, 2022. The model has audio-visuals in
English, Hindi and Kannada languages, explaining
about the generation of electricity using uranium.
Apart from this, the gallery also has an
information charts about nuclear reactors in
India, safety of nuclear reactors and also their
impact on the environment.

Since its inauguration, the gallery has attracted a
large number of visitors from all over the country.
The gallery is helping the visitors (especially
students and teochers) to understand the
activities of Kaiga nuclear reactors, electricity
generation etc. With this initiative, Kaiga is playing
important role in creating awareness and
popularisation of science in Uttara Kannada
district.

13 Miniature Nuclear Galleries
across India have been established
for Public Awareness, as of now.







Name: Jungle Babbler
Scientific Name: Argya striata

Presence in our NPPs*: NAPS, GHAVP, KAPS,
RAPS, KGS, MAPS

T

*at our sites located at Narora (Uttar Pradesh), Gorakhpur (Haryana), Kakrapar (Gujarat), Photo Credit: R. Bayana
Rawatbhata (Rajasthan), Kaiga (Kamataka), Kalpakkam ( Tamilnadu)
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&Uqe glacsae fdzgd &ddaa glate-13A fafsha s
folshTeIT TUTTc31 BT HeRATToT HF 0T
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Passive Heat Removal System Installed
at Rooppur Nuclear Power Plant Unit-1

The heat

exchangers  of

installation  of
the
Removal System (PHRS) has been

eight
Passive Heat
completed in Unit-1 of the Rooppur
Nuclear Power Plant (NPP), Bangladesh's
first-ever nuclear power plant being
built by Rosatom — Russia’'s state-run
nuclear power corporation.

Each heat exchanger, a metal structure

, weighing over 32 tonnes, has a length

of 8530 metres and a width of 5904
metres, reads a statement recently
issued by the Communication Division
of Rosatom Engineering Division.

The PHRS is a passive safety system that
ensures the long-term removal of heat
the the
atmosphere in the absence of all

from reactor core into

sources of power supply.

‘When the
atmospheric air enters the PHRS heat

system is operational,
exchanger, which cools it down at one
side, while the steam from the steam
generator condenses inside the heat
exchanging tubes,” explained Alexey
Deriy, the Vice President of Rosatom
Engineering Division and Director for

Rooppur NPP Construction Project.
Subsequently, ventilation pipes were

installed in Unit-1in July.

The Rooppur plant is being built by

Rosatom in Ishwardi sub-district of
Pabna, about 160 km northwest of

Dhaka. It will comprise two VVER-1200

reactors.

In November 201, Russia and
Bangladesh signed an
Inter-Governmental Agreement on

cooperation in the construction of the
NPP and a general contract was signed
in mid-December 2015. Construction of
Unit-1 began in November 2017 and
Unit-2 in July 2018.

All the plant's fuel is being provided by
Rosatom under a contract finalised in
August 2019, and the final protocol,
approving delivery, was signed in May.
The fuel in the plant will be returned to
Russia for processing. Earlier in August,
the
Commission inspected nuclear fuel at

Bangladesh ~ Atomic  Energy

Russia’'s Novosibirsk Chemical
Concentrates Plant (port of Rosatom’s

Fuel Company TVEL), for the initial fuel

Source: The Business Standard
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U.K.'Committed to Nuclear Power
Despite China Funding Concerns

The UK. Government is "fully committed” to
promoting nuclear power as d major energy
source, but national security is paramount as
Chinese investment in new plants raises
concerns, according to the minister in charge of

the sector.

According to the World Nuclear Association, a
global industry body, the UK. Most of the existing
nuclear power plants in the US. will be retired by
the end of this decade, while new generation
reactors are still under construction.

Upbeat public sentiment is adding momentum to
month, the
Government set up a new body dedicated to
rapidly expanding nuclear power in Britain, along
with a grant funding package worth 157 million
pounds ($200 million).

the construction drive. Last

The country aims to get 25% of the country's
electricity from nuclear by 2050, up from about
15% last year. Renewables and fossil fuels now
account for about 40% each.

"The British government is fully committed to new
nuclear plants, after about three decades of
underinvestment. We are reinvesting and
revitalizing an industry which has not received as
much attention as it should in the UK., Minister for
Nuclear and Networks Mr. Andrew Bowie said in a
interview. "Overall,

recent we dre open to

investors from overseas," he added.

Mr. Bowie became the country's first-ever nuclear
minister in February, underlining its commitment
to boosting the sector.

) W
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But there would be “certain rules’ around new
investment that would rule out Russian investors
and others, with "obvious caveats regarding
national security implications,” Mr. Bowie said.

With energy security rising up the Europeadn
agenda, Mr. Bowie said, "For the first time in
generations, the British people view nuclear in a
positive light. They are supportive of nuclear
power as a means of securing our energy
baseload, but also getting to net-zero carbon
emissions, because it is a clean source of energy.”

The UK Government has announced plans to
build as many as eight new reactors. However,
major projects already underway are mired in
controversy over funding from Chinese investors,
given tense
Beijing.

relations between London and

Chinad's state-owned CGN initially held a 20% stake
in the 3.2 gigawatt Sizewell-C nuclear plant, which,
it is hoped, will generate enough electricity to
power 6 million homes. The project is led by
French state-owned energy group EDF.

But the Government last year decided to buy
back CGN's stake, opting to invest in the project
itself and jointly control the power station with
EDF, as lawmakers raised concerns over Chinese
involvement in critical British infrastructure.

The Government is authorized to scrutinize and
intervene in foreign investment and acquisitions
in the nuclear sector, a "sensitive’ area of the
economy that potentially affects
security, according to a law enacted last year.
Source: NikkeiAsia
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Daewoo E&C,KAERI to Team Up

for Nuclear Tech Research

South  Korea's Daewoo  Engineering &
Construction Co. (Daewoo E&C) has announced
that it signed o research collaboration
memorandum of understanding (MOU) with the
Korea Atomic Energy Research Institute (KAERI).

They agreed to collaborate for advanced nuclear
research and development as well as the
exploration of new projects.

The main areas of cooperation include Small
Modular Reactors (with a generation capacity of
300,000 kW) and overseas research reactors, as
well as technology for the storage and disposal
of spent nuclear fuel.

They decided to promote joint research,
exchange of personnel, and shared utilisation of

research facilities and equipment. Additionally,
they will jointly undertake advanced national
technology projects in the field of research
collaboration, with Daewoo E&C planning to
invest in design and research personnel.

Earlier in June this year, Daewoo E&C signed an
MOU with KEPCO Plant Service & Engineering for
joint overseas nuclear project development and
last month signed an MOU with SK Ecoplant.

‘Through the MOU with the Korea Atomic Energy
Research Institute, we plan to participate in
advanced nuclear technology research and
development, secure fundamental technology
and drive the exploration of new business
opportunities,” a Daewoo E&C source said.

Source: The Korea Economic Daily

IAEA Acquires N150m Nuclear Equipment for ABU

The International Atomic Energy Agency (IAEA)
has acquired nuclear research equipment for
installation of the upgraded Instrumentation and
Control System (I&C) of the Nigeria Research
Reactor-1 (NIRR-1) at Ahmadu Bello University's
Centre for Energy Research and Training (CERT).

The equipment, worth N150m, was procured from
the China Institute of Atomic Energy, Beijing, the
designers of the research reactors, under the IAEA

Purchase Order issued in 2022.

The donation of the equipment by IAEA followed
the destruction of CERT's Computer Control
Console some years ago.

This followed the arrival of a four-member team
of Chinese experts to the Centre for the
installation of the upgraded systems at the
Centre, which has begun now.
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The Director of the Centre, Prof. Sunday Jonah,
who led the Chinese experts to the
Vice-Chancellor, Prof. Kabiru Bala, said that when
completed, the project will increase the
capabilities of the research reactors in terms of
operations, safety and utilisation.

Responding, the Vice-Chancellor expressed
delight over the arrival of the Chinese experts for
the installation, stressing that the project would
greatly add value to the research activities being
carried out at the Centre.

Leader of the Chinese team, Prof. Yiguo Li, of the
Research Reactors Department, China Institute of
Atomic Energy, thanked the Vice-Chancellor for
the warm reception, saying that they would be in
the University for the next ten days performing the
installation.

Source: Daily Trust
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Nuclear Fusion can Change Our Worid

Researchers at the National Ignition Facility
announced that they had achieved net energy
gain in a fusion reaction. It could provide us with

an unlimited source of green and safe energy.

