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Inauguration of Laying the First Pour of Concrete (FPC) for RAPP-7& 8
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First Pour of Concrete (FPC) at RAPP-7 & 8
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RAPP -7 & 8 Nuclear Building (NB) raft foundation works



Ted & UTATY] FHoAf &b AHfAS bl 3USITaT

Colit3{Tete ob [T Tg I hi dld &
foo Jfeld & dIdbee  f@d
DIDhele UeA]  foofat  Te
(hTHItH-3 g 4) HT 5h1E-3 T 4 (2 x
700 AIATC) T HTeTol T HelaTdoAT &ff
Sidog dlal geT oG ol daifdd fate
TTol &5 AIT319T Teh Y dlle, ZTuteelTol o

vrgdefiel  fd IRl U] fagld  Ufddiotel
(3rmeedidl-7 9 8) bl gebTe-7 (700 FAIMATCT) o 15 31U, 2025
DI IOl TaTcsel UTed ohe fe3dTl geiet Gol of offeichld
fagd & P R e=idT gedhe 8780 FIMaTe & I &
(3TeCHICE-1,100 FITTATC bl Blgdhe)| STuieRiTel YZau] faeld
TfeaoAeT (3MeCdidt-7 g 8) bl Jod Shisdl o & Jfolc-8
dddiTet fad aef 2025-26 3 YTITesal o[ heal & fAT Ut ddg
EiRSRIA

(Tfiegedidi-1 9 2, 2 x 700 A9MATC)| Sfeld edAdl # d
Ui off e & Tl dcldtlel A gfeUTOT, e Ucer, ham
3712 STRITST Tt 3 Ufeiotetl-ud Jfafafe & siavfd gl
S 3f3dT, 28 AT, 2025 T YA HuIf faeiT (ShTe) of
fouaredl o GETd! Tresie o fobC YeaTTU] ol ST (Teefh) oht
“desifded” Edlopid Yalel chil 5 Tesie 9t 700 AIMATS efeTdl
dTe> G qIfdd el Uref! fdtaree (ditasseg3ite) emfates gl
goToh! TTTaIT 37 Yol & sfiefqe (4) b IteT hies &Tge T
TToTeRITel & TradaiTel (2), I[uield &b ohiehelure (2) 3ie 3
TSer 3 S1ereT (2) & §13eT thles &ATST Ue Follg T8 2l

QeHI] Huif & oiel T Urd: 3feidre 3iie 3ieicl & ot
Slood! Tgdt g1 3iTerdral gial o dTauie, YeHTu] Yidaoteliaft
Pl T &Y & 8ffdT Td UToft ol IUse/dT 3¢ Yoldfd Td
otelfUel (3M2Ug3Me) & ddfdld Hgcaqul ailfdal obl

ATHGT ol U 28l gl BaIdh 3Hfdldeh, H TUBST U]

g 3fade Ue, it & dteft foicenesd o diufde T ddlg
P TRl Uednu] faeld afddieter (3eeHdi-7 @ 8) ol
A og-UTae Wofes T g fae ¢iedsevl Yedd dhed g€
ggd el g T8 g1 Ug PpIovelure U] Hull cele
(heditd-3 g 4) Uz gles &l i Uahifeld faely &ehaul & dig
31T 21 Teh b &G Teb Tl ol el eiedhevil ol Yableld
CeTdteftagte df gardt UoIfd ol qelfdr 2

3{Ted ¥ STTfarch I fae]d & Icoseald fagare & flEe UL g,
311 ToTdtef3TEtes g fe &f dadl 31 g1 3usfl daboflch!
&19TCT & T, ToTiefT3mgues of 2031-32 ddh 21,980 FINdIE
STTfaYeh1e TaE[d efeTdll BTfdies dhdal ohl 58 TE 8, Uil dddTlol
TTMU efHAT 8,780 FIMATE & &b g1 gt faidfumeftel ure
URISTeE eNfdies & eroieRilel UeaMu] faegd Ufddiotel]
(smeedidi-g, 700 dWMAIE), Ppeoldhesd T fded
eSS (b TaTdit-3 T 4, 2 x 1000 FHINATC), PETPH
qeatu] fagd ufeaivtel (dhadhtaddi-56 9 6, 2 x 1000
FWTTATe), 3M1e INeEYL EfeATU 3ulerich fae[d ufeatotalr

g3t & YBHTd D gg dadel & [T, Weldl bl faTe ured
Yol b [T Tee 31T Ureqelf e dgcayul 81 gl Teilfad!
& oifeldhig Huif Td oifaldhia fagd &ides d deifed
ddpoflchl Uges dgcaquf fawd g foisg eduifeids Uga
BIhdl & ATLIH & Urecfeldl &b &1 AfhId &9 &
daifad fosdr oirar g1 g Uae &, facia asf 2024-25 3
fafelosl Ugesl o ATeTH & Toldiefisete bl dadt
aTddifolcs Ugd VT8lT 29,22,000 Afchdl (afers Fifsar
RIS Bl BIgehe) ddb ol ebl &

AU HuIf & T2T Teh Agcdquf Ugey Feell 31 oTdTeile b
gfd €6 &eTHUT g1 8,780 ATAIC bl ZRITfUd efeTd 3ie gefeld
JiTesof & 639 feBaee-aul (a7g 2025 dob) T 3ic1erd el
& Ufd AT Uiddesdl ol YT g, ol CoTuleiamets o
"ZZeT Uges, 3Gl dlg " & 3MTcef a1 Ue €6dl & &gl 8l

qiosarsii 3i1e IuTadl YT Ue Uild o & e &,
TolUTefi3mates el 3ile Icurcal b clell edafl & dfd




eiqeel doflol o Tard gl ¢l fdefeeia TeanT & gae
el Uard 3iie df¥es Faldd wemsl & Ufd gardt
gfdeerdl Gfofd dedt g fd g Team] Menfichl & a7 &
3yuft gl 2g|

gaTe feUaee dabofichl IchtedT b IS 9 dad 39T &,
foiog &iddl Ufedie o hidf dhol dles 3T, gaTe YeaTu] faeld

I gfdeheTall bl 978 &, Uil T b FHull SohaIu] AT &
T 3Taedeh gl 581 e b UIftd & ST foloft & b afrer
Afehd sfterd] bl gerdl ot & ST Ugav] Hulf sifelfaigd
311¢ U2dU] effd & fobC oTIfeh GTfded Sifelfoiardt & Feielsl
1 off TNTeTT FoTTg ol Cel €1 A Dhedl el bl 2070 db
Sic-Uf1el o e ol Yel drdal 3 dicg daedl

el o 3MUTE Tgol dlcs HIAGIAT, 31137 ToldT 371 GATauT
o1 Sifelep el gea FfofAd el &b 5T dear 3Tl & &del
& &1 fEUITget fhdT I1AT 81 &b 33T, gaTTe UeHTU] SHoif

dIeg ol ais] Ig Udhlele], JJafedd sulforafedr 3
UTeNfsdl Bl 3MGIaelcAD 3eayuT BHedl g, il g
3cdfeich Joold 3HIC deefl-darfesd oifalchiy fagld fiuared!,

&l o7 dhdes Iod IUTART dled SIutale o 3Haele UgTel dhdal
1 dIel Hed ¢, dfedd dollfolcd WIIfd bl §aldl ¢l &b
T2 3 & & 31fefds faohrd ol aff gerarcd &l

AP T2 Ue, fAuIes! ol AT doft & 96 28l 8, of dhae Ty
3{ig 3Efiep 39T WA greufeed IudNi o BT, dfedh
gosfarah dTgail, 3¢T dhal 3¢ PiAd dfedfdl Widl ot 8l of
oft 5 2T 81 gfordT afe ¥ aTIfalchId faeld bl YeTdcRiTel &l 2al
8, oRifcs TS FHoif el 3T Eloblalelgulers el ol
Zalfeld deol o BT garch! efddl ol UgdTeld &l

fgufcdl ol Fud 3ile 3Mfefes fachrd ol T ulfcs, U
Teofidt dder gar g g & & ofied dreft ged g
afefeTaeR §ef IT, Wl faeera 3T worfd o1 uafa gl s
ITfd of fauTest oht T bl §al fedT & 3112 U8 dufl d d6 2l &6,
fAde 3T qer & sifda fagd ddal o mye &hf
3Maedadsdr gl

Sifatchldr faegld o fadhrerefics afed o Hulf AT bl Th
dgd & Agcaquf feeel deial ot 3:fle 8l 5 yard &
CTUTt3TETe of bfed fduie! Icdigel & fT 220 AVMATE
&f3TdT ey afed oy iRuared (fledisite) bl Zuel 3 o
ol &5 fAT HTec T JeoT b 3THAAT Thed §C T Yedrd &
ST 3fcdle (3eChUl) ot fdhdr g1 gof hlddde
IS 3HTE b JeNIN b ST Th fEdhlS, Dl dhlefel FHulf
TATETST VeTel dheol & [T fulTge fobdll I g, foierel 3og
31Ut TdTchel Pl Sieplalollsu] ool d &efd FofrdT ol &l
gof feTaed! ol foluft & & foider & &re eRifdd dheal bl
GIoTeT] 8, ol FHlufeT dhlsfeft aid 3iie edihd aTaedch dige
& offdec 1A Pl THiEts oled &Y Alsese
fouared! (STEATaA3E) o o[&3Td faehTa 3ie datrdl ol féerm
9 dieameeft o arer off BT e 28T 8l

¢ g ¢ d1u faeld sl ol oiiTg ofifaehld fae[d &did o59Tel
b SaiTasiiaf Ue aff faare fosam UiT 28T 81 2025-26 B dule
81907 o TS fadbraefies 8imed o fe5T Tearu] SHuif faere ot
2047 dob T & B 100 IfITare Y] Hulf f[ddsfad dheot

JoTch! Tafeld UuTfesdl 3fle gcdp! ol 3THIE S 28 &l

& aft SEIohl, daboficht Hedichel alfdifd (Sleef) & dqedl
31 YahTeldh ol o-Ulae Wofcs ob S 3ich I sullfad eI &
fafetoot 8171 & ddbofich! 3l Bl Th ddfes; &dhasol dollol b
fo5C JoTdb UrTell o ST 3(Ust glfech Ppdsidl och hed §l
HET 39HIC & b §HTL 31T UTodh! bl Ug AT 2radh 31T
AT It

T AHfAT & LHehevll & AT 3Tuchl Sgafcd ufafebar 3ite
Haal ft vdften weed &

Ggor a7 ZG 3/ojafd 3/

&g,

gafta arest

&aTed, o-Ulde
ATV FHuif Ug Toh Ao Tofes
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SABIT HuAf 2aes Holf &, dafds wiaredt geret
HS3The 3dool ol g FHull s ofgl gidll
SfTaTed Selel ovlape faules! dallall Udfaeul o
EfCepIUT & 3T oTgl 8, dlfch Hulf IadTGel b
o5 €2 Teh ®Ice TltaTed gefel Teslal Ug 3IT8{aT
&I fHeIIeT CO, Icdosl gidl gl oTfadhia Huif
A 2aTs Holf Uelel ded gl
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From the Desk of the Editor

EMBRACING THE FUTURE OF NUCLEAR

ENERGY IN INDIA

It is a proud moment for NPCIL that about a year
after Units 364 (2 x 700 MWe) of Kakrapar Atomic
Power Station (KAPS-364) at Kakrapar, Gujarat
were dedicated to the nation by Hon'ble Prime
Minister Shri Narendra Modi, Unit 7 (700 MWe) of
the Rajasthan Atomic Power Project (RAPP-758)
at Rawatbhata, Rajasthan, achieved commercial
operation on April 15, 2025. This has increased
the overall installed capacity of nuclear power in the country to 8,780
MWe (excluding RAPS-1,100MWe). Unit-8 of the twin units of the Rajasthan
Atomic Power Project (RAPP-768) is well poised for the commencement
of operation in the current financial year 2025-26.

On this occasion, the Corporate Communication group of the Directorate
of CP&CC takes immense pleasure in presenting this special edition of
Nu-Power journal, dedicated to Rajasthan Atomic Power Project
(RAPP-788). This follows the recently published special edition on
KKakrapar Atomic Power Station (KAPS-364). The publication of two
back-to-back special editions demonstrates the progress we are making
at NPCIL.

The nuclear power sector is at the cusp of remarkable expansion in India,
and NPCIL is at the forefront leading the way. With its technological
prowess, NPCIL has set a target of achieving 21,980 MWe of nuclear power
capacity by 2031-32, up from the current installed capacity of 8,780 MWe.
This includes five projects under construction: Rajasthan Atomic Power
Project (RAPP-8, 700 MWe), Kudankulam Atomic Power Project (KKNPP-3&
4,2 %1000 MWe), Kudankulam Atomic Power Project (KKNPP-586, 2 X 1000
MWe), and Gorakhpur Haryana Anushakti Vidyut Pariyojna (GHAVP-182, 2 X
700 MWe). The targeted capacity also includes projects which are
presently under pre-project activities in the states of Haryana, Madhya
Pradesh, Kaiga and Rajasthan.

In addition, on March 28, 2025, the Department of Atomic Energy (DAE)
conveyed “In-Principle” approval of the Atomic Energy Commission (AEC),
for the second fleet of reactors. This fleet will comprise ten Pressurised
Heavy Water Reactors (PHWRsS) of 700 MWe capacity each. These are
planned at the Greenfield site of Bhimpur (4 Nos.) in Madhya Pradesh and
Brownfield site of Rawatbhata (2 Nos.) in Rajasthan, Kakrapar (2 Nos.) in
Gujarat and Narora (2 Nos.) in Uttar Pradesh.

The discourse surrounding nuclear energy often oscillates between
optimism and apprehension. Despite the optimism, the nuclear projects
face significant challenges, mainly concerning the availability of land and
water, and Rehabilitation & Resettlement (R&R). Additionally, to
overcome the shadow cast by a few earlier nuclear incidents, clear and
transparent communication is critical to gaining public trust. Among
these challenges, the technical aspects related to nuclear energy and
nuclear power plants are crucial subjects, which are addressed
one-on-one with transparency through public outreach programs. In this
endeavar, NPCIL's cumulative public outreach through various initiatives
in financial year 2024-25 has reached approximately 29,22,000 individuals
(excluding the social media efforts).

Another important aspect surrounding nuclear power is a steadfast
dedication to safety and innovation. An installed capacity of 8,780 MWe
and experience of 639 reactor-years (as of May 2025) of safe operation
are a testament to our commitment towards safety, which stands firmly
on NPCIL's motto of “Safety First, Production Next." Through its trained and
licensed personnel, standard operating procedures, and emphasis on
quality assurance, NPCIL has been able to harmonize a balance between
both the pillars of safety and production. Our collaborative efforts in
international cooperation and our commitment to global best practices
ensure that we remain at the cutting edge of nuclear technology.

Our reactors are at the forefront of technological excellence, designed
with layers of safety measures to ensure the utmost safety of the people
working within the plant premises, communities residing in the
surroundings of our nuclear power stations, and the public and
environment at large. Moreover, our nuclear power plants not only hold
the promise of providing high-quality employment opportunities, but
also of driving economic growth in the region besides fostering scientific
advancements.

Globally, demand for electricity is rising fast, not only for conventional
uses such as domestic and industrial usage, but also in new areas such as
electric vehicles, data centers, and artificial intelligence. Worldwide,
nuclear energy is experiencing a resurgence, as nations recognize its
potential to address energy security and decarbonization goals.




Electricity consumption and economic growth have a compley, often
symbiotic relationship. Recently, India became the fourth largest
economy, which is synonymous with development and progress. This
progress has supercharged electricity demand, and it is unfolding faster,
requiring the setting up of more power plants in the country.

Nuclear energy is expected to form a very significant part of the energy
mix for Viksit Bharat. In this pursuit, NPCIL has issued a Request for
Proposal (RFP) inviting Indian industries to participate in setting up 220
MWe Bharat Small Reactor (BSR) for captive power generation. These
compact PHWRs are designed to provide a sustainable, low-carbon energy
solution for hard-to-abate industries, enabling them to decarbonize their
operations. These reactors are planned to be set up with private sector
investment, operating within the existing legal framework and approved
business models. NPCIL is also working with BARC towards the early
development and deployment of Bharat Small Modular Reactors (BSMR).

Possibilities are also being explored to replace retiring thermal power
plants with nuclear power plants. The Nuclear Energy Mission for Viksit
Bharat, announced in the budget speech for 2025-26, envisages
development of at least 100 GW of nuclear energy by 2047, which is
essential for India's energy transition efforts. To foster an active
partnership with the private sector towards this goal, amendments to the
Atomic Energy Act and the Civil Liability for Nuclear Damage Act are also
being planned. These steps will drive the nation in meeting the target of
Net Zero by 2070.

This publication, comprising twelve articles, critically explores the
systematic engineering and technologies which are shaping our highly
advanced and safety-driven nuclear power reactors, their related systems
and components.

| extend my sincere gratitude to all the authors, Technical Evaluation
Committee (TEC) members, and the publisher for their efforts in making
thisissue of Nu-Power journal a rich compilation of technical articles from
various fields of engineering. | hope our valuable readers will find the
content interesting and enriching.

We look forward to your valuable feedback and suggestions for future
editions.

Pleasant Reading Ahead!

Best Regards,

Sumeet Sali
Editor, Nu-Power
An International Journal of Nuclear Power
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Nuclear energy is clean energy, unlike energy generated by
burning fossil fuel. Generation of electricity by burning the fossil
fuel was not environmentally sensible as every one liter fossil
fuel used for generating energy produces two kilogram of (0,
Nuclear plants generate clean energy.

-Dr. A.P. J. Abdul Kalam
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Placement of Pre-fabricated single unit Inner Containment (IC) dome liner
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qmv;[trﬁmﬁm(srmtﬁtﬁ) 7 U b1

yaTdt fadteron

31f¥qar UTes, 37ue 95 Hferddr, (3ie]erT: Ul Ta gaegded 31Te, Ufddiutol)

T oIC U] FHulf feTared bl felaTfur 3ie dhaftelfaial Toh
Sale & I3 gC TSl € oil faem & feuiisel 3ilg Ufdiess]
3T HATs o 3feuTchel ol Uefeld ded gl daferfalar
ol fAAfT & ddicsel dob T Worfdefies gifderst obr
gfafolfeicd hedl & 3¢ gefdl fdfelosl cedhglogel i
Hfieret enfaie gicht &; foterdt feuTTsete, falarfor e, fotarmerep,
fiafdT, Shafterfaiar 3iie Tareel G enfde &l S I,
ZeaatTall 3l gcdh! (TTe!) ol ATy, 8ifdsg o el
& T 3MTeTeald ST Tobdl cheall, grdee 311 Uelefur deall
oA gl

SToTeITel YeaTy] fagd Ufedotell Sohls- 7 Td 8 (3meeHidt 7
Td 8) & foldAfuT 31T Shdfterfaldl bl & <lelel, Mivlaed Ud
garesel foicenssd grel ddch &U & "3fiaedrse fifer &
§ol¢ ded Teh Ydte Jifdfafd bl I1g| hefterfalr & glerel
SIGfAD fERIfadl ol Ugdlelell Td YsiTdt APfeefel Uarel
oheoll §& bIUfde 3ldacdrse b ol 3ged 2Tl 3erdld! 7
3M1e 8 & pdfterfeior ge forelartT faual ot Teh faeqgd Y&rest
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fotdterur vIfdfafert & Glelel 3fcd fduded! & hdtelfald
3fo18{d 312 fAEITSTAT bl ATEIT fas T I Teh Yd{es &ech Ug
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=& Tafdfel o crerel fatest eftet g eft fob fEuiTgot eieneret ol
fordfad 3 Tdaes; adic & fodT Wilell dIfgC dlfds Heft
f&utTgel Ufdddel chafterfaiar udterun & Uges BI] fast It 3T
Heft U fIes gedrdull & enfde fase ATt

BN PO ™. | D G



e sdaere gics Uige (3meeadt) & dde A worfa
ot Taftem

S Ug &, 3meTadt ol edipid o fT faerffed faforarasm
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holcrelel chi aTg ohdl & hd &I, Tdicd Urd bl ATl
31T 31cd GIAWIHL] b &Rl YUt Tl FellC gl
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TEITINUL AT 3BT AT A 2 ATd &l Tl deb fab
fafelost fedldAall & gean feaafirae oft SicsJT-31eaaT
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duil & Geosd, cdfed UfdfobdT 31T eresr3el & Glelel IUTII
P fHT, TGIida 81l s aY faesdydh (feaithe) fdopfdd
ol chi JTaeddhdl Hgdd hi Il

gl g1 3 o& fat 1T feaithe (A 13 feama I/ g) bl
U gal & 81t uTeft (D,0) are ot 3ufedfd ol &esl &
ST T AIdT g1 arsd TevT & D,0 fefd &l Ygdrel &
T fadcd o sffaedahdl gidt & 3iie Ig fdea gleedre
BT Udl oIel &b ST Iudf g1 5dd sifdfdh, I8 arg
folTeTeft UuTTesT 3ie fEfelst aagce o 3ifeidIgel faferdd
& 3USERIdT b IS o I &l UgdTel &b [T Toh
Aoy & &0 A BrRf dedl &l

gfearsd faaa

D,O @1 dT SITMeTT SIS 3deyul fdesid ue efed gl
3MMe3e &ld & Sowhies (3M83Me) A I WidbiddT
A STTTH GTeT UfchdT ATUS aTes chifeldhl o ATETH &

J Y R : o i

3I3eYc b1 HeTed fobdr Trdm & 3ile foidau def i
AT &Y & Ucfeld faar Ardr gl

TSt UTat 3{Te §oab UTell It 31dech &l ot fafelse sfaensor
dg ga g1 o1t ureft 95 BI1euT 3rach (3Me3e) faheun a1
3[geNyuT Tes faferse aevreef ue 3rfdfdsdd gar &, afds
godb Ulefl & ohIeUT Ug s gidl gl T faferse
adIrGef Ue, aidl uTefl 3ile gedb UTefl o hIeuT T3S
faseull o1 31aeNyuT AT 31 91U gidl &l 3Ucich
TACISAT3{T ohT IUANIT STdTeTT aTg o 81Tl UTefl bl Hicdl bl
Yol o ST fobdT STar gl Yo bl IUAWT devrcedf bl
YS! o &Y H T ATdl & 31 §1¢ dTes ohl 3T Egaf
devieedf & &Y H fadr drdar gl dcef devieed ue
3MaelyuT gidbd bl IUAWT Udblfeldh! & Ufdddoll bl
3gUTE b 5T fapaT AATdT &

g fAecd Ugost |12 700 AIMATE o HTugec3ie & ger
fopdT I1AT gl g faeed, f2uiigel & fgdra &, 9gd &
HfdeToTolch, Ulddes 31 goohl &, ATSC UL S&iohl odTddh
&Y & IUAT fdAT SATdl g 3112 Tg Sduteioh &1 & I
SEA I

fa7 1; feaite @1 &lid STaa vd faa _




foles dhefRaerel SoTbrderel faecda (Afasard Sguur
eret yotrest) (deftamdes) suzion

UAIfoIaT Tefol ol UeaTu] HuIf ddel 3 2fearerdff dguur o
U bl Hifad dheel 3i1e haf ol & T 3HUeITAT ATdT
gl fiuaee fafeRyr 3ile fitaree silforafesidt fafeear &
3ice & & Bl dYUT glel/alfq €l bl &aiTaell &
3fofeie 3 Al (diler-1/2/3) & fdsffoid fdsar ram gl
3T, BUsl, g1, U2 3¢ erdie ue fafdseur giguur ot
ST @l & fe5C IUheUll 3ie hidfdl ol oiid dhdal b
3eed & fafelost side-arAta dfiam fagsit ue fafatest
DIfdch SGuUT FAlfoice IME IC 2l

HIfAB HGUUT HAlfolcel &l 58 Ul ddffpa fbar
IATE

> dquuy Alfaice (fthedhe)

