aififs gyfades
ANNUAL REPORT
2015-16

IERT 91T ATBIEsT eI

National Institute of Rock Mechanics
(Ministry of Mines, Government of India)
Outer Ring Road, Eshwar Nagar
BSK 2" Stage, Bengaluru — 560 070
Karnataka, India



Border Roads Organization (BRO) Engineers during a training course on controlled blasting &
excavation engineering Organized by NIRM at KGF from 26-31 October 2015

Indian Railways Executives during a training course on Tunnelling Technology Organized by NIRM
& NGI, Norway during 16-24 October 2015 and 5-14 January 2016
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fereerer b1 ufddes

IS Brelr AT JIRAT [ USASNSINRUEHE Rk OTAT Aifrept 30T ¥renm =ittt & &
aicqefa argRieamer 3R wRreAel JFAard uster @t o W E | e B ourd firem wifest &z
PBrem M= &5 A Fdftra erfearal & forr sl dusar Suceer & 1 FZerme gRT
Rafdresr Taer 3eon, e dofiferers uReioenail, s sigefa spref wmer 3w Jo1 w=w
S & wrd AfdAfd &, FAY I oRfl Agied  Jaemd U wedrelt  uiREioTenai,
Tadieli/gs 3T & ooTd o181 el 3 Q7 & 3emee uds uReheErst & fou
el agHcT IrgAeTe 3R pra a5t Jard uarer @t o W E | JA A AR B 27
aiitfes ufedes o usgd Ha gU 3UR &Y T 3igerd & &l & |

g 2015-16 & ERME WIS Suaeeral

qd 2015-16 & QR A AWM gRT Tafdtesd U=—Noea3i & wbrRIfepardl &l o Pad STt
M afcss gaast JT A Bl gieg oS IRl oA Rermer @t sy H off wmudt @dad g3
2 | 99 P SIRIa JWIMA gRT AUesl U oIT IS FHecd & brAiebeAldl & 3idoid  deior.im
Iog @ R uReieEnsi I Adfa odeiiers egensR.T 3R spprat JeN B faw fRremait
I IR . w1 Fonge, U Rotell uReioenait @ fAu sfelifae 3rexwe, Jerel @ othel
3R oppref well foTu & v gHAR®Boa aeqEeme1, [ftes il @ 3mwur fOenm Rwest
BT BRI, T TR Jelell 3R 8 uReioenai & v Rewedal @ Borsea, ar & =41,
el IUBTT SR IaB BAIgell BT Y eiRear 3R I-TEgfiea uderr anfe ot afdfaa 2
I

Bt e @1 Rl

RIS BRI AT I & Ulifza Idcenn Jolar wdfa R uReieen @& [iftesr Yot @
AU ofdeiers 3teTser Href Auesr fpem orm 2 | SAP 3idota edsiterss Iaifast, aysfifas
i sree SR sa-Idlg g9 & YHTUT &I UdT oIl offel ATdATAT & |

JSOI.TT ST & ASGYTOR ST & HaTeAT INiefl dweamd! owme sRorersr uReNoen & aidefa
el @& dRrea 3R IS Ueaid Joiyd 3R UF BT &5 B Rerdar @ smwmcs b fau
ajdeTerss Bifaifpl aferer B fPu otw € 1 g & arerfoior gioenm & Heflu foremrg, o=
Fotel uReleren & dfg i Sifafeter & & sideta spafifares sregwrer ol yr feam oem 2
[

Botrger 3R 3rgs@T

TASTE3REA g1 afdress uar Roiell, Jeer 3R s/ew dAgrag Jaensi & ey JF AdfEa
oReesit @ fAT gAR®a SHamT, ReRdl %1 Agdicks 3R 3marRi & Forskior @
Bl fhAT oTaT & | USSTS3IRUA g1 el US9l & oerul SIehsl urae &r3d Uisleiel &
sigefa dfy SR dfr &=, Ao Jga, Reel o= dAga, d3mRd snsewa 859 3R
TAotembe & AU 3iiwEs! B edaiwT w1 et e om 2 1 =2t usR & wRieay e &
dorl Uel ferstelt uRReeren & Aol e 3 difufedor wer & siqefa omd =¥ arw 2

Jars sifar=itest

USASTS3MREH & dsilielepl g1 [a3hicel TSoiisd & &5 A AW 37achlaes hrichalld  3TUTE
MR g fpu v E | BT IoT B USToerEgl, U APR R afderreidheg oy Uel
farotelt uRRaseaeii & aidota fafdtest uerelf & Icuralar & o orifsra faewhiesr depeiled b1

e 3R 3ABT 3udler fpam om B | A Saoud utsde faifdes, dogs & o
adarer s Al @ ey JRfgra Rwlear & awmelles ol A 3T 3J®T Iu=ior e
IR T | A UBR HT fFoge eere & IJadsTer 31 fRela i & 3fasta 5 a1 6 Jferet
FHIT IRA R 3@ ueht B Floit B v Jur fpu aw &