Imagine the possibilities. Nuclear fusion could
provide us with an unlimited source of green and
safe energy.

Nuclear Fusion

On July 30, 2023, researchers at the National
Ignition Facility, located at Lawrence Livermore
National Laboratory, California, announced that
they had achieved net energy gain in a fusion
reaction. In other words, they managed to
generate more energy than what the process
consumed.

This was the second time they did so-the facility
achieved this feat earlier in December last year.
Most importantly, the quantum of net gain was
higher now. Net energy gain is critical to make
That
possibility has kindled hopes even among policy

commercial  fusion power possible.

makers. Jennifer Granholm, the US energy
secretary, said "this success was one of the most

impressive science feats of the 21t century”.

Nuclear fusion does not emit any greenhouse
gases and produces a lot more energy with a lot
less fuel.

The raw material to produce energy through
nuclear fusion is hydrogen and is available in

) 1y
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abundance. Nuclear fusion could therefore solve

humanity's quest for unlimited sustainable
energy.
In the December experiment, the energy

produced was 315 megajoules as against 2.05
megajoules that was spent. Initial analysis of the
July test data reveals that the net gain was even
higher.

"Achieving net energy gain in nuclear fusion is
more than just a necessity to guarantee a safer
and sustainable planet for the future generations.
Fusion power is probably the only large-scale
solution that could save the planet from
irreversible damage that it is undergoing due to
usage of fossil fuels and greenhouse gas

emissions,” says Ratna Kumar Annabattula,
professor at the department of mechanical

engineering, IIT Madras.

But there is still

commercial power is generated from fusion

some way to go before

reactions. For one, practical fusion reactors have
not been built yet. Containing plasma at fusion
temperature (hot gas tends to expand and
escape from enclosing magnetic structures) is
stil a challenge. Robert W Conn, a plasma
physicist put it succinctly when he wrote in an
article recently: 'The quest for practical fusion
energy remains one of the greatest scientific and
engineering challenges of human kind.".

Source: CNN.com
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Nuclear Energy, Rare Earth Metals;
Why are Major Powers Interested in Moon? Explained

Russia  launched its first ~moon-landing
spacecraft in 47 years on Friday amid a race by
major powers, including the United States, China
and India, to discover more about the elements
held on the earth’s only natural satellite. Russia said
that it would launch further lunar missions and
then explore the possibility of a joint Russian-China
crewed mission and even a lunar base. NASA has
spoken about a ‘lunar gold rush” and explored the
potential of moon mining. Why are major powers

so interested in what is up there?

Water on Moon

The first definitive discovery of water on the moon
was made in 2008 by the Indian mission
Chandrayaan-1, which  detected  hydroxyl
molecules spread across the lunar surface and
concentrated at the poles, according to NASA.
Water is crucial for human life and also can be a
source of hydrogen and oxygen — and these can
e used for rocket fuel.

Nuclear Energy's Source on the Moon: Helium-3
Helium-3 is an isotope of helium that is rare on
earth, but NASA says there are estimates of a
million tonnes of it on the moon. This isotope
could provide nuclear energy in a fusion reactor
but since it is not radioactive it would not produce
dangerous waste, according to the European
Space Agency.

Rare Earth Metals on Moon

Rare earth metals - used in smartphones, computers
and advanced technologies - are present on the

moon, including scandium, yttrium and the 15
lanthanides, according to research by Boeing.

What is the Law for Moon Mining?

The law is unclear and full of gaps. The United
Nations 1966 Outer Space Treaty says that no
nation can claim sovereignty over the moon — or
other celestial bodies — and that the exploration
of space should be carried out for the benefit of
all countries.

But lawyers say it is unclear whether or not a
private entity could claim sovereignty over a part
of the moon. "Space mining is subject to relatively
little existing policy or governance, despite these
potentially high stakes,” The RAND Corporation
had said in a blog earlier.

The 1979 Moon Agreement states that no part of
the moon "shall become property of any State,
international intergovernmental or
non-governmental organisation, national
organisation or non-governmental entity or of
any natural person.”

It has not been ratified by any major space
power. The United States in 2020 announced the
Artemis Accords, named after NASA's Artemis
moon program, to seek to build on existing
international space law by establishing "safety
zones' on the moon. Russia and China have not
joined the accords.

Source: Zee News
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Core Module Installed at China’s Linglong

One Modular Reactor

The core module of the Linglong One reactor, a
Small Modular Reactor based in Hainan, China,
has been successfully installed, according to the
China National Nuclear Corporation (CNNC).

The core module, also known as ‘the heart of
Linglong One, is one of the nuclear island's core
components.

The module integrates the pressure vessel,
evaporator, and primary pump receiver, which
were installed in one step according to the CNNC
statement.

Before the lifting, the steam generator had
undergone joint welding with the reactor
pressure vessel at the factory.

According to CNNC, the design and construction
of Linglong One are pioneering due to the

O

modular construction and standardised design.
This leads to shortened construction times and
reduced costs.

The modular design also allows for flexible
adjustments and construction according to
users’ requirements.

The Hainan Nuclear Power Multi-purpose Modular
Small Reactor Technology Demonstration Project
in China is touted as the world's first commercial
land-based small modular pressurized water
reactor.

When completed it will generate one billion
kilowatt-hours of electricity per year, which could
meet the needs of 526,000 households.

Source: Power Engineering International
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Russia, South Korea to Build Two
Nuclear Power Stations in Uganda

Russia and South Korea will build two nuclear
power stations that will generate 15600
megawatts of power in Uganda, President Yoweri
Museveni says.

He said one unit will generate 7,000 MW while
another would produce 8400 MW, but the
timeline and the funding of the projects isn't yet
known."We have agreed with the Russia and
South Korea to build two uranium power stations
for electricity,” President Mr. Museveni said at a
coffee summit.

This is not the first time government officials have
talked about the construction of a nuclear station
in Uganda.

In 2016, Russian owned Rosatom State Atomic
Energy Corporation officials visited Uganda and
sighed a deal with Uganda authorities on the
development of the nuclear station, but the
project didn't take off.

Ugandad’s current power generation capacity is
1402 MW and only have a power for only 800 MW,
leaving the rest not consumed. The government
plans to export power abroad.
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President Mr. Museveni said Uganda has uranium
deposits, a mineral used for the production of
nuclear power, and several investors have
approached him to mine them for export, which
he rejected.

He said he refused because Uganda still is
power-challenged and that if they wanted e
uranium, they should start by processing it here
for power generation.

He also said he banned export of raw materials
because the country would lose money and jobs
if the raw materials are processed abroad.

Citing an example, he said an Indian investor in
iron ore approached him to mine and export iron
ore to India, but in his investigations, he found out
that Uganda has only going to get $47 (Ush168,000)
from a tonne of iron ore and if it was processed,
the investors would make $700 (Ush 2.5m) from the
quantity of raw material’l told them that to
process the iron from here, "the President said.

Source: The East African
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Researchers Creating Hydrogen Isotopes
for Fuel in Nuclear Fusion Process

A team at the Colorado School of Mines in the US
is working to create hydrogen membranes for
use in nuclear fusion power plants. The project,
funded by the US. Department of Energy's
Advanced Research Projects Agency-Energy
(ARPA-E), could play a key part in making fusion a
realistic source of clean energy in the future.

Fusion is a nuclear reaction that combines two
atoms to create one or more new atoms with
slightly less total mass. The difference in mass is
released as energy, as described by Einstein's
famous equation, E = mc?, where energy equals
mass times the speed of light squared. Since the
speed of light is enormous, converting just a tiny
amount of mass into energy — like what happens
in fusion — produces a similarly enormous amount
of energy.

In the sun, four hydrogen atoms are fused
together to form helium, which is accompanied
by a very small loss of mass that generates this
energy. On Earth, this process is recreated in a
magnetically confined plasma using the
hydrogen isotopes deuterium and tritium.

In the plasma reactor, only a fraction of these
isotopes are converted into helium, so it is critical to
efficiently separate the unreacted isotopes from

helium and recycle them back to the fusion reactor.

The team at Mines, led by Mr. Colin Wolden,
professor of chemical and biological engineering,
is developing composite membranes for this
purpose. Membranes are often used to purify
hydrogen for fuel cells or in the chemical process
industry, but researchers at the university say the
ones they are creating are tailored to operate in
the environment of a fusion power plant.

The university says the composite membranes
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are based on low-cost metal foils, such as
vanadium or iron, whose surfaces must be
modified to facilitate the transport of hydrogen
while withstanding exposure to plasma radiation
and high-temperature molten salts.