> €19 3¢ U2 (CT US TWh) &HquUT dlfoice
> TIce Alfalce

STflhIg 8fdel & 3ifddT foldhbld ge Ue difdcml &b I
erdflc &t offg & e Uide dlfolee BIME T g fheae
3¢ T Ug TP &cuUl dlfeice 3ufelte Udelsl &,
fCaee eI afdel 3M1fS & 3ide-arfta &fter fagaii ue
fed gl

dIofeT 220 AIMMATE 30 540 IIMATC NTASTRI3NE I,
ofl PIfdfcp THewuT Flfaicel bl favTerefl gareed ailfddh
P gIeT eRTid Zeilel Ug 8fifcich &Y & bl ofl 221 81700
FTare fedgaey3ine o, difoied! ol feullgel dae fear
ITT | pIf b HGUUT Alfoicel ohi Geel draidpd uird ol
e & AT, gof Alfolee! bl TIUY feloe & & feald
DIfHD HHUT ol Yoredt (Hteftsmete) dde & am
gefgalc FTe UaTel fahdT HiTdT g1 g YUTTesT Uges! dTe 700
FITTATE NCASTY3ITE 3 o bl I18 2l
dieftsmsea ot eeae
eftamster ot eieae e 2 9 gelfg 18 g1 deftamster
Bdh hWICT ATEMd el YU & Wil MODBUS TCP/IP

gegole fodcp & aneddl & fdfeloot @Riell Ue Zomfid
SpTfetep SHeHuT Sttfeice (it ETef 3ffe Ue SguuT Sifolce,

Opgahe 312 U Alfelce) & Sel UTtd dhed! & 31 3efch!
Zareed feifd, sfesref dicer, 3T dleedl o, dddilo]
21, 3res1ef de Ulge e 31fS o &1 3 HATefdblel UeTel
dhedl gl dhalpd Sel JHfERIEUr Yunest & & df
refl3mgte ol [&3HTd b dhIeUT, Tdhes RITel U2 SiguuT
difolce Sel bl sielfaics HTefahldl, ITfdfafel 3ile faeasyur
3ucse gl dieft3mstd dltredde gol-gl3d famiad fahdl
IT 81 g YUTIe3T 700 AITMATE HCUS™I3ATE A TTel & 3712
HdTuTelch &I & Bl e 2al 8l

3
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Portal Monitors

Friskers

a7 2. fafates oifeia eiguUT Aiforcel & anel tef3msver o Jimefdy

o
sft eree fAd (G=feios aifdordl/of),  sft gpetres fAe (afeias sifaiamTdl/eh),
segdicers Sulfolae € 3ogial 2002 & TeldlEfiaTgtes &folvl e & 269 1
Toldieflanste warsal fdarn d 700 & € 3iie 9 3Mdel &g & ¢iue off 28 &l
MqMdle &b hgce HeMed fdeca  Iofdhl b fefedsr gof TIe 3iie dice
| dUTdde, sieads ofie EifRae Sor  difolefy, Wded tfaefadt Hifaefy,
" ,,“ Hafoichelel o f3ulrgal 3iIe fddra & gt alee idh Alfoiciod 3ile fREace &
enfates &1 Joglel df2vers Hifoleld  gg/aifafdeh o fetaree-wdicsl gelel
Az 3ie PUs-ored 3iceree fRaflols Tuid A d wqﬁsﬂaa@@a@m&@a@aaﬁ?ﬁ@w
Tafeld Toiaed 3fie ST wicd & fRullgdl, soffforafesr & enfAa &l
3i1e TUIE A IvTerel fean gl
sft suA  E@ae (ISl

sfgeprdl/aft), Tordieftamdtes el
&P & 133 I & gl Iogiel 2fSTerel
HAifore e, edl dice @i facarle 3
ffGaee @ ¢ [ ofdfeh <¢
RRearee-wrffesT gelel sigreur dfden & |
dafeld faeedd & fSuirgal, suflfaiafda = Y

3{Ie Mtded delt 3iTuefea wicd (220 AITATE, 540 AIMATE
3flT 700 FTATC) T OIS & TNTGTaT ST 8l

66

U TeHIU] FHoff bl dhesdTgdcd YT fdeld IcTcol ob fo3T fobdT HTCIT, dd dTel BT 3id & <l Gelhl o,
3Ted D1 37Ul fdelTsil o fT faqer fob deth oTgl G&iell Ul dfcdh d Ul JUcsee] g1




AT :
- 79 8 & 3T gd I1fd afhia Iueseul

YoTTIest bl Tae 2ft znfordhl fawra

fersyaofta, siae oea siferddr, srae deel ATYe, g focerd,
(3fo18fTaT: TITUT, &t 378 31Tg off)

8{ch T TeaTT3l &b Clelel eall HflfAd dheal b T
U] FHoff dIAT & dof I 8fch Ut 3UcheuT YuTTes!

PO oI fachdrsil & dedsr & dieseel & dgdvr &
S YUt pl Zaceff gollal o uard fabT Ie| diesimeet

(CHTATHIITSCE) hT 3UIT fobdT TI1dl gl Tg Yol

gofargdele] Yulles! o dATed & diel aimeda faghdraf bl

ITNATE 3f-cagUl bl folvreTefl ohedl g 3iie ufeurafl resle

Wag] Dl Ehle hedl gl afe 8f-caeur fafdee ftem &

3ffeich g WIIdr g dl Ig Yunes! {5 fodaur ohef

(CaetaMe) H AT Bl Tdd dhed g€ I AT "3ifelhs

3" & &Y A aIffpd 3resref fGare dhedl gl I Hestef

8[chUTT Hcoll ot Jisfiedr ol qdd 3HTdhedel heol 3T

fder bl geeam & ST 3fdedd Ufedreel Iurdl Ue

folufg el & Heg dhed 8l

A U1 BT 3UANT fatgeifesfad fAdessuul deal & foT

fsarwrar g

> 8f-JIfd ST P Jodidhel T Agcayuf Techl & foidiarT b
3fTaedehdIl

> TeuTTgel faemYUT & &cdlUel o T 8{dhy b CIelel Treole
fleuid Wagl & ST dedensil, Junfesdl 3T Tceh!
(Carcaef) ue 3l Thd odl

> g Teoll b IofledT BT 3Mchesel ol dell Ig foufy
ol &b fe5T fob s ol dc fobdT TITE AT oT, foldizuT ohef 3f
3fca1af gutTol

> "3fdeh I & BT sfrel de fdg ol siigdels iy
3referdan- 3Miefts afchu &b &g U e ilal & 312 "I 33T
1 3HTeTE Te b TS T UL 2T Al &l

ufedied

fafelost  3iiUdfear ecelell Ug divfal ofehdld 3Ucheul
UTITCST 3Tt A ol It €1 3MTcdatafedT Utd dheat, folede
Jusedl Hffd ded 3iie 3fdfed @ref Ul g
Zaceffapeur ol gadt 3aeddrdr &ff I 2Tty &g Ue Idrfed
UUTfo3al ol faohfdd Td drdffedd chddp, BT oed 2,
el T TELETd b T faceft fachdrs ug fosfear ol
D Deoll, [Add Sof Agcaquf dee Yumfesdl obl earaddr

Ugdlel ol ITE1 8fchdld 3Ucheul YUl & Tah Ylclelsd
ShTs dTE3eet grel fadsfad ol 978 off 3iie ol fadharail ol
U3t bl drdfUegfd T Ucefel fabdr I/ r &l dabeiiah!
TTRTR AT Pl YT Dol o ST ddvofichl 3fofdrcsel gol
et facharal & fo5aT 91 3{ie 3o UicieTsy gdbls o
AT & ST 31191 d@al ot fofdifd &t 1]

ol dlef fadhdrail & & Toh fadhdl of 3(AeTeuTT ohl UHATOT
(dt3freft) ger ope fdar o 3iie TotdTefI3Metes dobottch]
fafsider 3faedahdisii & 3foldle WU bl I
DrATesfd o1 Yeele fabdr ol g dlc ACU-7 a 8
DI g YUTIes! b fahlel Td 3MYfd & AT 38 Th &l
BT 3T er fear I

TUTTt ol fdaeor

CHTATHINMECH (3fchUld IUcheUl YUTIe3t) 3 foldotfesfed
39 YUTIfesaT eMfates &:

> T dee ShTs (Tarted) - f3fdic sfdhdia diee

> RIS Repiee (TH3M2) & BT RIS fold70T Ueies

> fold7uT dfdaie 3 2 dogly fiapievT faecat (Zfiamta)
> fold7uT dbfdeic

afchUlT &g Td AT fohlge Culsfifded U & B8
3HIT-3(59] RITell U 2 T g, fodd Ich a7 3T
afden & offde fafalest difdie e enfds gl ot
RopIfea fAeca (fiameed) i foard=oT def & fRd &,
TIgl Tg Teft B RATeftg Pabiee & #fdsUTd Teel & Sel
1 feohlE hedl gl Tg dhaldd UUles! SATUh Scl g
3ile faecsyuT b 3iofaTfd &cl &, foiefdr sfchuta Jrfafafer
3fle gfaer ue geidh Ueild bl fdedd 3idhcdel &eid gl
T &1 I TuTIest 3Tfdsearae a1 3 3 Iram g1 dhe e
RRIfSVT fdeed A7 o fET 3iclde off ddle 33cye

4 \/



5ol 9 Tefd g, fIeTdl & dhde 6 deie thics U 98 EC &
3fie dief sifafdes &u 3f feaE ITC &

PC
(Appication
Software)

240VACE10
Central P

Recording
System

EEAGIEGAERIMIGIE

e fole &b fooT f3fiiees Tdme scethd 3 TaUlame
faiveies & AT gl edle 3Msdicscs RS485 gidfiae
enfaes g1 gieflae gearseg gedalu & gefeld g1 gel
3BT 3¢ faveles Edelel o fafaest Uerfice off
S BTe-2U1s §a1 & ATeTH & &I fahT Tld &l

o W1 RRpise (TH3R)

AL P15l i ~ 10 Hice dhl gt & affde Bg T3
f2RId &, T T3 WA foldour dhef (TesefTdt) o 2a I8
g 3fIe foldatfofdd faavar &

> Tduios! bl fathesdT ot felfd & TATHATD disietest

107 1: THUATH3ITSTH Bl HeT YUTTeil bl regametl

& faeiarsil aféd yomest faaeon

o afcUfia Hee 3Tzl (Tereery)

J TATAY &4 b ©g RATell g f&d & 30 gold
UHSCACH (ATSchl  sSovagulddfoches  fdZed)
ore-Uforddes cdeuraATdl (Tadoseldiee) dde, Urae
apeterfaivr 3fie f@veis dhelerfalar derr game afdhe &,
Gl AT f3aplse ohl Sl Edifed hed al A Shiadi
3o ITfd dTes EHIfedes Ufethees Scelhd adf o HATIH
@ Tidferd Rrefla Rapree o ATl Tame ded! 2l A
DI fdutesl &bl 3Myfd Sidfeld ety fidhige sahls &
o AT B

cilet 376 didhdl ohl 20-Tde TolToa 9T & fefiices dholdde
BT I Heh fefoice ATl A ufedfdd faar ATdT gl
ol cilel 37ef Fahdl bl AUfehIT 312 SUTAZUT &b clelsl

feaTuige dedt o el 72 T b UTae doh3(y dfed afopdd
e ShTedl I UfddTcsel elfch elel dhed &l

> 3-3iTelfMoles 3refl 3¢ f&veies chaterfalT ATucs! o dredidd
THI b Ul SeT UItd cheol ob [T Aele Shisdl & &1
efeffdd o

> THICATH A I cadiicsd 3Mdfels Zo-Yeieful S]
sl

> 331 A Uree ol B el 3HIZ T dhere ditedde &
FATETH & 33 3HT3cYC lfesd Dol

> TUHASCHUH Aafe Shlsdl i olclfolds el Uele deal

> THeeH SiIvallfecond & fobT ENYUTT YeTel dhealll

> 3Ty & A ddie deell, fefd 3¢ 3/ dddd Ser
81oTofl, e Ulse, olaTfeich 31fS UTtd dheell Tdl BI] dheelll

> ToIfCte 3fe]ae Tcell & Uges 31T dlg bl ddd 3rafel & e
8{chUTe TeaTl ST bl J1e-arsiefics ${STeur UeTel dheol|

> HlaTed dcsel &f 24 didtefl 3mufd foiauT el & thies dob
18t et &, et gTer 72 ©¢ o1 dedt 9asid off yeret b
SITdT &1 3T adhIeIof fERfd b Clelel Whies d foldiaIuT dhef o
it fabeft aft Shoterelst o geol 3iTe dedt e 3fU &fetd UgT lol
oI feifd aF 240 deet bt Zisftar 3myfd o1 uraeref aff fasar
el

LCcP

| sves |

From 55U

Local RS485

Recorder RS485

Battery
Charger Relays

P
[ 24vDC I/P from
control cabinet

Locally available To Control Cabinet

240VAC




N

Local

Battery for
Recorder

Power back up

RRRRRRRRRRRRR

Terminal

Power supply (il Blocks

Distribution

o &t Rawifsar yurmest (Htameea)

HI3eCd gchlg b fafaloot TRiTefld fAchlgel & el warsdT

500 Hiee bl gt ug T fodzuT dbfdete (foidzuT 3udseur

el A fId) A THT I & 312 Safch faldetios&d faelvdit &:

> fI3eed < Rs485 HRTe fSd & Aeqd d 9 T3
SoPISdl b &l TaTe docol 3 drefd gl

> E3eTd afohUTd ScT ol &g, Tl o febifeyl 3¢ Ul
T3ITE & 3@ R 3coel Bheol BT i dedl &l T8
fdefl Teh (O1 ohg) Tes3HIe & ofchdiy feare ot feRifd o 3icd
T3 o1 off fooTe Sear &l

> AT R & eret (a oft I afcstir 3T o1t &1aT )
TaieTcd Sl AT & 3agthedl &1 28l gidll 8, faveft 8ft et &
¢ glot ol TR & Sel bl Tcell & Yd-Hcall 3 Tcsll &b
TG & I B [T fIehIE cheall o[ he fodT ofidl 3|

> i3meed Foft Tose & 3l Tad & anel Zodiiosd 3T
A3 &Y & 3HTefeld delch & HAT fAchollgrelel Fellt
TEarel

> Ci3MeCd Afchld TH3HTE U Ucalsil & T &e ulse o
AT 3fE Uaelst UgTel doed &

> aft T33MTe & Tcall sel ol J1e-arwefics aigreur|

> 3ot 3T 3fed Teel feure feifdar dismed ug dafed
313eYe D feITe Hed 8l

> fi3eee v Aifaefeor dwgee (3Menfies dieft) & wgr gaim
g TSl gde 3el eig, #fSiRUT 3T Ugelsl & 5T 3udh
AT &l

> fi3eCd sieddh ¢&eETd &l 3ieidfd ¢l & T dlfelefdd
HCT DI olclfolch Sl YaTel dhed] &l

> E3eTd 7T ohef & #fchUid defe gahlg 3i1¢ TH3ITE bl
AT, SIoYIIR Tl UEleroT dheat ohl SAfael Jerel dedl 8l

o fATAUT Hfdae

iUl hfdolc SCHET AWY Hllh sovdgliolch

pfdolc g, forerat ST3eTe 3ile 3icd 3U YUMo dr & ol

folgetfostald faerSdIC UeTel hed! &

> ToIdauT bfdeie & guivd, smedtet (sienfie dieft), e,
3T 3ile Tea3iTe o T fSuiest obi 3MMYfd enfdies gl

> 72€¢ &t 3fafel b ddiesel &b fobC fauies! 9ahaid UcTel dhaol
& AT ford70T Sfdole & a3 dedt off UeTel ot ATt 2l

> o707 dfdeie & Tesaie & feITe fhT I8 3iesref 3i13eye &
TUahs! & I[UTel & 3T 35 il &l

> Sd dafeld doldee 3iie cfHelm smid &b T Ualel e
I Toft Forareret off €1 &

Control Cabinet

Printer IR ROKR

= 7

—

CRS R5485 x 2 For 8 LRs

240VAC

UPS

SMPS5-1

[ J—]

™ SMPS-2 T

e

4 CO Relays
12 gty

To LCPs

24VDCto 9 LRs

faa 5: foaiauT Bidoic &1 3meed
faepTer & Seret 3imd g gaitfaat
o 3 e Ufdean o Seareft udtaror &t divgar & foe
g fdeed Ue gudefl udterur fasar Hrelr &l IEC-61000-4-5
& 3ol &le &lut safolc! UdteruT fabdT Gilell Tl udterur
@975 Tl Teft gotye (240dleefl) Uid e fewmefelas ol
3{12 DidTaT ATS Glall UL faaT I off| faeed of Faft ATUcs! A
e efelde g o dhesdrgd s UTe fd>dT, wfdse] hidlel il
7 & CIerel, foldatfostad wfdfosan Seft Ire:

» -2000 dlee b &l diee o] i B dhed dAd, BIgel & gt
& i 270° DU o, f&ecd of deiag-C (A3
geday & dc fidhae) o ure fobar, wiafcs seareft uelemr &
ST dAlorés-B (fdell favefl dsisies geday & fchag) ot
3aegaadr eff

UtefuT & SIelel faeed Ufafchdr 2t3metd ug dofe 1 P1 (U1
1) 3i1C 23T U Jaies 2: P2 (WIS 2) Efi3mend & dare

\/



ATeRId A Tedael of fecdeh chdoll G ohe fGdT 31T Seidb alelal
Al3meud & Terdt dIg & e A ol ganl efiameed ol

DI Bl folcernas Hdel drest Heflel # ofar (5 Uise
hfcseersT) Il e eI TTeleerel o ST AT Hliee ol

AT 3T A & ae @it & (3T Fe3ies Urae
Ziger ol 3aegdar ol

> -2000 0o ol &uf dleeul B hed daTd, gges & Jedfi

39T fasdT AT ¢ 3fie 8 felcerias Adel arst deftel 3
T 97T
3fchUTa udterur & fot vosefidt am3féar

T 2700 gIdteT TLUT, HAeJ3ics gedard & IS oft fdecd aldh

T8l Eafl, 3T SAIST fdecel doice-dl a1 3ad dgde bl

3MTaedchdI ol UTfed oTgl e &bl
TtefuT & Cielel fddcdt Ufdfdhdr: i3t o e Alsled
& TeIes 1P1 30T Teles 2P2 Thasl of fechah dhdall &g dhe
&N & 3rafel & Glerel 3T &b AHAI! bIs A Scl dd
STEl g3l o3 urae diecre & dic efisetd ey
fealfd & sigl ama
SieNe/of fadT ITAT: JuTch ol gudteft udterun & dlerdf fdecd
2CaTet udteruT & ST avf-B dATeicg ot TdeddhdT ol Yer
STgl o2 Tl oITI & HASIT bl & hdol b [T Ages [dapifeyT
feleed ol &of gea & ST urde awsrg dfde & foldde
ST 31T FHelelel faht I
eff3meedy dfdhe f8ulgel 3 deilelsl & die, $U¢ ddit IC
Pldal 1S ULlervT & w1gel ¢ 3ref 3 oz ¢ 31ef & el grg
ot gagfoict USTeluT GIgera I1aT T 3{1e faeed of dlelcs-T
(TdtermT & Glelel DIg gedad oigl) i Iol Udleun ol
Ahosdrddad UTfd dhe fGdr e gleifas 3aeddhd dbdes
AloTee-dt (faseft aft Afares gedeary o et Yoruftd) bt efti
o fEoe Taes f3viieel A Feners
8[ch T defe Ue wIfddh sfelfdel dheell 3Tdeddd &l fafatost
DI Uz Hfded 3iefidel el b BT feoe cam dhi
3Taedahdl ft 3112 gof fdfalost DBIUN Ug caeul ot Hetdhd]
ardt 918 oftl gde feare Hodere off afchUta dere ol Th
faeldr gl &g bl Tl b AT sldes fUel ol eMfdAe
hech feee cacs Tfcsdels fafel & Feime fabar I 3iie ga

Hedoll | Heiers

b chUel Taes UdleUl & ST 2RITeftd fadAur Usies

(Tosefidt) bt AT3fear Tedelr & Eehers foar Irar, difd

el I 3HfEIh AT ol i &b 31 Teaeidi o [T

qredfdds qlare AT fefd b 3ie]dheuT fddT oI &dh|

dgar gdteror

S VUTIoA! U2 foldatfes e d Ad udierut 3Tafad faht ITe &

> SUHIC o5, Hag o TTesdTg Udier

> BAI3MECe, gadlae, Bleeives, 3jds 3ile
3MMeSISTaaMs, d{ds of sudrefl udiarmn

> T3 Joolg o afcbuiier d1vgrdr udiefur

> Toliefl3mstes v a v ¢id giel ofd fachidd UuTedt oht
ufl & dgd gadl dedde (IV V) 3¢ HAeddl

T4 7: 3{hutar 3UmEUT YuTedt t TchichenT TeteruT & foit uetequn e 3
ULk Faft UeteruT s{ebUTd 3Ueheul YuTiest chi UieTeTsd Sahle U

ABBAYdh Ue ohe [T T 8l
IdTEet

o[chUIg 3Uheul YUTAT bl €6 d¥ ohl Fararafed o
3meedidi-7 d 8 dTge Ue dhodgdd fddbfdd, feifeld,
TETefuT, 3TYfd 3ile deflerel fadr I g

5 fefeg

doboilchl 31 BRI ol EftC &, 3{chUTd 3Uchaul Yulles! o
T fageft Td amecha faafor &t qevart ot 918 & ot fas 5
JohTe &:

fa7 6: dee O 3ieridal & fere 3ughT fiar et dren feee caa

\/

8ie i faifatd dotret faceft faifefd wromest & offer qesorr:




® ddoilchl BTaf
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Energy transferred to DM water by steam formation in SG = (h4-h2)

h3 h4
T
Useful energy/

Turbine work done=(h4-h5)

hZ‘

hl h5

Useless energy discharged in the condenser
= (h5-hl)

S

Nozzle (Fixed blade)
Vrl

p
Vb

moving blade velocity Vb = (x Dm N)/60

Vr2 V2
Vb
A — C
cny in moving blade
Vrl V2
Y
B1 B2 a
B Vb D
Velocity diagram of 50% reaction turbine.
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ciforerst fl o &2
(ifcteret feaifd soaids)
START_TRANS_COND 1 Assignlf {Expression(Trans[1] 66
(Donebit ==2))} then { Set( Step[2]); Reset( Trans[1],
Trans[2] );} Endif END_LINE END_TRANS_COND

efaefddl sBid (TeU Tl sHih)
Tfstfeia 9o SeETT SM3CUT

Higdd db higdd JUsae oTal
Uffda Iucsae ofal

A gifererst
(Zifoteret selde &Idh)
START_TRANS_ENABLE1
Assignif {Step[1]} then {Set( Trans[1], Trans[2] );}
Endif END_LINEAssignIf {Expression (Trans[1] 6& (Donebit ==2))}
then { Reset ( Step[1] ); Set(Stepcompleted);

Assign(PresentStep, 2);
}EndIf END_LINE

J /

START_TIMEOUT 1
Assignif{ ST_TIMER }
then {
Upcounter(0,Step_Timeout);
}Endif END_LINE
Assignif{ Expression((PROGHOLD ==T7) || (PROGHOLD == 8) |
(Stepcompleted ==1)) }
then {
Set(Timerl.reset);
}Endif END_LINE
END_TIMEOUT
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I 1°h TILOT 1 b AT HASTAT ITT

/***********STEP 01************/

0ST{ Step[1],Temp1} END_LINE
Assign(ST_TIMER,0STresult) END_LINE
AssignIf{ 0STresult}

then {Assign(Step_Timeout,2400);

} Endif END_LINE

/***********pERMISSIVE EHECKS ****01U1A********/

AssignIf{ 0STresult}

then {Assign (Temp?2, Expression (‘TSNC1 §61ZB GGIAR G6IZSL GGIFMIA
6GIFM2A 66IFM3A GGIER &6THI));} Endif END_LINE

/***********SE-I-"NG OUTPUT*****U1U—|A*******/
AssignIf{ Expression((0STresult 66 Temp2)) }
then {Set ( PFM1IN,PFMN ); Reset( PFM1F );
Print("Step no 0101A Program Commands Issued ");} Endif END_LINE
/***********FEEDBAEKCHEEKS*****01U1A*******/
AssignIf{ Expression(Temp3 66 (IFMIN 6GTFMN ) )}
then {Assign(Donebit, 02 );} Endif END_LINE
/***********FBNA CHECKS*******01U1A*****/
Assignif{Expression( Timerl.output 66 Temp3)} //STEP TIMER
then{
Print("Step no 0101 FBNA " Color:Red,Flash:Off);
PrintPMNA(IFMIN,TFMN); }Endif END_LINE
/***********PMNA EHE[KS************/
AssignIf{Expression (Temp4&6 ('Temp5)66 ‘Temp366 ' Tempe)}
then {Assign(PROGHOLD,7);
PrintPMNA('TSNC1,IZB, AR, IZSL,IFM1A,IFM2A,IFM3A,IER, THI,TSNC1,TSRN, IZST);
} Endif END_LINE
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Fig 3-39, Arc blow caused by ground effect, The magnetic flux
sel up by the ground current combines with the flux around the
alectrode causging a high flux concentration at (x) that blows the
arc away from the ground connection,
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Decoding Nuclear Governance:

Effective Oversight On Rajasthan Atomic
Power Project (RAPP) - 7

Arindam Pal, Additional Chief Engineer (Section: PHWR, projects)

Prologue

The construction and commissioning of a new nuclear power reactor are
intertwined phases that demonstrate the facility's compliance with
design and operational requirements. The commissioning phase
represents a progressive transition from construction to operation and
involves the participation of various stakeholders; including designers,
construction teams, regulators, manufacturers, commissioning and
operating teams. It includes verifying systems, structures, and
components (SSCs), collecting baseline data for future reference,
conducting trials and performing tests.