TSASTS3TRUA & Jolliefddl ERT el & g JAshl & dia fordlT & fou v dweies @r
TTmra B a—m 2 1 S apellcs B IUART F IT ERT HoR e @ FaTs HIA T gal
P o Ashl BT forATT Bact 10 el & BAT ST HAhbdl & oldich URIURe dih A =P
@ oTo1819T TWeh HEA Bl JAAT 9T ABAT & | SA dbell bl ITADT 31 el b faw
g IUGFT & OEl uR ugd feraAlTr (e v Rewiedl @ wrT it off usr w1 uea
gl userr &) 250 HeX I ¥ uT & |

Tl B fScraera &t oifa & 3rerel 3T g8 Udre uz fathlesl & u=ilor & fou 3meer uer
P arord=n e (erea) fafaes, wsur, ddennm & RoR.N Bifetisr weusn fafdes o

IS ¥rem Tt Fermer 1



arfttes ufardes 2015-16

AHI.SH JeTedl, 3Meey uael & ghear RydAc fafHes, arsgg & Jotd Herar gar deeR
ZETell 3R JeRId B @R JAJAR oder foere fafdes & AR wiw asr aReeETr @
3icetd sueusr 3R TSR 3far Uik & 3fegye fpu aw & |

AT Aard

HATTAT UTe UOTelall @f JiJem 3Iucieel &l & PRI UASNSREA g1 Reorft sifeeser
wauell fafdes, fEegeae e fofdes 3 acwl & JeEl 3 Jdita Afdes see 3uws.a
B fau S-Tecfea ufterT ot fpu oTu & | SAB 3IcITgar 37T 37alblalcd feloil waaferal &
fou Bram AiBrepr A Jdierg 3iaisSir ATATSE B HATAhl, JTa Hal [oeomers & Hoieelel uwd
Siaeiedr ARl & gAR PBremsii, ar & W, Jyela IuB.N 3R 3T HoAgoll B TAELT
A Fdfera JAard uere @ o W@ E |

ufdrer.T urceh

TSI3TS3MRUA &R [T a¥ 2015-16 & Qe AR UPELT hrRichal amaiferad U ar@ & |
T H A TP ARNT 3d @ fou 2 st sl 3@ & 20 sifemReEl &1 Jior gemer @
dpeiles U Jolers A & AWE @ 3@fyr & v SR ard # v JwE @t ey & fee
Uidrer.T ST o7 | U WS & B 3MHATAr3 b foir =i Uz & uidrelT bricsd gt AT
Hietss ITepIAT & fau @1 sicter JFegi F Efera feem or=m |

Feemer & forouree R v gie
a¥ 2015-16 B AT TANSIRUA BRT 35 IgALITTcHB URASTST JF Jdfera wrd ggr
par ot SR 37eT 58 URAIGEN3T A AdfEd rgAUTEeHs  Hr S Ry 9w |
TSI3TS3MRIEH & dsilielebl gRI I 3T fadesr ubBreprail i Jonftedl @ fow 31
dhelldt o= urgd feew ot E

TA AR B 3Meih IgAYTATHS UlRerer Bl urenfeia wrearer RAfdesr FRaert 3w fereh
MBIl dem IeEnoll &b Ufd USAINMS3RUH 3idd 3 & | S=daa Jaiten Afdfa sz
STABIT H.BS T A AT P ASKAT FRT JWAT Bl & ol AgTar 3T 37egy HArotaeter
P TAU & 3ad Ul 31d A & | AWM & AU dsiiiered! 3T paanAl @l Href
AT B TH 3NT ABoldA a8 B aF bl FasidZT oclel fhar & | &3 amem 2 %
smomeft auf & off W' Jzernsr JF UoNT BN IR U HiffATT P Teniua wem |

dt. depceavey
fereors

IS 31T i Fzerrer 2



©
—
1
o
—
o
AN

gR&ATSTAT3T

22T

I T3t it



©
—
1
o
—
o
AN

22T

IS ¥t it



arfttes ufardes 2015-16

1. sfasiferss MBSt arerre

ajdsiteres  JfATiBrast srezrrer fYsmor gRT fAftesr Rifder Soifererdy uReistenait
& fou et 3 gd, fafr smafy v f@aficar &t o=t & e smaeas
sfdsiferss 3N o[UIeNores AaTd Uelel &t wirdt & | afdsiiferss 30T eenfdrs
uRfRerfa=nl @1 anpctar Rrotell &1 &t ufReNoenasit (et fRreiel, amu fRerelt 3i=
a1] Rrega), dRasar &5 @ uieieErsi @g, Yo, Jeor, Asd, dfe), e
&3, oy T B o.3R.I, Riarg uRdicerscensieior 3R oifdt I Jdfera Jra=d
& 3TPIeTel 3T 3e0d §T Pel B [0 & 3ELTH & | A [Faer g=r ay
2015-16 @ QR URUGE3T & e JF dAdfea fAftes a=i & Rega
dSfeles 3TeTTl A JAATd BRIGATT 3MUAE 90 3T diad gRefeenai I
Jdfera st gr feu ol SR e uig uReiwrensit I Fdferg wrf A gerfa
g W@ T

