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B °. $5-32/2/2023- TASITHT- THASKINL.— T FLeAT srferf=ras, 2021 (2021 F7 41) Fir
1T 54 %l ITLTT (2) F @< (|) F AT Trod ST (1) T TS AREAT T TART Fd g0, T T
AT TTTEHT0T, FATer AT el g affta r fawren a7, FMetatea & aamEr g, st -

1. e T 3T TRY — (1) =9 fafa=m 7 gferg /e aie it d=ar e afiwwe i e,
2024 2

(2) =g fafa=w, TSI | e W1 i I Fl TG gl
2. IRTYTU- (1) =9 fafaa &, St T o6 gasT | sreram srofera = 27, -
() "I & ater greaT Atataaw, 2021 (2021 F1 41) ATHUT &;
(@) "sTrersTer” | SATE AT it 9T 8 eI TAT ST Fier AT ATTEHI ATHIT &

8154 G1/2024 (1)
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() TREFE & UHt @A Rt 71 gear At €, SaE sttae 1 &l a1 SO a1 a3 iEawor S JEar
EI T HATAAT 2,5

(%) “qETe HATAAT | ATATE § BI ATAT THETT AT & ST F7e0 o AR ZieT I g1 ThIT

(F) " SITEH" & Tiade TOTTH il TATAAT Sl STl THAT & S9TT ST g1 et o U gt
HEAT o TIOTTH 6T IO STATLATHA | AT 1T g, FTATT TeAT 3T TROTH il FATEAT | Ieqd g
FTET |

(=) "arr 7 srferfeEm Fi g i 2l
() H=raT 7 aret =t fPurfq, st T THam & h 9% 399 g4 qTIe SITEw THd 2
(2) 3T eTaT SfIT &L o, ST 3EH T ¢ AT 37 (AaH § TRATTT ol & ohq stfarfaas 7 o 2,
! o g7 ST 39 rferfaas ¥ 2
3. ey Y AT Sl AREHE FTah<or ATHEE- (1) T Jre AT ST TIAT ATARTIAT 6 T Td®
T AT HATTET afTha H, AT

(i)  wadt -1 sret 7 THT ST [ o7 @t e 72t o v a1 3 e 2 w9 2

(i) TRt -2 @ wAEt e o ot STemrers Sur o S T oot gl

(i) SRt -3 UHT FIE FAT AT ATHAT HIHAT ST A TRT 2

(2) =T afTRTer "M, "red, SR SteT, Sraw FEtr siv AR iEy atg A, 2024
A" T SATAT- | % T 2 3 ITUT () F ATET 63T SATTIT

(3) ufiEee AT AMEE MHTIET ST, T9Td:-

(i) T TRETE FTHTOT "HehTerd AT S " 3ieh AT IT AT gRIT 3T TRATSET & ISIRd 9,
Strae TFAT T G, HOTT THATT ol FHTAT ST TATEN T 3T qTehias TATS 1 Fqrear
fRreTor & qRoTHT AT T ' T&9T 6 STl 9T HET )

(ii) w¥Eehe S9TEIAT T AT a1 § aviehd AT TAT § ST o TR ot & A 9¢ {1+ 9ot -1 §
[EIRIEEAH

qroofY 1- g anfter<or & qioma yet

IS TET| TT FaT AT @ ATAT
STHEEAT T SEH 7 2T, A
RES $r zf dwrerar £ gerfia
T21 g foreft Rgreft se=mr =1

T g

IAaH "HoT s .
dre 5 freran e
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IATH IT FH ATl FT TEHFS
e R R mﬂﬁﬁ%ﬁ,ﬁ
eudl T T | ot % e | [ERIETIEAED ST AT SfadT
Sfrae Y Farerar grfe Tearfoa e T Y ATl R
TEE |
=) s
agta| s Rgrreft e HEeaqoT I, weaTaty srafar (10 a9
o i i AT AT T=TT FTAT T Tt @it ¥ ) S 2 e
Sk TATAAT 9 etk WA ST R i s sy o 3T are o
T T T HAT=T | THT ST Y ATEH ATTET T 3g wETEAT
2T 21
i) wefer et ar
S 1= . ' 2Kl
R wetaw afvged & e ft e N o el TS R g e
£ 71 B T AgT afam P AA A o 4 2
- i &

4. ey TR e FAHOr T FABAAT TRGLA- (1) TG FT TTRETE FATSHIT AR ATHTT T A2 TATE 21
Rt & g farwerar 71 Tod J=rad & THTE 97 6= 73 97 rhrid g

(2) HERTAT AT afer T Forwerar o1 T F=rer it gae gaa R afiges o sraria g, s,
AT F(THT0T FAReraT TROTHT 92 ST T S TRomaeasq g4 91ad fAwadr i Taq g+

qRgedi F IAH T HTE FATAAT A((HT0T HT FHLLI AT ST
(3) TRATSET & T TEHTe FATHAT A6 AT FLA o (T TATSAT o T qcd H eATw 6T
ST

(4) T IRATSET & Fae T TEwE GATAAT aH0T H AT AT STTUIAT 37T STAT-3TT qeal I STeT &
AT Aot AT ST

5. Sr=raT T AT see:- (1) ahEEe i 7T e i THar F a9 aaedt @t g i a1 $fiY g6 e

AT (AT & TTHT o T Al HIHT, TEITS, AT, AT ST TX), TIATHI, STTTEHIET STAHEAT 37T SAATARTA T
YT | TATTET 2rdt 2l

(2) T T aqTe "2 AT (Trherar afiged) ® g ufwene & AT Fgiid g7 S+ & SUd 918 JaTg &l GHTear &
THATT AT @A T FE G AT T2 TEHE HIHT F 2 HLAT 1 TTHA ST/ 6IT ST THAT |

(3) ATIATE HHGT AT ST HUATTAT 61 HSAT I AN 6 (EATAT F HATST AT FT ITART FId gU AT AT ST
THAT FATR T T F ITHT H FAd g AT ATET ATAT Fd g AT A€ oF S Tk THET § AT o 2

(4) TEFe FT AT AT GRE-STIR AT 6 i G=e & fF sarfed grft, e 3ge7 78 gt Far
g T I ST fore w=arat A7 ST Taee AT 1 ST FIAT A8 T & AqE 6, STl 32¢7
qAfre 18 ST #1 2R FA47 2

(5) aTer TfvEae aR(THTor TTHAT & AT % €9 § J1g it A0orar 7 [Faizor g7 a1z #3 § Afewan agcd aigd 39
ot it TE AT FA T TR TG HT |

(6) TfEe FT (T, ATEAT 3 THTLAT T WAQT) FT Tk HIH T34 IO 2 37 Ry 1 § fagr w2
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Tt 2-9=raT AT Fftenor Hiamd”

AUROAT dlgeil, ol 3R AR &
fow grfer|
T 2 oI dgeil & oI 3rgRiard|

T 3 arg=il, Sl 3R gopet & fov 3eRfeE|
T 4 argail 3R et & fow srgRierd|
argett AR et & fow awRfEal @

SHAR WIAAlcHS JhdleT & AT

w5 -~ :
# §l 35 ®H AT AR e
gl arelr 1
argell 3R oEi & faT gRiEl w@el
Tg 6 SARCI & YR &I fawadr & ufa

feT AT ST &

»HIFT INEFE - Aegar  qeitwwor (Ray §& wwa, 2014)

gaffevor AT
(TETE =

afa)

axdl < 0.3

Exar < 0.6
xdl < 0.6

?f*a}f <10

BT <4.0

3r+ar > 4.0

0.5

1.2

2.0

4.0

20

2.0

20

20

4.0
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Depth (m)