During the construction and commissioning phases of the Rajasthan
Atomic Power Project Unit 768 (RAPP-768), a major activity under the
banner of "Oversight Meeting" was undertaken jointly by the Projects and
Operations Directorate. Recognizing the dynamic situations during
commissioning and providing effective guidance was the aim of this
corporate oversight activity. Oversight on the commissioning of RAPP 768
focused on a broad spectrum of topics; including planning, design,
procurement, construction, erection, commissioning, finance, budgeting,
policy and human resources.

The oversight team comprised senior officials from NPCIL Management,
Project (HQ and site), Design, Field Engineering (FE), Procurement,
Operations, Quality Assurance (QA), Contracts and Material Management
(CMM) and Regulatory Interface (RI). They were entrusted with
overseeing and guiding the overall progress of the RAPP-768 project.

This article attempts to outline the activities observed during various
oversight review processes, the lessons learned and aims for knowledge
transfer to future commissioning activities.

Milestone Monitoring & Work Breakdown
Structure (WBS)

Oversight activity followed a Milestone-Based Activity Monitoring model,
which reviews actual progress compared to baseline planned network
and milestones therein. For any Pressurized Heavy Water Reactor (PHWR)
Project, common Milestones are Siting Consent, Excavation Clearance,
First Pour of Concrete (FPC), Integrated Leakage Rate Test (ILRT), Hydro
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test, Hot-Conditioning (HC), Initial Fuel Loading (IFL), Criticality, Low-Power
Physics Experiments (LPPE), sequential power rise, Synchronization and
Commercial Operation (C0). Any activity milestone has three distinct
phases - Start, mid path and finish. During the Oversight process, actual
progress of various phases w.rt. planned momentum for Activity
Milestones (also known as Hold Points) and some sub-milestones (which
are not regulatory check points but are vital in approaching the targeted
completion) were reviewed. Whenever required, these milestones were
further detailed out in Agenda Points of discussion, which were modeled
after Work Breakdown Structure (WBS) of a Project Management Process.
Cornerstones of Milestone Monitaring were formed by:

100""'"'""""""""'""":"_ """"""""
finish

Percentage completion

>

Time

TYPICAL ACTIVITY PROGRESS CURVE

Application of Previous Commissioning Experience into Present Project:

By taking advantage of team members from all spectrums of Nuclear
Power, commissioning experience and expertise of other reactors were
shared during Oversight activities. A major lesson learned was that timely
sharing of commissioning experience facilitates the expedited design
finalization and commissioning of future reactors. Further, sharing
construction feedback through a Projects Directorate database will prove
beneficial for future projects.




overview of Construction, Erection and Procurement Hold Points and
mitigation of bottlenecks:

In this aspect, the oversight team held discussions to address
bottlenecks in construction and procurement, emphasizing the necessity
of integration of project & procurement pace through concepts like
Just-in-Time (JIT).

Key issues identified:

> Shortage of skilled work force during construction and final
commissioning stages.

> Shortage of essential components and materials during
construction and commissioning stages.

> Increased time for design and regulatory clearances for the First of
a Kind (FOAK) 700 MW systems.

Major lessons learnt during this activity were:

> Applying JIT for material is essential to avoid delays in the project.
This requires day to day joint coordination by Procurement and
Execution teams.

> Applying )IT for deployment of skilled manpower from other stations
and projects for a specific activity or group of activities for certain
duration can prove to be extremely beneficial for a project. A
centralized database of such teams can be made and roped in as per
need.

> Escalation of issues by NPCIL management to higher officials of the
Vendors for a hard push was very effective to resolve some of the
bottlenecks.

> |dentifying idle times and optimizing timeline of activities, wherever
possible, was effective in containing the delay.

> Round Table spot decision by all stakeholders was very effective. On
the spot confirmation by respective designers, Construction
Engineers and Commissioning Engineers on various bottleneck
issues expedited the process. It also resulted in increased clarity on
responsibilities of individual engineers to peer groups / self.

> Resolution of payment issues with concerned HQ / Site Groups, CMM
& Finance Groups helped project progress.

> Material loans / adjustment initiatives with other units at Site or
with other nearby sites helped to maintain the execution speed.

> Keeping in mind the factor of competency / equivalence of
replacement systems and sSpares as per prevailing market
availability will be helpful in future projects.

> Integrity check of completed activities by upstream/downstream

commissioning teams detects issues in time, if any.

Review of Configuration Management w.r.t Design Change:

In this aspect, discussions centered on design changes and their
implementation as per approved procedures like Configuration Control
for Nuclear Power Projects and their due inclusion in documentation like
Preliminary Safety Analysis Report (PSAR), Final Safety Analysis Report
(FSAR), Commissioning Procedures, Test Procedures, Licensing
Documentations, etc.

A major lesson learnt during this activity was that the design
modification are to be carried out in a controlled and timely manner so
that all design changes are implemented before the commissioning tests
and are incorporated in all the relevant documentations.

Review of Progress with respect to Regulatory Inspection Hold Points
(RHP):

In this aspect, discussions centered on status of tests and
documentations as per prescribed regulatory requirements for
acceptance of RHPs. Most common Hold Points of PHWR (Pressurized
Heavy Water Reactor) Commissioning are IFL, FAC (First Approach to
Criticality) and Power Tests for which detailed Oversight activities are
required.

A major lesson learnt during this activity was timely communication
between the Regulatory Interface (RI) Team and Commissioning Team
ensures speedy release of RHPs.

Dealing with / Guidance on unexpected outcomes:

During the discussions, major unexpected outcomes of established
processes were also noted and Root Cause Analysis was reviewed. The
discussions centered on identification and reporting of the issue, brain
storming on the possible solutions, inspection and testing, QA and
implementation of the final solution.

A major lesson learnt during this review was that Root Cause Analysis
(RCA) and strong working-level communication between field officials,
inspectors and designers are critical for addressing unexpected issues
promptly.

overview of Test Results and IV&V (Independent Verification &
Validation):

In this aspect, discussions centered on timely conduction of tests and
submission of their expected results for Regulatory approval. A major
lesson learnt during this review was preparation of an action plan on V&V
and bifurcating hold points for respective Design & IV6V Teams, which
accelerated completion of IVGV Process.

oversight of Prevailing Safety Culture:

The discussions centered on graded approach on safety culture, periodic
assessments, need for education and event reporting.
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oversight on status / preservation of equipments and spares:

The discussions centered on need for maintaining supplied / installed
equipment and their spares at site. Oversight activities also reviewed the
status of equipment preservation housing, availability of spares and
availability of various technical specifications for future procurement of
equipment, consumables and other materials.

A major lesson learnt during this review was that long preservation
period due to commissioning delays can lead to issues. Ensuring the
availability of technical specifications for future procurement is also
crucial.

Conclusion

Constructing a nuclear power plant demands unparalleled engineering,
safety, and project management skills. The corporate oversight process
ensures effective governance & integrity of such complex projects. By
fostering transparency, teamwork and a culture of continuous

improvement; corporate oversight mechanisms plays a pivotal role in
project progress. As nuclear energy continues to be a vital component of
sustainable energy transition, strong governance is essential for
delivering safe, reliable, and sustainable power to future generations.
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The global energy system is undergoing a profound transformation - driven by
rapidly growing demand for electricity in both Organisation for Economic
Co-operation and Development (OECD) countries and the Global South, the urgent
need for clean energy, rapid digitalization and a growing demand for resilient,
dispatchable power sources. Against this backdrop, small modular reactors (SMRS)
have advanced from a promising innovation to market-ready, low-carbon energy
First-0f-A-Kind (FOAK) infrastructure projects.

-William D. Magwood
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Highlights & Novel Features of Electrical Systems
of Rajasthan Atomic Power Project (RAPP)-768

Tarun Mohan Joshi, Additional Chief Engineer, M. Ananthachari, Additional Chief Engineer,
Shakti Prasad Panda, Additional Chief Engineer, Kumud Murdia, Additional Chief Engineer &
Head (Electrical Design), (Section: Electrical Design)

Rajasthan Atomic Power Project (RAPP)-768 are the first 700 MWe twin
units at the Rajasthan site. Electrical systems of 700MWe have evolved
from earlier plants (220 MWe and 540 MWe PHWRs) based on
technological advances in industry, National & International Nuclear
Power Plant (NPP) operating experiences and revised regulatory
guidelines. Similar design and systems have been utilised in Kakrapar
Atomic Power Project (KAPP-384), Gujarat also. Some of the important
highlights and novel features of Electrical Systems are presented in this
paper.

400 kv and 220 kv Extra High Voltage (EHV)
Switchyards

Conventional airinsulated switchyards are being used for RAPP-76&8 units.
400 kv (For evacuation) and 220 kV (For start-up power) switchyards are
extensions of existing Rajasthan Atomic Power Station (RAPS)-566 units
corresponding switchyards.

Due to site layout constraints and in order to ensure physical separation
and independence between two off-site connections to the normal power
supply system, 220 kV Extra High Voltage (EHV) cables are used as feeders
to Start Up Transformers (SUTs) instead of overhead lines (Fig1 & 2). This
has significantly reduced the space required for the 220 kV overhead
conductor corridor and simplified the plant layout.
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Fig 2: Typical C/S of 220 kV EHV cable

One number 125 MVAR (Mega Volt Ampere Reactive) bus reactor and two
50 MVAR and one 63 MVAR line reactors are installed, for better reactive
power management and improved voltage profile of the 400 kV EHV system.
To reduce inrush current transients in bus reactors (Fig3), point-on-wave
switching technigue has been used for the first time in Indian NPPs.




Power Generation § Evacuation

RAPP-768 steam turbines (Fig. 4) are 3000 RPM 700 MWe tandem-
compounded machines comprising of one High Pressure (HP) and three
Low Pressure (LP) stage turbines including two numbers external
Moisture Separator & Re-heater units (MSR) with a two-stage reheating
arrangement. The single-direct-driven generator is Hydrogen cooled and
rated 842.9 MVA at 21 kv output, 0.9 PF. Other related systems include a
complete Turbine Generator (TG) bearing lube oil system, a Digital
electro-hydraulic (DEH) TG control and protection system with supervisory
instrumentation, turbine gland sealing system, electrical turning gear,
thrust bearing, main oil pump, Generator hydrogen cooling system, Seal
oil system, primary water system, an air cooled brushless excitation and
a digital automatic voltage regulator.

Generated power of each unit is evacuated by 3 nos. single phase 285 MVA
Generator transformers (Fig. 5). For twin units, one no. single phase
transformer is kept as spare which will facilitate faster start up in case of
one transformer develops fault.
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Station Auxiliary Power Supply system

Power supply for station auxiliaries is derived from plant generation
using Unit transformers (UTs) and from the grid using Start-up
transformers (SUTs). In order to meet the loads of the unit including
starting of Primary Coolant Pump (PCP) motor, 2 numbers of 220 kV/6.9
kV/6.9 kv, 70 MVA three winding SUTs are provided. Similarly two numbers
of 21kv/6.9 kv/6.9 kv, 70 MVA three winding UTs are used. 540 MWe units
had one-three-winding SUT and two numbers of two-winding UT per unit.

Fig 6: 220 kV equipment. Start-up transformer and building housing Class-IV systems

Transformers are located so as to minimize the length of bus duct
connections up to switchgears while maintaining adequate clearances
with nearby buildings and other transformers, such that an event in one
transformer does not affect the other source transformers. Alternating
Current (AC) Power supply distribution is done at 6.6 kV level (for large
loads) and 415 V level (for small loads). Non-safety switchgears and safety
switchgears are kept in different buildings. Even safety switchgears of
different divisions are kept in separate buildings, thereby providing
independence and physical segregation. Provision of inter-unit ties
between twin units at Class-IIl (safety related) 6.6 kV Level is provided for
the first time in 700 MWe plants which increases the availability of power
supply to electric power system buses in case of failure in one unit.

Internal arc qualified 6.6 kV switchgears

Safety and non-safety related 6.6 kV switchgears are located in different
buildings. Different divisions of safety class switchgears are housed in
different buildings. Moreover, different sub-division switchgears within a
division are also physically located in different floors of safety qualified
buildings. These switchgears are spring operated vacuum breaker based
switchgears. For the first time in NPCIL, internal arc qualified 6.6 kV
switchgears are used in 700 MWe projects. These are specially designed to
withstand effects of internal arcs and to safely direct arc products
without posing any hazard to operators. Also, active arc protection
schemes are used (Fig. 8) in these switchgears which limit the arc
duration and thereby reduce physical damage to equipment.




Fig 7: 6.6kV Switchgear
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Fig 8: Arc protection relay and sensor

4.2 MW, 4 X 100% Emergency Diesel Generator (EDG) sets

Each unit of RAPP-768 consists of 4 numbers of 6.6 kV, Emergency Diesel
Generator sets of rating 4.2 MW each. Each EDG is sized to take 100% of the
entire safety load required during any of the Operating/Anticipated
Operational Occurrence /Design Basis Accident states of the plant. EDGS
(Fig.9) are housed in safety qualified buildings. Two EDGS of Division-1and
their control panels are kept in one safety qualified building and Two
EDGs of Division-2 in a different safety qualified building, thereby meeting
physical independence between redundant divisions.

220 MWe units had 3 x 100% EDGs and 540 MWe units had 4 x 50% EDGs.
4 X100% EDG sets used in 700 MWe units have increased the reliability of
class-IIl power supply as compared to earlier projects.

£

Fig 9: 4.2 MW EDG Set in SAB

Electrical Penetration Assembly (EPA)

Electrical Penetration Assembly (EPA) is a cable sealing arrangement
for Reactor Building penetration, first of a kind, indigenously developed
by Nuclear Power Corporation of India Ltd. (NPCIL). EPAs (Fig. 10) for Low
Voltage (LV) systems are provided at different locations on the Inner
Containment (IC) Wall and canisters are provided at the Outer
Containment (0C) Walls of the Reactor Building. These EPAs are qualified
for electrical duties such as transients and fault currents as well as for
seismic and severe environmental conditions.

Total 51 nos. of EPAS (on IC Wall) & 53 nos. of Canisters (on 0C Wall) in the
Reactor Building (Fig. 11) have been erected for one unit. After erection,
each EPA was subjected to a Helium leak rate test and test results were
found better than standard acceptable limits.

In 220 & 540 MWe PHWR reactors, conventional cable sealing
arrangements involving in-situ casting of epoxy mould for cables were
used. The EPA arrangement is superior to conventional cable sealing
arrangements as it is compact, easy in construction, helium leak tested,
and requires minimum time for erection and testing at site.




Fig 1: EPA Assemblies at the Site
Design Extension Condition (DEC) Power Source

One air cooled Diesel Generator (also known as DEC DG) set of 415V,
200 kVA rating for each NPP unit is provided. These Power Sources are
normally kept in standby mode for supplying power to the identified
loads (for monitoring important parameters, emergency lighting
etc.) during extended Station Blackout (SBO), and other design
extension conditions. The DEC DG (Fig. 12) is not susceptible to the
events that caused the loss of on-site and off-site power sources.
They are diverse in design from standby AC power source (EDG) and
do not need process coaling water for their operation, as jacket water
is cooled by radiators.

DEC DG is seismically qualified for the first time in India on a shake
table for a beyond design basis earthquake (1.5 times SSE).

Fig 12: A view of 200 kVA DEC DG set located at NFSB 106m EL

DEC DG sets are housed in safety qualified buildings and installed with
all accessories like AC Distribution board, Change-over box, diesel oil
tank and chimney.

Uninterrupted Power Supply (UPS) and Variable Voltage & Variable
Frequency (VVVF) Starters for FM Supply Pump Motor

Each Unit has 2 x 500 kVA UPS systems (one for each division) which
supply uninterrupted AC CL-Il power to connected loads. In RAPP-768,
each division UPS itself has two 100% redundant modules.

0n the 415 V Class-1l system, the biggest motor to be started is the
Fuelling Machine (FM) supply pump motor of 132 kW. To limit the
starting duty on the Uninterrupted Power Supply (UPS) system and
hence its size, the FM pump motor is provided with a VVVF drive (Fig.
13) which limits the starting current to less than 125% of full load
current without affecting its torque. These drives have undergone
extensive testing as per applicable standards and Independent
Verification & Validation (IV&V) qualifications as per Atomic Energy
Regulatory Board (AERB) safety guide SG/D-25. Earlier soft starters
were used in 540 MWe and 220 MWe units where the starting current
was limited to a minimum of 300% of full load current which required
a higher size UPS. With a VVVF starter at 700 MWe units, the power UPS
capacity was optimized to a lower value. In the absence of a VVVF
starter, the UPS capacity would have gone northwards of 800 kVA.




Numerical Relays in Extra High Voltage,
and Low Voltage Systems

Medium Voltage

Digital Signal Processor (DSP) based Numerical relays have been
extensively used for protection functions in 700 MWe plants. These
relays provide multiple benefits such as comprehensive protection
algorithms in single relay, fault and event recording for fault analysis,
self-diagnostics and programmable logic support. The flexibility and
technical superiority of numerical relays have been preferred over
their obsolete Electromagnetic counterparts. Numerical relays have
been used in the LV system for the first time in 700 MWe projects.
Numerical relays in safety systems have undergone stringent V6V
qualifications in line with AERB SG/D-25 requirements.

Real-Time Digital Simulator (RTDS®) Testing

For the first time, real-time simulation of complete plant Electrical
system was conducted in the real-time simulator (Fig. 14) at Central
Power Research Institute (CPRI), Bangalore. The purpose was to
measure the operating times and dynamic accuracy of major
protection and auto-transfer relays by simulating various faults in the
system. This Hardware-in-the-Loop (HIL) testing verified the correct
operation of internal algorithms and logics implemented in relays and
ensured correct operation of the complete protection scheme under
various transient conditions, before implementing at site.

Conclusion

Electrical systems of 700 MWe plants have evolved to meet latest
regulatory requirements and industry developments and have
been developed in line with cutting edge technology being used
in industry. Latest state-of-the art digital equipment is being
utilized to enhance the reliability of power supply and reduce
downtimes. Digital devices like numerical relays, drives,
controlled switching devices etc. have made the electrical power
system of our plants at par with the best in the industry. Use of
EHV cables has reduced the layout requirements for the EHV
corridor inside the plant boundary. EPAS have significantly
reduced the erection and commissioning times as well as
contributed to an overall reduction of leak rates from the Reactor
Building (RB) during accident conditions. Internal arc
qualification of switchgears has increased operator safety during
plant operations and DEC DGS have augmented the plant coping
capability to deal with Design Extension conditions.
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Nuclear Energy Mission for Viksit Bharat
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operationalized by 2033.

- Excerpts from Budget speech 2025-26




Installation Of Coolant Channels At

Rajasthan Atomic Power Project (RAPP)-768

Ashish Kumar Gupta, Scientific Officer/F, K. Shrikant, Project Engineer (RE),

(Section: Field Engineering)

Introduction

The article contains the process of installation and testing of coolant
channels at RAPP-768. It highlights the improvements made in CCA at
RAPP-768 based on the feedbacks and challenges faced in previous
projects to meet the stringent requirements of technical specifications.
The 700 MWe PHWR consists of 392 miniature pressure vessels, known as

Coolant Channel Assemblies (CCA), which form part of the primary heat
transport system. These assemblies are designed to house the fuel
bundles within the reactor core and contain the hot pressurized heavy
water coolant that flows through them. The article explains various
methods involved in the process with the help of images.
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The sections below are the steps for
installation of Coolant Channel Assemblies:

Cleaning And Degreasing 0f End Fittings

The cleaning and degreasing of coolant channel components were
carried out using Kerosene, Lisapol solution, Hot process (maintaining the
temperature 50°C of DM water in the tank).

Inspection Of Critical Areas Of End Fittings

> Avisual inspection of various critical sealing surfaces such as the
closure seal face, E-face, Grayloc hub sealing face and PTand LT
rolling area, was conducted to check for damage, corrosion,
scratches, etc.

> Pre-assembled end fittings were packed in vacuum-sealed
polythene bags with silica gel.

> Itwas ensured that handling and cleaning operations did not
cause any abrasion, scratches, etc.




Calandria Tube Installation

> Measurements of bow, Inner Diameter (ID), Outer Diameter (0D), and
Wall Thickness (WT) were recorded.

> The interference fit between the Calandria Tube (CT) and the landed
insert was maintained at 0.06mm to 0.13 mm.

> Trimming length calculations were performed.

> Trimmed pieces of calandria tubes were preserved with
identification numbers correlated with their installed lattice
locations.

> Installation tools, calandria tubes, landed sleeve inserts, and CSTS
tube bores/rolling areas were cleaned and inspected.

> Numbered ends of all tubes were installed on one side of the {
calandria (either North or South). coolant Tube Installation

> Tubes with the maximum bow were positioned at the 12 o'clock > The PTrolling area of the end fitting was heated to 375-390°C, with
position.

temperature verification using a probe.

The purging-cum-alignment tool was inserted, and the end fitting

was pushed to achieve a shrink fit with the coolant tube.

> The purging tool was momentarily removed to check the gap
between the coolant tube and the liner tube (6-9 mm), after which

tatee WO cSTS  Garter Spring argon purging was resumed.

| | e > The joint was allowed to cool with argon purging down t0 100°C

followed by natural/air cooling.

> Protective sleeves were inserted.

> Rollers were inspected, reach was verified, the expander was set
and rolling operations were performed between the PT and
end fitting.

> The same shrink fit and PT rolling process was followed in the FM

vault along with the insertion of four garter springs.

> (Ts at adjacent lattice positions were expanded in alternating >
directions.

> Helium leak rate, spring-back, and Percentage Wall Thickness
Reduction (PWTR) met design requirements.

Calandria Tube

Coolant IN = —— @ 3 Coolant OUT

INSERT /

The Calandria Tube is Eaen
sandwiched between the

insert and CSTS during

the rolling operation. .

CALANDRIA TUBE ROLLED JOINT

End Fitting Bellows Installation

> Installation of calandria and FM-side bearing sleeves (L-120 mm)
with retaining rings.

> Annulus Gas Monitoring System (AGMS) bellows were installed into
the Lattice Tube (LT) at the original compression of 44 mm.

> Welder qualifications were done as per ASME Section IX (WPS and
PQR).

> Fillet welding of the Stainless Steel (SS) end piece of AGMS bellows
was performed using the GTAW process and inspected for visual and
liguid penetrant examination.