» JACTON.T AT B HASGIR H HETHT oilell PHeagdl fame sRorerer uleeen & faadier a=r
B & B sigela sifa P dal R Asige 3N FWers wrf fpu 9w uew &3A (59130 Hem
are) B oy Adal B 3sidefa ferafr @1 B edenfers 3remwe o fprw otw ¥ 1 Folgo
3R gemszd B At fpaRl & Remar @ o Riega edenfees 3temwe @ 1.1 3R 1.2)
B MR U TAoiyel, UFT B3, AdAA, 3TARTIT HAOI-T 3T -1 &t fdl & IugR B
e Jgia it 3ut & Jgona R’em el 3 3ieTgd HIT 3929 & | el 3R
grad Ugld @ IUAOT BIA U 1: 200 P |he UT U E3A R Aolyer @F dai 3R
Sita @1 afdeNields SgeNR.T T wred fpem 9w | Folye 3R usw @ I Prem oo @
SAgeNR.T fham orm 57 uz ag #Afiely s@dae staer o1 ferwfr feem o zar 3 1 Folger
3R usy B3A @ daRi & 3ideld TeTSe ARATH B FIONT I TAcT T.3IFA T BT 3THeT
JqF Gee B M B R uR FHr orRm T GEis Aeige T UF BT P g ARATH
oIgel, Uey B3A P wef, Jolye, IdHS, 3@ddar AR-T 3R ser-dt & 3idefa wrese
AHATA & AU MREAINR B 3T U TAHRT 3Bolel [hAT 9T & | JAoigyed 3R TaT a3

a5 & 3igela siferiBa Rfwes 3w RAfdesr uysr & ufdame sdenfees Raslhegd & wRT
FaTs BT B 36 FAZS A 3f¥s 3@y & U I o | ufdeme RBoshegd S Brer
SileT @ Alggolt & PRI Asiyd 3T U B3A B A pard @t Bremd snifeies »a
zgal ool | aga & ®wicars 3R A fordiba Rewesl arr Jgeg &1 ol garg 2015 @&
gRr R o=
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:‘-?:.I:hl?;:: :l::‘lniy weathered S Joints 1. Joints shown are schematic. fl | NATIONAL INSTITUTE OF ROCK MECHANICS
2. Apparent dips of joints are plotted and true values are indicated. oL MEIL-SEW-ABB-AAG (JV)
3. For section line (C-C') refers drawing no. NIRM/PCSSLIS/P-12/EG-13-05/2.1 PROJECT PRANAHITA GHEVELLA § UIALA SRAVANTH LET IRRIGATION
Fresh pinkish grey granite bao Dip Direction / Dip Amount 4. BH-11 (RL:523.40 m) projected 35.0 m from NW direction P [ — T ——
t t 5. BH-10 (RL:522.04 m) projected 53.0 m from NW direction . "‘”"‘”:‘:w::““ fommesy
6. Profile as per the contour plan map of Client. ‘ e
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Fig. 1.2: Rib erection work under progress at Fig. 1.3: End wall of pump house at chainage 210.6
chainage 3023 m in RMT upstream

Fig. 1.4: Bench excavation under progress in the Fig. 1.5: View of excavated escape tunnel from
transformer cavern Medaram side

IS f¥rem Tt F=ermer 6
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» eI SEhRgAET TS Udell Jdtad  fafdes g Ierens 31 fga uRehoer
GFMREdd) 85 & e 7 3R 8 & 3ideld wie drer s s3d (fNscogdiva) =g @t
Refy & andscer 3R afdwa wegers o e o Jasl @ Rerar & fev Jgiea
3T FIT Sl BT Href Aur orar 3| eTTell P 3ER U g Alfaes Berger
uRadea fepar or=m | I fSoissd B 3ideia offa d we Brwedy B <azen &t orft eff
57 Adier & BT (307 A 80°.857) des ufdadel & 1T &S=AT oI=AT | 37eqAqed H
2z o T Riensit d aga & wa Bftdor (5 Raft gb) B BRI Gl AHAC & B
3T 10 af B T F Ao Ifgar T | Sl @ Reafad d gIArR AATEa amstier off
BCRIT 91T | If¢ deble 3R JHATH S dig vssee ur fEr feer one ar discgdiva
Rt AR Jar$ wref Rpr 9w Ib BA B Jg B A, AS.T AdE P IKe T B ADH
s H TH 16 s w1 URIN felecior &1 Jama em oram | 3MSEA: 13063-1991 B
FAR Beble 3T AHATA B &g 1-2.5 [par/meefl’ vsdera e ot awier @t orft
21

» Al I b wAAOR et A urnifda ddcenm Jotenm sty fowee sROverar uRehster
((RATATIATAITEEA) & Udboi-6 B 3iddld TSASNSIIREA GRI Sells 2013 A 3 sl
FOT @MRUAG IR TATHD), Hord UId BSA T SIABIHAT HweT B Idola Aok
FIRMBZT (3-F T BA FAIRMBT), JUBATA BT Hodibad BT BRI fBar o =/ & 1 =
Ht B 3ideta e Afged @1 atfa, opiar @ Rafa, Jwsdar & gLaeT w1 smwae 3R
A FITIBAT Bosar F Iaw 9w IFAR UAS Efder 3R Rlea & aAfpor, Bieior
apr R 1.3 3R 1.4) & HF P uemd RN YR UaNel @wmr Foma e Sen
ARHIT & | =T Aotelr B 3idoid 2.5 TH.H. olears T wUNE dsiel, 0.948 AN @&
IS JAeter, 10.675 A 10.785 fhA. Aaer H G 9.475 Bl oeas 3T 10 &
A B S BR B ogsar ol A Adfta wrd AfHfaa 1 Teower v FIer A
gruEr3d 3T SIAEEHT Hel ddb BT FaTls hE gl & & off 9w 30 A oo well & AT
Sedr & | Iy B IFAR TAXT-2 (@A 201 6d®B) BT Hrd gy fFHem oram B IR a=I-3
B Bl B fau remTer wref bu o W@ E O