Researchers at the School of Mines are using tools
of the semiconductor industry, such as reactive
sputtering and atomic layer deposition, to modify
and enable the environment for this performance.

Wolden said creating a successful membrane
could enable a lower cost and more secure
fusion energy system and potentially aid in
making fusion power plants a reality.

‘Fusion has the potential to be an infinite
carbon-free power source,'Wolden said. "This
may be the long-term solution.”

Proponents of nuclear fusion, the energy that
powers the sun and stars, hope that it could one
day also produce nearly limitless, carbon-free
energy, helping accelerate the planet away from
fossil fuels.

Commercial nuclear fusion energy is expected to
take decades to become economically viable.

Researchers at the Lawrence Livermore National
Laboratory (LLNL) in California hit a breakthrough
in December 2022, producing more energy in d
nuclear fusion reaction than was used to ignite it,
a long-sought accomplishment known as net
energy gain.

The extremely brief fusion reaction, which used
192 lasers and temperatures measured at
multiple times hotter than the center of the sun,
was achieved on December 5, 2022.

Source: Power Engineering

3 96



fdareraret 7 & (3T Redee dde ugar

et & fAAToe Uid & fadTeTdrel ogfaresde faed eidid bl
gfolc-7 o fooT foUcred ddied &l & &idlG o 2Ied 6l Helal
I 1A & dIG elge e Ugd I 4T gl ffudee detes ol
fecsladt e eclar eideel bl femiadt & 3rTes foof gsl

310cs &, rATCIA of g fd fitdee dde 3 i
eTeee 3efl e IcTeel 2ol & ¢aTell €€ &, 0id 811ed &b
DI sd -5 b fedT Tah ddTel dic 81uTT I7T &ff - foiefdt
el I off fds Uges! &g T &l Icicol 2ofcs & T &l
AT U IUhevll & Gl e Aol IC | gog e Uledaof &
219G b TTed TfieT 3¢ 8Ted ddb UgdTel & Ugs &l &b
aIcvTIgiad a7 3 Tediel d Uah faaly thae! §ef ddh dsch
I A 1T 97|

CIATCIH of BEl. 334.2 Tof aulefl 3{1 12 Hiee hl »arg &b

are, feUaee deies &l 3d g dfolfdd dhea & T
foreteruT fosar weaT fos ag fadretdret 7 & Zefid glel &
Uges fSdTaTeh 3{Taedahdl3il obl YeT ohed &, vl fetaree
fSfeIT I[ae &1 ZRITUeT addiel 3 g 28l 8

UleT 2018 &, & 31 et of e dASdl U2 gediere fahe,
fAerdl fadTeTdTel eida ol shIgdl 7 3¢ 8 b &U & T
didigaime-1200 feCaree! oo fotaTfur 2imfates ofm, 31g 2021 A
floft erseufa eff fAsTaT 3ie weft erseufd earfeafie gfcod
gIeT difed-fodap & ATedd & 3MANfoid Th AARIE A 8ol
ShTedl T 1T o[ TohdT ITAT Tl | fardTefdTe 7 3¢ 8 T
2026-27 3 T3 T HTaT foterffed 8|

&ld: dos ogfae3dd ogul

afelor snhieht & vaddiear e & & didides
sgfae3ae $eret datsiiar siTqet ye gediefe bt

S feYuT 37Shich! oiTfalchd FHulf folvrd (TeTeefiTat) 31l &
& gt o ogfaesde geiel 3ie 3eTdh Tedh! & o]
H AT b 5T T Al STUe (CH3Y) UL gererd
fhT &l

e faTe & a5 Ug Hed1oT clail uefl ol dapoflht eferarait
I fAedie B 3¢ Jfaerde Uenfidht & & i
citfepTfcseh UTeedfich &U & wle(Uc dTaialdl ol doldd
[ssraily

CIdTSTes o THBMNY hl BT hed T e, el chuferal
T 58T 5 A I HlolaT Gefdrsii ol Halfold dealr 3
ORI efdAqrsft ol faasfeid doeet & o5t 3 aradid
Dl gl

TolgICaT & dAgifoicered 8t SIfde daarel of dgl fob
TH3NY BT Ieed Tolad BT 30T Cldtsted — Gl SIeeld
I T Selol hlofl g — & fguefid AgdT bl AuTdd ol

cldlebes & anftloy 3iie 3iaeftdia oamue & aidw
3qreder, St 3iie5T fAIMITd of Dl Tl TAT ATdb
Gerarsit & &1 affds gfaesde JeMIT & aer 3icferdt
hUfdl A & Th gl g fadTd & fos T ddAT oI HIflgre
& A1 AfYh GfFes e IcTGof ohl feRledT delel 3f gTel
ST Agcaquf TTeTel STl

cfeYuT 31vhichT g1eT falard feleae dddicsel bl AuTdTafl chiol

& "Ig ST 3NhIdeT & fovt faely U & sgaayuf 8, axiifas
g TolaTfur & ST IdTGel efdfdl ol fihe & doflal 3¢
ST BefaT chl 3Tl bl ZaTaeT Wbl IAMTE el gl |

97

& Uges 5 IS UT gadrere fht ICI faad &l "aia
Ul Jefed druirel 30 famrdefies gen — sufles, &,
afTed, <iieT 31T SfAuT 3rThidsT — o TSIeIel” & &U 3



—aallA

Reactor Vessel Arrives for Tianwan 7

The reactor vessel for Unit-7 of Tianwan Nuclear
Power Plant in Jiangsu province, China, has
arrived at the site after a two-month journey by
sea from Russia. The reactor vessel's delivery
came the day after four steam generators were
delivered.

In April, Rosatom reported that the reactor vessel
and steam generators had set off from the
production site at the same time as a similar set
for India’'s Kudankulam-5 — which it said was the
first time two sets of such equipment had been
shipped at the same time from one production
site. The delivery route was by road from
Atommassh, in the Volgodonsk area of Russia, to a
specialised factory berth before being moved by
barge to St Petersburg before travelling by sea to
China and to India.

Weighing 334.2 tonnes and with a length of 12
metres, the reactor vessel will now be inspected
to ensure it meets regulatory requirements
before it is installed in Tianwan 7, where the
installation of the reactor building dome is
currently taking place, Rosatom said.

In June 2018, Russia and China signed four
agreements, including for the construction of two
VVER-1200 reactors as units 7 and 8 of the
Tianwan plant, with work launched in May 2021 at
a ceremony attended via video-link by Chinese
President Xi Jinping and Russion President
Vladimir Putin. Tianwan 7 and 8 are scheduled to
be commissioned in 2026-27.

Source: World Nuclear News

South Africa’'s NECSA and Russia's TVEL

Sign Nuclear Fuel MoU

The South African Nuclear Energy Corporation
(NECSA) and Russia’s TVEL have signed a
memorandum of understanding (MoU) to
cooperate in the manufacture of nuclear fuel and
its components.

TVEL, announcing the MoU, said, "both companies
aim to combine existing competencies in this
area and further interaction to develop relevant
capabilities.’

NECSA Director General Mr. Loyiso Tyabashe said
the MoU aims to see NECSA and TVEL — which is
Rosatom's fuel company - strengthening
bilateral cooperation: "This is especially important
for South Africa, as it opens up the possibility of
recreating the production capacity for the
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manufacture and supply of nuclear fuel. | am
confident that this cooperation will expand the
technological capabilities of both parties and
strengthen the long-term mutually beneficial
partnership in the field of nuclear technology.’

TVEL's Senior Vice President for commerce and
international business, Mr. Oleg Grigoriev, said:
‘NECSA is one of the most experienced
companies in the global nuclear industry with a
wide range of competencies. We are convinced
that our cooperation with such a respected
partner will make a significant contribution to
increasing the sustainability of global nuclear
generation.’

The agreement was signed ahead of South Africa
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hosting the BRICS summit later this month. BRICS is
described as a ‘partnership of five leading
emerging markets and developing countries” —
Brazil, Russia, India, China and South Africa.
Reuters reported recently that more than 40 other
countries had expressed an interest in joining
BRICS. And according to TVEL, "The signing of the
memorandum is a step towards increasing the
sustainability of nuclear generation in the BRICS
countries.”