Critical Parameters Checked
Dimension “D” (Distance Between Ends Of Lattice Tube)
Lattice Location

Trimming Length

End Fitting Heating Temperature

Grayloc Orientation

Expander Reach

Lt-pt Gap

Spring Back

Pwtr (Percentage Wall Thickness Reduction)
Helium Leak Rate

Videoscopy Of Rolled Joint
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Feedback And Improvement

@ Alignment Rig for End Fittings

An |-beam-type linear roller guideway was introduced to reduce wear and
tear, lower maintenance and significantly decrease the alignment time
between the PT and end fitting. This improvement could address the
misalignment issue due to scoring on the material surface while using a
dual-rod guide-type alignment rig.

@ Locating and Handling Tool Failure

The procedure and checklist were revised to include a reach
measurement hold point under QA surveillance, ensuring successful
completion of calandria tube rolling.

slipped due to
thread failure

® (S Bellow Attachment Ring Installation

A vertically guided insertion method with a hydraulic jack arrangement
was introduced, reducing operator dependency and misalignment risks.
Not a single shrink fit failed during the air hold test.

@ Rolling Tool Durability

Indigenous rollers were developed at CTR, Ludhiana, meeting design
specifications. Additionally, at RAPP-768, procedural improvements
included:

> Visual inspection of rollers before each rolling operation (QA
hold point).

> Videoscopy of every PT rolled joint.

> Dye Penetrant Testing (DPT) of rollers after every 20 rolled
joints.




CHALLENGES & RESOLUTION

® (Cut Marks and Deformation on Rollers

Indigenous rollers were developed and tested at CTR, Ludhiana. Not a
single roller was deformed or chipped off during rolling operations of
all 392 channels.

@ Half-Moon Marks on Some AGMS Bellows
Rectified by moving rollers on convolutions, followed by helium leak
testing in concurrence with the designer (HQ).

@ Deviation in Grayloc Orientation

A mock-up was performed to assess potential feeder erection difficulties
in concurrence with the designer (HQ). After successful mock-up the
feeder alignment was adjusted as per Grayloc hub orientation.

® HPFC Coupling Fouling with Grayloc Hub Corners

Corner deburring was performed on both units in concurrence with the
designer (HQ). The procedure and checklist were revised to incorporate
feedback and QA hold point was made during alignment of End-fitting
hub and HPFC coupling.

@ Industrial-Grade Kerosene Unavailability
Normal-grade kerosene was tested for halogen and sulphur content
before being used for end fitting cleaning and degreasing.

Conclusion

The installation of coolant channels requires precise dimensional
tolerances and the qualification of tools, instruments and personnel
involved. Monitoring critical parameters as per design specifications is a
challenging task. The improvement in overall time of CCA installation at
RAPP-768 (5 channels/day to 8 channels/day) was made passible through
the implementation of previous projects feedback and recommendations
of the design group, HQ which resulted in the avoidance of failures and
re-work due to improvement in procedures and practices.
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Following are the lessons learned for implementation in subsequent fleet
mode projects:

> During plant layout finalization, the distance between RCA (Reactor
Coolant Channel Assembly) shop and RAB (Reactor Auxiliary Building)
should be minimized to reduce the transportation time and for ease
of handling CCA.

> Age hardened plastic caps should be replaced with rubber coated
material to avoid surface marks in CSTS bore for achieving better
leak tightness of CT rolled joint.

> Indigenous development of expander and cage should be carried
out to enhance compatibility with indigenously developed rollers.

> PVC pipes required for garter spring installation should be replaced
with stiffer and more durable material to avoid ovality, bend and
surface marks on the pressure tube 0D surface.

> Laser, optical or ultrasound techniques may be implemented for
precise and accurate alignment between End-fitting insertion
carriage and pressure tube.
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New Technologies Used For Radiation
Monitoring In 700 MWe

Kunal Singh, Executive Engineer, Sharad S. Pise, Additional Chief Engineer,
Anupam Halder, Additional Chief Engineer, (Section: C&l)

Introduction

Radiation monitoring is required to continuously monitor and detect
any potential release of radioactive material in the surroundings. It
helps to control and minimize the radiation exposure to plant
personnel and the population.

Portable Heavy Water VapourAnalyzer-Sniffer

The Use Case

In a nuclear power plant, heavy water leakages arise due to spillages
and leakages from the Primary Heat Transport System, Moderator
System and Fuelling Machine circuits of PHWRS. The leakages may
occur both in liquid and vapour phase. Detection of these leakages is
crucial to avoid significant loss of D,0 as it is expensive and also to
prevent the build-up of activity inside the plant.

On-line systems have already been provided to detect leakages of
heavy water in vapour phase. However, for rapid deployment, quick
response and use during shutdown, a need was felt to develop a
portable heavy water vapour analyser (Sniffer).

The newly introduced sniffer (shown in Fig1) is used for sniffing the
presence of heavy water (D,0) vapour in air. The system is required
for identification of D,0 leakages in vapour phase and is useful for
locating leakage hotspots. Additionally, it serves as an alternative for
leak identification in case of unavailability of online tritium-in-air
monitoring system and tritium bubbler.

Operating Principle

D20 detection is based on the infrared absorption principle. InfraRed
(IR) beam from an IR source is focused through a process measuring
cell by a focusing mechanism. Sample air is drawn through this cell.
The IR beam is absorbed depending on the D20 concentration in the
air. The signal output from the IR detector is processed and displayed
locally in the control room.

Heavy Water and light water have specific absorption bands in the
infrared region. Absorption of the infrared (IR) Rays due to heavy

water is maximum at a specific wavelength, whereas that due to light
water is negligible. At a distinct wavelength, absorption of IR Rays
due to heavy water and light water is the same and negligible. The
above characteristics are used for measuring heavy water
concentration in sample air. The former is used as the measuring
wavelength and the latter is used as the reference wavelength.
Absorption signal at the reference wavelength is used to compensate
for the changes in the optics.

The system is introduced for the first time in 700 MWe PHWRs. The
system, by design, is very handy, portable and lightweight, is
extensively used by the site and is working satisfactorily.

——
Air out

Air Sample
in

Fig 1: Block Diagram of Sniffer & image

" 1
; A CMMY ZX 0
i 1H S o
"m'll m%“m ,3




Personal Contamination Information
system (PCIS) [ Bl I

The Use Case 1

Zoning philosophy is adopted in a nuclear power plant to confine and

minimize the spread of radioactive contamination. The areas inside Hil"odmﬁtg?s”t 1
the Reactor building and Reactor auxiliary building are divided into 3 !
zones (Zone-1/2/3) according to the likelihood of contamination
occurring/existing. Various personnel contamination monitors are
installed at different inter zonal crossing points with the objective of
frisking the instruments and personnel to check radiation
contamination on the instruments, clothes, hand, foot and body.

Personnel Contamination Monitors are classified into
> (Contamination Monitors (Friskers)

> Hand & Foot (H&F) Contamination Monitors

_ PCIS
> Portal Monitors

Portal Monitors are installed at the final exit of the Nuclear Building
(NB) for full body monitoring of the personnel. Friskers and H&F
contamination monitors are located at inter zonal crossing points in
the Waste Management Plant, Reactor auxiliary building, etc.

In existing 220 MWe & 540 MWe PHWRs, monitoring of all personnel
contamination monitors is being done physically at the installed
location by HPU. In 700 MWe PHWRS, the design of the monitors was
changed. To facilitate remote centralized monitoring of personnel
contamination monitors, these monitors are provided with Ethernet
Communication with Personnel Contamination Information System
(PCIS) Server located at HPU shift room. This system is introduced for
the first time in 700 MWe PHWRS.

Architecture of PCIS

Architecture of PCIS is shown in Fig2. PCIS is a computer-based
information system which receives data from personnel contamination
monitors (viz. Hand and foot Contamination monitors, Friskers and
Portal monitors) installed at different locations through MODBUS TCP/IP
Ethernet link and provides information about their health status, alarm
messages, high voltage value, current reading, alarm set point value,
etc. Due to the introduction of PCIS as centralized data acquisition
system, diagnostic information , activity and analysis of contamination
monitors data at a single location is available. The PCIS software is
developed in-house. The system is commissioned in 700 MWe PHWRs
and is working satisfactorily.

Portal Monitors

Friskers

Fig 2: Interconnection of PCIS with various personnel contamination monitors

H | A H T H
D, G | | A S"EREN B P




L

SHRI SHARAD S. PISE (Scientific Officer/G), is an
Instrumentation Engineer and joined NPCIL in
2002. He was involved in the design and
development of 700 MWe Computer Based
Systems software, Network & Serial data
communication etc and contributed in the
design, engineering, and support for projects &

SHRI KUNAL SINGH (Scientific Officer/D), is an
Electronics 6 Communication Engineer from
26" Batch of NPCIL training school and
branch topper. His work involves design &
engineering of systems associated with
Tritium in Air and Water Monitoring, Process
Activity Monitoring, Heavy Water Leak

operating plants for Radiation Monitoring Systems & Real Time Online

Monitoring & Away /Additional Away from Reactor-Spent Fuel

Decision Support System. Storage Facility.

SHRI ANUPAM HALDER (Scientific 0fficer/G), is
an Instrumentation Engineer from the 13
Batch of NPCIL Training School. He has
contributed in design, engineering & support
for projects & operating plants (220 MWe, 540
MWe & 700 MWe) for systems pertaining to
Radiation Monitoring, Heavy Water Leak :
detection & Away from Reactor/Additional Away from Reactor-Spent Fuel
Storage Facility.

Nuclear Power Is A Reliable And Safe Energy Option

Today, nuclear power is a reliable and safe energy option. With newer safety features, constant
technological advancements and a more robust regulatory oversight, nuclear power is only
going to be safer in the future, including in India, where thanks to the diligence of our scientists
and engineers, we have a commendable record of operating our nuclear fleet for over 50 years

without any serious incident.

- Nuclear Power Myths and Facts, DAE

66

When Nuclear Energy has been successfully applied for power production, in say a
couple of decades from now, India will not have to look abroad for its experts but
will find them ready at hand.

-Dr. Homi Jehangir Bhabha
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Indigenous Technology Development Of Strong
Motion Seismic Instrumentation System For

Rajasthan Atomic Power Project (RAPP)-768

Sohini Agrawal, Additional Chief Engineer, Manoj Kumar Sonavani, Additional Chief Engineer,
Shiju Vargese, Additional Chief Engineer, A. S. Mathur, Associate Director,

(Section: Procurement, C & IP)

Introduction

The Strong Motion Seismic Instrumentation System (SMSIS) is used
in nuclear power plants to ensure safety during seismic events.
This system continuously monitors ground acceleration and
records the resulting floor spectra. If the ground acceleration
exceeds specified thresholds, the system triggers alarms
classified as "High" or "Very High," alerting personnel in the Main
Control Room (MCR). These alarms help in quickly assessing the
severity of the seismic event and deciding on the necessary
operational measures to protect the facility.

This system is used for the following analyses

> Evaluate ground motion data and the need for post-inspection of
important components.

> Collect data on Structures, Systems and Components (SSCS) for Floor
Response Spectra during earthquakes for verification of design
analysis.

> Generate alarms in the control room for assessing the degree of
severity of the seismic event and to decide whether the plant shall
be shut down.

> The alarm setpoint for “Very high” is kept at Operation Basis
Earthquake (0BE) level of earthquake and the “High” alarm is kept at
half of the OBE level..

Background

The existing Seismic Instrumentation Systems at various operating
stations are imported. There was a growing need for indigenization to
achieve self-reliance, ensure continuous availability, and gain
economic advantages. By developing and implementing
locally-produced systems, the goal is to reduce dependency on
foreign vendors for support and maintenance, thereby enhancing the
autonomy and reliability of these critical safety systems.

Efforts were made to indigenise this system with the support of BARC
through a few Indian vendors. Three Indian vendors were identified
through the BARC Incubation system. One prototype unit for the
Seismic Instrumentation System was developed by BARC and the
functioning of the system was demonstrated to these Vendors.
Technical compliance for meeting the technical requirements was
taken from these Indian vendors and they were given clearance was
given to go ahead with the development of a prototype unit.
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out of these three vendors, one vendor completed the Proof of
concept (POC) and demonstrated the main functionalities of the

system as per NPCIL Technical Specification requirements.
Subsequently a Purchase Order was placed on them for the
development and supply of this system to RAPP-768.

Details of system

The SMSIS (Seismic Instrumentation System) consists of the following
sub systems:

> Seismic Sensor Unit (SSU) - Digital Seismic Sensor

> Local Control Panel for Local Recorder (LR)

> Central Recording System (CRS) located in the Control Cabinet
> (ontrol Cabinet

Seismic Sensors and Local Recorders are strategically placed at six
different locations, including in the free-field and at various floor
levels within the facility. The Central Recording System (CRS) is
located in the Main Control Room, where it records seismic event
data from all six local recorders. This centralized system allows for
comprehensive data collection and analysis, enabling a detailed
assessment of seismic activity and its impact on the facility. The
overall System architecture is given in Figure 1. The Central Recording
System is capable of taking outputs from nine sensors as shown in
the figure, out of which only six sensors are connected in the field and
three are kept as spares.
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Figure 1: Overall System architecture of SMSIS




System Description With Salient Features

® Seismic Sensor Units (SSU)

These SSUs are located at six field locations and house the MEMS (Micro
Electro-Mechanical System) tri-axial accelerometer sensor, power
conditioning and signal conditioning and communication Ccircuits to
transmit data to a local recorder. These units communicate with the
respective Local Recorders through a high-speed Serial Peripheral
Interface bus. The power supply to the sensor is provided from the
respective Local Recorder unit.

The three-axis signals are converted to digital values using a 20-bit
analog to digital converter. These three-axis signals are synchronized
during sampling and conversion.

Figure 2: Seismic Sensor unit with its enclosure and mounting

The digital communication interface to the sensor unit consists of high speed
isolated RS485 transceivers for the SPI signals. The transceivers are protected
against EMI interference. The various parameters of the data acquisition and
signal processing are also set up through this high-speed bus.

® Local Recorders (LRS)

There are six LRs located within ~10 meters’ distance of Sensor Units,
These LRs are housed in the Local Control Panel (LCP) and have the
following features:

> Provide operational power to the seismic sensor units including a

72-hour power backup with SMF VRLA rechargeable battery, in case of
power failure.

» Communicate with the sensor units to receive real time seismic data
in the 3- orthogonal axes and signal conditioning parameters.

> Implement automatic periodic self-test of MEMS sensor.

> Implement the alarm set points and operate alarm outputs through
application software.

> Provide diagnostics functionality of MEMS sensor units.

> PI’U!idE annunciation for system diagnaostics.

» Communicate with the CRS, send status and other signal data,
receive and implement set points, diagnostics etc.

> Provide non-volatile storage of seismic event data for pre and post
event time periods as specified.

> In Normal operation the 24 VDC supply is connected from Control
Room to the field, 72 hours’ battery back is also provided by the
battery. During an emergency condition provision of local supply of
240 VAC is also provided, in case of any connection break between
field and Control Room and on battery backup time completion.

Lce
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Locally available
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Recorder RS485

To Control Cabinet
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control cabinet

Figure 3: Schematic of the Local Control Panel
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Figure 4: Photograph of the Local Control Panel

® (Central Recording System (CRS)

The CRS unit is housed in a Control Cabinet (located in the Control
Equipment Room) around > 500 meters distance from the various Local
Recorders and has the following features:

> The CRS is capable of communicating with up to 9 LR units through

two RS485 serial links.
» The CRS implements the collection of seismic data, recording of

events and to generate alarm status from each of the LRS. It also
triggers other LRs in the event of a seismic trigger in any one (or

multiple) LR.
> During normal conditions (whenever no seismic data is detected)

signal data is overflowing in the memory, in case of any event trigger
the data starts recording for the defined pre-event and post event

time of an event.
> The CRS maintains time synchronization across all the LRs and with

itself both automatically and manually commanded.




> The CRS provides the setting and management of set points for
events on individual LRs.

Non-volatile storage of event data from all the LRs.

> Alarm and other event trigger conditions trigger respective outputs
on the CRS.

> The CRS is connected to a monitoring computer (Industrial PC) with

Y

appropriate software for the collection, storage and display event data.

> The (RS provides diagnostic data to the monitoring computer to
allow network maintenance.

> (RS provides the facility to calibrate, configure, test the seismic
Sensor unit & LR from the Control Room.

® (Control Cabinet
The Control Cabinet is an EMC-qualified Standard Electronic Cabinet, which
houses the CRS and other subsystems offering the following features:

> The control cabinet consists of UPS, power supply for IPC (Industrial
PC), printer, CRS & LRs.

> Backup battery is also provided in the Control Cabinet for providing a
power backup for a period of 72 hours of operation.

> The control cabinet consists of relays for multiplication of contacts of
the alarm outputs triggered from the LRs.

> It also houses all the connections provided with respective
connectors & terminal blocks.

Control Cabinet

e -
CRS
240VAC
SMPS-1 upPs

e

Fae 24VDC to 8 LRs

R5485x 2 For 8 LRs

Figure 5: Schematic of the Control Cabinet

Challenges Faced During Development

® For qualification of EMC test of High Surge Immunity

EMC tests were to be performed on this system. High Surge Immunity test
was to be conducted as per IEC-61000-4-5. The test was performed on the
single phase AC input (240VAC) port at both Differential Mode and
Common mode. The system successfully passed in Differential mode in all
the parameters in Criteria A but during the common mode range,
following response was observed:

> While applying surge voltage of -2000V, 270° coupling phase
between line to earth, the system passed in Criteria -C (Recovered
after manual intervention), whereas the requirement for the EMC
test was Criteria-B (Recovered without any manual intervention).

System Response during testing: Channel 1 at CRS: P1 (Port1) and
Channel 2 at CRS: P2 (Port2) LEDS stopped blinking in the
Communication module of CRS and the data was not saved in the SD
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Card of CRS during this period. The manual power restart was
required to bring back CRS to normal operating condition.

> While applying surge voltage of -2000V, 270° coupling phase
between Neutral to earth, the system was not recovered even after
manual intervention, and hence the system could not pass the
requirement of Criteria-B or better.

System Response during testing: Channel 1:P1and Channel 2:P2 LEDS
of the Communication module of CRS stopped blinking. The data was
not saved in the memory card of CRS during this period. After manual
power restart the CRS did not recover to the normal condition.

Modification done: During the above two EMC tests, the system was
not meeting the requirement of Class-B criteria for EMC testing.
Continuous

After the modification in the CRS circuit design, the High Surge
Immunity test had been repeated between line to earth and Neutral
to earth in common mode test as above and the system successfully
passed those test in Criteria-A (No intervention during the test)
however the requirement was only of Criteria-B (Recovered without
any manual intervention)

® Modification in Tilt Table design

Static calibration was required to be conducted on Seismic Sensors. A tilt
table was required for conducting static calibration at various angles and the
accuracy of acceleration was measured on these different angles. Event
trigger generation is also a feature of the Seismic Sensor. The tilt table
elevation method was improved by introducing a Dowel pin for sensor
accuracy and these angles were calibrated (5-point calibration) in a
coordinate measuring machine. A micrometer is used for event trigger
generation and the same was calibrated in a coordinate measuring machine.

Figure 6: Tilt Table used for calibration of the sensor

® Maodification in the LCP Mounting structure for Seismic testing
Modification in mounting structure of Local Control panel (LCP) for
Seismic shake-table testing was done to make the structure more rigid
and to simulate the actual wall mounting condition for LCP.

Qualifications Testing

The following qualification tests have been conducted on this system:

> Climatic Testing at ELCA LAB, Mumbai

> EMC Testing at ECIL, Hyderabad, at ERTL, Mumbai and at IDEMI,
Mumbai

> Seismic Qualification Testing at SERC, Chennai

> Independent Verification and Validation (IV&V) under the
category of “Newly Developed System” by NPCIL IV&V team.




Figure 7: Test Set up for Integration testing of Seismic Instrumentation System

All of the above tests have been successfully completed on the prototype

unit of the Seismic Instrumentation System.

Production

The seismic Instrumentation system has been successfully developed,
manufactured, tested, supplied and commissioned at the RAPP-768 Site

within a timeline of one and a half years.

Key Takeaways

From technical & cost point of view, comparison with respect to the
Foreign and Indian makes for the Seismic Instrumentation System has

been carried out and these are as follows:

Comparison between Indian make vs Foreign

make System:
@ Technical Benefits

Parameters | Indian Make \ Foreign Make Remarks
Seismic Sensor
Micro Electro Mechanical Analog force feedback Advance
Type of sensor Sensing element (MEMS) accelerometer technology
Temp. Range -40 deg (to +125 deg C -40 deg (to + 85 deg C Higher temp range
Communication Digital communication +/- 4V single ended Noise free
communication
Current consumption 25mAat 5V Dc 45 mA at 6.5V to 12V Less power
consumption
Mounting Base Maintenance friendly Base of sensor need to be Ease of
structure enclosure, accessible from removed for maintenance maintenance

top for servicing in-situ of Sensor PCB
Local Recorder
SD card memary 32 (B 1GB Higher storage size
Sampling 250Hz 200Hz Higher sampling
upto 180 secs Higher Pre and
Pre event time Upto 100 seconds post event time
Post Event time upto 180 secs Upto 100 seconds (an be set
Communication to 2 X RS485 galvanically current 100p, 4-20mA Redundancy
(RS isolated links provided
RTC drift 35 ppm upto 85 deg C 20 ppm better
Central Recording System
High speed Polling (57.6 Higher speed
Protocol Kbaud) 9600 baud
Communication to 2 X RS485 galvanically Redundancy
LR isolated links current loop, 4-20mA provided
RTC drift 35 ppm upto 85 deg C 20 ppm Better
For better
Display LEDS 39 32 information




® (ost Benefit

Description Rates based on Budgetary offer Rates based on Cost Benefit
from Foreign Vendor - 2018 P.0. on Indian Savings
Vendor - 2022
Cost for one ~Rs 8.24 (rs including Custom ~Rs31Crs including GST ~RS 514 Crs
Project i.e. RAPP-76 8 Duties and GST @18 % @18 %

In view of the above mentioned Technical and Cost benefits, it is
beneficial to use Indian-Manufactured Seismic Instrumentation Systems
in Nuclear Power projects and Stations in future.

Way Forward

A Seismic Instrumentation System has been indigenously developed and
aligns with the Make in India initiative. System manufactured by the
vendor will be monitored for long-term operating experience at the
Rajasthan Atomic Power Project Units 768 (RAPP-768). Based on the
performance, further modifications or updates will be considered before
implementing the system in future projects.

Two other Indian vendors are also developing Seismic Instrumentation
Systems. These efforts are part of a broader initiative to have multiple
manufacturers who can indigenously supply SMSIS with advanced
features to enhance the reliability and availability of seismic monitoring
Systems in nuclear power plants.

Conclusion

Through coordinated efforts and continuous technical support, an Indian
vendor has successfully been developed to handle the full scope of
manufacturing, testing, Independent Verification & Validation (IV&V),
delivery, installation, and commissioning of the Seismic Instrumentation
System at the RAPP-768.This process ensured that all requirements set by
the Nuclear Power Corporation of India Limited (NPCIL) were met, aligning
with the project's schedule and specifications. This achievement marks a
significant step toward self-reliance in critical safety systems for nuclear
power plants in India.
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instruments. One of her main contribution is Indigenisation of the Seismic
Instrumentation system, which involves prototype qualification,
manufacturing, testing, Erection and Commissioning at RAPP-768.
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Full Scope Operator Training Simulator

Harsh Vardhan Jha, Senior Executive Engineer, Saurabh Sharda, Additional Chief Engineer
Charushila Harer, Additional Chief Engineer, (Section: Simulator)

Introduction

The RAPP-7 Simulator is a replica Full Scope Training Simulator (FSTS), for
training the operators of the twin 700MWe units of RAPP-768. The
reference plant for this simulator is RAPP-T. It is the second such 700MWe
simulator after KAPS-3 Simulator which was released for operator training
at NTC KAPS in the first quarter of 2019. The first version of the RAPP-
simulator was released for testing at NTC in 2021. Subsequently, two more
versions have been validated by the Simulator Validation Team (SVT) and
an independent Site Simulator Validation Team (SSVT) and released for

training and licensing of plant operators in May 2022 and September 2023.