R 1.4 Ads Uz 25 3 =mH AT 47 N OEAS B PhId MBI bl R |

IS f¥rem Tt F=ermer 7
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» urifga Adeen Jotenm gdfa oTee sRoterer uReioEen ((Rivavavasnses) & Ydbo-12 &
3idold SHATHAE B T Sl A 77.914 JATHAT Ul forpraa sz dAcp oiar B
fdetiec & dswmucelt offa & S0 SR d% o o & faU der He=iw U.aTell @l
feratT foeem o1 8T @ dife 1,25,000 Uhs &5 # RHarg ot feam o 3 | s
sigefa 9.0 # A, 9.18 B, cears w1 For, Jolyd 3R 3 oAl IFHAT uesw
BI3A AR BT Hrd ARFTET T 1 SHA Yd FJ Uey BT IR Aol Ut w1 uara e
oram o (Rrsr 1.5). IS f¥rem IiBrBt Tvertel T hrRizeldl B 3Teel B Uedld  fddhod
B HU H oprf Uew BT Aga w FIa BT oRm | dguia sprd ueg EEd SR
Foiger & fow fega Qe uz edeifers 307 eiienfores 3remwer & o orw | =
3eTRIST P 3ideld UT B3A AR Aoiyed & AU 1:500 B BT P &R UT IS YA
Uz adeierss 3N e uenfores egenasRT, TEeT Eler @ efdeierds enfdier, se-3dg sa@ra @l
AU, BB UATdl 3T qarg & faeawT & faw JdEHT B el w1 uierernan &
3igefa uderT IR RU av Fers & WaWed B IgAR Aoige 30T Uy 3A AR|el 3 3
3Tt FeEl BT IUOT HBIA U @I BT AW R B T ORI B INgRT BT
Joma &om o anfe Ifdwfea & 1 Joiyer & f&w 350 3t (@e@n) a1 16 I @ren) 3R
44.33 F (A1) G Udd BE3A B fo@ 160 HI (FFam) a1 19 I @sr) 3T 40.5 FH
(ar) & 3MeERI BT Fgora Rar o B At remwer wf ot fRu orw SN 3ifwst
@ faeowT & wrd FH yorfar &7 & 7

Fig. 1.8: Collection of data after cleaning of the Fig. 1.9: Purplish - yellowish brown quartzitic
CWPH-7 foundation sandstones exposed at CWPH-7
foundation level

3dcoN.T ST B IR otar & gfaRiaenm uer sl uResenr (4 o1 30 #om ame)
(MRflvage) & sidola egal A 3R eocT IA JaiaT &5 H afdelierss IMTa=iitrast sres=ie
BRI BT 910 & | ST 3=UAA B 3dold 1:200 B Ihodl U ARA Az ezt fla B
dacli U dild B Igel, Joldoiiges/dicha Ade 3fenid Fars wrf hu o saacises/atésmar
ot gz a3 YaATer B adefers IS e, edeiiferds giewii @ UdaT e oier
3R 3T BB Rt uater Reem wenm Afdwfea @1 gfaRiaem uer fRoeh Seer
Tk dictdol faelel &l Sictierd & oTd 45.77 SUal Ul & ot.s=T fham &1 JAbar & |
TAA PO SeeT A T 3R Gelis ATE B RIS oidAd U F 3T JoIm AAT U TS 3R
greATT. e UaTeTell & fow ureft aff Jiaem 3uctieer g o Akt & 3R SJAAF 120 FHomW
are fOerell 3d@es dReae 9 Yl @ WMUST JarsHd A & FABofl | JsmRdt 3R
A3mR=AY &5 wifeues fheige 3R d@molise A oY U & o Hsur Jof g R 1.6) &
TAAHAATS TAHE B BATH WA A Adad & | AHdATT Srs.cl AT I8 upla & 3R

IS f¥rem IiBrast Fwermrer 8
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uT fhfdifecs IhPHATHA B MRUHAINNT B 3(boled b [ FaT alad 30T u=Aoremer & 3iibsi A
Fdftrs wrd feam orem | RBromsit ® aomdl Bt Rerar & 3neea @ fw Tw At T
(TACHIMR) Ugfd I 3UTT 9=-IT | I8 Ugid IMREASNT U.Mell & ufafda »a uz a3menfRa
2 5ad zog @ Bashegd 3Ru.coe 3R Bz #Als 3R JFes & usiadl |8 d&cg
fpu e & | Rl B eodal F Bogy s B Uudr aodi A A 9T efdsiifers TEAchieTegdl
@ 3mee gz fewm oram ¥