TVEL is a long-standing manufacturer of nuclear
fuel for Russian-designed VVER reactors and has
also developed fuel for Western-designed
Pressurised Water Reactors. NECSA is described
as 'a state-owned company responsible for the
management of radiation sources, including
uranium enrichment, as well as research in the
fields of power and radiology. |t
cooperates locally and internationally with other
organisations on nuclear and related issues to

nuclear

promote the social and economic development
of South Africa”.

South Africa has had an operating nuclear power
plant, Koeberg, since 1984, with two reactors
generating 5% of its electricity and the country
has had plans to build 1 GW of new nuclear
capacity by 2030, as well as extending the
operating lifetime of its existing plant by 20 years.

According to World Nuclear Association,
Koeberg's operator Eskom procures conversion,
enrichment and fuel fabrication services on world
markets with nearly half of its enrichment from
Tenex, in Russia: "However, historically South Africa
has sought self-sufficiency in its fuel cycle ... initial
feasibility studies on the re-establishment of
nuclear fuel cycle programmes were completed
in 201l. NECSA proposed to establish fuel
fabrication capacity for PWRs to ensure eventual

security of fuel supply for South Africa’’

Source: World Nuclear News

NUCLEAR POWER is the only energy source that can

satisfy the energy demands of a growing global population
without emitting greenhouse gases.

- Dr.James Hansen

Climate Scientist and Former Director of the NASA Goddard Institute for Space Studies
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Name: Indian White Backed Vulture

Scientific Name: Gyps bengalensis
Presence in our NPPs*: RAPS

*at our site located at Rawatbhata (Rajasthan)
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Indida’s First Indigenous 700 MWe Nuclear Power
Reactor Begins Commercial Operations

The 700 MWe indigenous nuclear power
reactor, based at Kakrapar in Gujarat, is
the largest Pressurised Heavy Water
Reactor in India.

In an impressive stride towards
self-reliance and sustainable energy,
India has commenced commercial
operations of its first indigenous
700MWe nuclear power reactor. This
development is not only a significant
triumph for India’s nuclear sector, but
also a remarkable milestone in the
country's  pursuit of clean and

) renewable energy.

A New Era of Nuclear Energy

The 700 MWe nuclear power reactor,
based at Kokrapar in Gujarat, is the
largest  indigenous nuclear power
reactor in India. This reactor is a part of
the Indian nuclear power corporation’s
ambitious plan to significantly enhance
the country's nuclear power generation
capacity.

The successful operation of this reactor
demonstrates India’'s commitment to a
green energy future, aligning with the
global shift towards sustainable and
cleaner energy sources. Moreover, it
also underlines India's capability and
expertise in  harnessing nuclear
technology for peaceful purposes.

Technological Prowess

The 700 MWe reactor at Kakrapar is an
advanced pressurized heavy water
reactor (PHWR). This technology is a
testament to India’s prowess in nuclear
technology, developed indigenously by
the Nuclear Power Corporation of India
Limited (NPCIL) under the aegis of the
Department of Atomic Energy.

The reactor's design incorporates

advanced safety features, including a
double containment system, passive
decay heat

removal system, and

containment spray system, which,
together, significantly enhance its
safety metrics.

Economic Impact

The operationalization of this reactor is
expected to have a profound
economic impact. It will not only
provide a boost to India's power sector
but will also contribute significantly to
the economy. It will generate numerous
job  opportunities, support local
businesses, and stimulate economic
growth in the region.

Moreover, the reactor will also help in
reducing India’'s dependence on fossil

fuels, further  strengthening the
country's energy security.

A Step towards a Green Future

The operationalisation of the

indigenous 700 MWe nuclear power
reactor is a significant step towards
meeting India's commitment  to
reducing carbon emissions. It aligns
perfectly with India's commitments
under the 2015 Paris Agreement and its
national determination to achieve 40%
of its total electricity generation from
non-fossil fuel sources by 2030.

Conclusion

In conclusion, the commencement of
commercial operations of India's first
indigenous 700 MWe nuclear power
reactor is a monumental achievement.
It stands as a testament to India's
growing technological prowess and
commitment to sustainable energy.
The  successful  operationalisation
of-this reactor is expected to usher in a
new era of nuclear power in India,
strengthening the country's energy
security, while also contributing to the
fight against climate change.

Source: NPCIL
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Main Coolant Pipeline for Third Atomic
Power Plant at Kudankulam Completed

The welding of the main coolant pipeline at the
upcoming third ,000-MWe nuclear power plant at
Kudankulam in Tamil Nadu was completed early
this month, Russia’s integrated nuclear power
major Rosatom said on Friday. According to
Rosatom, the welding of the main coolant
pipeline, which began in December 2022, was
completed on August 5.

The main coolant pipeline combines the main
equipment of the primary circuit, including the
reactor, the steam generators, and the reactor
coolant pumps. Considering high requirements
for quality and operational conditions, the main
coolant pipeline welding is one of the most
complicated and important stages of civil and
erection works at the power unit.

‘It is the reactor coolant pipeline that carries the
water heated in the reactor into the steam
generators from which the generated steam
goes into the turbine steam path, and the turbine
generator generates electricity,” Rosatom said.

The Russian company said the main coolant
pipeline has a total length of about 140 m, the
thickness of the pipe walls is 70 mm, and the total
length of 28 welded joints is more than 87 m. Its
design service life is 60 years in a tough
environment.

During the welding of the main coolant pipeline,
which began in December 2022, a technology
proposed by the Russian party was used, which
made it possible for the Nuclear Power
Corporation of India Limited (NPCIL) to reduce the
operation time from 270 to 219 days.

Upon completion of the main coolant pipeline
welding, ‘flushing with the open reactor
operations and the ‘hydraulic tests and
circulation flushing of the primary circuit’ stage
will start, Rosatom added.

India's atomic power plant operator NPCIL has
two functional 1,000 MW plants (Units - 1 and 2) at
Kudankulam, while four more (Units - 3,4, 5 and 6)
are under construction. All the six units are built
with Russian technology and equipment supplied
by Rosatom.

Major equipment for building the third and fourth
units have reached Kudankulam from Russia,
while a sizable number of components for the
fifth and sixth units are to arrive.

Source: Tripuraindia

India’s Third 700 MWe Nuclear Power Reactor
Completes Hot Conditioning of RAPP-7

The Unit-7 of Rajasthan Atomic Power Project 7&8
(RAPP - 788), the 3 reactor in the indigenous
700 MWe series, achieved a major milestone of
successful completion of Hot Conditioning of the
Primary Heat Transport (PHT) system on
November 30, 2023. Hot conditioning is d

commissioning process to develop an adherent
protective layer of magnetite in inner surfaces of
carbon steel piping of the PHT system. Hot
conditioning was achieved by circulating light
water of controlled chemistry through the PHT
system, maintaining a temperature around
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256°C and pressure of about 100 kg/cm2  operation at Rawatbhata site. On progressive
completion of these units, the installed capacity

It is a prelude to further commissioning activities like
of the site will increase to 2580 MWe.

Initial Fuel Loading (IFL), First Approach to Criticality
(FAC) and eventual start of electricity generation. RAPP-7&8 is a part of the large nuclear power
RAPP-7 is the first unit of the RAPP -7&g 9deneration capacity expansion programme
being implemented to enhance the nuclear
power generation capacity to 22480 MWe by
2031-32 from 8,180 MWe at present.

(2Xx700 MWe) project under construction at
Rawatbhata, Rajasthan. Its twin unit, RAPP-8 is at
an advanced stage of construction. Presently, six

units with a total capacity of 180 MWe are in source: NPCIL

O
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Power Panel Allows PSPCL to Purchase Nuclear Power

Rajasthan Atomic Power Station (RAPS) of Nuclear — Regulator Commission for renewal of the PPA.
Power Corporation of India Limited (NPCIL) had
signed PPA with PSPCL for a period of 15 years on
the terms and conditions contained in the draft
PPAs at the tariff determined by the Department
of Atomic Energy, excluding transmission charges
and losses for a period of 15 years.

Terming nuclear power as clean and carbon-free
source, the Punjab State Electricity Regulator
Commission has allowed PSPCL to continue to
purchase 197 MWe power from Rajasthan Nuclear
Power Station.

PSPCL procures 197 MWe of nuclear power from
Narora Atomic Power Station (NAPS) as well as
from Rajasthan Atomic Power Station (RAPS).