RAPP-7 Simulator Control Room

Simulator training enables the development of operator skills and
reflexes for various states of plant operation (eg. Start-up,
Fuelling/Refuelling, Power operation, Shutdown, Anticipated Operational
Occurrences (A00) and Design Basis Events (DBE). Simulator training is a
mandatory requirement for licensing, qualification and re-qualification of
plant operators. The RAPP-7 Simulator can also be used to recreate plant
events and identify possible causes and test new system designs before
their implementation in RAPP-768. The need for a simulator is further
underlined by WANO peer review recommendations that mandate one
simulator for every twin unit station and the regulatory requirement as
per AERB SC-0 (clause 5.1.7 and 5.1.11) and SG-0-1(Sec 4.2 and 43).

Simulator  design,
and validation:

development, installation, commissioning

The RAPP-7 Simulator design, development, installation, commissioning
and validation activities were completed in the following stages:

Stage 1A: Design & Construction of the Simulator Building at RAPP-768

The Simulator Building was constructed at RAPP-768 by the site Project
Group based on engineering inputs provided by various working groups at
NPCIL HQ in 2018-19.

-

RAPP-T7 Simulator Building

The simulator building houses the Simulator Facility comprising the
Simulator Control Room which is a replica of the RAPP-7 Main Control
Room (MCR), Shift Charge Engineer (SCE) and Additional Shift Charge
Engineer (ASCE) Rooms, Back-up Control Room (BCR), Computer Room,
Uninterrupted Power Supply (UPS) Room, Battery Room for the UPS
batteries, Simulator Server Room that houses the simulation servers,
the Simulator Instructor Room from where the simulations are initiated
& controlled, Document Room, Classroom and Briefing Room as
depicted in Fig-1: Simulator Facility Layout.

The simulator civil design layout for RAPP-7 is the base document for all
other civil and hardware infrastructure drawings and documents like
location, foundation, elevations and plans for beams, columns and
partitions of the simulator building, location of High Voltage AC (HVAC)
units and routing of the ventilation ducts, Embedded Parts (EP) location
and sizing layout, cable trench sizing and layout for electrical and Local
Area Network (LAN) cables, Simulator Main Control Room layout, etc.

The electrical local Distribution Boards (DBs) are provided so as to
divide the equipment in various zones with respect to the distance
from the nearest DB and cabling trench. The electrical receptacles are
provided in all the rooms depending upon the location and number of
equipment in various rooms.
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Fig 1: Simulator facility layout

Stage 1B: Simulator Control Room Hardware Erection,
Installation & Commissioning

The Simulator Control Room is the central 23.6 m X 20.07 m area shown in
Fig-1. It houses twelve (12) Main Control Room Panels (MCRP), ten (10)
Operator Consoles (0C), a start-up dolly and an Operator Desk that are,
replica of those in the RAPP-7 MCR. The MCRPs and 0Cs are identical to
those in the RAPP-7 MCR in dimension, layout, material and panel device
composition, arrangement and functionality. The 0Cs house the same
Operator Work Stations (OWS) as in the reference plant MCR. Five of the
MCRPs have Large Video Screens mounted on their vertical part as in the
RAPP-7 MCR. Additionally, the simulator control room replicates the
reference plant MCR in various aspects like physical location of panels
with reference to its entrance, lighting, noise levels, flooring and roofing.
This exactness of the simulator control room with respect to the
reference RAPP-7 MCR makes the RAPP-7 Simulator a Replica Operator
Training Simulator.

The Simulator Back-up Control Room (BCR) is a 6.89 m X 6.89 m room
Situated diagonally behind the Simulator Control Room as shown in Fig-1.
It houses one simulator Back-up Control Room Panel (BCRP) and one 0C
that are areplica of those in the RAPP-7 BCR. The BCRP and OC are identical
to those in the RAPP-7BCR in dimension, layout, material and panel device
composition, arrangement and functionality. The OC houses the same
Operator Work Stations (OWS) as in the reference plant BCR. The simulator
BCR is, however, not dimensionally identical to the reference plant BCR.

The Simulator 1/0 System consists of the simulator /0 panels, associated
cables interconnecting simulator control panels and 0Cs with their
respective 1/0 panels and the simulator LAN connecting the I/0 panels to
the simulator server/s through network switches. Simulator 1/0
components are mounted inside standard electronic cabinets that are
fixed onto the 1/0 panels. The number of I/0 panels is decided based on
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the number of hardwired devices on the simulator control panels and 0Cs.
These 1/0 panels (1A, 1B, 2A, 2B, 3A, 3B 4A, 4B, 5A, 5B, 6A, TA, 8A, 9A, 10A, 10B,
T1A, 12A, 13A, 13B, 13C, 13D, 14A, 14B, 15A) are located behind the simulator
control room panels as shown in Fig-1. Total 1/0 load for different types of
signals is: Analog Input (Al)-57, Analog Output (A0)-326, Digital Input
(DI)-2156 and Digital Output (D0)-3046.

The 1/0 System connects to the simulator server through an Application
Program Interface (API) residing in the simulator server. This API receives
the operator inputs from input devices on the simulator panels and 0Cs
like Hand switches, Push buttons, Controllers and Hand controllers
through the simulator I/0 LAN, processes and writes them to the shared
memory in the simulator server. Similarly, computed responses from all
plant system models are read from this shared memory and
communicated by this API to the 1/0 system through the 1/0 LAN, for
driving output devices on the simulator panels and 0Cs like Indicating
Meters, Lamps, Window Alarms, Recarders, etc.

All activities from procurement to commissioning of the RAPP-7 simulator
hardware were carried out as part of the Control Centre Instrumentation
Package (CCIP) for RAPP-768. The fabrication and erection of the
simulator control panels, 0Cs and the I/0 panels was carried out as part of
CCIP for RAPP-768. The GAs, TLS, WDs and B0Qs for the RAPP-7 Simulator
Control Room Hardware were prepared by the Simulator Group at HQ,
based on which the hardware installation, commissioning and testing
was completed by the end of 2019.

Stage 2A: Development, Testing & Commissioning of Plant
System Model Software

Simulator model software for various plant systems of RAPP-7 consists of:

» Mathematical models for simulation of plant equipment,
instrumentation and systems

» Logic and Control models for simulation of plant system interlocks
and controls

> Models for simulation of Computer Based Systems (CBS) like Reactor
Regulating System (RRS), Flux Mapping System (FMS), Test and
Monitoring Systems for both shutdown systems etc.

> Soft emulations for MCRPS, BCRP, 0Cs and the TG-HMI

> Development of soft panels for simulation of field operations and
controls for various plant systems

> Development of communication APIs for various CBS

> Development of HMIs for Secondary Cycle Systems and Turbine
Generator and its Auxiliaries
The following plant systems were simulated (broad listing):

> Reactor Kinetics (developed by the Reactor Physics Group and
adapted by the Simulator Group)
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Reactor Regulating System

Flux Mapping System

Liquid Zone Control System (LZCS)

Reactor Shutdown Systems (SDS) #1and 2
Channel Temperature Monitoring System (CTMS)
Thermal Power Monitoring System (TPMS)
Shut-off Rod Drive Control System (SRDCS)
Moderator Main & Auxiliary Systems

Moderator Liquid Poison Addition System (MLPAS)
PHT Main Circulation System and Auxiliary Systems
Shutdown Cooling System

Emergency Core Cooling System (ECCS)

Reactor Auxiliary Systems- End-shield Cooling System (ESCS),
Calandria Vault Cooling System (CVCS), Annulus Gas Monitoring
System (AGMS), ECCS Sump Recirculation System, Spent Fuel Storage
and Purification System, D,0 Addition and Transfer System, D,0
Vacuum Mopping System.

Secondary Side Water Systems- Main feed water System, Main
Condensate System etc.

Secondary Side Steam Systems- Main Steam System, Turbine and its
Auxiliary Systems

Electrical Systems and Electrical Supervisory Control and Data
Acquisition System (ESCADA)

Process Water Systems

Ventilation Systems

Compressed Air System

Process Alarm System (PAS)-1and 2

Regional Overpower Protection Alarm System (ROPAS)-1and 2
Test and Monitoring System (TMS)-1and 2

ECCS Test Facility (ETF)

ECCS Alarm System (EAS)

Containment Monitoring System (CMS), Containment Spray System
(CSS) and Containment Spray Alarm System (CSAS)

All system models were developed and tested in the Simulator
Development and Support System (SDSS) at HQ in stand-alone and
integrated modes. To begin with, the KAPS-3 Simulator—the first 700 MWe
PHWR simulato—models were utilized as base models and subsequently
RAPP-7 specific design modifications were carried out. Some systems like
ESCADA and Plant Water System were modeled afresh, while in other
systems like Service Water System, Secondary Cycle Systems etc. specific
changes were implemented. The first version of all plant models was
completed by October 2021 and released at NTC along with the latest
available versions of the OWSs for detailed testing. Subsequently, two
more versions with implementations of Emergency Operating Procedures
(EOPs) have been released in 2022 and 2023 after validations by the
Simulator Validation Team for training of operators.

Stage 2B: Commissioning of Operator Work Station (OWS) & Human
Machine Interfaces (HMI)

The 64-bit OWSs developed by the R6D-ES Group for the RAPP-7 MCR have
also been used in the RAPP-7 Simulator Control Room in order to realise
the replica nature of the RAPP-7 Simulator. These OWSs are housed inside
various 0Cs and are used for testing, monitoring and operating various
plant systems. The following OWSs have thus been simulated-

0WS#1 comprising of Safety Test & Monitoring System (STMS)-1A & 1B
0WS#2 comprising of Reactor Control & Monitoring System (RCMS)
0WS#3 comprising of Reactor Process Control & Monitoring System (RPCMS)

OWS#4 comprising of Containment Ventilation & Common Services
Control and Monitoring System (CVCSCMS)

OWS#5 comprising of RADAS (Radiation Data Acquisition System) and
Beetle Monitoring System (BMS)

0WS#6 comprising of ESCADA
0WS#8 comprising of Disturbance Recording System (DRS)

These 0WSs were first installed in the SDSS at HQ, integrated with their
associated plant system models, verified and tested for various system
operations as per design. Each OWS connects to the simulator server
through a dedicated interface PC called the Auxiliary Node or AuxNode.
Each AuxNode primarily has two Application Program Interfaces (APIs) to
connect the OWS to the simulator server. The AuxNode also processes the
data packets received from the simulator server before passing them on
to the OWS and hence effectively reduces the data processing load on the
simulator server.

The Secondary Cycle Systems are operated through a separate soft HMI
called the Secondary Cycle System HMI (SCSHMI). This is basically an
operator interface for the METSO Distributed Control System (DCS) for the
Secondary Cycle System in RAPP-768. As these DCS functionalities have
been simulated in the RAPP-7 Simulator, its HMI was emulated through a
separate contract awarded to M/s ECIL and integrated with the simulator.
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Fig-2: Representative LAN network in Simulator Control Room shows the
LAN architecture of the 1/0 System, OWSs, SCSHMI and the simulator server
at NTC. This LAN architecture for the RAPP-7 Simulator follows a distributed
star network topology. It is evident that the 1/0 LAN and OWS LAN are two
independent networks. While the 1/0 LAN establishes communication
between the simulator server and all simulator hard panels (MCRPs and
BCRP) through their respective 1/0 panels, the OWS LAN is used for
communication between the simulator server and OWSs through the
Auxiliary Nodes. The key simulator session control utilities like Instructor
Station and Field Device Terminal (FDT) are also connected to the OWS LAN.
The Remote Online Support System (ROSS) PCs connect the simulator at
NTC with the SDSS at HQ through a leased line.
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Fig 2: Representative LAN network in Simulator Control Room

Every simulator version includes installation of corresponding RAPP-7 MCR
version of the OWSs along with the plant system model software.

Stage 3: In-house Validation of Integrated Simulator Software at HQ

In-house validation of the integrated simulator software along with all
OWSs and SCSHMI is carried out before the installation and release of each
simulator version. These validations are conducted by the Simulator
Version Release Testing -Task Force (SVRT -TF) formed within the Simulator
Group. The SVRT-TF certifies if the simulator version is fit for release at NTC.

The simulator is run from two initial conditions viz. 100% FP Initial Condition
(IC) for various transients and exercises related to the equilibrium core and
a COLD Xenon free IC for the exercise on the First Approach to Criticality
(FAC) using the fresh core version of the space- kinetic model along with
start-up instrumentation. The following Benchmark Transients (BMT) are
tested by the SVRT-TF-

> Power manoeuvring and Restoration: Power lowering from 100%FP to
70%FP by initiating a setback and further lowering from 70% to 2%
through RRS power reduction.

> Restarting the Reactor, Turbine rolling, synchronisation and restoring
Reactor Power t0 100 %FP.

> Gross Load Rejection

> Net Load Rejection
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Class-IV power failure

Station Blackout

Partial Failure of Process Water System Circulation [One loop of
Active Process Water System (APWS)]

> Small Break LOCA

> large Break LOCA

» Station Blackout (SB0)

These In-house validations have been carried out for the last two versions
of the RAPP-7 Simulator as the SVRT-TF was constituted in 2022.
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Stage 4: Independent Simulator Validation at NTC and Release for
Operator Training

The Simulator Validation Team (SVT) is the nodal agency constituted
to verify and validate the FSTS for all 700MWe projects. It carries out
Simulator Verification and Validation as per the Simulator Validation
Procedure (SVP). The SVP is used as the guiding document to verify
plant system model configuration, equipment characteristics, logics
and interlocks and OWS mimics and validate the simulator behaviour
forvarious EOPS and Simulator Lesson Plans. The SVT submits its report
{0 AERB.

Due to the COVID pandemic related travel restrictions, the SVT
constituted a Site Simulator Validation Team (SSVT) to verify and
validate the plant system models. The following activities were
carried out by the SSVT for the RO version at NTC from October 2021
onwards and separate system-wise reports were generated:

® Verification of plant system model configuration and
correctness of operator interfaces w.r.t.

> The Scope of Simulation Document (SSD) for each system
> Simulator drawings used for model development like FSs and LDs
> OWS Mimic Diagrams

Release of RAPP-7 simulator R0.1version by SVT at the site

® \Verification of equipment characteristics

> Equipment like pumps, valves, tanks, compressors, Steam
generators, deaerator, condenser, generator, etc. were operated
from OWS/MCRP/BCRP and verification of their characteristics
wascarried out as per approved Operating Procedures cum
Checklists (OPCCS).




@ Verification of Major Equipment & Systems and Logics &
Interlocks

> Equipment logic and interlocks were validated as per the
approved OPCCs to confirm whether the simulated equipment
behaviour was as per the design intent.

The SSVT tested 139 Simulator Lesson Plans (SLPs) and 44 EOPS

identified by NTC in the RO version. All observations reported by NTC

based on SSVT testing were addressed and tested in the SDSS at HQ.

Subsequently, in June 2022, RAPP-7 Simulator software version R0.1

was offered by Simulator Group to SSVT for testing.

Following Initial Conditions (ICs) were created at NTC by the SSVT as
per SVP

Reactor with fresh core, Prior to First Approach to Criticality (FAC)
Reactor under Poison Shut Down (PSD) at 10-° FP

Reactor Critical at 104 FP (0.01% FP), PHT cold depressurized
Reactor Critical at 1% FP, Unit on hot standby

Reactor at 80 %FP

Reactor at 100 %FP

These validations were conducted using the standard IC for
equilibrium core except for FAC activity, where Fresh Core IC was used
for validation.

SSVT carried out validations for the simulator behaviour in 148 SLPS
and 48 EOPs in the RO.1 version. Simulated scenario progressions for
various transients were compared with the analysis as described in
EOPs and Preliminary Safety Analysis Report (PSAR) and found to be
closely matching. Based on the satisfactory simulator responses, after
due approval from the SVT, MODULE#1 of simulator training was
imparted with 80 SLPs to Candidate Control Engineers (CCE) and
Control Engineers (CE). Training was completed successfully on 20
May 2023 for 17 CCES/ CEs in six groups and for Candidate Assistant
Shift Charge Engineer (CASCE)/ Shift Charge Engineer (SCE) in twelve
groups at RAPP-7 Simulator.

The SSVT submitted its final report to the SVT in June 2023. The SVT in
its meeting conducted at NTC RR site on 14™ june 2023 tested a
selected list of transients and exercises for validation.
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Some of these exercises are listed below

Spurious Calandria Box Up

Loss of Feed Water to one SG

Deaerator Inlet Control Valves Failed Close

Tripping of Running BFP and Standby Fail to Start at 100%FP
Turbine Trip on Class-A Protection

Single PCP Trip

Running PPP Trip and Stand-by Failed to Start at 100%FP

SUT Tripping at 100%FP

Condenser Vacuum Falling at Fast Rate

Power Failure of One 6.6 kV Class-IV Bus

Class- IV Power Failure Condition and subsequent restoration of
Power Supply

Net Load Rejection

Gross Load Rejection

Inadvertent Closure of One Or More HP Stop Valve

Large CSDV Stuck Open

Tripping of Running Moderator Pump and Discharge MV Stuck Open

The SVT reviewed the reports submitted by SSVT and concluded that
the simulator response was found to be satisfactory and declared the
simulator fit for conducting MODULE#2 training. This was a major
milestone for the RAPP-7 Simulator in particular and RAPP-768 project
in general. Subsequently, six batches of Operators (CCEs and ASCES)
have been successfully trained well before the scheduled RAPP-7 FAC
as per AERB mandate.
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World Association of Nuclear Operators (WANO) Corporate Peer Review
(CPR) at RAPP-7 simulator at NTC RAPP was also conducted in October
2023.The scenarios selected for Crew Performance 0bservations (CPO)
were successfully carried out in RAPP-7 Simulator and no major
observation was reported during the CPO. This validation from an
external agency has reinforced the confidence and demonstrated the
capability of simulator development in NPCIL.

Conclusion

The RAPP-7T Simulator project is a completely indigenous,
multi-disciplinary, well-coordinated activity, which was successfully
realised only due to the close cooperation and commitment from various
design groups in NPCIL HQ, construction and commissioning groups at
project site, Nuclear Training Centre, Simulator Validation Teams
(SVT/SSVT), multiple vendors/ sub-vendors across India and the modellers
in Simulator Group.

References

> REPORT ON SIMULATOR VALIDATION § COMMENCEMENT OF TRAINING
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depletion of fossil fuels.

Nuclear is an important (in fact, inevitable) option for long-term sustainable
availability of electricity - in the context of both the climate change threat and the

-Dr. R. Chidambaram
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Cams Software Module For Tracking And
Monitoring Of Corrective Actions Of

Rajasthan Atomic Power Project (RAPP) -7 & 8

Adarsh Sharma, Deputy Chief Engineer, (Section: ERP)

Corrective actions are improvements to an organization's processes taken
to eliminate causes of non-conformities or any other undesirable
situations. It focuses on the systematic investigation of the root causes of
identified problems or risks in an attempt to prevent their recurrence.

The Apex Committee for Review of Operating Stations Safety (ACROSS)
formed a Task Force for defining a Corrective Action Program (CAP) for
NPCIL. The Task Force studied various existing systems at stations for the
purpose and submitted a report on the same suggesting a common
approach and an integrated Corrective Action Management System
(CAMS) to be implemented.

Aweb-based in-house software application was developed by NPCILHQ'S IT
group to track and monitor corrective actions originating from different
sources until their closure for every station. It also provides management
with insights into overall system improvements. This decentralized

application is used at stations and HQ according to their various functions.

The system is implemented in a phased manner at all operating stations
across NPCIL. The latest version of CAMS for RAPP-768 was implemented in
May 2024 for tracking and monitoring of corrective actions originating
from different sources, e.g, various Committee recommendations, Job
observation programs, Low level events, Audits, Reviews etc.

Functional Features:
CAMS is developed as a set of functionally independent modules. Each module
automates a process/source which originates the corrective actions.

The major modules which cater to different sources originating corrective
actions are:

® (orporate Reviews: Corporate Reviews are conducted periodically at
all the NPPs for identifying the weaknesses in the policies, programmes
and practices, by means of review of activities performed by employees,
documentation and material condition at stations/projects.
The entire corporate review process has been automated starting from
review team formation, issue of notification, assigning host coordinator
/ area counterparts, entry of white cards (for reporting material
condition deficiency) / observation reports, area summary reports and
issue of Corporate Peer Review (CPR) report

This automation makes the Corporate Review process paperless, allowing
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reviewers to record observations online and reducing the effort required
for documentation and compilation.

Besides the Carporate Peer Review (CPR), other review processes such as
CPR Follow-up Review, CPR during BSD, Restart Review, and Pre-Start-up
Corporate Peer Review have also been fully automated.  This reduces
the time and effort needed to report, compile, monitor ~ and track
review outcomes.

Corporate Peer Review Process Automation in CAMS

@ Salient features and benefits of Corporate Review Automation:

» Standardized and uniform format for recording of white cards
and observation reports.

> Online recording of facts, observations, good practices and
areas for improvements.

> Dashboard for each role (e.g. Reviewers, Team Leader /
Assistant Team Leader, Counterparts for reviewers, Host
coordinator) for real-time monitoring and tracking.

> Automated email notifications for user information and
participation.

> (entral repository with appropriate access control for all
the review records in one place.

> Reduced manpower, time, and effort needed for
documentation, with one-click generation of the Corporate Peer
Review Report.

® ACROSS Meeting Module: Outcome of the different corporate review
processes are discussed in ACROSS Committee meetings where
recommendations are generated.




This module allows users to:

> Schedule meetings by online submission and circulation of
meeting agendas.

> Online preparation and submission of minutes of meeting (MoM).

> Mark recommendations as tracking items in MoM.

® Low Level Event (LLE) Module: Low level events have no immediate
significant impact on nuclear safety or plant performance, but have the
potential to cause events or produce undesirable results under
unfavourable circumstances or in combination with other coincident
minor events. These events have minimal or sometimes no
consequence.

With this module, any station employee can raise a LLE online. The system
generates an online trend analysis of reported LLES, helping
management in identifying the weak areas. A quarterly LLE report  can
be generated with a single click and distributed via email to predefined
designated recipients. This module is also used for reporting the safety
related deficiencies and near misses.

® Job Observation Module: Job observations are the observation
reports for finding gaps in the desired and actual work practices
within a section. These observation reports are filled either through
management field rounds or Job Observation Program (JOP) teams.

This module enabled the JOP teams to:

> Record observations online

> Mark observations as trackable, allowing further monitoring
and closure by respective JOP process manager in the CAMS
tracking module.

® Recommendation Module: Recommendations are ‘action
guidelines’ proposed by authorized teams or committees at either the
station or HQ level. Station Committee recommendations are recorded by
process managers in CAMS and assigned to various agencies. HQ
committee recommendations are recorded in the HQ server and
automatically transferred to site CAMS server through scheduled jobs.
Stations update the status of action taken, which is reflected in the
HQ CAMS server for monitoring and tracking.

® Scheduler Module: Time-bound repetitive tasks such as
equipment maintenance and document revisions are managed through
this module. Once schedules are defined in the master data, jobs are
automatically generated on the due date. These jobs are tracked and
monitored within CAMS.

® Monthly Performance Report: Monthly Performance Reports are
submitted every month from the operating stations to HQ for
performance monitoring and analysis. This module provides the facility
for stations to upload the monthly performance report in MS Word format
with embedded parameters defined in Word format itself.

® Tracking Module: This module is used for tracking and monitoring of
corrective actions generated through various sources/modules. The
tracking module is integrated with the work management system (iwMms)
which is being used across NPCIL operating stations for work
management. For each corrective action generated in CAMS there is a
respective job c_reated in iWMS.

Technical & Security Features: CAMS is developed using Coldfusion as the
front end and SQL Server as the back-end database. The modular design
ensures that each module functions independently with minimal
interaction with other modules, enhancing maintainability. The
decentralized architecture reduces dependence on communication links
between sites and HQ. Additionally, CAMS interfaces with other station
systems to minimize data duplication and workload repetition.