5.0 1
4.5 4 H6 - unsafe for vehicles and people.
All building types considered vulnerable to failure
4.0 A
3.5 4
=il H5 - unsafe for vehicles
and people. All buildings
vulnerable to structural damage.
2.5 4 Some less robust building types
# vulnerable to failure.
2.0 A
H4 - unsafe
for people
1.5 1 and vehicles
1.0 4 H3 - unsafe,
for vehicles,
children and
the elderly
0.5 4 -
H2 - unsafe for small vehicles
H1 - generally safe
0.0 for people, vehicles and buildings
0.0 1.0 2.0 3.0 4.0

Velocity (m/s)

2 1.-are afEwe S=rar a% (Rae £ uoa, 2014)

6. srege &= fiY Hrard — (1) wfvormy fratoor F oo steager & v dmret F s F o aty 227 F fgur §
et agaelt 9% = T T8 gorae BT ST, S afaar & et w1 oREmT #39 § 9898 @r

EEETI

() STaTEl, HaATat ST 7T AAETHAATA T HTE STITATE SHEATT T,
(@) ST T HTHTe AT SATaTe § FHs ATl (G TeATd Twl;
(RT) W& &I 6 qII-A7 5= Afgare TAE F TF & F Fd 2T,

(1) ST 3 FATE G U FA Afgate UTH A ATl GoF g1 (A4 % PR % faw) ) STer-wag
ST,

(T) UH AquATE arg & fSgwTar e T A @ S gy Iiage are 6 A IaH o Aquare
et o e fRord € ST SAIate ave 7 22 % FH01 T didig STATAd Hl AT FIed § FeH AT

5.0
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e & Sfiv afe spyrare R stemera ey s ater % ged § 9T a1 it I AT F AFenid e §
AR el g, a1 36 JUTq fawadr 9719 &t = it S0t $fi7 FfE Aquare arg & oo Gwear # 39
AT 1 P Y SATAT g AT SATIETE HIHTA AT TRAT SO
(2) AATATE & HIAE Stra, HAT THET, e § A4 T i@y =arst a2 aver it fawaar av Toq
TATAR % T T T oot af=ra afiwswe garerar aefiweor #t s F & forg waty R
Ford T i Fig i FFeaar a1 Td 9T ¥ qquarg aig § Awaar gr Sy g qr vy # afEwe g9rerar
FIATHLOT FF & FH ATTATG TG 6 AHLI % TG g 3 STHAT Farherar & widager grgefie afomat o =
lERES sl
7. TTET AAIFATY — (1) TROTHT o T2 & o0 iy ged & G977 TATAl % a7 H STAERET 6l ATa9TFwar gral
S FF /19 ST aTer w92 3 for smeme e FRat S aek e ater s stemerr, sy, ate et shw e
AT AT & 7T, SIS & H W@+ el OHard & a1 § S, Ja7 A =7rgqarg * forw [fgardsie
AT TS wged & AT Afgard afeafera g1
(2) Tt ¥ AT F TTET AT W a7 F THL, a7 F AATH AT FATS, =TS Y a1, FleF A7 fGdhas
ATATATAT- W A2 TAATATA, AT T FATS IThT ASTLOT HTAT T I ATAT Hael, ey g e Aterearas-
AT g awar s fRemeq, g siv s Rafaat & arg-arar Remea 92 uarsy faret i fevaforr ater
fAmTor sfewEg ot JedTel it SITHHET qieatad g |
(3) (i) TIATHIF STeT AT & I ZEAT F FAL FT TG TATE T TELS ST THE A | St et AT FIRT THAT
BT THT T UHT AR § AT F AR 3T TATT ST aF G9T gl SAqTATg B TATAT Feel ATl GLaaret i
qagl (S, T, HEl, Tol, Teadl, STl SS9, 18 & Ha, ITeqId 3T qI1 6l qaqg 6l HATS H TATAT HLd
1T 9+ o) 7 oha AT SITUATT;
(ii) TXATHITF TTET AT Ted & AT F AT TraAT it Jw7 o sraerig F ST Aqel AqyaTg TroTHl w
T TEed F2 o oI TATH 21d 2| THH THE SAqIATE HeraF Aiadl F7 €0 d1 FHEAterd g 1 q0adi a1 H1
LT T HHA &,
(iii) ATE STAATT & FTA-A1 AT SATAT T TART AT TR=E Fl =T FTOAT| TAGHT qrd =1 § qiadT
Frer &t & o Afas e wra fohe ST Feer S o e ardf=e 9 oy, S 1@, 3o SOmm # g et w1
T ST STARTT AT AT Sroresr ufiwes § Wgea ol Tiad Tl #7,

(iv) ater afteRzor g & forg, wrersfa ar et Rfves sem afaum (SEum) F =3 #1 @2, =[a9 &9 7
foare-| fagieor & &y g

(4) a1z AT T AA-TATa AT Heeft AR § UIAgTaes a7 #q4 ST Ty STey U Ardrid a7
FEAAT & ATA-AT Ao ot smEfei & qafaa aut sroarg ITTAE & TROTAT & a1 § 7 Geatad gr
TR forad srawetftiT siw ata-srawetftr fufaat 3 srefim atg-zea & arg % atoomy o aftafem 2 s srpEm
TATHT 1 HaTEl 9% 9% H A & Tgad & R & Hqr areaterd T s

(5) SITATE & | Tg AT GHET & a1 § s[aart #§ Aefofe aftafea ard gRi-

(i) STA-CATA % HATAT & HqC AT FEqAT AT &A1 T ST, ATHT AT THY, TATATE THIT & (A qeai
T AT 37T AqTaHT & q1E ST qHT,

(ii) STTTATE THETT T SAETEFAT AT ATE T TATL T AT AL THTE & &A1 ATHT AT T % qag H I STeqrt
afvady gfaeT,

(iii)) STF ITART a1t &Y farder aaret arer & o arr-ary Atasy #§ A & o frfega e o et &6 e s
THATHT EI ATSAT ATELAAT Al SR (S, THaed, [Fed e, ST g o 7 S 12, T6 737 )|
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(6) |AT SI¥ AT T AT e & HI0 TROTHT 6 [ARared § 2| gq ST S0 7 98 (SH AT ST
g, f=TE o1 S A Ioames), i srferame, e g ow a9 areft aRTe S $eTeor STererT | 9T o 5o
FT I FEAT AEATCIT ZITI
(7) AT AT LT AEA 1 aEq3l T2 T2 aTel Higardi § LT Aged & &A1 F TA-TATAT gIFT AT & S
TIHT] SofT H6A AT ATT =@ S35 T STA-t1ae J7 U 9 ST STA9T g 9% TP Gt & o @aer dar #:37,
Y =AW gt UiagTiaeh Se=eTe AT St fafaear e ar st oft afeatea g asn
8. TAHT & 3T A1E F ST T T T [T - (1) e T2 IT A AT ITE F STATT g1 AT &1 A7 THEAeT
T & foro srufera aw it 0eT oY fawgqa stewgel it a9 g9 fEw T g, 9y S-S AT e
AT T e & forg &€ gfeaTor sroamar Srusm|
(2) T gfeeror 3 forw fargrar =1 wqv arofY 3 % srqETe gR Sad s F el aie ST syarg o % whe
A STfeerar & |y oo afvsha o adiwar arT | 21
(3) ater afEwe aFftweor wfwar & forw, greoft 3 & gofafAfEs tier 1 frgwwr feforfas amet & f=fia six
Sefispa FohT ST, SFeAie-
(F) ater, ST Ik AAT EEATT T TF AT FATATH F FO, T AT T A "FH IREFS " F w4 A
AATHT o0 SI7 Tt & e fearw 1 frgoor yeaer =9 9" 0 afiwene " &7 Iieweudr S I F:3,