The power purchase agreement (PPA) signed in
2005 had expired after a span of 15 years, and
Punjab State Power Corporation Limited (PSPCL)

had approached the Punjab State Electricity
Source: Hindustan Times

L&T's $4 Billion Green Hydrogen Push for Sustainability

L&T, in partnership with Indian Oil Corporation The outgoing Chairman, Mr.  AM. Naik,
(locL) and ReNew, is investing up to $4 billion in  highlighted L&Ts remarkable growth, while
green hydrogen ventures over 3-5 years, focusing  Mr. S. N. Subrahmanyan is poised to take over as
on electrolysers, green hydrogen plants, and Chairman and Managing Director. Additionally,
floating green ammonia projects. A L&T has proposed to buy a 26 per cent stake held
gigawatt-scale manufacturing facility based on by its joint venture partner, the Nuclear Power
McPhy technology is in the works. Corporation of India (NPCIL), in L&T Special Steels
and Heavy Forgings, a joint venture between L&T

L&T’s commitment to carbon neutrality is evident
and NPCIL

through the ‘L&T Green Energy Council” and
agreements with H2 Carrier and McPhy Energy. Source: Manufacturing Today
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TAETFT A dac3al bl ictaar
A T2 U, TE 3Tt dgg ol UgesT 3STgeUT gl Ibhdl g —

foreft sgforesde fREdree ol Weldl & ST dAgST i
qfeafdd fasar o 2gl gl

21 35811 gl g 3feft oft g7 Ue B e g &l

T3 3T SfET & &1d dhed §C YeaTU] SHuf [AsIT b 3o
eIt of el fb TH ae od 3Efel eIEesd

CIFS I TefT UedIU] feldeel dog (sffuammeeft) o srdel

fosfeapiose! BIfdes doe 9NN dl 2 b gdl dl gl

fEaree g, fuldiol 67 &> U 4 3{9TEd, 1956 I GIUge
3.45 g1 fopfedrioset gifdes oot off, faed of dhde aTed,
qfcds Tfeldr o ST ot syfaedae T ol e&and gs effl
Sd 20 Uolddl, 1957 bl HdAIEIHIH olgd el TG bl
AT T I 271 52 Teh AATE &b feUaree ol 2009
3 STdToiicheuT & fhT g ohe ST Ira ofT 31 10 fader,
2018 I el J & &U 3 fbhe & gl fobdr I el
dSTfeiehl o gl JUTNT gfdesde aflfddhl o &l ot
gfotaral sisierens, fafded ey, Aot faster 3ie
fafoseur ufdeerur o f3T fasar el

DY s dIG AL J bl Addch e fGar I
TIETehd Follol bl UfiuTall hItht datd & faarerefi g

sft ger INAT grer de-fosfald, d emedia oJfaresde
U3 3MMefAcaed & edeun Sfear ersfor Adaef
3 T dmgfeee & 3felladul & Ugo, dusedt &
folcerds 3i1e UTAT] Hull MW & fearef it T . gl
ol gfte bl "gdl 3Tl bl Tob &gl o Ufddfdd dheol
UZ I Y 78 & Uil Toldl Dl 8fled &b oforedrde
DP1chdl & SfAETd ohl Th glcdvch feamreany

Ig Ped gC fdb Ig gfeiar o 3(dsfl deg bl uga!
UfeaNoTell &1 dbd! &, 3ogiol el "HluleT TTutall 3 3o
ATl o 33TaT 3 RITel bl off fezarar Iram g gl gl
a1TefT fTaree 9 dod & 301¢ YTl iuaieet ufelerr e
1 oft feEImar 91T g1 gdf g Ufddivtell & dael i Siga
fasiTet dog b sifeap1fedl & Uerdref el ol TTutall &l
g el

g eaTel 9t 2Hd ge fob dleaneelt Tep 3 2jge a7 &,
gIoAeTIehTST & ETdTal daildl Ig g fob &gl & gl
fohC Taell UEdfdd SIUelesd ddh WaldT ohl vdel cbd fear
TCI Th 3foifddl AToTell b 3fclde, fdwhrgaifedl o Ut
dfiesmedt o cferofl gre & 3Pl dYgied 3 Udel dhedll

qfeToTel ol FTT-fleT & d1e & U uitel e, $ft Al of
hel fob 5 Th ot T 3 2i1sT 3ifeleh HHAT I Achdl
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TeITU] Suif fA8T of 15 J1T<f, 1955 b Tedfaiar ges-Udhle
& 3fefeiele fduared ol faldfuT dheel o folufy fevar 3ite
Tl 1955 ddb f3ullgel ol sifder &u < fear Jram st
sfifstaretst of dgl fob afer aTgd o fds fRtaee Yt deg d
8iTed & SoT1aT HTC, faldTd g2t fob SeieT dadl o, folog
3TATd cheell Usdl &7l 3ogiol dhgl fob T ZITel Ue 31Tl
T foIaTfUT fasaiT 91T off, 3 ZRITeT U2 Tob HHAYT Al b,
Uoh Ureeft ufdre ot &ufd 3iie Tob J]fecsel &dd ohl cevllg
oft| erge ol fafalool sohTedl vidl CI3TeCh 3T, faaulhe]
A g eced guliforafdsr dhyefl, 3 HgPId glael of
farce & ST Tea] ol falarfor fasar

sft sftfetaretet of ate fd>d, “fetded doilel dhl UgesT UdTd
31 J]Te, 1956 o forerffed favar I1am el "ag Jdorene
qfeer 3ite dl gaTail & &1 T &ldfled dATeTdal il &g
erdl, TAahfoioh fEeTe & dle, EeTe3U ol UdTe fddT 7]
T chfchol gefdl dabotichl ST 3T I8, 4 39T, 1956
Pl GgTe AT & affafl of Pogl fob foldfauT dher & dbaes
& HIfATeIITuT gl vl 8ol ITfECr

3CgTel b 3idqenl o Ud ffsft gemet aift 8t <3 Tol o1,
faedd o Codlg I 312 Udel oaTaT 3iTg ST &
gdTe AgrAfed off 2ot ATt enfae 9l
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Plan to Turn India’s Oldest Nuclear Reactor

at Trombay into Museum

Globally, it could be the first of its kind - a nuclear
reactor being converted into a museum for the
public.

The reactor is Apsara at Bhabha Atomic Research
Centre (BARC) at Trombay, which achieved
criticality 67 years ago at 345 pm on August 4,
1956, ushering in the nuclear era for not only India,
but Asia as well. It was dedicated to the nation by
Jawaharlal Nehru on January 20, 1957. The one
megawatt reactor was shut down in 2009 for
refurbishment and restarted on September 10,
2018, as Apsara U. Scientists used it for basic
research in the fields of nuclear physics, medical
application, material science and radiation
shielding.

Apsara U was decommissioned a few years later.
The museum project has been on the cards for
quite some time.

Prior to the unveiling the memoirs of former Indian
nuke chief R. Chidambaram, India Rising: Memoirs
of A Scientist, co-authored by Mr. Suresh
Gangotra, BARC Director and Chairman of the
Atomic Energy Commission MrAKMohanty
confirmed: "We are working on converting Apsara
into a museum, which will provide a glimpse of
the history of India’'s nuclear programme to the
public.’

Saying that it could be a first-of-its-kind project in
the world, he added: "The current plan envisages
among other things showing the place where
Homi Bhabha used to sit in the reactor and also
the old BARC training school. We plan to consult
officials of the Nehru Science Centre regarding
this project’”.

Considering that BARC is a high security zone, the
challenge before the planners is how to give
public access to the proposed museum without
compromising on security. According to a
provisional plan, visitors will enter the museum
from the south gate of BARC near the refineries.

When asked about the project timeline, Mr.
Mohanty said it could be a year or a little more.
"We are still working on it,"he added.

Other officials of the Department of Atomic
energy who spoke to TOI said that once the
Apsara  museum attains “criticality’, school
children will be brought in batches.

The Apsara reactor figures in the TV serial 'Rocket
Boys' in which Dr. Bhabha, played by Jim Sarbh,
drinks champagne and jumps into the reactor
once it becomes operational. It was an example
of cinemaitic liberty.

Former Indian nuclear chief Mr. MR. Srinivasan, in
his autobiography ‘From Fission to Fusion’, recalls
that Apsara began with a challenge. "Homi
Bhabha and John Cockcroft, Director of the
United Kingdom Atomic Energy Establishment, bet
whether Bhabha could commission the first
Indian research reactor within 12 months of UK's
agreement to lease out fabricated fuel.”