aeter sfesam fafdes &t 3k J ToRensr 31] Aga uReioen & JYRe 7 3R 8 &
sigefa SgRer fgwe @mfdior Trar ([EaERfE) & sigesfa ferafr @a=T & sdeferes  atfirenifrast
STFRMTep.T BIE hAT oT=AT & | SH 31eAqAS bl & 3idoid TelsrASl & 70T, 7d, 8T 3NT sar
g & dcll U Sl B IgST BN 1:100 ThHod UT IS UHAT B Aol SIaeNdB.T, Ao
gfe=il & uar senu s 3R Agfha sifFiat surlt & RwiiRer uerer feu e i wdfaa
B FfFATTa € 1 Brs 3 Bris & 3nar ur wef w1 uderT feam oram 1 RBrs &1 3t 1
a7 1 Y @ B | dew T AdeTT IumT [T 1.7) W IuANT HIA T AT ehdentormer
3T Igaarer ol BT udelT IR aaendt feem ornm 1 W Fr T HrT IuRer wAa U

Ak AT BT dofibT fFam o=m 3T T 3feqT=ll P IR U2 &dl & Iuar & fau Ighka
RIBrser uerer fbu ol | TeERNE 7w, 7 3T sU A JAdtig e ufddes Jaafda feeu otw
g

> UATSRI-ageld & fau 3far @s <3t BNuTd) @1 sfdeiiieies It 3remrer wret
TR ORI | TAUSAI-ATaciel §RI heliedhs IS B doctil ofeigid ufRdiser @ aidera
18 3 B RfSor B I 1.5 A ofter ufd fear &t gravar @1 3ik@s <t @
TSoreer fpeam o 3 | S MUY &I HIT 3§eeT g B U sfdsnferes  atfireritast
UATAT BT TS Hel 3R ofid F Juar & v Jgia s@enferes iRyt Rywier
UcTel TR Sirelr 8 | usdifdd &rRizeldl U Biel Ak Usls & Gl Jdgl-@&lse, B dges
SRR cIhihicds ITge & Gl oie 3Mihde (2900-2600 TUHAT) AFAT A Addd &
| SH USEl U Jelise AHh JAGA (T 1.8 R 1.9) B TS I TR BT T & 1 A
IS I3 UlR T-Alg JHBATA A 37cloT U & | IJeise B Uk ¥ 3R aror & | usEEl
B It em A 93 ueer & A Urell & aeng @ FAT It N HqT S NS Th F=t
gl Alolg & | =H Rafy & smerR uwr a3 oAty & offa & 3 gd & sremwel &
3R ur fErft fRem @ 3w 3iafRa Te=m o=m & 1 3ar 8s BT BT <Ala addAre
SMALTFHATTAR Udd Soliget & IFAR 1.5 3 HAGlg & Ime U2 adATe offH & adl
A oPTHIT 2.65 N A Rerd @om | BrRizeeT A Add Nemger B g bu ow &
Mz 3ifqs uferdesr dome B o z&1 2 |

Fig. 1.10: View of Shri Mata Vaishno Deviji

IS f¥rem Tt F=ermer 9
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aeifaes 3B sreages fRit off Rifter Sofiferryy uRYisien & foiu 3radg 3maeys wred
Z, A A R-aRig aHNd A Fa-InA B Rga SEsRr uta &d & Eersa B
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Fig. 1.11 Final seismotectonic map prepared for KKNPP
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Fig. 1.12 The lineaments studied for fault identification

IS f¥rem Tt F=ermer

11



arfttes ufardes 2015-16

Distance along profile (m)
100 200 300 400 500

Shear wave velocity (Vs) (m/s)

Radhapuram -_— s -

400 800 1200 1600 2000

Fig. 1.13 2D shear wave velocity profiles across the lineament L2 near Rad

<4

hapuram

Fig. 1.14 Very soft sediment exposed in the velocity zone 400 m/s at Udaiyattur
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P 3idold 16 UdelT fbr 9@ | =i Uk,

UTSUciisel & i Jaaea o8 Rufay dAee 2

—— Contour

—— Cracks STAGE 2 (SECTION B-8)

--- Lineament Orientation

[ Trenches

STAGE 5 (SECTION B-B)

8 (SECTION B-8)

% LA L
STAGE 7 (SECTION B-8)

22 &
STAGE & & 9 (SECTION =J.=.)

Fig. 1.15 The location of Fig.1.16 Design of the trench at different stages in sectional

lineament and trenching view
area (100 x 30 m)

Fig. 1.17 Hard laterite sitting over crushed
laterite. The arrows indicate the dislocated
layer of iron formation

Fig. 1.18 Anticlinal structure observed in the

trench face formation
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Fig. 1.21 Red bole observed at the bottom of the Fig. 1.22 The National experts visited the
trench trench on 02.06.15
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Fig. 1.23 A 35 m long Trench exposed near Chorgaliya
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JATAGA difch 3MUel He JaTs B RFwriser fpu ow zemet & afaR
IE Pl FATC IHT ST AP ;uug Jooll b [0 ATABA HisTH Sih
2 freg s U 3maRl @t 3aededr & | suuum JON B faw
ATABA HISTHA 37l & 3T ;usrg UANAd JeTs oI B gzdnad
JEIs A off 31ferep o18ds dp ThAT G Abdl & | FHwiel Jada
TIAIa J9T & TATgdH.© & o ATTABA HfSTH 3T Bremsit @t
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Combined Seismic velocity section along the line of survey

NW Profile Length : 129 m SE
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Seismic Velocity Scale (m/s) DL \* E
) GH
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¥ Shot Location
+ Geophone Location
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Fig. 2.1 Seismic velocity section along the trench of saddle dam embankment showing different velocity
layers up to the depth of 30 m

Fig. 2.2 Photograph showing different soil layers clearly and the zoomed area showing the watered layer

deeper in the middle of the trench.