(@) fagroor % srefie FRet 3 aiEshe arer sty % forw ager & €7 # 7 tier 1 frawor & wreww &y
afoe IgaH TEFe A & e fAfafas atg & afiga # & forw 9=ty &, av i atear # i
e sraferg 981 g,
() Foret fEfAfde atyr % forw, =g afEse T2 A1 21, Fao S T tier 1 &g & aomw =9 Ao 9
Tgad & o agie g & ofi aeseer § aiEwe aefinor | & afadd qgl gl
(4) Fmferfe araet § anfiaor ST & fore oo % STaTe (797 tier 2 3% 3) § Sfeedr 7 UF 3¢ #a¥ Teqq
ERUEIIAERIGE
(F) Tier- 1 W % ATeq® & YTH TR ga&iH) 8T (€65 (37 7 =9 afiwewme i oft & T
AT & ITH g1 a7l I Ee a9 il (Heihid F3ar ;

(@) Strfew F fefor § SeeeT 7 agav squm gRtera G smo w0t @0 ARt aty i ahwwe
TR TTRAT | Hged ol Hehdsh HIAT S(TAT &

(1) aTE AT AT F AFAT H T AGA AT13d g, Ored Femart afawm= w1 9= B som
9. AT AEEAT T ATATT AT — (1) SIS THGEAT § AT Ah AEATAT g ST ITE % qIAT 6 e
T H A0 ATS I8 FATaT 981 797 ¢ 3T a7l 2a & FI0 STAHT & o TREHA 6 THTT, STTEHIE STTeeqT 7
AHTA SRITAT ST
(2) sraTEr % o AfadanT 3%, Tt § SIAL A G, A, T, ATSAF T GIIT &= § ARl il
HEAT T ATATT TAH AT ST FHT ST F2eh 64T SITUITT|
(3) AATIAT STEAIEd STaeedT, &9 & 797, Ta7g % 37 o7 779 a1 9190 F AqaTe (95 g1 Tadt 8 ofiv aig +
TR Yavt % AT & folT U & SATereh TqHTT TATE HIAT T A8 F IFAH HT 9G4 HIAT NATF 2

(4) TSt wat, frfast, §9fta gier, SaTr oY anfi=i § o aTer ARl & arF-a7F 39 A6 97 f G=e
HEAQUl & ST HEFI T ATET AAT T8 & AT I AN & ATAT FX T2 & ST dA1E & HIL0T A7 Zael & ATS q1E o6 HE0 TAHA
2N ST 2

(5) STTTEAIET STAEEAT 37T A9 TRUTHT & ATAE & e gigefier Fgwor v e § w@r srom
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10. G THATT i< EIAT T MFaT — (1) FTeT T2 F H0T I ATl HATIAT THATT 37 gIAAT FT At &
aqfd T ST ae, e strfes [yt F y=ee F oo aam i % gt ateafea €, e o saae=mr
AT, ST FTT SO STATSIAT 0 G2 FIA § TR Tl 217 % HI0 g1 ATeAT FIAAT, FATEST ¥ AT T 377
Ttaveit waTa iraferd €

(2) TFATT ¥ ZIAAT T TS AT AT F T § G0Fa HIT ST THAT 37T TeqeT THaT 7 gt § T THame
afeaferd & ST a2 % 9T % §OF % TRUTHEEET gid 8 T e gl grieet i gEe sryeyer JEe o
afeafera g

(3) = THATAT 3T FIAAT H | T T AT T T AT, TLAH, THE AT FAATUFRET 87 Tahdt & o8 e am
I % e |g o forg wafua foram s e, sie el = wrgier s ot 9w avrs fB=me & |y diear &
AT T T HAT H T AT ST FHT

11, TaTee ST AT THTET & [Heior - w=ree i amnie sara #1 [air Fefofag amdet «w [t
oA ST, St

(F) TATEA T ATATIOEG ATHAT 92 GTE T2 1 TAE A9 HaTd % 7ot  qag § are 7 @ahear 9
TATIAT & T T, AT 3T HAT 9¥ 7w w7,

(@) FT AT A AT F TGO F LT TGIA TASA AT GT T START, ST A7 G2 % o=
S, AA-ST, TR it sfiT 7-51e & A=A S8 S, st a7 fEter srafry, S o+
U BT HHAT &, FEIT & T 2,

(1) ST T2 F FTHTSE TqG AT Faqret, AT oY qrETas godi, Araeashars siv

e, ATHETI® TEradr Hartsl 6 ST, FATs HLT aTel GEATAT T 7T & qTH-TT TR TaTT
T /AT ST Iued AqTadt g9 97 6T F40|

12. 9 R 9 == oty & oo e aRftEor aqame sqyere @ & arr-ar afasy f e
Frsaret # o st fa wam



[T [1l—@vE 4]

RIESEEIRISEE S RIEIEU

T 3- e T & S ATAT ST 3 AT 6 Forg T gishor

= fereres arer et s
giEse Fefier AT 27T FT Y
| afeT (&, TR, . A g Aty | TSI i R, ot Y
UL R S TOAETEHT, AT . e RsmeA AE | e A A v s
ST =7 FEE 3T AT : T ST S A | g (1w | '
S NN Form o T TuAEH), dfiwaw | 99 T . T N e TEATE * A ST ATE
gy EARCIn] 30 ez famea & . e 3 e A S —— RASIELED]
F qRE®HS 1T T FTE . e ware et - qqa
HATAT qTL TETTEATI i .
g T8 8 .
o TEHEIAAT
HeH farsre sy
TTeT (314, 10 - 15 o
ﬁﬁﬁ'ﬂ?«r, o Uers= -ﬁ 'a; %ﬁﬁw,qﬁﬁ"ﬁ
. Teeo 2 st 1 RN 1 $ITE,
Tier 2 - : HT:TW Eﬁlﬁ'ﬁ%@ﬂaﬁ'{ o gfaaT 2 * 1 AT (2 3 W*awmaﬁ
fagroror 1 qegadt A {&fﬁ'ﬁmﬁg ERCEERE ]  siSrmrefier AT F AR I LTS * T, 4
. EES T
o T R i 3 Fregfor
ufera g




10

THE GAZETTE OF INDIA : EXTRAORDINARY

[PART HI—SEC.4]

39 forme qamr
;E:q rrpt | (AL ALSO | s il oty | F?E’a':sﬁ
Tior 3 gfE®e aier enhanced) =I7aH R, q?f;:ﬁ TR Ze % (13 -2 ) wRew W* '
S — TREATR | 5 ooy e oy | TR s R B I
w&ai;:% ey g (Sfefefy) (T =T =) T YATE " TIAT| TS TG AT FT THA,
HTI T 2l

13. e & g afese affaor- (1) afiwese anfteor, Maferfed sa yatt & oo & Raior &1 6aq #ar s, ao1iq -
(F)  IRFSET F OSETT qo T H TRATSET 6 39 qcdl H ST Jod ST 9F AT AT & 996 @ ST are IRATSET g1 YS9 R U wEEt, d49re, Teed o g

wfewfers 2rf

(@)  Sttad & FariEd g F7 SgAT AT € § AIIATe A5 F STH § Tl STEET & AGATE & ATeTH 8 AT AT 37 Ag Yo e AT fawedr arg i
Tofiear ow oft =T Flt 7fs SaaT i ST a1 T Fw ATHH1 F Q2 FdT &, 3T 918 A & AT arad qa97 (Feedw T gqrfaa Saeer ar &7 %
o), ST Suered Sdarad! q9T 1 AT 1T 5

(M) HART F THATT G FATIAT H ST ST ATOSAE G, FIO G, TRET GEgrs S9 aEF 67 (@, Aa-sad i araras qar graErs H7 JHar s
LT & THATT =l THH qrEgrerd g

()  TFEOT ST AEpias TATE & orT S9Teaar § 297 | §2ierd &= (F=asia Haoat, a9 frat ofe) #71 gu TFHamT &l The & arq-97e Giegias [aaad a1 Tgi

g i ATELAATSAT I HATHIT TATF AT GHeAferd gl

(2) =T afvEFE Fwt § F AT & forw qlt T w1 fowqa e areft 4 9 @[S G @ g
(3) (F) TSI AT AT &g A TTSIAT TOTHT T FHEATHE LT T AT FdT § ST e TR & 91987 Tgcd i TATEl 6f A6 dr Sf SH7 &1 390l 8