The Department of Atomic Energy decided on
March 15, 1955 to build what is known as a
'swimming pool-type research reactor and
finalised the design by July 1955. Mr. Srinivasan
said Bhabha wanted the reactor to be built
entirely in India, except for the fuel elements,
which had to be imported. He added that the site
where Apsara was built featured at one time
Sandow Castle, a property belonging to a Parsi
family, and a dargah of a Muslim saint. Various
units in the city fabricated components for the
reactor, like TIFR, the New Standard Engineering
Company at Chinchpokli, and Mazgaon Docks.

Mr. Srinivasan recalled that the first attempt to
make the reactor was set for July 31,1956. "It was a
typical monsoon with pouring rain and strong
winds. Late in the evening, after a picnic dinner,
the startup was attempted. "But it ran into a
technical problem. In the second attempt on
August 4, 1956, Bhabha said only key personnel
should be present in the control room.”

Among the visitors to Apsara were former
Chinese Prime Minister Mr. Chou En Lai, the Dalai
Lama and Panchen Lama from Tibet and Emperor
His Excellency Mr. Haile Selassie of Ethiopia.

Source: The Times of India
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India’s Energy Transition Needs Nuclear

Extreme weather events in different parts of the
world have focused attention of the policymakers
on climate change and energy transition. India
hosted G20 energy and climate
ministers'meetings in Goa and Chennai. Earlier, US
special envoy on climate change Mr. John Kerry's
visit to China during July 16-19, 2023 brought out
the continued rift between the positions of China
and the US—the biggest and the second-biggest
emitters. While Kerry diplomatically mentioned
that more work needs to be done, the Chinese
side was blunt. President Mr. Xi Jinping said that
China's climate goals "should and must be
determined by ourselves, and never under the
sway of others.”

G20 is a larger grouping than bilateral
Sino-American  discussions and  therefore
exposed to more pressures. Though the meetings
produced outcome documents on areas of
consensus, no agreement on the tripling of
renewables, phasing down of fossil fuel, and
bringing forward the peaking year to 2025, could
be reached. The developed countries showed no
appetite to increase their financial commitment
beyond $100 billion per annum.

China accounts for 31% of global emissions. Its
relative share in the global basket will grow by
2030, as the emissions of the US and the EU have
already peaked and are declining. The Chinese
emissions will keep growing till 2030, when it
peaks. Global temperatures are expected to
cross the threshold of 15 degrees above
pre-industrial levels in 10-1 years. India has
chosen a longer transition period to net zero
emissions by 2070.The G7 has called for all major
economies to peak their emissions by 2025. India
has not agreed to peaking. India’s cumulative
emissions as well as per capita emissions are
much below international levels.

What are India’s options for transition to net-zero
emissions (NZE) by 2070? A report by the
Vivekananda International Foundation (VIF) Task
Force addressed two questions. What is the
Minimum quantum of demand to reach net-zero

emissions? Second, what is the most
cost-effective way of producing the minimum
demand? Mathematical modelling by IIT Bombay
found that the quantum of electricity demand will
rise to 24,000—-30,000 GW by 2070. This seems
much higher than the [EA's estimate of 3,400 GW
by 2040. IEA has not given any projection of
demand in 2070. India’s energy consumption in
2020 was 6,200 TWhr. Is it logical to expect that
energy consumption will go down to half in two
decades instead of rising with increased
development?

The mathematical modeling also found that the
nuclear-high scenario will be cheapest at $11.2
trillion, while the renewable-high scenario will be
most expensive, at $15.5 trillion by 2070. This seems
contrary to popular perception based on falling
renewable tariffs. This view however does not take
into account systems costs. When the sun is not
shining and the wind is not blowing, renewables
have to be supplemented with a source of stable,
base-load power. This results in additional cost
which was estimated by the Forum of Regulators
at X212 per unit in 2021. Added to the tariff of ¥ 2
per unit for solar power, this makes renewables, at
% 412 per unit, more expensive than either thermal
power (% 3.25) or nuclear (X 347).

Earlier, OECD and MIT studies have pointed out
that the cost of achieving a low carbon target
increases  ‘disproportionately’  without  the
inclusion of nuclear in the generation mix.
Renewables require higher capacity build-up due
to their low plant load factor, which pushes up the
cost of renewables-high approach. This problem
is compounded by higher transmission costs
associated with renewables. All new ultra mega
solar power projects in India have to come up in
remote locations like Kutch or Ladakh, which
increases transmission costs.

The VIF study has also found that the renewable high
scenario will require more than 4,12,033 square km of
lond, while the nuclear high scenario will require
183565 square km of land. The total surplus land
available in India currently is 200,000 square km
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according to a study by Mr. S. P. Sukhatme.

The developed countries’ commitment of $100
billion is paltry. How much money the reform of
MDBs will release? The change in the World Bank
equity-to-loan ratio from 20% to 19% would release
$5 billion. The World Bank has estimated that $2.4
trillion is needed every year for developing
countries to address climate change, conflict,
and pandemic between 2023 and 2030. India, as
the G20 chair, has put the figure higher at $4
trillion per annum for energy transition alone.

The bulk of the resources for energy transition will
have to be internally raised. To avoid adding to the
government's fiscal burden, the financial health of
the discoms must be restored. The rapid ramp-up
of nuclear capacity will require Government
support since resources at this scale cannot be
internally generated by NPCIL. Renewables cannot
provide stable, base-load power. Nuclear is the
emission-free alternative to coal.

Source: Financial Express

BHEL Signs MoC with EDF to Explore
Opportunities for Jaitapur Nuclear Power Plant

Bharat Heavy Electricals Limited (BHEL) has signed
a Memorandum of Cooperation (MoC) with
Electricité de France (EDF), a France-based
company and a nuclear operator, to explore
opportunities to maximise local content of the
Jaitapur Nuclear Power Plant (JNPP) project.

The MoC would allow the two firms to explore the
potential for JNPP (6x1650 MWe), which will be
established by Nuclear Power Corporation of
India Limited (NPCIL) in India.

Strategically located in Ratnagiri district of
Maharashtra, this project consists of six Light
Water Reactors with a total capacity of 9.6 GW
and aims to provide electricity to around 70
million households.

Further, BHEL and EDF will also explore larger
collaborations for the European Pressurised
Reactors (EPRs) and for the NUWARD Smalll
Modular Reactor (SMR).

Source: Projects Today

Haryana to have Blackbuck Reserve

Haryana Forest and Environment Minister Mr.
Kanwar Pal said the land of Nuclear Power
Corporation of India Limited (NPCIL) in Fatehabad
district will be acquired in order to conserve
blackbucks in the state.

‘Blackbuck is the state animal of Haryana and
Badopal village in Fatehabad district is the natural
habitat of blackbucks. The local Bishnoi community
is conserving blackbucks and the Government
appreciates their efforts,” said the minister, adding
that the Badopal blackbuck habitat will be the first
state-owned habitat in Haryana.

The minister gave this information while presiding
over a meeting of officers of the Forest
Department. During the meeting, he was
apprised of the clear way for the establishment of
a Forest Research Institute (FRI) in Yamunanagar.

It was informed that a land dispute related to the
project had been settled and the land would
soon be transferred from the Rural Development
and Panchayats Department to the Forest
Research Institute.

Source: The Tribune
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Minimal Radioactive Discharges From
Indian Nuclear Power Plants: Study

Based on an analysis of radiological data of 20
years (2000-2020) from six nuclear power plant
sites based in India, researchers at the Bhabha
Atomic Research Centre (BARC), Mumbai have
found that the radioactive discharges from the
nuclear plants and the resultant potential
environmental impact have been ‘minimal’. The
findings hold potential significance for reinforcing
India’s commitment to advancing its nuclear
power programme. The researchers write, ‘The
minimal public doses underscore the safe
operation of Indian nuclear power plants. The
study’s findings have the potential to dispel
unfounded beliefs, serving as a catalyst to
reinforce India’s commitment to advancing its
nuclear power programme, thus encouraging
policymakers and the public to reconsider their
perspectives.”

The period of study for the Kudankulam Nuclear
Power Station is from 2013 to 2020. The other six
nuclear power plants studied are: Tarapur Atomic
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Power Station, Madras Atomic Power Station,
Kaiga Generating Station, Rajasthan  Atomic
Power Station, Narora Atomic Power Station, and
Kakrapar Atomic Power Station. The results were
published recently in the journal Science of the
Total Environment.

While samples were collected and measured for
a moaximum radius of 30 km of each nuclear
plant, the study found that the concentrations of
fission products beyond 5 km radius was below
the minimum detectable activity of the
instruments used, implying that the monitored
values were ‘insignificant”. The study has
therefore focussed only on the concentrations of
fission products and neutron-activated nuclides
values within 5 km of each nuclear plant.