A holistic approach was taken to incorporate information security at
every stage of software development, following the principles of
defense-in-depth.

The salient technical & security features of the application are as follows:

> Security controls as per OWASP web application security
guidelines are incorporated in the design and development to
prevent SQL Injection, Cross Site Scripting attacks and other web
application vulnerabilities.

» Multi-level authorization for administration activities.

» Comprehensive logging mechanisms including audit logs,
exception logs, and activity logs to track user actions

Organizational benefits: CAMS serves as a single-window solution for
managing corrective actions across NPCIL. Key benefits include:

» Standardization of observation recording practices across NPCIL.

» Single window for tracking and monitoring of corrective actions.

> Trend analysis to identify effective corrective actions and prevent
recurrence.

> Real-time status updates on corrective actions.
> Facilitation of good practice sharing across NPCIL.

> Improved visibility of outputs and results across multiple
departments and management levels.

> Gives a bird's eye view to focus on areas for improvement.
Future plan

Currently, CAMS generates analyses and trends at the station level. In
future, corporate level analysis and trending can be done for identified
parameters. Additional modules can be developed as and when needed
to automate the processes generating corrective actions.

References
OWASP. (2021). OWASP Top 10: 2021. https://owasp.org/Top10
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Merits And Demerits Of Low Back

Pressure In Condensor

Abdul Rehman (Technical Officer/F), Srinivasarao Adari (Technical 0fficer/F & Head FE),

(Section: Field Engineering)

Objective

A comprehensive study of the merits and demerits of lower back pressure
than the design value in the low pressure (LP) turbine (i.e. more vacuum in
the condenser than the design value) for more power output at the
generator end corresponding to the steam parameters at High Pressure
(HP) HP turbine inlet, which are the same as the design values.

Introduction

Nuclear power plant as well as thermal power plants are more or less
same in design except for the source of energy for steam generation.
Turbines are used to convert this potential energy of steam into
mechanical energy in the form of the rotation of the turbine shaft and
an electrical generator is also coupled with the turbine shaft to
convert this mechanical energy into electrical energy at the end of the
electrical generator.

The demineralised (DM) water is used to capture the potential energy at
high pressure and temperature from the energy source and convert it into
steam form when the temperature becomes equal to or more than the
boiling point temperature corresponding to the pressure. A part of this
energy is used for the rotation of the turbine shaft and the remaining
energy is released/ discharged in the condenser at low pressure and low
temperature which is called “useless energy.” Further this useless energy
is transferred to the Condenser Cooling water

(Ccw) by a heat exchanging process in the condenser between turbine
outlet steam and condenser cooling water. This steam at low pressure
and low temperature is converted into water form and the same is
collected in the hot well of condenser. This water with the help of
Condensate Extraction Pumps (CEP) is delivered into the De-aerator Tank.
This De-aerator tank is directly connected with a condensate storage tank,
which is just below it. The suction of the Boiler Feed Pump (BFP) is
connected with the condensate storage tank and its delivery pipe is
connected with the Steam Generator (SG) in case of a nuclear power plant
and the boiler drum in case of a thermal power plant. The steam
generated in the SG is withdrawn through pipes and fed into the turbine
for the turbine shaft rotation. This is a brief description regarding the
closed cycle which is used to convert the heat (one more cycle is also used
in the case of a nuclear power plant, i.e. heat generated in the reactor is
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carried out by the Primary Heat Transfer (PHT) system and the same is
exchanged/transferred to the secondary cycle in the SG ) of the prime
energy source to electrical energy.

Design data as mentioned in drawings

> The expansion goes from 42.9 bar abs ( Absolute) upstream of the HP
admission valves, down to 0.090 bar Abs (absolute) in the main
condenser.

> To guarantee active power at the generator output of 716 MW at 100%
Turbine Maximum Continuous Rating (TMCR) conditions considering
the live steam input of: Parameters HP admission Steam Pressure
(bar abs) 42.9 Temperature (°C) 2545 Enthalpy (kj/kg) 2794.25 Mass
flow rate (kg/s) 1075.95 System design data at 100% TMCR .

> Protection against high pressure in the condenser- pressure
transmitters located at each of the LP exhausts [1]:

a) P >250 mbar abs TRIP of the Turbine Generator Unit (TGU) The
pressure is detected through 3 (per LP) pressure transmitters
dedicated to the turbine protection system. The trip signal is a
2 of 3 voted order that triggers the immediate shutdown of the
turbine and the automatic opening of: a) The spray water
shut-off valve, b) All the shut-off drain valves.

b) P >14 barabs — Bursting of the rupture disks.

Calculation methodology

Energy transferred to DM water by steam formation in SG = (h4-h2)

h3 h4

Useful energy/
Turbine work done=(h4-hS5)

h2

hl L hS

Useless energy discharged in the condenser
= (h5-hl)
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Velocity diagram of 50% reaction turbine.

Notations:-

AD  Average annulus area at last stage

V' Total volume of steam at LP exit

D2 Outer diameter of ast stage of LP

D1 Inner diameter of last stage of LP

Sv Specific volume of steam at LP outlet

Sm  Mass flow rate of steam at LP outlet

V1 Absolute velocity of steam at inlet of last Stage of LP
V2  Absolute velocity of steam at outlet of last stage of LP
V1 Relative velocity of steam at inlet of last stage of LP
Vr2 Relative velocity of steam at outlet of last stage of LP
V1 Axial velocity of steam at inlet of last stage of LP

Vf2  Axial velocity of steam at outlet of last stage of LP

Vw1 Velocity of whirl at entry of moving blade, which is a
tangential component of V1.

Vw2 Velocity of whirl at exit of moving blade, which is a
tangential component of V2.

Fv  Force acting on turbine blades for revolution
a Nozzle angle

(1 Blade angle atinlet

(2 Blade angle at exit.

Dm Mean diameter of blade
N RPMof turbine.

(Ahs)fb
(Ahs)mb

[sentropic Enthalpy drop across the fixed blade.
Isentropic Enthalpy drop across the moving blade.

For 50% Reaction turbine, the manufacturing advantage is that the both
fixed blade and maving blade are similar in shape and they can be extruded
from the same set of dies.

Again, the difference of axial velocity of steam at inlet and outlet of last
stage of LP turbine is zero (i.e. AVf=0), there is no axial thrust imposed on
the blades due to change in axial velocity in a 50% reaction turbine (i.e.
Axial velocity at inlet and outlet will be almost the same to avoid axial
thrust /force along the shaft axis). However, there will be considerable
axial thrust produced due to the pressure difference across the blades in
each rotor disc.

Since Isentropic Enthalpy drop across the fixed blade= Isentropic Enthalpy
drop across the moving blade and Absolute velocity of steam at inlet of
last stage of LP= Relative velocity of steam at outlet of [ast stage of LP
(Ahs)fb =(Ahs)mb and V1= Vr2

Again, from similar geometry a = B2=180- Y. (1) Ref. Fig-

The triangle ADB and DBC are similar
hence, Vri=V2and (1=180-6 0r & =180- Bl.....cc (2) Ref.Fig-1

Steam properties at different temperature and pressure are taken from
steam table (Ref. Table no.-1)
The steam flow required for 700MWe can be calculated as

Annulus area (A0) in the last stage of turbine:-

Average annulus area at last stage = [{(r/4)* (square of outer dia of last
blade - square of inner dia of last blade)} - (number of blade *width of
blade * height of blade)]

AD =[(314/4)*{(D2)"2-(D1)"2)}- (N*W*Hb)]

All above parameters were fixed when the turbine was designed. Hence A0
has a constant value for the turbine which has been manufactured for a
particular design data.

The velocity of steam can be calculated as:-

Total volume of steam at LP turbine outlet (M3/sec) = specific volume of
steam at outlet (M3/kg) *mass flow rate of steam (Kg/sec) = Annulus area
(M2) * velocity of steam at outlet (M/sec)

V= Sv*Sm= A0*\2 (3)
or
V2= (Sv*Sm)/AQ.......The rearrangement 0f (3)..ocee (4)

From velocity diagram (Ref. Fig.-1)

Vwi=V1 cos(a) (5)
Vw2= V2 cos(8) (6)
Vf1=V1sin(a) (1)

Vf2= V2 sin(8) (8)
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AVf=0, there is no axial thrust imposed on the blades due to change in
axial velocity in a 50% reaction turbine. Hence,

Vf1=Vf2 (9)

The values of Vf1and Vf2 are substituted in (9) from (7) and (8)
Visin(a)= V2 sin(8) or V1= V2 Sin(8)/SiN(a).oree (10)

The value of & is substituted in (10) from (2)

V1= V2 sin(180-B1)/sin(a)= V2 Sin(B1)/Sin( Q). m
and
AVw="Vw1- Vw2=

=V1cos(a)- V2 cos(d) (12)

The values of V1and & are substituted in (12) from (1) and (2) then
= {\2 sin(B1) cos(a) /sin(a)}- V2 cos(180-B1)
=\2{sin(B1) cot(o)+ COS(B)} e (13)

The force acting on turbine blades for revolution of turbine shaft as well as
electrical generator can be represented as

Fv= steam mass flow rate * Difference of tangent component of velocity
atinlet and outlet

Here, only the last stage of LP turbine is considered.

Fv= Sm(Vw1-Vw2) (14)

The value of (Vw1-vw?) is substituted in (14) from (13)

Fv= Sm*V2{sin(B1) cot{a)+ COS(BT)} o (15)
The value of V2 is put in (15) from (4)

Fv= Sm*Sv*Sm{(sin(B1) cot(a)+ cos(B1)/A0}

Fv= (SM*Sv*Sm)*C (16)

where C= {(sin(B1) cot(a)+ cos(B1)/A0} is a constant value because all
these parameters are fixed at the time of turbine design stage

Hence

Fv= (Sm*Sv*Sm)*C (1)

When the unit is run/ operated at design parameter (back pressure in
condenser is 90mbar abs) then force on last LP blade

Suppose X force is acting on the last stage blade of LP turbine when back
pressure in condenser is at design value (90mbar abs)

Fv1 = (Sm1*Sv1*Sm1)*C =X (18)

When the unit is run/ operated at other than design parameter (back
pressure in condenser is less than 90mbar abs) then force on last stage
blades of LP turbine.

Fv2 = (Sm2*Sv2*Sm2)*C (19)

The increased value of force on LP last stage blades due to lower back
pressure in condenser with respect to design value is calculated in the
form of percentage.

= (Fv2-Fv1)*100 /Fv1 (20)

The values of ‘Fv2' and ‘Fv1" are substituted in equation (20) from
(19) and (18)

= {(Sm2*Sv2*Sm2)*C -(Sm1*Sv1*Sm1)*C}*100/ (Sm1*Sv1*Sm1)*C
= [{(Sm2*Sv2*Sm2) -(Sm1*Sv1*Sm1)} *100/(Sm1*Sv1*Sm1) .o (21)

In calculation, a constant factor is applied for steam flow rate reduction
(since turbine work output will increase due to lower back pressure in the
condenser. So, to obtain the same output from the generator end i.e. 716
MWe, which is the value at design data, the steam flow rate will have to be
reduced) at HP inlet, LP outlet as well as all extractions taken between SG
outlet and LP outlet for each case of back pressure in the condenser with
respect to design data when back pressure in the condenser is 90 mbar abs.

Description

It is desired that more output is obtained from less input. The ratio of
output to input is known as the efficiency of a system. The efficiency of a
power plant can be increased by two ways:

> Firstway is, by increasing the average temperature of steamformation
in the SG but there are limitations due to material properties at high
temperature and pressure required to sustain the forces and stresses
for the plant lifetime.

> Second way is by decreasing the average temperature of heat
discharge in the condenser (i.e. decreasing / lower the back pressure in
the condenser) but limitations arise as number of low pressure (LP)
turbines as well as condensers are to be increased (To handle the
volume of steam corresponding to the back pressure in the condenser
and to keep the forces on the last stage blades of LP turbine within
design limit) which is not preferable because it requires more capital
cost as well as more space is required in comparison to the increase of
POWEr output.

For the design of a turbine, following input data is required:-
a) Output required from the electrical generator end.

b) Temperature and Pressure of steam at the turbine inlet.
€) Back pressure at the turbine outlet in the condenser.

d) Steam quality acceptable at the last stage of LP turbine to
avoid the pitting effect and erosion.

e) Ready availability of material and their properties at high
temperature and pressure.




First of all, the first and last stage blade of the turbine are designed and
their height is fixed based on the available material and its properties
corresponding to the pressure, temperature and Rotation Per Minute
(RPM)of the turbine.

The number of LP turbines are decided based on the annulus area
required to handle the volume of steam flow per second required for the
generation of electrical power as required (i.e 700MWe In the case of
RAPP-768) relative to the annulus area of one LP turbine which is capable
of handling the maximum volume at design parameters.

The force on the last stage blades of LP turbine is assumed as X when the
unit is being operated at full load and on design parameters. The back
pressure in the condenser is at design value i.e. 90 mbar(abs) and the
corresponding saturation temperature of steam which is to be
discharged into the condenser is 43.9 °C.

The vacuum/back pressure in the condenser is controlled by the
temperature of condenser inlet water to a certain extent. Hence, if the
circulating cooling water (CCW) inlet temperature is reduced from design
value i.e 32°C to lower than design value i.e. 30°C or 25°C or 18°C or lower
than 18°C, the difference between CCW inlet temperature and
temperature of steam which is being discharged into the condenser
increases. Second point is that less heat will be discharged in the
condenser with respect to design value i.e 416.91*10° Kcal/hr because
turbine output will increase by the same amount of heat discharged has
reduced in the condenser with respect to the same input to HP turbine i.e
the value of pressure and temperature at HP inlet is maintained at the
same as the design value). From the condenser performance curve, we
can read the value of back pressure in the condenser with respect to CCW
inlet temperature and the heat quantity transferred in the condenser to
Ccw.

The following questions may arise in the approach discussed above:
How will low back pressure be achieved in the condenser?

The answer to the above question is: if the same heat load is being
discharged in the condenser as the design value i.e 416.91*10°cal/hr
(each condenser) and only CCW inlet temperature is reduced from design
value i.e 32°C to 18°C, the back pressure in the condenser will be
approximate 50mbar abs as per the condenser performance curve.
Another point is that turbine work output has been increased due to less
back pressure / more vacuum in the condenser. Hence, the condenser

heat load will definitely decrease. Finally, we can say that back pressure in
the condenser will be less than 50mbar abs when CCW inlet temperature
i518°C.

Is it possible that the CCW inlet temperature can be 18°C?
The answer of above question is yes - the temperature of environment
becomes less than 10°C in the winter season and especially in night hours
around 2 to 5 o'clock in North India (Rawatbhata site also). So the
temperature of air which carries out the heat from CCW is also around it,
and it is possible that CCW temperature may be 18°C or less and in the
case of IDCT, the velocity of air is also increased by the induced force of
the fan.

Dryness fraction of steam also plays a vital role in the turbine work
Output, cycle efficiency, force on the last stage blades of LP turbine and
back pressure in the condenser, etc.

As the dryness fraction is already mentioned in the Heat Balancing
Diagram (HBD) at back pressure of 90 mbar (abs) in the condenser, and
for ather than 90 mbar (abs) back pressure in the condenser, a vertical
straight line drawn from the dryness fraction corresponding to 90 mbar
abs pressure on the T-S diagram and values are read from the chart at
different back pressure in the condenser for calculating the specific
volume of steam and enthalpy at the outlet of LP turbine.

The values which are considered for dryness fraction of steam
corresponding to back pressure in the condenser other than design
value may have some error in it.

The answer to the above question is yes and there are two possibilities:

1) The value of dryness fraction may be slightly more than what has
been taken corresponding to the back pressure in the condenser.

or

2) The value of dryness fraction may be slightly less than what has been
taken corresponding to the back pressure in the condenser.

In Case 1, when the specific volume is more than the value has been
considered in calculation, more force will act on LP last stage blades
compared to what is mentioned in Table-1 and the same may be seen in
Table-2 when the dryness fraction is considered the same as design value
0.909 for all the cases of different back pressure in the condenser. Hence, the
forces mentioned in Table-1 are corresponding to ideal conditions and are
lower than actually/really required to be handled by LP last stage blades .
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In Case 2, when the specific volume is less than the value has been
considered in calculation, the water content is to be increased in steam
and as a consequence, the hammering effect will occur on the blade
which is moving @3000RPM along with slightly less force as mentioned
in table -1and it is more dangerous than case one.

Observations

It may be seen from table-1, the force experienced by the last stage blades
of LP turbine is X when it is being operated at design parameters and back
pressure in the condenser is 90mbar (abs). The force increases by a factor
as 0.53 %, 12.59 %, 35.711%, 6145% and 69.88 % of X when back pressure in
the condenser becomes as 81.99, 69.91, 53.18, 42.42, 40.04mbar (abs)
respectively for the same output as the design value (716 MWe as per
HBD) from generator end and steam flow rate reduces by a factor as
3.2%, 4.1%, 1.5%, 9.07% and 9.22% respectively of design value because
turbine output has increased by the same amount of heat discharged in
the condenser has reduced. The efficiency of the system increases by a
considerable figure as shown in table-1, simultaneously, the force to be
experienced by the last stage blades of LP turbine also increases by the
values as mentioned above and it may lead to failure of turbine blades.

From table -3 and the HBD of 716 MWe, it may be seen that the force
experienced by the last stage blades of LP turbine is reduced by (-)14%
and (-) 28% of X (i.e. less force is being experienced by blades) when
back pressure in the condenser is 84.9mbar (abs) and 80.06 mbar
(abs) with respect to the design value at partial load as 90% and 80%
of thermal power respectively (i.e. Generator output is 637 MWe and
558 MWe respectively as mentioned in HBD of 700 MWe) because
steam flow rate has been reduced by a factor of 11.21% and 22.26%
respectively of the design value instead of steam flow rate reduction

as3.2,417,15,9.07% and 9.22% when back pressure in the condenser is

8199, 6991, 5318, 4242, 4004mbar abs at full load.
It is observed in the HBD of 716 MWe, several cases are considered at
different operating parameters and conditions but no single case is
taken for heat balance with back pressure in the condenser is less

than 90mbar abs at full load of the unit.

When back pressure in the condenser is [ow or other than design value,
the specific volume of steam w.rt. design value will change and it may
increase or decrease depending on the back pressure in the condenser.
The absolute velocity of steam at inlet of the blade is a function of
specific volume of steam and steam flow rate (i.e. total volume of steam
flow) because annulus area is constant. It may be seen from the velocity
diagram that nozzle angle and moving blade angle are constant so
whenever absolute velocity changes, the relative velocity at inlet of the
moving blade will also change and steam will blow at an angle other
than the designated blade angle of the moving blade at inlet. It will
cause anincrease in the turbine shaft vibration.

Itis also observed that the protection against high pressure in the
condenser is mentioned in drawings as pressure transmitters
located at each of LP exhausts

a) P > 250 mbar abs TRIP of the TGU The pressure is detected through
3 (per LP) pressure transmitters dedicated to turbine protection
system. The trip signal is a 2 of 3 voted order that triggers the
immediate shutdown of the turbine and the automatic opening of: 1)
The spray water shut-off valve 2) All the shut-off drain valves:

b) P > 1.4 bar abs: Bursting of the rupture disks.




Table -1
HP turbine inlet temp: 254.5 and pressure: 42.9bar (abs) and generator output 716 MWe in all cases at different back pressure in the condenser.

1 2 3 4 5 6 1 8 g 10
Sr. Total steam Total Specific Back Dryness GT out Turbine GT out Force
no. flow Steam volume of pressure In fraction at with work with experienced
(through flow steam at LP condenser / LP exit respect done respect by last stage
THP (through outlet LP turbine to with to HP blades of LP
turbine) at 3LP (m3/ke) exit pr. turbine respect inlet turbine at
HP inlet turbine) (mbar) abs. work to HP energy different
(kg/sec) at LP done inlet (%) back pr. (see
outlet (%) energy col.-566)
(kg/sec) (%)
1 1038.61 665.11 14.759 90.0 0.909 981 2515 24,67 Suppose it iS X
2 1005.38 643.83 15.834 8199 0.895 98.11 25.98 2549 100.53 % of X
3 989.80 633.85 18.296 69.91 0.89 981 26.39 25.89 12.59% of X
4 960.72 615.23 23409 53.18 0.88 98.11 2118 26.67 135.71% of X
5 94449 604.84 28.813 42 42 0.875 g8.1 21.65 2113 161.45% of X
6 94285 603.79 30423 40.04 0.875 98.11 211 2118 169.88% of X
Table -2

HP turbine inlet temp.: 254.5 and pressure: 42.9bar (abs) and generator output 716 MWe in all case at different back pressure in condenser and dryness
fraction is kept fixed as 0.909 in all cases.

1 2 3 4 5 ) 1 8 9 10
Sr. | Total steam Total Specific Back Dryness GT out Turbine GT out Force
no. flow steam volume of | pressure | fractionat with work with experienced
(through flow steam at In LP exit respect done respect by last
1HP turbine) | (through3 | LPoutlet |condenser/ to with to HP stage
at HP inlet LP (m3/kg) LP turbine | respect inlet blades of
(kg/sec) turbine)at turbine work to HP energy | LPturbine
LP outlet exit pr. done inlet (%) at different
(kg/sec) (mbar) (%) energy back pr.
abs. (%) (see col.-5)
1 1038.61 6651 14.759 90.90 0.909 98.11 25.15 2467 Suppose it
IS X
2 1036.12 663.51 16.082 8199 0.909 98.1 25.21 2473 108.44% of X
3 1030.61 659.79 18.686 69.91 0.909 98.11 2534 24.86 | 124.67% of X
4 102137 654.07 24180 5318 0.909 981 25.57 25.09 158.44% of X
5 1014.00 64935 29933 4242 0.909 981 25.76 2527 | 193.32% of X
6 1012.12 6485 31.605 40.04 0.909 98.11 25.81 2532 203.36% of X
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Table -3

HP turbine inlet temp.: 254.5 and pressure: 42.9bar (abs) and generator output 637 MWe i.e: 90% thermal as per data given in HBD Sr. No. 1and 558.06
MWe i.e: 80% thermal as per data given in HBD at Sr. No. 2.

1 2 3 4 5 6 1 8 9 10 n 12
Sr. Total Total Specific Back Dryness | GTout |Turbine | GTout Force Gen. | Load
no. steam steam volume | pressure | fraction with work with | experienced | End in %

flow flow of steam at In atLpP respect | done | respect by last Load
(through | (through LP condenser|  exit to with to HP stage (Mwe)
THP 3LP outlet /LP turbine | respect | inlet blades of
turbine) | turbine) | (m3/kg) | turbine work toHP | energy | LP turbine
at Hp atLp exit pr. done | inlet | (%)
inlet outlet (mbar) (%) energy
(ke/sec) | (ke/sec) abs. (%)
1 9222 5395 15.622 849 0.912 98.55 25.08 2412 86% of X 637 90%
2 | 8074 53404 | 16474 | 8006 | 0916 | 9846 | 2502 | 2474 | T72%0fX | 558 | 80%

Conclusion
Table -4 description
Force experienced by the last stage blades of LP the turbine when operated /run at a low back pressure than the design value in LP turbine (i.e. more
vacuum in condenser than design value) for 100% output .

1 2 3 4 5

Sr. | Generator | Back pressure Dryness Total volume Force

no. end In condenser/ | fraction at to be handled experienced

load LP turbine exit LP exit by LP last stage by last stage Remarks
(Mwe) pr. In mbar blades (M3/sec) blades of LP
(abs.) (3 Nos LP turbine turbine
of RAPP768)

1 716 90.9 0.909 9816.36 Suppose it is X 100% load and force is X

2 716 8199 0.895 10194.70 100.53% of X 100% load and force is
greater/more than X

3 716 69.91 0.89 11596.92 12.59% of X 100% load and force is
greater/more than X

4 116 53.18 0.875 17427.25 161.45% of X 100% load and force is
greater/more than X

5 716 4242 0.875 11427.25 161.45% of X 100% load and force is
greater/more than X

b 716 40.04 0.875 18369.10 169.88% of X 100% load and force is
greater/more than X

1 637 849 0912 9365.39 86 % of X 90% load and force is less than X

8 558 80.06 0.916 8791.11 2% of X 80% load and force is X
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It may be seen from Table No.-4, the last stage blades of the LP turbine are
not handling more than the design value of steam volume at partial load as
per HBD of 716 MWe. But in the case of full load at the generator end and low
back pressure in the condenser, they have to handle more than the design
value in all cases.