(@) S g & T feget & TRT &1 ST Rt faw o ater i fererar & afvormt S fEreraaret #r s w F o BT s,

() afert F T aivETe FATSET auftReor § YAh THT YA ST Hehas el -5 § ARt 8
IO 4: TTHS T TISET (FATSAT TIRUMTH GHAHIF) F AT T T8 T

*SAEATHLUT: BT AT (+/- 50 37F) & = il HIHTA F (Aohe FoT TROMH ARE AT Sl 6 o0 qreatass TEme auiwdo Aaegrd Hd & o UF SAT9E i i afaih
ZStitaatiT ol it sraeaerar 2T 2




[T 1l—&7s 4]

HTLT &1 ST TN

11

TS Al FGT- FaT AT FIS ST TEAT g STTEeAT
g § 721 &, Tt oft wohe i sfaw arfv i

AaH AT et & Fiw .
7300 W sy 5t satar 31 A st e . T
=T T2 2
IATH IT FHF ATETET ST § g1 ATATARTAT Ieer@H T FT AT ATfIF AaH Frgefta THaT|
T 2 >300 s Terere o FaE G TgeT & AT S G9reqar | RATeweTT| IT TSTHR SiT/AT | AeuaRTerd AT STt ST
Sfraw $r g wenfoa T8t & I ATEAI (2 97 7 )
EUEcIREICEIECIE
Framrofin %% srarefi G e fr v iy | weat s e e | 7Ew (10 99 § ) g
T 3 300< | s >600 AEAaqr THATAAT FATAT ST TAT FIAT 61 TITHAT T st o g ST TS | g, e ome 3uT F are
Fegfere A 2 TISTHTRT AT I ATSH Tof e Y I HATEAT
gt gl
wisfie) wefera et
ST I ST AT AT F A ST FfRy afveaee o sfraw | STepiae fEred et 0w
<600 UE:IES ATITAHTA Taere o T Tged & e ff | e gieramsit & g2 # srafas T drererfers T,
Sfiar &t BT T HATAAT agd ATeF & IEEIECRE BT 390 FF g9 T

gl
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NATIONAL DAM SAFETY AUTHORITY
NOTIFICATION
New Delhi, the 5th December, 2024

F. No. TE-32/2/2023-NDSA-MOWR.—In exercise of the powers conferred by sub-section (1), read with
clause (b) of sub-section (2) of section 54 of the Dam Safety Act, 2021 (41 of 2021), the National Dam Safety Authority,
on the recommendations of the National Committee on Dam Safety, hereby makes the following regulations, namely: -

1.  Short title and commencement. — (1) This regulation may be called the Vulnerability and Hazard Classifications
of Dams Regulations, 2024.

(2) This shall come into force on the date of its publication in the Official Gazette.
2. Definitions. - (1) In this regulation, unless the context otherwise requires, -

(a) “Act” means the Dam Safety Act, 2021(41 of 2021);

(b) “Authority” means the National Dam Safety Authority established under section 8 of the Act;

(c) “hazard” means a dangerous condition or event, that threat or have the potential for causing injury to life or damage to
the property or the environment;

(d) “hazard potential” means the downstream damage that may result if the dam were to fail;

(e) “risk” means a measure of the likelihood and severity of adverse consequence, which is estimated by the
mathematical expectations of the consequence of an adverse event occurring i.e. the product of the probability of
occurrence and consequence;

(f) “section” means a section of the Act.

(9) “vulnerability” means the relative risk associated with the dams, on the basis of their condition, location and damage;

(2) Words and expressions used herein and not defined in these regulations but defined in the Act, shall have the
meanings respectively, assigned to them in the Act.

3. Criteria for vulnerability and hazard classification of a dam- (1) The State Dam Safety Organization shall classify
each dam under their jurisdiction as per the following, namely:-

(i) Category-I: Deficiencies in dams which, if left unattended, may lead to failure.
(if) Category-11: Major deficiencies requiring prompt remedial measures.
(iiif) Category-111: None or minor deficiencies which are rectifiable.

(2) The vulnerability classification shall be carried out in accordance with sub-para (c) of Part 2 of Schedule-I of the
Inspection, Instrumentation, Seismic Data, Risk Assessment and Evaluation of Specified Dam Regulation, 2024.

(3) The criteria of hazard classification shall be as following, namely: -

(i) Dam hazard classification shall be based on an “additive weighting” and “point index” and aggregates the assessment
of the consequences in four major categories that is the capital value of the project, potential for loss of life, the potential
for property damage and Potential for Environmental and Cultural impact.

(if) hazard potential is categorized into four classes as specified in the Table-1 below based on the consequences
category:
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Table 1- Consequences Categories in the Dam Classification

Consequences Categories

Hazard

Potential
Class

Capital
Value of
Project

Potential for Loss of Life

None. Occasional or no

. . . Minimal. Limited
incremental population at risk,

economic and

Class | Low no potential loss of life is .
. . agricultural
expected. No inhabited
development.
structures.
Minimal or low population at .
. . hop . Notable agriculture or
risk. No potential loss of life is . L
. economic activities.
Class Il Average expected even during the worst- .
. States highways and
case scenario of emergency o
rail lines.
management.
. . . Significant industry,
Considerable. Several inhabited g . y
. commercial and
developments. Potential for loss eCONoMmic
Class 11l Significant of life highly dependent of the .
. developments. National
adequacy of warning and rescue .
. and state highways and
operations. -
rail lines.
Extreme. High density populated .
g_ ty pop . Highly developed area
areas. Potential for loss of life is in terms of industr
Critical too high even during the best 4

property, transportation

scenario of emergenc o
gency and lifeline features.

management.

Potential for Property
Damage

Potential for
Environmental and
Cultural Impact

None

Minimal incremental
damage. Short-Term or
reversible impact (less

than 2 years).

Limited. Impact have a
mid-term duration (less
than 10 years) with
high probability of total
recovery after
mitigation measures.

Severe. Long-term
impact/effects in the
protected areas or
cultural heritage sites
with low probability of
recovery.

4. Failure Scenario for the Dam Hazard Classification- (1) The hazard potential classification assigned to a dam is
based on consideration of the effects of failure or mis-operation during both normal and flood flow conditions.

(2) The classification assigned shall be based on the worst-case scenario of failure or mis-operation of the dam, i.e., the
assigned classification shall be based on incremental failure consequences that will result in the assignment of the
highest hazard potential classification of all probable failure and mis operation scenarios.

(3) Each element of a project shall be evaluated to determine the proper hazard potential classification for the project.

(4) Only one hazard potential classification shall be assigned to the entire project and individual elements are not
assigned separate classifications.

5. Vulnerability or severity assessment. — (1) The degree of hazard shall vary with the severity of flooding and is
affected by the flood and its hydraulic behaviour (extent, depth, velocity, duration and rate of rising of the floodwaters),
the topography, population at risk and emergency management.

(2) Once the flood hazard of the dam event (failure scenarios) has been quantified, the potential of the flood flows to
cause damage or danger shall be indexed against vulnerability curves linked to meaningful hazard thresholds.

(3) The vulnerability of the downstream community and its assets shall be described by using thresholds related to the
stability of people as they walk or drive through flood waters, or shelter in a building during a flood.
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(4) The vulnerability to hazard shall also be influenced by the primary consideration of strategic land-use planning, which
is aimed at ensuring land use is compatible with the flood risk or assessing development proposals or emergency
management planning, which is aimed at addressing residual flood risks.

(5) A flood severity assessment conducted as part of a dam hazard classification process shall provide information to
identify those consequences with the highest significance among the entire floodplain.