> ST Ul &b TUelddad Ua fSorell uf¥ieen Euasdifivar) &
3idota ATATHPE RBaerer JderT I ham or=m 2 | vefdda ua
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Elevation in meter

afer 1 foraAlyr fopam o &1 B Qe dfedi f@dor adt &t Iu—afewi &
Sl Teletel = offa d fardt € | s uf3=iioielmr & 3igeid <&@ afmer
2, Uh ZI 1<l UT a7 @RI Colled oIdl U & | oA uRYelEl & dreR
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JoT ot 12 B 3R 12.5 e e & 1 F &t s

FHU usar & ol Uelddd A coreer 25 B & @ ur B 3R
dollel &él Uz 90 & 35 w1 dier forfdfa fear om wer B o
37dlelell fdAc difd & AT 2 o 6 wefora &4 17 fBaft. @& &
UT & | SH URIAleler & 3ideld ddaATa oA B He=dar A 3097
FHolm are v faotelt 3aurea fpu Siar &1 u=ama 8 |
Fig. 2.3 Photograph from diversion tunnel inlet area showing survey lines (L10)

Seismic Velocity Section at TBM Site
NE Line L2 (along the upper road), Length: 230 m SW
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Fig. 2.4 Typical seismic velocity section at the TBM site
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Seismic Velocity Section along Profile P1
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Fig. 2.5 Sampling seismic section along northern boundary

IS f¥rem Tt F=ermer 18



arfttes ufardes 2015-16

» AJA AedA Jsflagar Telell ursde fafdes (CIsmsdiver) gRT wetes
IT FH Afdparrst sifa & AU HFGARYRT adl Uz 12.5 FHom de (4
3T 3.125 HIM dre) &HAT BT uel foetelt JF=w b1 feraAtTr feuw oar
®HT gda fEam o @ 1 Uil @1 WA BARYRT 3R oIt
afeat & urA usar @ 1 S uRRiielen & 3idela gemRuRT wdl B
UrH U saclia oo fafda fopu e b1 u=da & foiaer JAhd
B 7.3 HI I | A ST b U FA ol T g9 Ul
S & oI U Umae 8T &bl uxdrd fopam or=m 8 | 237 dres bl
Uh Bic o8I GRT digA &dl A ydiiad w2 @am Swenm | &6l &
IMTHAUTA Tl Udldd AIST B TAISaH.© b 3IMAUTA P JUb ATT B
3igefd I IH B AT IR URfd B 3Mbare b fow sgafifas Idert
BRI AT =T | A0 bl B 3dcH.€ I fSoiisa UA der=ar  orAm
aifes ae @ SRIE 3T WHallper #t Rerfad Icuest o &1 | 37a: 3ded.e
AT saetar & fodAlT & faw ad) uars @& Rem & ard feae oot
eSSl BT UIhigal 3MMa9ded & | oA Uhrs, aa"r%ar@%a—crﬁuv
otelt a2 @ Terma Uz off &t fHedt &1 Miwisa 3masss & |
W%%U%a23ﬁa%ﬁewmﬁagaﬁ%aszﬁfaTaﬁaﬁm
gers ol & | degdAR, a4l & &0 3R IV B [HaR B I@eHT H
FHER AId R 5 W B awa A ENwIE BT OIuAET BRI {U
ARTHE Rbaerear IderT @1 I har o= | SJP  3TATdl, &ict B
3idgetd 2 ¥ B A H BSgIHIEl B 3UART Hd g ATATHD
RPpaerer AderT w1 et fpar orm | JderT F ura Ayt sifwst @t
Utehar  fefSteat 3mmem= uz fpar o=m 3R Jdfera orser & e
ARIHE RS B Agerad == Fu 91T | Iucsel dR &la AdRTal
& AT ARITHP Al BT fHATE B A uar goiar & b 3ifereprer
el A AFHFE 3T aR Bl A 3iiesi & [aeawT HA 3ot
8l arell gie @t AT B eaa A IS U TUh g2 A A JTd &
| 3MMe-A.8 AT Ulell & JAATpd 3Tl A =dl &b T fhelle &b
3eH.c A dU fhelle B 3IMacH.€ db ol bl afd br Taerh.T &
qrar & | SA 3T A oiel bl Udis eTu fdpare @bt 3T ufRafda
Bl Bl I Bl Udl doidl & | Jdel.T & gRammdAT & 3 uT ST
3R AP orga B AT B AU Ibfcus =M oA S B FIT
oo orar @ | uxdiead ST B VR b1 uraens fear orem & (R
2.4) SAB 3ATdl, AU [PhelE bl IMASH.€ slal b [hedld A Bl
3fferes o8 BT @Mfgu difes SH Bl &fld &bl haAT TR UI oelu
Sel BT a1 i Jleread M &1 AP | ofid & ofiia FeIHA AT BI
PHAT 3T arer AT deb a3c fhaT ST JAhdal & | SAPB  Iideld
5—7 H T b1 an3féer AFATATT 8 1 o At aral BT FATALT BA
gU dfdhadl IRer & ot & fou dJgia il 3 Rwier
USrel hd gu 3ifad ufddes TANRSUITA B AATUG Bar &1 gepr
3