Hence, the unit can be run or operated at back pressure less than 0.900
mbar abs in the condenser but at partial load. The force on the last stage
blade the of LP turbine is a function of the steam volume to be handled by
it. Hence, The data regarding the maximum volume which can be handled
by each LP turbine without exceeding the design value of forces on the last
stage blades of LP the turbine and the corresponding lowest back pressure
in the condenser, considering the number of LP turbines are (dedicated for
a single unit) is to be run/operated at full load and partial load, as
mentioned in the operation manual of the unit.

Turbine shaft vibration may increase if the total volume of steam flow rate
to be handled by the LP turbine, is other than the design value and one
reason of this may be low back pressure in the condenser.
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A protection system against lower back pressure or high vacuum in the
condenser should be used to prevent failure of the last stage blades of
the LP turbine in the winter season.

At sites located in areas where environmental temperature drops
significantly in winter (while LP the turbine is designed for environmental
temperatures corresponding to the summer season), temperature
variation affects the temperature of condenser cooling water at the
condenser inlet.

Advantages
1) The possibility of failure of LP turbine blades decreases.
2) The possibility of Turbine shaft vibration decreases.

Limitation

1) An additional device has to be installed in the condenser to maintain
the lower limit of vacuum in the condenser

Reference

1) KAPP-364-41119-6001/DM

2) KAPP-364-40000-6002/SK

3) KAPP-354- 41010-6217/DC

4) Power plant note book and steam table.
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Nuclear energy, together with renewable energy, is and will be the essential part of
our energy mix. Nuclear is a cost-effective way to decarbonization. It brings €rid
stability and security of supply. It is the only way to reach our energy independence.

-Petr Fiala
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Experience Of Indigenized Three Pitch
Integral Coaxial Inconel SPNDs In 700 MWe

[y Indian Pressurized Heavy Water Reactor

Vinay Kumar Soni, Additional Chief Engineer, Amresh Dinesh Prasad, Additional Chief Engineer,
Manoj Jain, Chief Engineer, Nita Singh, Associate Director, (Section: Reactor Control, C§1)

Introduction

In-core  Neutron flux monitoring employing prompt responding
three- pitch Integral Coaxial Inconel SPNDs in 700MWe IPHWRS is important
as 25% MOre power is extracted from the similar core of 540 MWe. Existing
single-pitch SPND may lead to spurious trip during on-power refuelling.
Thus, three-pitch SPNDs are essential for Regional Overpower Protection
(ROP) and also for regulation functions. These SPNDsS have been
manufactured indigenously employing rugged coaxial geometry. Several
in-pile experiments were carried out to establish emitter sensitivity and
lead current.

® Manufacturing technique

For manufacturing, Inconel tubes, Inconel rods (refer to Figure 1), and
baked Mg0 hollow blocks (refer to Figure 2), conforming to ASTM
standards, were used.

Figure 1: SPND Inconel Tube and Rod

Figure 2 : Mg0 Insulator

Figure 3: Detector Assembly

Figure 4: Finished SPND
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Figure 5: SPND (n,y,e) Interaction




Inconel rod is inserted in Mg0 blocks and further into Inconel tube, this
assembly (refer to Figure 3) was swaged at both ends before undergoing
multi-pass cold drawing, followed by annealing in a cracked ammonia
furnace at 1050°C. Each drawing stage reduces the outer diameter of the
Inconel assembly by 10-15%, and the cold drawing is continued till
required dimension were achieved. Radiography was performed to check
the emitter, lead dimensions, eccentricity and continuity. The detector’s
cold end was terminated using brazing and ceramic-to-metal sealing,
while the hot end was sealed with a laser welded end plug. To confirm
sheath integrity, steam tests, water immersion tests, and helium leak
tests were conducted as per ASTM standards (E839). After
connectorisation, surface cleaning was performed to remove iron
contamination, and insulation resistance of 1 x 10 ohms was ensured.
Refer to Figure 4 for finished SPNDs. Current generation in SPNDS occurs
through the (n, y, ) interaction (refer to Figure 5).

©® Experimental Validation Of SPNDs

SPND sensitivity and construction ruggedness were experimentally
validated by installing prototype SPNDs of similar dimensions in neutron
flux of the order of 1 x 10" i.e. emitter diameter, lead diameter and
insulation and sheath thickness. The insulation resistance and emitter
current were periodically monitored. Integral SPNDs do not have a lead to
compensate for the current generated from the cable section. To ensure
negligible contribution from the lead, the ratio of lead to emitter
diameter was kept low. This was validated by placing an additional
Inconel cable, similar to the SPND lead, into the core. Dynamic
performance was established during reactor trip by comparing SPND
signals with lon Chamber signals. The lead current from the Inconel cable
was also computed for maximum insertion in the active core region of
the nuclear reactor. The observed lead current contribution was less than
15% of the total emitter current.

® In-situ Perforamnce Of SPNDs

More than 100 three-pitch SPNDs were installed in each 700MWe reactor
to perform regulation and protection functions. Performance was
assessed during Low Power Physics experiments, pre-boiling and boiling
regimes, steady-state variations, reactivity device movements, setbacks,
and reactor trips.

Measurements of lon Chamber and ROP SPND signals were taken during
power rises from 0% FP to 15% FP and from 15% FP t0 18% FP. SPND and lon
Chamber signals were recorded and are shown for comparison in Figures
6 and 7. The results demonstrated that SPNDs responded linearly to
reactor power changes, consistent with lon Chamber signals.

ROP AND IC FROM 0 to 15%FP
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Figure 7: SPND and lon Chamber plot
during Reactor Power Raise from
15% FP t0 18% FP

Figure 6: SPND and lon Chamber
plot during Reactor Power
Raise from 0% FP to 15% FP

The dynamic performance of three-pitch SPNDs and lon Chambers during
a reactor trip at 50% FP is shown in Figure 8. It can be observed that the
SPND response is prompt and in good agreement with the lon Chamber
signal. It can also be noted that the IC signal reaches zero immediately
after the trip unlike the SPND signal, which is attributed to the delayed
component of current contributed by the impurities present in the
Inconel alloy.
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Figure 8: SPND and lon Chamber plot after Reactor Trip at 50% FP

Conclusion

The dynamic performance of indigenously designed and manufactured
three-pitch Integral coaxial Inconel SPNDS was in good agreement with
lon Chamber signals. Zero in-situ operational failures over the past five
years demonstrate the robustness of their construction, and make them
an appropriate choice for power measurement in the protection and
regulation systems of 700 MWe reactors. Their successful development
signifies a crucial advancement towards self-reliance in Nuclear
Technology for NPCIL.
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To achieve net zero we need more nuclear power. That's the scientific
consensus from the IPCC and other leading climate experts. Governments are
starting to converge around this consensus, but we must act faster.
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Abstract

Fuel handling system is an important part of natural uranium fuelled
PHWR reactors. The inherently low excess reactivity of these reactors
necessitates On-power Refuelling. This important function is carried out
by a pair of remotely operated Fuelling Machines (FM) which work in
unison, even when the reactor is operating. Besides this, there is a Fuel
Transfer (FT) system with Mobile Transfer Machine (MTM) which is meant
for loading and receiving the fuel bundles into/from Fuelling Machines
in a 700 MWe PHWR. FT system also consists of a New Fuel Magazine
(NFM) and Tray Loading Machine. The New Fuel Magazine transfers the
fresh fuel to MTM, while the Tray Loading Machine receives the spent
fuel from MTM and discharge it to the Tray Loading Bay (TLB) which is a
Part of the Spent Fuel Storage Bay.

All these drives have a complicated robotic mechanism operated
remotely using electrical and fluid power with D20, H20, oil and air.
These operations are fully automatic and designed in such a way that
the complete refuelling operation can be performed without the
operator's intervention. The fuel handling system operates in a
predefined manner. The entire operations are defined by a set of
sequences consisting of several programs. Each program consists of
several steps. Interlock logics are provided to ensure safety during
operation. Each step checks for the permissive condition before issuing
the commands. After issuing the command, each step waits for

feedback for a defined time until it declares the completion of the step.

The language “Modified Structured Text” (referred as ST language in this
paper) has been designed consisting of various constructs, arranged in
a specific order, which enable us to perform various operations required
by the Fuel Handling System. The “Modified Structured Text” language is
inspired by standard Programme Logic Controller (PLC) language i.e,
Ladder Diagram (LD) Logic/Structured Text (ST) /Sequence Function
Chart (SFC), and is used to develop applications to run on customized
in-house designed hardware. In earlier 220 MWe PHWR plants, Process
Control Language (PCL) was used to write application programs for the
FHCS system. PCL language is a proprietary language developed by BARC.
After successfully installing the FHCS system at Kakrapar Atomic Power
Station, Units-364 (KAPS-364), with operational feedback & optimization,
efficient programs are made to reduce the refuelling time which
matters the most for the 700 MWe reactor. It iS now successfully
installed in Rajasthan Atomic Power Project, Units-768 (RAPP-768).
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This article brings out the salient features of this language and how it
has helped NPCIL to implement and achieve the desired Fuel Handling
Operations.

Digital 16C FHCS

The purpose of the Fuel Handling Control System (FHCS) is to carry out
refuelling and subsequent discharge of spent fuel bundles to the TLB.
The Fuel Handling Control System consists of control computers (one
each for FM north & south and another for FT), an Engineering Work
Station (EWS), PC based Control Display Units (CDU for each FM and FT)
and PC based Status Display Units (SDU for each FM and FT). FHCS is
interfaced with Manual and Safety Logic (M&SL) for independent
checking of safety interlocks. The three Control Computers
communicate with each other through a dual LAN. It is also possible for
the operator to issue individual commands through the keyboard. Such
commands are called semi-auto commands.
The Manual and Safety Logic (M&SL) enables manual operations and
ensures safety of operations in manual mode and in auto mode of
operation in addition to checks done by control computers.

Like other Computer Based Systems (CBS) developed in-house by NPCIL;
FHCS logic is built on standardized hardware and generic software
developed in-house.

Printer-2 | NTP Server-1 ‘ | NTP Server-2 ‘
1 |

Printer-1 LAN

==

Controller CCTV Printer-2
| LAN LAN LAN

[”@@“] [ﬂ:‘vm] [“:;,“J [%ﬂ [”wj L
1IN TJM

EWs LAN
I |
T I l I | orans
North FM Fuel Transfer South FM
Control Control Control
Computer Computer Computer

Field VOs
(736 DI + 96 AT
+320D0)

Field IOs
(736 DI+ 64 AI
+283DO)

Field IOs
(736 DI+
96 AL +320 DO)

EWS PC

FHCS Architecture




Since FHCS contains so many drives for its operation, there is a lot of
configurable data in the CC software that includes calibration data of
various positions for various drives of the fuel handling system, Trip band
data, zone flow information etc.

So, all of these require fuel handling related logic to be recompiled again
on change and integrate with the 10 node software. It leads to an
extensive software verification and validation process after each
modification.

Thus, there is a need to build an 10 node for FHCS that is independent of
any application related logic. The control platform is tested and
qualified for its ability to interpret all possible logic defined by
application software. Later an application logic that describes the
required control algorithm is constructed and translated to the
language interpreted by the control platform. Now this application
logic is tested and qualified to implement the required control
algorithm. This testing and qualification process is independent of the
control platform testing and qualification. The translation is uploaded
to the control platform for interpreted execution.

The same control platform can be loaded with various different
configurations of application logic. Each time only application logic needs
to be tested and qualified. This allows for partitioning of the Process
Control Domain and Control Platform implementation domain. This also
enables the 10 Node of Fuel Handling Control System for the 700 MWe
PHWR NPP, to be field programmable.

Engineering Work Station (EWS)

The Engineering Work Station is designed for editing, verification,
translation, uploading / downloading of the Application program in
compliance with IEC 61131-3. IEC 61131-3 defines various programming
languages for PLC. The application logic for FHCS resembles logic
implemented using SFC with LD. Besides this, all configurable data for
various drive & their auto-positioning are passed from EWS.

In standard languages various constructs are provided to implement
various types of logic. But for FHCS, simple constructs are required. If
standard languages are used then corresponding PC interpreter will need
to interpret all those constructs and it will lead to software complexity.
Since the control platform for FHCS is indigenously developed, the
language required to program this PLC is also indigenously developed.
This language helps to implement all logic required for FHCS and the
corresponding interpreter can also easily interpret it. The main
requirement of FHCS logic is the auto-mode operation where refuelling is
as per sequence defined & auto positioning of different FM & FT Drives.

The language developed for the FHCS control domain is Modified
Structured Text, which is a textual representation of logic implemented
using SFC with LD.

EWS Software Implementation

The EWS software is developed in two parts: Front-end translator and
back-end translator.

The Front-end Translation converts the provided information about step
number, permissive, commands, next step number, feedback, step time

out, interlocks etc. into an intermediate language (SFC with LD).

The Back-end Translator further tokenize intermediate language
Programs, Pre Task, Post Task, Subroutines & Semi Auto commands. It
checks for semantics and parses it into an intermediate code which is
interpretable at the Control Computer.

Application logic after being converted into Intermediate Code from EWS is
passed to Control Computer through Communication Module in
offline mode.
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Typical Flow of Control Computer Software

All the functionalities of 10N (Input-Output Nodes) are to be achieved using a
common set of software modules. Each module is intended to perform a specific
function like scanning of inputs, signal processing, alarm generation, interlock
generation, computation of outputs, diagnostics and communication with upper
layer, signal output etc.

The module that generates the interlock and compute output signals, according
to a set of programmed instructions, is the PC Interpreter. The PC Interpreter
interprets application program, namely Pre Task, Post Task, Subroutines and
Program Logic. When IONs execute application software, EWS can be switched off.
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Inputs are scanned by the Common Software Platform Integration
Module. Then the Intermediate variables are computed in Pre Task.
After that Sequence logic for program execution is computed
followed by auto positioning logic and interlock evaluation. After that
outputs are issued and passed to Manual and Safety Logic.




PLC Programming using Modified Structured Text

The language was indigenously developed for PLC programming
following the standards of IEC-61131.

Language Constructs

Following are the constructs in textual form which are required/used in
ladder logic.

> Assignlf construct

Assignlf (expression) then do the Assignment statement. In this case if
the expression is true it will do assignment statement otherwise it
wouldn't.

> Assign construct
Binary value assignment to the binary variables
Analog value assignment to the Analog variables

> Expression constructs
Binary expression evaluation including logical and arithmetic
Analog expression evaluation including logical and arithmetic

Binary and analog mixed expression evaluation including logical
and arithmetic

> Pulse construct
To generate onetime trigger for a variable change from 0 to 1

> Subroutine construct
It is calling a function

> Reset, Start Timer constructs
This construct will reset or start the timer
> 0n-delay timer constructs

This can be implemented in such a way that it will match the
requirements of the FHCS. It involves mixing of the functions of the
counter as well as the On-delay timer. In a permissive only one on-delay
timer is allowed per step.

On-delay timer (Timer Number, Time, I/P to be checked)

Initial state of outputs of the On-delay timer is zero. This timer starts with
Start I/P pulse type and then it will check for ‘I/P to be checked' for
specified Time duration. This gives two outputs. Once the output is set it
wouldn't reset the outputs automatically. Once the time expires it
wouldn't start automatically.

All these variables are global variables. We need to assign values to this
variable and then we have to call this function.

> Timer enable 0/P (EN) - This output is set if the timer is started and
stopped. This output is set if the I/P is active for the duration
specified and it will remain in deactivated state if the I/P is not
persisting for the specified duration.

> Print construct - This construct will print the message. Also it can be

used to print the variable status required for any logic to be through.

Control Flow Using These Constructs for
SFC with LD Implementation

Afterinitialization of step & transition, condition for next step activation is
checked. After that the action part of a step is executed followed by
starting of a timer for the step to get complete. In the action part of a
step, the flag for next step to be executed is set. It is followed by a
transition enable block which enables the further transition possible
from that step. Also, it disables the current step. This way textual SFC is
implemented in Application Program Logic which controls the flow of
execution.

Initialize Steps and Transitions
Based on Operator entry

Check Transition

(Transition Condition Block)
START_TRANS_COND 1 Assignlf {Expression(Trans[1] 66
(Donebit == 2))} then { Set( Step[2]); Reset( Trans[1],

Trans[2] );} Endif END_LINE END_TRANS_COND

Activity Block (Step Action Block)
Permissive Check | Issuing Output | Feedback Check
Feedback Not available | Permissive not available

Enable Transition

(Transition Enable Block)
START_TRANS_ENABLE 1
Assignif {Step[1]} then {Set( Trans[1], Trans[2] );}
Endif END_LINEAssignIf {Expression (Trans[1] 66 (Donebit == 2))}
then { Reset ( Step[1] ); Set(Stepcompleted);
Assign(PresentStep, 2);} EndIf END_LINE

Step Timeout Block
START_TIMEQOUT 1
Assignif{ ST_TIMER }
then {Upcounter(0,Step_Timeout); }
Endif END_LINE




Activity Block Explanation

Explained with Step 1 of Program 1

Step - Next Step

No Permissive Commands Step Feedback Timeout(sec)
TSNCIIZBJARIZSLIFMIA. | PRV IFMIN.

0101A : 600
IFM2AIFM3AJER THI prvN 2102 TrmN

Start_prog 01 Start_step
/***********STEP 01************/
0ST{ Step[1],Temp1 } END_LINE
Assign(ST_TIMER,0STresult) END_LINE
AssignIf{ 0STresult}
then {Assign(Step_Timeout,2400);
} Endif END_LINE
/***********PERMISSIVE EHE[KS ****01U1A********/
AssignIf{ 0STresult}
then {Assign (Temp2, Expression (‘TSNC1 §61ZB &GIAR G6IZSL GGIFMIA
6GIFM2A 66IFM3A GGIER &6THI));} Endif END_LINE
/***********SETTING DUTPUT*****U1U1A*******/
AssignIf{ Expression((0STresult & Tempz2)) }
then {Set ( PFM1N,PFMN ); Reset( PFM1F );
Print("Step no 0101A Program Commands Issued “);} Endif END_LINE
/***********FEEDBA[K CHEEI(S*****U1U1A*******/
Assignlf{ Expression(Temp3 &6 (IFMIN 66TFMN ) )}
then {Assign(Donebit, 02 );} Endif END_LINE
/***********FBNA EHEcKs*******U1U1A*****/
Assignif{Expression( Timer1l.output &6 Temp3)} //STEP TIMER
then{
Print("Step no 0101 FBNA “,Color:Red,Flash:Off);
PrintPMNA(IFMIN,TFMN); }Endif END_LINE
/***********PMNA EHEEKS************/
AssignIf{Expression (Temp4§6 ('Temp5)&6 ‘Temp366'Temp6)}
then {Assign(PROGHOLD,7);
PrintPMNA('TSNC1,1ZB,IAR,IZSL,IFM1A,IFM2A,IFM3A,IER THI, TSNC1,TSRN,IZST);
} Endif END_LINE
End_step End_prog

In a typical step of a program, first the permissives are checked. If
permissives are not available then PMNA is given. Else output is issued
and program waits for feedback to come. If feedback arrives in step
timeout then step is completed else FBNA is given and program HOLD.

Conclusion

With the above language definition, FHCS logic is successfully
implemented and working successfully at KAPS-364 with over 1000
channels refuelled in KAPS-3 as of July 2024 itself. Also the first refuelling
has been carried out in KAPS-4 on 09.08.2024. The system before
deployment is validated thoroughly and various improvements are made
based on site experience and other system improvements. Also V&V of
Fuel Handling System including integrated refuelling operation on RESF is
successfully completed at RAPP-768 in ;une 2024,

In the end, | would like to thank Shri LN.Babu, ACE (R&D-ES), Shri Navneet
Kataria, Technical Advisor (CMD Secretariat), Shri Sujit Chattopadhyay,
SO/H (R&D-ES) & Shri R. Balasubramanian, AD (R&D-ES) for their continuous
support and constructive feedback during preparation of this article.

Future Enhancements

The language can be enhanced by incorporating stack feature in
subroutine call. Also currently the language is in textual form which can
be enhanced with graphical representation. Also the language developed
is based on LD logic. Other PLC programming language based on [EC-61131
standard can also be incorporated to build logic. The language can be
enhanced more to develop logic for other types of control systems.
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Necessity Of Demagnetisation Of Items

Undergone Magnetic Particle Testing (MPT)

Akhlesh Dubey, scientific officer/E, (section: quality Assurance)

Abstract

Non-Destructive Testing (NDT) plays a very important role in the
detection of defects and subsequently the elimination of those which
are detrimental to the material without affecting its functionality or
serviceability. The reliability of any NDT technique depends on a
judicious understanding and proper application of the technique as
every NDT method has its advantages and limitations.

Every NDT method has to be applied with some essential
requirements which are written in steps in the NDT procedure and if
we fail to execute any of the essential steps until the interpretation of
the indication is done, it might affect the sensitivity of the method
used. Certain steps after inspection of the product are equally
important such as post cleaning and “demagnetization in Magnetic
Particle Testing”. If we overlook these post job activities, then this may
interfere with the subsequent operation or use of the product.

This article describes a phenomenon which may be experienced on an
item, if some residual magnetism after magnetic particle testing
remains with the item and may lead to severe consequences if not
identified. In this context, this article is prepared after the problem
faced during “welding of the hook-up weld joint of the main steam
line with the HP steam stop valve due to arc blow”, and its root cause
analysis and resolution.

Introduction

The magnetic particle examination method is applied to detect cracks
and other discontinuities on the surfaces of ferromagnetic materials.
The sensitivity is greatest for surface discontinuities and diminishes
rapidly with increasing depth of discontinuities below the surface.
Typical types of discontinuities that can be detected by this method
are cracks, laps, seams, cold shuts, and laminations.

In principle, this method involves magnetizing an area to be
examined, and applying ferromagnetic particles (the examination’s
medium) to the surface. Particle patterns form on the surface where
the magnetic field is forced out of the part and over discontinuities to
cause a leakage field that attracts the particles. Particle patterns are
usually characteristic of the type of discontinuity that is detected.

Whichever technigue is used to produce the magnetic flux in the part,
maximum sensitivity will be to linear discontinuities oriented

perpendicular to the lines of flux. For optimum effectiveness in
detecting all types of discontinuities, each area is to be examined at
least twice, with the lines of flux during one examination being
approximately perpendicular to the lines of flux during the other.

One issue associated with MPT is that after completion of the
magnetic particle test, it is essential to demagnetize the component,
as a certain amount of magnetism is retained after MPT. Depending
on the magnetic characteristics of the material such as permeability,
retentivity and coercive force etc, the geometry of the component
and strength of the applied magnetic field, if it is not demagnetized
then it may interfere with subseguent operation, such as welding or
machining of the item.

@ Brief Description of Problem

In the Rajasthan Atomic Power Project-7, in the turbine building floor
at 118-meter elevation, a fit-up for a weld joint between the HP steam
stop valve and the Main Steam Line was prepared. This joint is
between base metals P1to base metal P1(P1is the nomenclature of
the material composition as per ASME BPVC). The diameter of the joint
is about 750 NB and the wall thickness is about 27 mm.

Preheating of the joint was carried out at 120°C, following which
welding was initiated (using GTAW process). But the welder was
unable to fuse the parent metals due to the issue of arc blow.

Welding was stopped and welding parameters were checked and were
found satisfactory. It was ensured that there was no air draft near the
welding zone and no other work was going on nearby. The power
supply of the preheating coil was also cut off during the welding.