(6) A combined set of hazard curves (vulnerability of people, vehicles and buildings) are given at Table 2 and Figure 1
below: -

Table 2- Vulnerability thresholds classification limits @

Classification Limiting
Limit Water
(Depth * Depth
Velocity) (m)

Hazard Limiting
Velocity
(m/s)

Vulnerability Description
Classification

Generally safe for vehicles, people and

H1 rgyos D*V<0.3 0.3 2.0
buildings.

H2 Unsafe for small vehicles. D*V < 0.6 0.5 2.0

H3 Unsafe for vehicles, children and the D*V < 0.6 12 20
elderly.

H4 Unsafe for vehicles and people. D*V<1.0 2.0 2.0
Unsafe for wvehicles and people. All

H5 buildings are wvulnerable to stryct_ural D*V < 4.0 40 40
damage. Some less robust buildings
subject to failure.
Unsafe for vehicles and people. All

H6 building types considered vulnerable to D*V > 4.0 - -

failure.
aCombined Hazard — Vulnerability Classification (Smith et al., 2014)
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5.0 1~
4.5 4 H6 - unsafe for vehicles and people.
All building types considered vulnerable to failure
4.0
3.5 A1
2:0: H5 - unsafe for vehicles
—_ and people. All buildings
é vulnerable to structural damage.
= 2.5 4 Some less robust building types
=4 vulnerable to failure.
D
[=]
2.0 A
H4 - unsafe
for people
1.5 1 and venhicles
1.0 1 H3 - unsafe
for vehicles,
children and
the elderly
0.5 1
H2 - unsafe for small vehicles
H1 - generally safe
0.0 for people, vehicles and buildings |
0.0 1.0 2.0 3.0 4.0 5.0

Velocity (m/s)
Figure 1 - Flood Hazard Vulnerability Curves (Smith et al. 2014)

6. Limits of the Study Area. — (1) In order to establish the limits of the study area for a consequences assessment the
following aspects shall be considered and verified in the dam break analysis, which may help to delimit the boundaries of
the model. -

(@ no downstream presence of dwellings, services and other infrastructures;
(b) no future developments are expected downstream of the boundaries of the model;
(c) full attenuation of the breach outflow hydrograph along the main river;

(d) channel-conveyance capacity of the mainstream (within the riverbanks) receiving the total outflow in the
downstream end of the model;

(e) The existence of a downstream dam having a reservoir that lies within the downstream limits of the hydraulic
model of the upstream dam, which is either able or unable to absorb the total outflow hydrograph due to the dam
breach upstream and in case the reservoir located downstream is not able to absorb the entire volume received
from the upstream dam’s breach flood, a cascade failure effect shall be scrutinized and if a high likelihood of
failure is corroborated for the downstream dam the downstream limits shall be extended,;

(2) The investigation of the impact of failure or mis-operation of a dam on downstream human life, property damage,
lifeline disruption, and environmental concerns shall be sufficient to determine the appropriate hazard potential
classification:

Provided that if failure or mis-operation of a dam leads to the failure of a downstream dam, the hazard potential
classification of the dam shall be at least as high as the classification of the downstream dam and shall consider the
adverse incremental consequences of the domino failures.

7. Data requirements. — (1) The assessment of consequences requires information on the effects of a potential dam
break, to provide the basis for the level as considered appropriate which includes data on dam and reservoir, topography,
flood characteristics and inundation maps, information about the community residing in the downstream area,
implications for service and business, and implications to objects of strategic or national importance.

(2) Dam and reservoir data shall include information on dam type, dimensions of the dam such as height, width, and
length, spillway characteristics including gates and secondary spillways, relationship showing the reservoir elevation
versus storage volume, together with spillway discharge capacity up to the dam crest and comments on design,
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foundations and unusual conditions as well as available reports on the design, construction, and management of the dam
and information on past incidents.

(3) (i) Topographic data shall cover the river sections where the depth and velocities of the flow may cause harm to life
or damage the property and the information shall indicate the shape and slope of the valley and, when possible, the
structures or surfaces influencing on the downstream flow (e.qg., culverts, weirs, bridges, levees, embankments, temporary
storage, floodplains, vegetation and other objects affecting the water surface elevations);

(ii) Topographic data shall also determine the boundary limits of the hydraulic model of the dam break analysis which is
enough to represent the entire downstream consequences and shall also include the location of major downstream
tributaries that may cause concurrent flooding;

(iif) Channel cross-sections shall be taken at regular intervals along the flood channel and additional sections may be
obtained for areas with a change in the channel profile such as restriction in section profile, like a bridge, confluence of
tributaries to the main channel and places with a significant change in the grade or cross-section of the channel;

(iv) For the dam classification process, the level of details of the topography or corresponding digital elevation model
(DEM) shall be consistent, as a minimum, to a tier-1 assessment.

(4) Information on flood characteristics and inundation maps shall include details about historical flood levels and flood
studies based on hydrographic data, as well as results from rainfall run-off modelling pertaining to different return
periods which also contain results of dam-break flooding under overtopping and non-overtopping conditions and shall
include travel times of flood waves to downstream locations of habitations.

(5) Information about the community residing in the downstream area shall include.-

(i) location, size and type of areas with human settlements within the possible area of inundation, the vulnerability of
various elements of the downstream community and the warning time available;

(ii) details about awareness and flood preparedness of the downstream community and their temporal variation pattern
concerning days of the week and months and seasons;

(iii) description of the areas identified for future development along with the land use classes and areas with toxic
substances, and the information on the infrastructure that may be affected (e.g., transport, power lines, water supply and
sewerage lines, gas pipes etc.).

(6) Implications of the dam break consequences for service and business shall include the importance of the water storage
to the business (e.g., municipal water supply, irrigation or hydropower generation), financial overburden, to meet the
costs of failure and the value of water in the storage reservoir.

(7) Implications to objects of strategic or national importance include inundations of areas which shall have
consequences of national significance like an inundation of a nuclear power plant or a thermal power plant, or places
which if inundated will pose a threat to the national security, and may also include important historical structures or
biodiversity reserves or both.

8. Tiered assessment of Inundated Area and Flood Water Levels. - (1) With due considerations of the time
requirement and cost of detailed studies required to delineate areas which shall be inundated by a dam breach flood,
tiered approach shall be taken to produce dam-breach inundation zone maps.

(2) The level of analysis for the tiered approach shall correlate with the sophistication and accuracy of the analysis with
the scale and complexity of the dam and downstream area under investigation, as per Table 3.

(3) For Dam Hazard Classification process, a Tier-1 analysis as specified in Table 3 shall be considered and adopted in
the following cases, namely: -
(a) dams which, due to their particular location and own characteristics, may be directly inferred as “low hazard”
and a Tier- | analysis shall confirm the “low hazard” hypothesis;

(b) as the first estimation for any high hazard dam under analysis and if the results obtained through a Tier-I
analysis are enough to classify the specified dam under the highest hazard class, no further refinement would
be required in the classification process;

(c) for any specified dam, irrespective of its “hazard”, only if the results from a Tier-I analysis are reliable enough
to conclude that further refinements shall not introduce changes in the hazard classification.
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(4) A higher level of complexity in the consequence’s estimation (i.e. Tier — Il and IlI) shall be introduced for the
classification process in the following cases, namely: -
(a) consequences index (scoring points) obtained through a Tier-1 analysis set the Hazard Class near the boundary
or threshold of a higher or lower hazard category;
(b) better estimate in the population at risk assessment shall be ensured since it is considered as the critical
indicator in the hazard classification process of the specified dam;
(c) clearer estimates in the flood severity assessment are desired for the consequences’ evaluation, which shall
make the use of a two-dimensional model.

9. Estimating population at risk. — (1) The population at risk shall include persons directly exposed to flood waters if
they are not evacuated, and after the delineation of the area inundated due to dam breach, estimation of the population at
risk may be carried out.

(2) It shall be estimated using demographic data with occupancy rates for residences, number of students at schools,
number of persons in industrial, hospital, commercial and retail areas.

(3) The population at risk estimates may vary according to the time of day, the day of the week and month or season and
it is necessary to prepare more than one estimate and select the highest of these for determination of the consequence
category of the dam.