IS 31T i Fzerrer 19



arfttes ufardes 2015-16

2000
1950
1900
1850
1800
1750
1700
1650
1600
1550
1500
1450
1400
1350
1300
1250
1200

Depth in meters
Seismic wave velocity (m/s)

Distance in meters

Fig. 2.6 Variation of seismic wave velocity between the pair of holes mapped the presence of high velocity
layer between 12-15 m depth
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Fig. 2.7 Variation of seismic (P and S) wave velocity with depth showing plastic zone

> Ufsgd SOl @ Bicedl TegoNg ook A hg ™ P uRdss bl
Uk UTSU oligel sfcaar-AIRamdA—Teioisi-adle (TauaA3ma) 3 ad gu
e & TP Rwsadl db dddr & 2 ©f Uidgd  doltd &
ICAOGI-SATATA B BIIAT & A Bb2 JPoidl & | sAD 3idsid
3eicp GRS 3R URKIdd PIgeT JASI deIl  fhalalal Ak pi=iem

FeTel HAlGlg & | A &3 H Ulgu &igsl & 3MAUTA 3R 3JB &

IS f¥rem IiBrast Fwermrer 20



arfttes ufardes 2015-16

gfa 3T RIa I Jdffg gcad 3des g3 8 | 39 A Yd P AR
37l B 3idold JfIa fham o= o b HeiRAT &/ H 258.050
fpaft. & Jaor ur 50 H FH orEs WR U e FSAT Aol T |
3TeTehT Sidis 9Nl fob J& Jelad ATl Bl JAkbdl 2 forad AlTassd
3Tl 3T & 3R TADRI UATd UTsU gl & offld 5 #H @F orErs
de Ugd OrIT & | detel 257.730 A 257.930 ThAH. H diT vs
3R UHTGIRT el & dR A JRaa Har o= om st Aead: Jere
HF gRT BT oraT et & ARAT & | TE WA UTSU ol B Al
@3St 257.784 fha.) B HE FAT B 1 A Gl & ard arssT
AT & Rafad 3 w2 Abdr B 5 ursu arsa bl daeT
B AhAT & | AR FIATd B 3IFAR IMSIRATA g1 ATTABA BV
Refady & ar & A eife Rga e ura [eu sar 2g aderT
= Y fpu oer &1 forfer for=m om 2 1 degyR, ufdas doner
B FHoOAT &F H USU ATSell @ Remar & Foika & fow
sjgfifares TderT & A 3ruem=m aram 3 |

I
BERM LEVEL !793.22‘)M y
I
'
!
D4
2410 Tomography )
Tomography ! Pt. B2 Sy
Pt.I 1 X=12.014 :
'-(:-15341" J 5.0 Y=51136.45¢
Y=51135.55¢ [
0.5 o P
% ~~. - ||
___________ B ] T Berrry _._._&.-._._._‘:%’._._._._‘_ e o T
¥ ») , WPT ’
Tomograghy ~
6 B3 ! N
7,0 X1y N
7 X=1.803
2 y=sipoa0s U/s
1 Y
D/S ’ ! N
s
Tomography L * oo Tomography
__________________ Pt. BS
PLBl BERM LEVEL 779.199M ¢
| N=-8.125 | X=8.125
Y=31121.491 ! Y=51121.491
-] ® e -] ] o ® ! ® ® ® ® e 8 e ® ®
® B [ ® ® e ® ® s ' ® @ @ ® @ ® s ® o ®
ege L ® ] oq' ® ® 'a:e Go»soncmma’o.o.n
P e nsa'n.aen O.aeono b ] -] B - ] ] -] ] ®

Fig. 2.8 Foundation location of S60 pier with marked boreholes (B1 to B5) used for seismic
tomography study.
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Fig. 2.9 Seismic velocity tomogram between B1-B3-B5 diagonal showing weak zones up the depth of
60 m
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Fig. 2.10 2D map of radar wave attenuation was superposed with the geological strata along the 200
mRL drive
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Fig. 3.1 Complete setup of plate load test equipment
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Fig. 3.2 Execution of hydraulic fracture test at Dr B R Ambedkar Pranahitha Chevella
Sujala Sravanti Scheme, package — 12
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Fig. 3.5 Lowering of hydraulic fracture equipment with NQ rods