As there was no faultin the welding machine, the welder was replaced
in order to rule out the human error issue. But the new welder was
also unable to deposit a sound weld. Feedback from the welder was
that the filler wire was also being attracted towards the bevel face of
the valve metal. He showed that filler wire was hanging at its tip from
the bevel edge of the valve (due to magnetization of the base
material) as shown in the photograph below.




Fig 1: Metal hacksaw blade and filler wire
hanging at its tip from bevel edge of the valve

This gave the idea that the valve body might have residual magnetism
and this was confirmed by placing the calibrated Gauss meter on the
valve and pipe surface. Although there was no residual magnetism in the
pipe body, the Gauss meter showed a magnetic field in the range of 10 to
20 Gauss, in the valve body. As the range of the Gauss meter was from +
20 to - 20 Gauss, it was not able to show the exact value but it was
assumed to be definitely more than 20 Gauss.

Now the question arises, from where this residual magnetic field
develop? To find out the answer, the manufacturing history of the valve
was checked through the History docket and it was found that the valve
body went through Magnetic Particle testing at very high magnetic
strength on the shop floor. The Site QA and execution team concluded
that a residual magnetic field retained with the valve body and this may
be the reason for the high residual magnetic field in the valve body.

This whole exercise and the situation were presented to the site
management, after discussion, it was decided to demagnetize the
area of interest.

® ArcBlow

Arc blow in welding refers to the phenomenon in which the arc gets
deflected away from the intended path. It can cause problems with
the quality of the weld, such as porosity, excessive spatter, and
incomplete fusion.

Arc deflection can be caused by a distortion of the magnetic field
produced by the current, through:

» Residual magnetism in the material.

> Earth's magnetic field.

> Position of the current return cable clamp (ground cable clamp).
Solutions to arc blow

» Turn amperage down.

Keep a tighter (shorter) arc length.

Weld using AC instead of DC.

Weld away from the ground cable.

Eliminate the presence of nearby magnetic fields.
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Fig 3-39. Arc blow caused by ground effect. The magnetic flux
set up by the ground current combines with the flux around the
electrode causing a high flux concentration at (x) that blows the
arc away from the ground connection.
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Fig 2: Solutions to arc blow

@ Residual Magnetism
Parts fabricated from ferromagnetic material retain a certain amount of
residual magnetism after exposure to a magnetization force. This field is
dependent upon the following:
> Magnetic characteristics of the particular material, i.e. whether

of high permeability or low reluctance.

> Strength of the applied magnetization force.
> Direction of the magnetization; longitudinal or circular.
> Geometry of the part.

The purpose of demagnetization is:

> Residual magnetism may interfere with subsequent
machining, causing machined chips of material to adhere to
the surface of the component or the tool.

> During welding with an electric arc, residual magnetism may
cause deflection of the arc and hinder proper welding.

> The functioning of navigational instruments, which are
sensitive to magnetic field, is affected by the proximity of
ferromagnetic components having residual magnetism.

> Residual magnetism may interfere with the functioning of
dynamic components if any chips are held on it like ball
bearing-races, gear assemblies, etc. and may cause accelerated
wear and tear.

» It can affect finishing operations like painting and plating.

> Residual magnetic field in rotating components can induce
unwanted eddy current generation in the components.




® Demagnetization Methods

The basis of all demagnetization processes is subjecting the
magnetized article to the influence of a continuously reversing
magnetic field that gradually reduces in magnitude causing a
corresponding reversal and reduction of the field in the article.

Figure shows graphically how the method works. The curve at the
upper right of the drawing represents the flux in the part as
indicated on diminishing the hysteresis loop. The sine wave or curve
of a reversing current at the bottom of the graph is used to generate
the hysteresis loop. As the current decreases in value with each
reversal, the loop shrinks and traces a smaller and smaller path.
When the current reaches zero, the remanent field in the part will
also have approached zero.
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Fig 3: Demagnetization flux curve projected from
hysteresis curve (Vertical Axis- B, Horizontal axis-H).

® AC or reversing DC demagnetization: Leave the part inside the coil
and reduce the AC or reversed DC current to zero, or place the part inside the
coil (constant AC current) and move the part away from the coil, or move the
coil away from the part.

® AC or DC Yoke demagnetization: Yokes are usually used for
demagnetizing small parts.

@ Vibration: This means of demagnetization is not recommended, due to
possible damage of the part under test.

@® Heating to Curie point: When ferromagnetic materials are subject to
heat treating or heating above 700°C, the molecules become agitated and

revert back to their demagnetized state, effectively demagnetizing the part.
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@ Field Indicator

The relative intensity of the leakage field is measured by bringing
the field indicator to the part and noting the deflection of the
pointer. The required degree of demagnetization is usually specified
as a maximum field indicator reading.

The amount of movement of the needle indicates the strength of the
field. Some process specifications use this device to specify the
degree of demagnetization desired. They often recommend a
maximum of less than two divisions for critical inspection and less
than five divisions for parts in which a somewnhat higher residual
field can be tolerated. The direction of deflection of the meter
needle represents the polarity of the magnetic field.
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Fig 4: Field Indicator

® Demagnetization of bevel part of valve body
From the above-mentioned demagnetization method we had opted for
demagnetization by the AC current coil method as other methods were
not feasible. Demagnetization of the part was done in the following steps:
> Valve body was cleaned by a handheld wire brush.
> A coil was wrapped around the adjacent bevel part of the valve
body (two turns).
> Applied AC current of about 2500 Amp magnitude and reduced
the current gradually to zero.
> After every cycle, the residual magnetic field was checked with
Gauss meter.
> After 6 repeated cycles the magnetic field reduced below
3 Gauss.
After reduction of residual magnetic field, the joint was preheated and
the welder was able to perform welding without the problem of arc blow.
Radiography inspection was conducted after welding and No Relevant
indication was observed.



Lessons learnt from this event

> Any equipment/piping subjected to Magnetic Particle Testing
(MPT) shall be demagnetized as per an approved procedure
after the examination and shall be mentioned in the respective
MPT report.

> Itis always difficult to produce a sound weld in such arc blow
condition.

> Whenever a welder is having any difficulty, the exact reason for
the same shall be identified and corrective action should be
taken accordingly.
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Testing (NDT) Methods
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(Section: Quality Assurance)

Introduction

In a Nuclear Power Station, Primary Heat Transport (PHT) system is
used to transfer the heat from reactor core to steam generator when
reactor is at “on-power” mode of operation. The PHT system consists
of several critical equipment and piping components. The system is
made by joining pipes together and also joining the pipes with
different equipment by welding processes. All these welding joints
are tested with different Non-Destructive Testing methods such as
Radiography Testing (RT), Ultrasonic Testing (UT), Penetrant testing
(PT), Magnetic Particle Testing (MPT) and Visual Testing (VT). All these
testing methods are applied based on type of expected flaws from
the fabrication process, the capabilities of NDT methods to detect and
size the flaws and feasibility of application.

This article is prepared based on experience gained during inspection
of a weld joint of nuclear piping system of Rajasthan Atomic Power
Project Unit-8, an indigenously developed 700 MW(e) capacity Indian
Pressurised Heavy Water Reactor. The piping joint was welded (Fig. 1)
with insert, root and subsequent two passes by the Gas Tungsten Arc
Welding process and subseqguently by the Shielded Metal Arc Welding
process.

Fig 1: Weld joint in pipe line

Inspection after Welding
The weld joint was inspected by Non-Destructive Examination of root
and final weld by visual and surface (MPT). Final weld was also

inspected by volumetric
specification requirements.

(radiography) examination as per

Technique Used in Radiography

The joint was welded and after dressing of weld joint, the Radiography
Examination was done on weld joint by the Double wall single image
technique. The radiographic source was placed in touch with the weld and
the film was placed diametrically opposite to the source (Fig. 2).

Y-roy source ¥ rayfilm Penetrameters
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Fig 2: Location of Radiography Source and Film on weld joint

Acceptance Criteria for Radiography

Acceptance standard for welds in accordance with ASME code, Sec. Il Class
1, class 2 and class 3 components and ASME. SEC. VIII DIVISION 1
components for full radiography shall be as given below:

Following type of indications shown on the radiographs of welds and
characterized as imperfections are unacceptable under the following
conditions:

(a) Any indication characterized as a crack or zone of incomplete fusion or
penetration.

(b) Any other elongated indication that has a length greater than:

> 1/4in.(6 mm) fort up to 3/4in. (19 mm), inclusive




> 1/3tfortfrom3/4in.(19 mm)to 21/4in. (57 mm), inclusive
> 3/4in.(19 mm) for t over 21/4in. (57 mm) where t is the

thickness of the thinner portion of the weld;
(c) Internal root weld conditions are acceptable when the density change
orimage  brightness difference as indicated in the radiograph is not
abrupt; elongated indications on the radiograph at either edge of such
conditions shall be unacceptable, as provided in (b) above;
(d) Any group of aligned indications having an aggregate length greater
than t in a length of 12t, unless the minimum distance between
successive indications exceeds 6L, in which case the aggregate length is
unlimited, L being the length of the largest indication;
(e) Rounded indications in excess of that shown as acceptable as per
ASME Sec- VIII Div 1 Mandatory appendix 4.

Result of the Radiography Examination

The weld joint was accepted in all examination of root and final weld by
visual and surface (MPT). During radiography film interpretation (Fig. 3),
the elongated indication was characterized as a “slag inclusion” and the
length of slag inclusion was estimated in radiography examination within
the acceptable size(bmm) as per ASME section Il subsection NB i.e,, as per
mentioned acceptance criteria point no. (b), the elongated indication
(slag) was accepted.

il i g A - g

Fig 3: Indication as visible on a radiography film

Pre-Service Inspection (PSI) of Weld Joint

The plant's Systems, Structures and Components (SSC) must be assessed
for any signs of deterioration to determine their suitability for ongoing
safe operation or to identify the need for corrective actions. Special
attention is focused on the examination of the pressure boundaries
within the primary and secondary coolant systems due to their critical
role in safety.

In-Service Inspection (ISI) aims to identify any deterioration, making it
crucial to establish baseline data. Pre-Service Inspection (PSI) is
conducted prior to the plant's start-up for all SSCS that shall be subjected
to future inspections during ISI. The outcomes of the PSI for SSCs before
the beginning of operations provide the necessary baseline data for
comparison in subsequent ISI. To facilitate this comparison, it is
important that the Non-Destructive Testing (NDT) techniques used during
PSI are as similar as possible to those employed during ISI.

During PSI of the weld joint. Visual, surface (MPT) and volumetric
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(Ultrasonic) examination were done. The weld was accepted in visual and
surface examination.

Technique Used in Ultrasonic Testing

The Angle Beam Pulse Echo manual contact technique was used for
ultrasonic testing (Fig-4) during Pre service inspection of the same weld
joint (Fig-1). The elongated indication was found and indication plotted on
the graph (Fig 5). The depth of the indication was 7-8 mm from the top.
The length of indication was more than émm length and was not
accepted as per the below mentioned point no. (1).

Surfoce Distunce

>

Depth

Fig 4: The Ultrasonic Examination Technique representation picture.

Acceptance Criteria for Ultrasonic Testing
> Imperfections are unacceptable if the indications exceed the
reference level amplitude and have lengths exceeding:

(1)1/4in. (6 mm) for t up to 3/4in. (19 mm), inclusive
(2)1/3tfortfrom3/4in.(19 mm) to 21/4 in. (57 mm), inclusive
(3)3/4in. (19 mm) for t over 21/4 in. (57 mm) where t is the thickness of
the weld being examined:; if a weld joins two members having different
thicknesses at the weld, t is the thinner of these two thicknesses.

> Indications characterized as cracks, lack of fusion, or incomplete
penetration are unacceptable regardless of length.

Results of Ultrasonic Examination

A flaw was observed in ultrasonic examination. Flaw sizing was done by
conventional ultrasonic examination (Fig 4) and plotted on a graph paper
(Fig 5). The flaw length was found to be more than 6 mm and was found
not acceptable as per ASME section IIl subsection NB, i.e, the length of
indication was more than 6 mm length and not accepted as per the
mentioned acceptance criteria point no. (a) of (1).

Subsequently, the joint was repaired and repeat NDT examinations were
carried out and found acceptable for use.




Fig 5: Plotting of Indication detected by UT

Conclusion

The length of the indication in conventional radiography was done by
direct measurement of indication mark from one end to other end as per
the contrast seen on the film and in conventional ultrasonic examination
the length was measured by 6dB drop method. The indication length
measured in conventional radiography may be less due to indication
demise at the edges and measured up to the visible contrast on the film
(Fig 3). Hence, an alternate volumetric examination must be adopted
when there is a doubt on sizing of flaws by one volumetric examination.

Acknowledgement

The author is grateful to Executive Director (QA) & QAD from NPCIL, HQ,
Mumbai, Project Director, Chief Engineer (QA-Construction), Additional
Chief Engineer (QA-Construction) of RAPP- 7 §8, RR Site for their constant
support, valuable guidance and motivation throughout the work. We are
also grateful to the construction QA and Execution team for their untiring
support to NPCIL.

References

> NPCIL Procedures for radiography and PSI UT. Document for PSI
program.

> ASME- American Society of Mechanical Engineer (B.P.V.C). Section-Ill,
Vand IX.

> ASTM- American Society for Testing Material

SHRI ANANT KUMAR JAIN (Technical 0fficer/E),
is a B. E. graduate in mechanical engineering
and joined NPCIL in October 2013 at RAPP-768,
RR site Rawatbhata, Rajasthan. He was posted
in QA construction group. He is since working
in QA construction group performing QA
functions pertaining to Primary Piping
systems. He maintained quality during
fabrication, erection, testing and Pre-Service Inspection of RAPP-768 of
Primary Piping systems. His experience with NDT involvement is more
than 11 years. He completed ISNT Level Il qualification in UT and Level Il
in VT, MT, PT, LT and RTFI.

o

. g%ié

SHRI DIPANKAR BE] (Scientific Officer/G), is a
B. Tech in Mechanical Engineering and joined
NPCIL's 10th Batch of Training School in the
year 2001. After successful completion of
training, he was posted in 0 & M at Kaiga
Generating Station-16 2. Initially he worked as
a Field Engineer in Operation for more than
one year and then posted at Fuel Handling

Section (FHS) of same plant as a Mechanical Maintenance Engineer. He
has experience of nearly 10 years in FHS maintenance and operation. He
also worked as Control Engineer (F) and Assistance Shift Charge
Engineer (F) in FHS. In  November 2011, he was transferred to QAD, HQ,
Mumbai and started work-ing as a Quality Surveillance (QS) Engineer.
Thereafter, he was posted at Regional QA Centre, Kolkata and worked as
Head, QA from 2019 to July 2023, he has consolidated experience of QS
activities at manufac-turing sectors for more than 12 years. In the year
2023, July he was transferred to Rajasthan atomic Power Project (RAPP)-
76 8 of RR Site, Rawatbhata, Rajasthan as Project Engineer (QA), in the
year 2024 he was re designated as Additional Chief Engineer (QA). He is
holding ISNT Level Il qualification in UT, PT, MPT NDT methods and Level
[l qualification in RT, LT, VT NDT methods.

66

The importance of nuclear energy in providing clean and uninterrupted
electricity, particularly in areas of concentrated demand, is well established.

-Dr. Sekhar Basu
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A bird’s eye view of Technical Building of RAPP- 7 & 8
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Dear Patrons,
Greetings and good wishes to all the esteemed readers!

At the outset, | commend the exceptional contributions of all
members of NPCIL and our valued stakeholders for achieving record
electricity generation of 56,681 Million Units (MUs) in Financial Year
2024-25 and commencement of commercial generation of Unit-7 of
Rajasthan Atomic Power Station (RAPS-7, 700 MWe). Successful
operation of RAPS-7 following Kakrapar Atomic Power Station,
Units-364 (KKAPS-364, 2x700 MWe) establishes the sound design of
Indian 700 MWe PHWRs, which will be the mainstay of the envisaged
large nuclear expansion programme. These achievements have
steered NPCIL to a position of leadership and a promising future in the
service of the nation's growing energy demands.

| also take the opportunity to congratulate the Corporate
Communication group & the contributors to this Special Edition on
Rajasthan Atomic Power Project, Units-768 (RAPP-768, 2 x 700 MWe). It's
a matter of appreciation that this Special Edition follows the
publication of a Special Edition on KAPS-364. | hope this edition would
contribute to enhanced knowledge sharing within the nuclear
fraternity.

According to the International Energy Agency (IEA), demand for
electricity is growing at twice the rate and significantly in the
developing world due to urbanization, prosperity, higher demand for
cooling, rising consumption by industry, electrification of transport
and the growth of data centers & artificial intelligence. Globally,
electricity generation from nuclear power contributes about 9% of
total electricity generated, while in India its contribution has been
steady at around 3%.

The global nuclear energy landscape is undergoing a transformative
phase, driven by the dual imperatives of energy security and climate
change mitigation. As the world grapples with the challenges of
transitioning to a low-carbon future, nuclear energy has re-emerged
as a critical component of the clean energy mix.

CED GHNN || RET, WS A

In India, nuclear energy is no longer just an alternative; it is becoming
an essential facet of our quest for sustainable and reliable power.
India, with its own ambitious sequential three-stage Nuclear Power
Programme (NPP), is playing a pivotal role in shaping this narrative.
The Government has announced an ambitious ‘Nuclear Energy Mission
(NEM)' for 'Viksit Bharat’ with a target of reaching a nuclear power
capacity of 100 GW by the year 2047. In this endeavor, NPCIL is poised to
contribute significantly to the tune of over 50% of the targeted share.

The Indian private sector is already contributing in a big way to the
country's nuclear power programme by manufacturing and supplying
core reactor components, equipment & materials, executing jobs and
providing numerous services. The private sector not just includes
large industries but also many MSMEs and women-led Start-ups.
However, the forthcoming large-scale capacity addition would require
wider participation from the private industry, for which they will have
to gear up to mitigate the challenges that lay ahead, especially the
enhanced capacity in terms of infrastructure and human resources.

To pursue energy targets, on progressive completion of the nuclear
power projects which are at different stages of implementation, NPCIL
aims to reach about 22 GWe of installed nuclear power capacity by the
year 2032. In addition, more reactors are planned in the future.
parallelly, in an effort to decarbonize the hard-to-abate sectors, we
have also floated ‘Request for Proposal (RFP)’ for setting up Bharat

_Small Reactors (BSRs) which are planned to be implemented within

the existing legal framewaork.

Innovation in the nuclear sector is not just about meeting present
demands but is also focused on future-proofing our energy
infrastructure. Cutting-edge research, advanced reactor designs, and
investments in human capital are driving us towards a resilient
nuclear ecosystem. NPCIL has expertise and experience in operating
reactors for decades and capability to address any kind of operational
challenges, ensuring highest levels of safety. Despite technology
denial and embargo regimes, we not only successfully overcame
those challenges, but could also demonstrate our capability.
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There is a new excitement on the prospects of Small Modular Reactors
(SMRs). As of now, several SMR designs are in progress worldwide.
Except a few, most of them are under development phase. NPCIL is
also working on this concept. However, our mainstay would be 700
MWe indigenous Pressurized Heavy Water Reactors (PHWRS). For faster
capacity addition and to meet the energy demand, large capacity
Light Water Reactors (LWRs) with foreign cooperation are also
envisaged.

The road ahead is filled with challenges, but also with immense
opportunities. At NPCIL, we are nurturing a talent pool that is capable
of steering our esteemed organisation towards unprecedented
heights. By embracing innovation, prioritizing safety, and committing
to operational excellence and sustainable practices, we can shape a
future where nuclear energy stands as a beacon of progress and
reliability.

In this ever-evolving landscape, let us champion the cause of nuclear
energy with zeal and integrity. Together, we can build a brighter,
cleaner, and more prosperous world.

Let's get ready for a Nuclear-Powered Future!

With Best Wishes, y

Bhuwan Chandra Pathak Ll
Chairman & Managing Director, NPCIL
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Nuclear Building (NB), RAPP - 7 & 8 along with Main Plant Buildings
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World statistics on number of Nuclear Power Reactors
& Total Nuclear (Net) Electrical Capacity (MW)

96952 | 94 United States of America

Total Nuclear (Net) Electrical Capacity (Mw) [
63000 |57 France No. of Nuclear Power Reactors [l
\ 55320 |57 China

26802 |36 Russia
\ 2560926 Republic of Korea
/ 888025 India

/ 12114 |17 Canada
/ 13107 |15 Ukraine

/

12631|14 )apan
/ 5883 |9 United Kingdom

/ 23 |7 Spain

7008 |6 Sweden

/ 3963 | 6 Czech Republic

/

3262 |6 Pakistan

/ 4369 |5 Finland
30 |5 Slovakia

Total Nuclear (Net) Electrical
Capacity = 376261 MW

Total No. of Nuclear Power “
o000
Reactors = 416 No. OY 00

5348 |4 United Arab Emirates

p_~
__~3463|4 Belgium

— 2973 |4 Switzerland
1916 |4 Hungary
——1641|3 Argentina

p— 22204 2 Belarus

— ZIJIWI 2 Bulgaria

— 18842 Brazil

— 18542 South Africa

1552 |2 Mexico

y 13002 Romania
915 |1 Islamic Republic of Iran
9 \696|1 Slovenia

N 482 |1 Kingdom of the Netherlands

416|1 Armenia
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Source: Power Reactor Information System (PRIS, IAEA)
Data as on 31 July 2025
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Nuclear Power Plants and Sites in India

Total installed capacity - 8780 MW [excluding RAPS-1 (100 MW)]

Total capacity : Under construction - 6100 MW
Under pre-project activities - 1000 MW

Gorakhapur Haryana Anu Vidyut Pariyojana (GHAVP), Haryana
A 2Xx700 MW

. . m 2x700 MW
Rajasthan Atomic

Power Station (RAPS),

Rawatbhata, Rajasthan Narora Atomic Power Station

) (NAPS), Uttar Pradesh

PY 1§;ggmw ® 2 x 220 MW

® 4 X220 MW 2 x 700 MW

® 1X700MW

A 1 X700 MW Chutka Madhya Pradesh
Atomic Power Project
(CZI\APé\gOPKhVI\\/IIadhya Pradesh

Mahi Banswara, Rajasthan HARYANA meXx

m 4x700 MW

Kakrapar Atomic Power R

Station (KAPS), Gujarat UTTAR PRADESH
® 2x220 MW
® 2 x700MW

) WEST
MADHYA PRADESH BENGAL
GUJARAT

Chhaya Mithi Virdi,
Guijarat
4 6x1000** MW

Haripur, West Bengal
4 6x1000"* MW

Tarapur Atomic Power Station C‘ MAHARASHTRA Bhimpur,
(TAPS), Maharashtra Madhya Pradesh
® 2x160 MW ¢ 4x700 MW
® 2x540 MW

q Kovvada,

Andhra Pradesh
Jaitapur Nuclear Power Project & 6x 1208 MW
(JNPP), Maharashtra ‘ CONBLIR
+ 6x1650 MW Y PRADESH
KARNATAKA

Madras Atomic Power
Station (MAPS),
Kalpakkam, Tamil Nadu

Kaiga Generating Station
(KGS), Karnataka

S O

® 4x220 MW .
® 2x220 MW Andaman and Nicobar Islands
0 20 TAMIL NADU
jul
Lakshadweep %
3
Q
° ® Nuclear Power Plant(s) Under Operation
Kudankulam Nuclear Power Project A Nuclear Power Project(s) Under Construction/Commissioning
(KKNPP), Tamil Nadu (RAPP-8, KKNPP-3&4, KKNPP-5&6 and GHAVP-1&2)
® 2x 1000 MW B Nuclear Power Project(s) Under Pre-Project Activities
A 4x1000 MW (10 New Units of 700 MW Indigenous PHWRs)

& Site(s)/Nuclear Power Project(s) Accorded 'In-Principle' Approval
(Kovvada, Jaitapur, Haripur, Chhaya Mithi Virdi, Bhimpur & Narora)

** Nominal Capacity

*RAPS-1 (100 MW PHWR, presently under extended shutdown) is owned by
Note: Map for representation only. Not to scale. Department of Atomic Energy (DAE) and managed by NPCIL.
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