(4) 1t is important to consider the visitors to the recreational sports, camps, concert halls, parks and gardens as also those
who are driving through the roads or taking a railroad journey which gets inundated due to a dam break flood.

(5) The incremental analysis shall be taken into consideration for the estimation of population at risk and the rest of the
consequences.

10. Assessing potential damages and losses. — (1) The potential damages and losses due to a dam break may be grouped
into classes, including consequences of similar nature for the purpose of risk assessment which includes total
infrastructure costs, losses accrued due to the dam not being able to serve the purposes it is meant to, health and social
impacts, and the environmental impacts.

(2) Damages and losses may be classified as direct or indirect and direct damages and losses comprise, those losses,
which result from contact with the floodwaters and indirect damages and losses encompass all other damages and losses.

(3) The severity of each of these damages and losses may be either minor, medium, major or catastrophic which may be
established for each group of damage or loss, and summarised to the overall level of severity, with due consideration to
the regional or national economic perspective.

11. Assessment of health and social impacts. — The assessment of health and social impact shall be assessed on the
following parameters, namely: -

(a) the effects of dam break on health and social affairs shall depend on the nature, location, and extent of the area
affected by the dam failure, with regards to the distribution of the human habitation;

(b) consumption of polluted drinking water or food due to contamination of the source or supply network which
may be due to failure or shortage of water, sewage, power supplies and uncontrolled release of sewage,
industrial or toxic waste as a result of a dam break which may lead to widespread contamination;

(c) social impacts of dam break shall depend on demographic characteristics, social and community values, needs
and networks, the extent of community support services, the capacity of responding institutions as well as the
degree of disaster preparedness and warning time available.

12. Consideration of Future Developments. - The consequence classification for a dam shall reflect the current
downstream development as well as the future development plans.
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Tier Level

Applications

Table 3- Tiered approach to dam breach inundation mapping

Topography
/Bathymetry

Breach
Parameter
Prediction

Handling of the
Dam Breach
Parameters’

Peak Breach
Discharge Prediction

Downstream
Routing of Breach
Outflow

Downstream Risk
Evaluation

Tier1—
Basic level
screening and simple
analysis

Tier 2 — o
Intermediate level of
analysis .

Tier 3 —
Advanced level of
analysis

Hazard Classification
Process

First level screening
for significant or high
hazard dams

Low hazard potential
dams

Large significant
hazard dams
All high hazard dams

Significant hazard
dams with complex
downstream flooding
High hazard dams
with large population
at risk (PAR)

Low resolution terrain
data  (e.g., SRTM,
ASTER, or ALQOS),
with maximum 30 m

resolution. No
bathymetry required

Medium resolution
terrain data (e.g., 10 - 15
m resolution,
CartoDEM1) and
elevations adjusted
through ground control
points (GCPs).

Bathymetry required
High resolution terrain
data  (Lidar, ALSO
enhanced) minimum 5
m resolution. Ground
control points (GCPs)
required.

Bathymetry required

Empirical
formulae

Empirical
formulae

Empirical
equations,
physically
pased models
(one or two
dimensional)

Uncertain

e Engineering

Judgment
e Reasonableness
of the peak

breach discharge
and velocities

e Reasonableness

of the  peak

breach discharge
e Sensitivity

analysis

e Probabilistic
Analysis (Monte
Carlo simulations
or similar
methods)

Empirical formulae
if inflow design
flood hydrograph is
not available,
otherwise unsteady
flow routing through
modelled reach

Unsteady flow
routing through
modelled breach

Unsteady flow
routing through
modelled breach

HEC-RAS, MIKE or
similar one
dimensional (1D) or
two dimensional
(2D) unsteady flow
numerical models

HEC-RAS, MIKE or

similar two
dimensional  (2D)
unsteady flow
numerical ~ models
considering the
bathymetry

Coupled one-two
dimensional  (1D-
2D) unsteady flow
numerical model.
Bathymetry also
considered

Peak discharge,
water surface
elevation,

depth*velocity and
flood wave travel
time

Peak discharge,
water surface
elevation,

depth*velocity,
flood wave travel

time, and
approximate  PAR
assessment

Peak discharge,
water surface
elevation,

depth*velocity,
flood wave travel
time, and detailed
PAR assessment
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13. Hazard Classification for dams. — (1) Hazard classification aggregates the assessment of the consequences in
following major categories, namely: -

€)] the capital value of project shall include the capital value of the project’s elements which may be destroyed
or damaged, and the loss of benefits, services, revenues provided by the dam project.
(b) the potential for loss of life be estimated indirectly through the estimation of the total population at risk in

the downstream areas and this category shall also consider the severity of the breach or failure flood if the
quality or type of modelling meets some standards, and the approximate arrival time of the flood wave (to
the closest and affected populated area), which is an indirect measure of the available warning time;

(© the potential for property damage shall include the amount of damage to residential and commercial
property, agricultural lands, transportation facilities such as roads and bridges, damage and disruption of
lifeline and community service facilities;

(d) the potential for environmental and cultural impact shall include the amount of damage to protected areas in
the country (wildlife sanctuaries, forest reserves, etc.) as well as potential impact to infrastructures of
cultural heritage or national importance.

(2) The detailed descriptions of all categories for each of the four hazard classes are specified in Table 4.

(3) (a) the additive weighting or point index scheme employs numerical ratings of the consequences which reflect the
relative importance of each consequence and the range of severity of the impacts;

(b) the summation of the rating points from each consequence shall be used to establish the characteristics of the
consequences of failure of a given dam;

(c) the overall categories and indicators used in the hazard potential classification for dams are specified in Table 5.

Table 4: Dam Classification based on the Additive weighting Scheme (Potential Consequences Index)

Consequences Categories

Potential
Hazard . .
: Conseque Capital : Potential for
P%T;:;al nces Index  Value of Potential for Loss of Life POtem'SL‘;g; Peroperty Environmental and
(Pci)* Project g Cultural Impact
None. Occasional or no incremental Minimal. Limited
population at risk, no potential loss economic and
< g - . . .
Class | 300 Low of life is expected. No inhabited agricultural None
structures. development.
Minimal or low population at risk. ~ Notable agriculture or Minimal incremental
No potential loss of life is expected =~ economic activities. damage. Short-Term or
Class Il < 300 Average . . . L
even during the worst-case scenario States highways reversible impact (less
of emergency management and/or rail lines. than 2 years)
. . . Significant !ndustry, Limited. Impact have a
Considerable. several inhabited commercial and . .
. . mid-term duration (less
developments. Potential for loss of economic o
300 < Pci< . . than 10 years) with high
Class 11 Significant life highly dependent of the developments. .
600 . . probability of total
adequacy of warning and rescue National and state o
. . . recovery after mitigation
operations. highways and rail
: measures
lines.
. Severe. long-term
. . Highly developed . .
Extreme. High density populated g y P impact/effects in the
areas. Potential for loss of life is too area in terms of rotected areas or
> 600 Critical ' industry, property, P

high even during the best scenario
of emergency management

cultural heritage sites
with low probability of
recovery.

transportation and
lifeline features
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* Disclaimer: Dams with total consequences index near the boundaries between two classes (+/- 50 points) warrant a
comprehensive assessment and additional engineering judgment to determine the actual hazard classification

Table 5- Numerical Rating Points and Categories for Assessing Consequences

Consequences
S IEES Indicator Parameter Rating Points (min- Considerations
Category
Dam Height 20 -100 Revenue Generation or Value of Reservoir
Capital Value of Content depending upon the reservoir
Project purpose (water supply, irrigation,
Project Benefits 0-300 hydropower, etc.)
Population at Risk 20-600 Incremental Population at Risk under higher

flood severity areas.