The gaseous waste that is released to the
atmosphere through stacks consists of fission

product noble gases, Argon 4, radioiodine,
particulate radionuclides, cobalt-60,
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strontium-90, caesium-137 and tritium. The liquid
discharge  consists  of  fission  product
radionuclides — radioiodine, tritium, strontium-90,
caesium-137 and activation products like
cobalt-60. The radioactive discharges are carried
out through dilution and dispersion and by
‘adhering to strict radiological and environmental
regulatory regimes’.

As per the study, average gross alpha activity in
air particulates at all the seven nuclear plants
was less than 01 megabecquerel (MBq) per cubic
metre. “Though these gross values in air
particulates appeared to be nearly the same
across all the nuclear power plants, the Narora
Atomic Power Station exhibited higher maximum
values than the other nuclear plants. This was
attributed to the higher atmospheric dust load at
NAPS compared to the other sites” the
researchers said.

In the case of specific marker, the average
radionuclides (iodine—]S], caesium-137, and
strontium-90) in air particulates across all the
seven sites and the average iodine-131 activity
concentration was below 1 mBq per cubic metre,
while in the case of caesium-137 and
strontium-90, the average concentrations were
three orders lower and below 10 microbecquerel
per cubic metre.

In the case of rivers and lakes, the concentration
of caesium-137 and strontium-90 were below 5
mBq per litre, while the concentration was less
than 50 megabecquerel per litre in sea water
near the nuclear plants.

In the case of sediments, caesium-137
concentration was maximum in the case of the
Rajasthan  Atomic  Power  Station,  while
strontium-90 concentration in the sediments
recorded a maximum in the Narora Atomic Power
Station sediments. As per study note, these values
are within the statistical variation of values

observed in natural sediments, and do not show
any trend of deposition or accumulation of
activity in the environment.

The higher levels of caesium-137 seen at the
Rajasthan Atomic Power Station is ‘likely due to
the accumulation of caesium-137 discharged to
the water bodies through scavenging and
sedimentation process and because of the high
distribution coefficient of the sediment at this
site,” according to the researchers.

The study stressed that tritium was found
‘detectable above the minimum detectable
activity in all the sites except in the Kudankulam
Nuclear Power Station” In the case of the
Kudankulom power plant, tritum was not
detected in any single time during the period of
study, while its concentration was ‘relatively
higher” at the Rajasthan Atomic Power Station.

Though the total doses were lower than the
regulatory limits, the total dose at the Rajasthan
Atomic Power Station, Madras Atomic Power
Station and Tarapur Atomic Power Station have
been relatively higher. This is because at both the
Rajasthan and Madras power stations, the
“air-cooled reactor assemblies result in activation
of natural argon to radioactive argon-41" before
being released into the environment. The nuclear
power plants constructed after the Rajasthan
and Madras stations use carbon-dioxide instead
of airin the annulus space between the calandria
tube and pressure tube. This results in reduced
production and release of argon-41 by other
power plants.

Even though the total doses of Rajasthan, Madras
and Tarapur power plants are below the
regulatory limits and thus deemed to be safe to
the public, efforts are being taken at all three sites
to limit the doses further so as to keep the doses
as low as reasonably achievable (ALARA).

Source: The Hindu
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Name: Purple Sunbird

Scientific Name: Cinnyris asiaticus
Presence in our NPPs: Sighted at all NPPs




Environment ...
Stewardship Program <+

Photo Credit: R. Bayana



121

7 TN\

HATfoIC & UoATfd &1
e dia giese (fi3ehs)

ST ATA: BIITTTT SISl

3193t 3{19TeT A 58 gl deslel: saTC Foff sfaresre faegd el
TSttt o315 gt @b 3iqfere f&fa: fAdsi oigt

BTedld 2iese (Plelfedne ducdioard) aiedd IUEIgIT & AT &U & Bhodl 3T &1 8edia
SUHAGTGIY & ‘ofteschd’ b &U & iTel Uilel dies g Ueft ohl ofTdTef feld & d1el g Gl ddel o

TPICUT HTZd 3 TERIT DT U idd ATl ATdT &l

affde faferseame

piedtere vefl ufldre & diegad ¢&lel dre|

) AT 2l 30-34 At ST Th BleTuelt g

fS1eTah U2 ohT theaTd w891 65 & 74 AT, B
U quf faasfeia eds geft a1 8ife &arerT
166-176 JI79T €T g1 5 Uefl ol ggdial & bl
sl Ugel Td oo Jealdl gid &, 2i¢ Ud Ui

geffd f&Ime Ugd gl dhlal, T8¢ T I[eaTalt
I T T A &b gld &1 ho & HUC gohl
aTsal 28 Shidl dese bl erdt fears St 31 tte
311 ol THADIST foheluft 91 T gt & wafds
Uc o fezam oSyl ares oftes 397 &1 &iaT &
U g2 d9Tefl oftes 39T bl gleft 81 1¢ 3fie HTer,

3 I &5 B B, G oftes G ol Nt 8 e vzt
Td UL Ue favdl & & godhl Td ITgeT offeal e9

cloll g fezgel &, faeT fordd At aera &
el fead gl fosele ufardi o1 391 effer

g1dT €1 38d dch s3Ik Ul Ug IdHbIs oflcs
folerel 3a1g ae feerd gl Hedd 3 olel ug

goopl, iesT T4 8fel EicT § 3¢ Il Ue U2
geF-ofioal I g gl

| HIch A 3T, ATl



TN\

Know This Species

Indian Roller

Scientific Name: Coracias benghalensis

Where to spot in our courtyard: All our Nuclear Power Plants

Status as per IUCN Red List: Least Concern

The Indian Roller (Coracias benghalensis) is widely distributed in the Indian
Subcontinent. Named as “Neelkanth” in Indian subcontinent, this bird is a symbol of
faith in India due to its divine nexus to Lord Shiva.

Physical Characteristics

Belonging to the Bird family of
Coraciidae, the Indian Roller is a small

~ bird around 30-34 cm long with a

wingspan of around 65-74 cm. A
ful-grown adult weights around 166-176
grams. The main identification of this
bird is that its face and throat are
pinkish, the head and back are brown,
with blue on the rump and contrasting
light and dark blue on the wings and
tail. The bright blue markings on the
wing are prominent during flight.

The plumage is visible on forehead and
chin. The ears are covered with
red-brown or pinkish streaks. A dull wine
red cream streak is visible over the
throat. The back and rump are bright
turquoise colored, while the belly is pale
blue in color. The tail is dark purple blue
in color. Both the male and female look
similar in appearances without any
seasonal changes. The juveniles are
duller, paler and browner in color,
having greenish blue belly.

Photo Credit: R. Bayana
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Habitat

Generally, it is found alone or sometimes in pairs
also. Itis not very specific to its territory protection,
and
migrant birds. The bird has monosyllabic contact

sometimes shows aggression towards

callin nature. It is common in open grassland and
scrub forest habitats. It has adapted very nicely to
human modified landscapes, like parks, gardens,
fields, coconut trees, palm trees, etc.

Food Habits

The Indian Roller bird is carnivorous in nature. It
feeds on insects, spiders, scorpions, small snakes,
frogs and other amphibians.

Breeding

March to June is the breeding season for Indian
Roller. The nest is at an existing hole in a tree or
dead palm tree or in a building or a hole in a mud
river bank also.

Threats

At present, Indian Rollers do not face any major
threats. Loss of habitats and human conflict is a
major challenge for this species. In some part of
North India, the numbers of this species are
declining, majorly due to human conflict reasons.

Photo Credit: R. Bayana

Photo Credit: R. Bayana
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Know This Species

Oriental Plain Tiger Butterfly

Scientific Name: Danaus chrysippus
Where to spot in our courtyard: All our Nuclear Power Plants
Status as per IUCN Red List: Least Concern

Physicq| Characteristics spots on the wings. The bodly is black in
color with white spots.

The Oriental Plain Tiger Butterfly is a .
medium sized butterfly having a Habitat

wingspan of around 2-3 inches. The g oriental Plain Tiger Butterfly is found
wings are brownish orange in color, with

black outline border. The top of the
forewing is black in color with a white
colored band. The hindwing possesses
three prominent black colored spots at
the centre. There are semicircular white

throughout the Indian Subcontinent. It
prefers dry or areas with little rain. This
butterfly species is present in a variety
of habitats like deserts, mountains,
forests, gardens, parks, etc.