Potential for Minimum arrival of the breach/flood wave to

Less el Lz o . . the nearest populated area downstream of the
Critical Arrival Time 0- 100 dam
) Infrastructures L . ]
Potential for Damaged 0-330 Residential and Commercial Properties
Property Roads, Bridges, Transportation Facilities
Damage . . Lifeline Facilities and Community Services
Services Disrupted 0-185
) Environmental .
Potential for Impact 0-200 Protected Areas and Cultural infrastructures
Environmental of National importance under higher flood
impact severity areas

Cultural Heritage 0-140

(a) Capital Value of Project
(1) It shall include the capital value of the project’s elements which shall be destroyed or damaged, and the loss of

benefits, services, revenues provided by the dam project.
(2) The two parameters namely:- Dam Height Index and Project Benefits Index shall be used for assessment of
capital value of project,-

A. Dam height index

(M Dam height may be considered as indicative of the capital value of a dam.
(i) Consequence rating points corresponding to dam height index shall be calculated by the utility curve as
specified in Figure 2.
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Figure 2 - Consequences Rating Points for Dam Height Index (Ion)

Alternatively, the index can be computed numerically according to the following formula:

20,(for h<5)
Ipg{15.7 + 1.12 + [LN(h)]*82°%, (for 5 < h < 100) (1)
N 100, (for h > 100)
Where,-
low : Dam height index points, and
h: is the height of the dam in meters

B. Project benefits index. -

(i) Project benefits index (lpg) shall be estimated using the following subcategories, namely:- reservoir content
or water supply index (lres), irrigation index (l;), hydropower generation index (lwp), and industrial use
index (liu), and accordingly the total project benefits index can be calculated as follows:

Ipg = Irgs + Ii + Inp + Iiy 2

(i) in case the cascade failure effect in a dam series is ascertained, the rating points shall consider all the
affected dams in the system, regardless of the potential dams’ ownership conflicts or administrative
jurisdiction differences.

(iii) the following procedure shall be followed to estimate the rating points for each of the sub- categories: -

m Reservoir contents or water supply index(Iggs): The value of the reservoir contents shall be calculated as
a function of the time that it would take to fill the reservoir and the time is computed in months, by dividing
the reservoir volume in million cubic metre (Mm?®) by the average river flow in m%s (average of daily
means, not daily peaks), and converting the resulting number into months by multiplying it by 0.386.

Example; - If there is a reservoir with volume of 1200 Mm3, and an average flow of 40 m%/s, the time to fill the reservoir
with the average river flow shall then be:

Ty = V/Q % 0.386 (3)
Where,
Tg = Time to fill the reservoir in months

V = Volume of the reservoir in Mm?
Q = Average river flow in m%/s
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Applying the equation to the values in the example, we get
Tg=1200/40*0.386 = 11.5 months

The time to fill is entered into Figure 3, and for the 11.4 months, shall be read as 23.7 points, and an alternative way to
compute the number of points is by using the following formula; namely;-

50/ 4 # Te, (for Ty < 24)
IRES (4)
100, (for Ty > 24)
Where,

Irgs = Reservoir Content or water supply Index

60
50
40 A
2
£ 30 -
)
a
20 4
10 +
0 Ll Ll Ll Ll Ll Ll
0 5 10 15 20 25 30 35
Fill Time (months)
Figure 3 - Consequences Rating Points for Reservoir Content Index (Ires)
(m Irrigation land index(I;): Consequences rating points for irrigated land index shall be calculated as

specified in Figure 4.
The number of points for irrigated land is also computed as:

area, (for area < 100)

I ()
100, (for area = 100)

Where,

area = irrigated area in 1,000 ha.
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I, = irrigated land index

(r Hydropower generation index(Iyp): Consequences rating points for hydropower generation index shall
be calculated as specified in Figure 5.

The hydropower generation index can also be computed by:
P/ 1o » (for P < 1000)

Tup (6)
100, (for P > 1000)

Where,

P = installed capacity in MW.
Iyp = Hydropower index
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0 Ll Ll Ll Ll Ll
0 20 40 60 80 100 120
Irrigated Area (x1000 ha.)

Figure 4 - Consequences Rating Points for Irrigated Land Index (1)
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Figure 5 - Consequences Rating Points for Hydropower Generation Index (I+p)

(v) Industrial use index (I;y): The corresponding rating points shall be calculated using the same

methodology as explained for waters supply index and specified in Figure 3 and equation (3).

(b) Potential for loss of life. — (1) The potential for loss of life shall be estimated indirectly through the estimation

of the total population at risk in the downstream areas and this category shall consider the severity of the breach
or failure flood, and the approximate arrival time of the flood wave, which shall be an indirect measure of the
available warning time.

(2) In this category, as in the project benefits index (Ipg), the evaluation of failure consequences of a dam in a
cascade system shall include the failure consequences of dams located downstream if such failure be caused
by the dam under scrutiny and if that failure shall not otherwise have occurred in the scenario under study.

(3) The rating points shall consider the consequences of all dams involved, regardless of the potential dams’
ownership conflicts or administrative jurisdiction differences.

(4) In cases where the failure of the downstream dam is ascertained, the highest hazard category may be
adopted without the need for further justifications.

A. Incremental population at risk index (Irar). — (i) An envelope curve for estimating the potential loss of life
(PLL) when there is greater than five minutes of warning, but less than ninety minutes, may be expressed as a
function of the population at risk (PAR) as

PLL = PAR%S (7)

Equation (7) has been used to establish the general shape of the utility curve for the PAR (Figure 6).

Equation (8) below can also be used for numerical calculation

Ipar

20 * PAR%2%5* (for PAR < 100,000)

(8)
600, (for PAR > 100,000)
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Where,
PAR = incremental population at risk

(if) As the equation (8) specifies, the incremental population at risk shall be used in this approach by subtracting
from the consequences of the dam failure, the ones that would have happened by the natural flow anyway, that is,
even if the dam had not failed, provided, for a sunny-day failure scenario (hormal operation), incremental and total
consequences are to be considered equal.

Table 6- Highest Severity Categories® used to estimate Population at Ris

Classification

Hazard i Limiting Limiting

Vulnerability Description . Water Depth Velocity
Classification? (Depth

Velocity)

Unsafe for children, elderly and

H3 . D*V <0.6 1.2 2.0
vehicles

H4 Unsafe for vehicles and people. D*V<1.0 2.0 2.0
Unsafe for vehicles and people. All

H5 buildings vulnerable to structural D*V < 4.0 40 40

damage. Some less robust buildings
subject to failure.

Table 6 - Highest Severity Categories! used to estimate Population at Risk

Unsafe for vehicles and people. All
H6 building types considered D*V > 4.0 - -
vulnerable to failure.

Notes:
!Complete Categories are shown in Figure 1 and Table 2
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Figure 6 - Consequences Rating Points for Incremental Population at Risk (Irar)

(iii) The population at risk shall be estimated using the vulnerability approach specified in regulation 5. Only the
population exposed to the highest hydraulic conditions (classes H3 to H6, Table 6), shall be considered as
at risk, and shall be counted in the index calculation and to obtain a full advantage or benefit of the flood
severity analysis, the use of a two-dimensional depth-averaged (2DH) hydraulic model is recommended.

(iv) The adequacy of warning to the downstream population has not been considered for the index estimation of
this category.

(V) The population at risk estimation and index shall reflect the current downstream development and the future
development plans, especially for dams in planning or under construction stage.

B. Critical arrival time index (lat): The factors or conditions to be considered for critical arrival time index shall
include the following, namely: -

0] the effectiveness of the warning and evacuation process;

(i) successful evacuation depends on the time available until the arrival of the floodwater in an area and the
time required for evacuation and the following two elements determine the time available for evacuation:

(a) The time available between the first signs and the initiation of the flood, i.e. the breach; and
(b) The time available between the breach initiation and the arrival of the floodwaters at a certain location
(called arrival time).

(i) the time lag between first signs and the initiation of a flood depends on the (threatening) types of flood and
the availability of warning systems. The “critical” arrival time calculation is recommended, understanding
as “critical” the minimum wave arrival time computed in the nearest populated area downstream the dam
(i.e. town, city, village). This value can be easily obtained after the dam break analysis study is carried out;

(iv) Researches by the United States Bureau of Reclamation (Graham, 1999) on the field of the potential loss of
life, found that with 90 minutes or more of warning time the toll of victims was considerably lower even in
cases where thousands had to be evacuated;
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(V) The utility curve for the arrival time index was developed (Figure 7) assigning the highest rating points
(100 points) to those cases with less than ninety minutes between the breach initiation process and the
moment the nearest population start to be inundated. After ninety minutes, the rating or penalty points are
exponentially reduced until a minimum of zero points, when a minimum of 12 hours of arrival time is
computed;

(vi)  If anumerical estimation of the critical arrival index is preferred, equation (9) below may be used
100, (for AT < 1.5 hrs)
iy { 143.28 % (0.7868)AT, (for 1.5 < AT < 48) 9)
0, (for AT = 48 hrs)

Where, AT = critical arrival time in hours
I 47 = critical arrival time index

CRITICAL ARRIVAL TIME INDEX
120

100 +

60 4

Points (1)

20 4

0 T T T T T T

0 2 4 6 8 10 12 14
Arrival Time (hrs)

Figure 7 - Consequences Rating Points for Critical Arrival Time Index (lat)

(c) Potential for property damage. — (1) Property damage category shall include damage to inhabited dwellings,
commercial and industrial developments, agricultural lands and crops, roads, highways and utilities and the
associated economic losses both permanent and temporary and shall include damages to lifeline facilities and
economic disruption.

(2) The indexes specified in this category, are meant to identify the relative magnitude of losses against a broad
scale of values and no attempt shall be made to assess actual market value or actual Indian rupees losses. A total
of ten sub-indexes were developed to estimate the potential damage to properties is specified in Table 7.

(3) The range of consequences rating points listed in Table 7 reflect both the importance of a facility and the
relative magnitude of expected damages based on the hydraulic conditions of the flood (severity). The final
value for each index shall be selected within the range depending upon the flood severity class obtained from the
inundation maps results and the total area affected. Table 7 specifies the general guidance in the severity classes
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to be considered in each case. If any item is located out of those classes, the final index should be considered as
zero.

(4) Utility curves serve as a guide in the calculation of rating points of each type of property. A larger or smaller
value may be selected depending on the need for conservatism in protecting the facility or area that could be
damaged. Practical illustration in how to use the utility curves is specified in Schedule A.

(5) The final property damage index is given by the sum of all the rating points as follows:
Ipp = Iyy +1Isy + I +Iic + Igp + Igar + Irav + Iws + Igp + Igp (10)
Where,

Ipp = Property Damage Index.

Iyy = National Highways index

Iy = State Highways index

I, = Railroads index

I = Industrial and Commercial use Index

I 44 = Agricultural/Aquaculture use Index

Irar = Residential Areas (Rural) Index

I 4 = Residential Areas (Urban) Index

Iy = Water Supply/Treatment Facilities index
Izr = Emergency Response Facilities index

Ip = Electric Power Facilities
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Table 7- Consequences Indexes for Potential Property Damage Category

Indicator Parameter Type of Property Index Rating Ponts! Flm(d:lism;erﬂy
National Highways Ina 5-25 H3l-Hb6
Transportation State Highw I 3-15 H2 - H6
. ate Highways 5H
Railroads Ir 1-20 H3-Ho
Industrial and Commercial Tic 10- 70 H3—Hé
land use
""‘g"i"fm““rf] “:;‘1 Laa 5-60 H2 - H6
Infrastructures Aquaculture land use
Damaged by Land Use  ppapiteq Residential Areas I s_ 60 S
(Rural) AR
Inhabited Residential Areas Tear 25_80 H5_ Hé
(Urban)
Water Supp.llf-f.l" reatment Tws 5_15 H3_ Hé
Facilities
Emergency Response
Services Disrupted Facilities (Hospital, Relief Ier 20- 80 H3-Hb
Units)
Electric Power Facilities Ier 20- 80 H3-Hoé

Notes:

! Rating points per area/length affected. If there is no item/facility affected within the
severity classes zero points should be used

2 Flood Severity Categories to be considered to estimate final rating points along with
relative importance of the item/facility and the extents of the impact

(d) Potential for Environmental Damage

(1) This component of the hazard potential assessment takes into consideration the impact over the environment and
cultural heritage sites, specifically to those considered as protected areas in the country.

(2) Conservation or Protected Areas are defined as areas of notable environmental or historical interest or
importance which are protected by law against undesirable changes. These areas are conserved by varying levels
of legal protection which are given by the policies formulated by the government of India or global conventions.
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(3) The proposed indexes to evaluate the impact under this category are specified in Table 8. Potential Environment
and Cultural index (leci) can be calculated as follows:

Igcy = Ipg + Ich (11)

Where,
I'gc; = Environmental and Cultural Index.
Ip, = Protected Areas Index
Iy = Cultural Heritage Index
Table 8- Consequences Indexes for Potential Environment and Cultural impact

Indicator : revail Flood Severity
Parameter Type of Property Index Rating Points Class?
National Parks, Wildlife
Protected Areas Sanctuary, Community lpa 5-50 H3 - H6

Reserve, Conservation Reserve
World and National heritage
Cultural Heritage sites (temples, monuments, lcn 5-50 H5 - H6
caves)

Notes:

! Rating points per item/site affected. If there is no item/site affected within the severity classes, zero points should be
used

2 Severity Categories to be considered to estimate final rating points along with relative importance of the site

14. Dam Classification and the Potential Consequences Index (Pci). - (1) As part of the final step in the additive
weighting scheme specified in sub-regulation (3) of regulation 13, the final hazard potential classification shall
be obtained after adding up all the index values (rating points) for each of the categories. For that purpose,
equation (12) may be used:

PCI=IDH+IPB+IPAR+IAT+IPD+IECI (12)

Where,

P, = Potential Consequences Index.
I,y = Dam Height index

Ipp = Project Benefits index

Ipar = Population at Risk Index

I 47 = Critical Arrival time Index

Ipp = Property Damage Index

Iz = Environmental and Cultural Index

(2) The final hazard potential class will be a function of the total rating points, i.e. the value of the Potential
Consequences Index (Pci) and Table 4 describes the relationship of the consequence’s categories with the final
hazard class.

(3) Dams with total consequences index near the boundaries between two classes (+/- 50 points) shall be
comprehensively assessed and additional engineering judgment shall be used to determine the actual hazard
classification.

ANIL JAIN, Chairman
[ADVT.-111/4/Exty./[766/2024-25]
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SCHEDULE A

Summary of Utility Curves for Points Score Estimation (Property Damage and Environmental/Cultural Impact)
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Figure C.1 - Utility Curves for Point Score Estimation of National Highways
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Figure C.2 - Utility Curves for Point Score Estimation of State Highways
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Figure C.3 - Utility Curves for Point Score Estimation of Railways
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Figure C.4 - Utility Curves for Point Score Estimation of Industrial & Commercial Land Use
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Points (Agricultural/Aquaculture land)
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Figure C. 5 - Utility Curves for Point Score Estimation of Agricultural Land Use
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Figure C.6 - Utility Curves for Point Score Estimation of Built-up Urban Land Use
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Figure C.7 - Utility Curves for Point Score Estimation of Built-up Rural Land Use
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Figure C.8 - Utility Curves for Point Score Estimation of Water Supply/Treatment Facilities
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Figure C.9 -Utility Curves for Point Score Estimation of Emergency Response Facilities
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Figure C.10 - Utility Curves for Point Score Estimation of Electric Power Facilities
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Figure C.11 - Utility Curves for Point Score Estimation of Protected Areas
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Figure C.12 - Utility Curves for Point Score Estimation of Cultural Heritage Sites
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