Photo Credit: R. Boyono
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Photo Credit: R. Bayana

Food Habits

The host plant for the larva of Oriental Plain Tiger
Butterfly belongs to the plant family of
Asclepiadoideae. Whereas the adult butterfly eats
nectar from various flowering plants. The adult
butterfly consumes alkaloids from dead stems of
different plants for growth and protection from
predators.

Breeding

The female butterfly lays eggs on the underside
of the leaves of Asclepiadoideae family plant for
the growth of larva. The eggs are dome shaped
and white in color. The eggs hatch in 3-5 days
based on the surrounding temperature. Initially
the larva is about 4-millimeter-long having white
body and black head. As it grows, it changes into
grey color, having yellow and white strips
throughout the body. The larva stage lasts
around 12-20 days, based on the surrounding
temperature. The caterpillar moves to the
pupation stage, which lasts around 9-15 days. The
male and female butterflies look very similar in
shape and size.

Threats

During the early development stages of Oriental
Plain Tiger Butterfly, spiders, ants, mantises,
cockroaches are threats. The threats for the
caterpillar stage are birds, lizards, etc. The most
common predators of the adult butterflies are
the birds.
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Photo Credit: R. Bayana
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Name: Indian Paradise Flycatcher
Scientific Name: Terpsiphone paradisi

Presence in our NPPs*: KAPS, KGS, MAPS,
KKNPP, TAPS

*at our sites located at Kakrapar ( Gujarat), Kaiga (Karnataka), Kalpakkam ( Tamilnadu),
Kudankulam (Tamilnadu), Tarapur (Maharashtra)
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Nuclear Power

Clean Power Generation for the Nation

It was a great joy and privilege for all of us at
Nuclear Power Corporation of India Limited
(NPCIL) to welcome Honble Prime Minister Shri
Narendra Modi at Kakrapar Gujarat site on
February 22, 2024, when he dedicated India’s first
pair of indigenous 700 MWe nuclear power
reactors — Kakrapar Atomic Power Station
Units-38&4 (KAPS-384) — to the nation.

On this joyous and proud occasion, | congratulate
all the members of the NPCIL Parivar, including
scientists, engineers, employees and vendor
partners for achieving these historical milestones
that have created a new benchmark in
indigenous technology.

Unit-4 of Kakrapar Atomic Power Station (KAPS-4,
700 MWe) achieved a momentous milestone on
December 17, 2023, by attaining the first criticality
and was connected to the grid on February 20,
2024. The achievement of first criticality for KAPS-4,
within six months of the commercial operation of
Unit-3 at Kakrapar, is a testament to the strength of
NPCIL in all aspects of nuclear power — from
design and construction to commissioning and
operation. KAPS-4 commenced commercial
operation on March 31, 2024.

The synergy between KAPS-3 and KAPS-4
demonstrates our capability to consistently
deliver excellence in the field. KAPS-3&4 are the
embodiment of advanced safety features,
making them among the safest in the world.
Designed, constructed, commissioned, and
operated by NPCIL, with the supply of equipment
and services by Indian industries, these reactors
truly reflect the spirit of Atmanirbhar Bharat.

NPCIL currently operates reactors with a total
capacity of 8180 MWe. Beyond KAPS-4, four units
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of this series are presently under construction. In
addition, 4 reactors using Light Water Reactor
(LWR) technology. each of 1000 MWe capacity,
are also under construction at Kudankulam with
Russian cooperation. By 2031-32, the nation aims
to take the installed nuclear power capacity to
22,480 MWe from the current 8180 MWe. To put
this rapid pace of deployment in perspective,
NPCIL plans to commission a nuclear power
reactor ‘every year henceforth during this period.

In this 700 MWe series reactors, we have included
many additional safety features like the lining
inside the containment, passive decay heat
removal system, containment filtered venting
system, passive  autocatalytic  hydrogen
recombiners, etc. One of the significant changes
we have made in the 700 MWe PHWRs is feeder
interleaving. This feature has been made
available probably for the first time in the world. It
ensures that there is always water in the reactor
even in the case of an off-normal condition. This
multi-layered safety implementation, based on
the operating experience within our country and
elsewhere, and lessons learnt from events that
took place in other parts of the world, makes
these reactors among the safest in the world.

The remarkable strides NPCIL has been making
are in step with the global climate action,
especially in the context of the recent
developments at the United Nations Climate
Change Conference (COP28). At COP28, the
global community, coming together in one voice
for advancing global energy transition,
emphasized steep and rapid emission cuts along
with scaled-up climate finance as well as the
need to increase nuclear power generation by
three times by the year 2050.




NPCIL's nuclear power plants have generated
about 870 billion units of clean electricity, saving
approximately 748 million tons of carbon dioxide
equivalent emissions so far. As the nation
marches towards the goal of net zero emissions
by 2070, nuclear power will continue to play a
pivotal role in shaping a sustainable future for
generations to come.

Serving the neighbouring communities, NPCIL's
various initiative ensure sustainable development
at the grassroots level in areas of water
conservation and irrigation, education,
healthcare, infrastructure development and skill
development.

In conclusion, | urge to every member of the NPCIL
family to continue their unwavering dedication
and hard work. Together, we are not just
contributing to the clean energy transition but
also positioning India as a leader in the global
nuclear energy landscape.

With Best Wishes,

Bhuwan Chandra Pathak
Chairman and Managing Director

Nuclear Power Corporation
of India Limited




Name: Purple Sunbird
Scientific Name: Cinnyris asiaticus
Presence in our NPPs: Sighted at all NPPs
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Nuclear Power Reactors in Operation
and Under Construction Globally

UdTesatreftel fduareef fotarforreffol Yemeserdr
Reactors in Operation Reactors Under
Globally: 438* Construction

Globally: 58

*Includes 24 reactors presently under suspended operations globally,
but not in permanent shutdown

(Data updated: February 2024) Source: PRIS and NPCIL
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NPCIL's Nuclear Power Plants and Sites in India

@ 24 Reactors Under Operation

@ 8 under Construction / Commissioning

Gorakhapur Haryana Anu Vidyut Pariyojana (GHAVP), Haryana
A 2x700 MW
m 2x700 MW

Rajasthan Atomic
Power Station (RAPS),
Rawatbhata, Rajasthan
® 1X100 MW

® 1X200 MW

oo

Narora Atomic Power Station

(NAPS), Uttar Pradesh
® 2 x 220 MW

® 4X220 MW
A 2 X700 MW

A\

Mahi Banswara, Rajasthan
m 4x700 MW @

HARN A

RAJASTHAN
Kakrapar Atomic Power
Station (KAPS), Gujarat
® 2x220 MW
® 2x700MW

O)

@

o MADHYA PRADESH

@®

GUJARAT

Chhaya Mithi Virdi,
Gujarat

@
4 6x1000** MW i

Chutka Madhya Pradesh
Atomic Power Project
(CMPAPP?\hVI\\/I/adhya Pradesh

m2x700

UTTAR PRADESH

O)

Haripur, West Bengal
¢ 6x1000** MW

Tarapur Atomic Power Station Q
(TAPS), Maharashtra

® 2x160 MW {
® 2Xx540 MW

MAHARASHTRA

Jaitapur Nuclear Power Project
(JNPP), Maharashtra
¢ 6x 1650 MW

ANDHRA
PRADESH

Kaiga Generating Station
(KGS), Karnataka

® 4x220 MW

m 2x700 MW

Lakshadweep,
9
..

S

)
&

Kudankulam Nuclear Power Project
(KKNPP), Tamil Nadu

® 2x 1000 MW

A 4x1000 MW

o Bhimpur,
@ Madhya Pradesh
¢ 4x700 MW
Kovvada,
Andhra Pradesh
¢ 6x 1208 MW
'l
@ Madras Atomic Power ;
Station (MAPS),
Kalpakkam, Tamil Nadu ¢ Andaman and Nicobar Islands

® 2x220 MW

S

2,
® Plants Under Operation Q
A Project Under Construction
(RAPP-7&8, KKNPP-3&4, KKNPP-5&6 and GHAVP-1&2)
Projects Under Pre-project Activities
(10 units of 700 MW PHWRs)
Sites accorded in-principle approval
(Kovvada, Jaitapur, Haripur, Chhaya Mithi Virdi, Bhimpur)
** Nominal Capacity
*RAPS-1 (100 MW PHWR) owned by Department of
Atomic Energy (DAE) and managed by NPCIL

*
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