udifaa Uefetal uel foreiell uRRaioer 3rs. e ueer & fedor =@rdt forer & Rera & fortesr
S AT ITT AT B JT B | = uRAleler B 3igela & 3T donle Sl uw
102 3 3T 81 & HATS B S 3rctoT 3MctoT srdeiel dier, Urell o Siiedriel a3 [oiele
e oprel H T IATBa Roeiuor 3, g e omdsr | widlw smar = w=arag
gl w1 &5 IBIE U @l ydt fGem H ydt Rieefeger gema @uadl) & gdt
aeT 3 Rerg 2 o sidela Uidongss A R wrar I awe snglers asrR @t RBremd
afgeta 2t T | s BATTT B FHew o1 Bt fHeEN JeE R Iuw H Uvs @R A
3rcoT gU feggar 3R & Sile, IferT ufdmsr & difafie gr Redar o afdwfoa &
TeI3ME3TRUA g1 uzdiad efpref fSeiell a3 & sigefa fafttes el e o6 &9 &
a-Ag Tar@ H HAUA B OHRE EIT IR | HI¥enm FATET T urEhtoa e
AT AeNrdt ufReisen & 3idefa WA 3T Bes Ik HATHA P 3idoid ersglicid Ba
usfd gRT sa—fig Taa &1 Auer B feu srengfres Iaensit w1 e e o e ?
| Sa-Rilg calg B YATHT B AU @b Aafdesr ughael Ao & 3R sod ule A &g
Sk Pl B! T B | Teld MR U ool B a5 A sa-dg B edd B AT B
T SUcsel UgiaRdl 3 BTSgiiois B Ugld @ S0l JMfeebierd: ThaT Siiar & a=iifeh
TE I A, faeaweia 3z sniRfes gfe I fpwradt @ | fopeg epprel J3oil 3= FerEt
B URA R Baad Bensit B idota sAW! [Teagdelwar T Iugaiar Uz 3reids ued 3Iad
E I ST Ugld B T&OhrA B FJAT A & A Ued Ied W &, a9y, UITH 3NT Bes
oremail & wg ueel Iad @ T | Hifp Al Baas sffdruerer & widersr & sidefa oot
B TT el & T B JAT 3T 3RAA e & Y carg w1 e & & Jmar g
Urelt & caig B fIpfad o &2 Ul Bt ST JTATIT B FHAENS ;Ueg 3eeld Thall &l a2
3R ;uug 3Ioid IR P Welgs b STAATST A HAT &1 Adbar & |

A g ufEieen BT BT 3G [PB HIIAGT TElE AR FHAET uia B uer fEorel
uf3eistansii & 3ideld U@ Siiadial Ui 30T Baas I HATA & 3idold caid bl AT B
T FHgRa ssgifae Baafer dwmelies o1 e ear oer & | Fdaes uig 3 v ua
Sotelt uRiicer & sidefa uzaifda fieelt a7 & Jo1 & offar Jdueradr @1 wrefzeral o@r
Tgad fpar o | Higenm FeTel A off, el R JUh AT URA 3R Bags uRpia & g,
aEref B T TaTEl Bl AU e o | wmreRed @ Rafy i smaewmarsit @ eaer #
THFS BT 10 A 30 A @IS B A AR BT fga Fer ow 1 g AR Sl P sidela
arsgiicies B (== 34)0@%m$a—zﬁgamaa§rmm|saa‘ssmﬁﬁm?ﬁ

IUMOT B gUSA-2AIE @G Bl HATUT 9T | AT BT el FeATYfeies ATHSITR Tt
Je=Idl A fohaT o/ ar | e9ra Bl ATUS BT B Bes AT B 3idota udre b fafdresr
a3 Uz fpam or=aT | S UgEfd A UTW cdrd &b 3iipsi bl [Hcllel ATHATST Udlig &I €3 U
&Ssl Ba? Ugld U 38l RATSl, Glal U Uk AT Baas <&l &, I UTa 3ifepsl &b AT
fepar oraT | Sag B HATUS B TOu URA Branait d sre favew feiftms @t 3uRier wa

IS f¥rem Tt F=ermer 28



arfttes ufardes 2015-16

> g

gU EIsgl Gadisal He&% A feam o= | T ugfad J ura carg B 3ifest w1 GrarE
3Maz—pif3ar ugfa & 3fiwsl @ wAter fbam oram | 3az—piffar R 3.5) ugfa & 3ifwsi
ﬁéﬂ—mﬁ%mﬁﬁmﬁg@maﬁwwmﬁ%wq@%ﬁﬁmsﬁaﬁ
TRIRAET BT BIE uaTg <iEl usar & | ETsgiols Baa¥er & Ugid # cdd B FHodidel H
3= O Rremsit & AU 3ictor I HH JdeMud! B oo fhar o=m | W' 9% usfad dra
AT Baas PBramsiiarar emEl F carg Y ATga B foE wrel 3ug=ell @ 3T s usfa
Fetel 3NT Uel faorell 851 @ foiu 3rcafires crareprsl R & JPom |

Fig. 3.6 Plan of MR 26" level with boreholes
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aferef B I TeTell HI TS fHem o | prefvers @t Teifdy SNT smaesmaraii @l emmer 3
wﬁgem@rao?ﬁméa%a“rah??ﬁa%a%em | 8T AT el & 3ideta
asIsglicles Bz (=T 3.4) Uglad 8T sa-=flg T & HAUT 9= | SAD 3idetd AT ar
(&s) P Whelgs 3ar Ul @ ydais A gead (3dR) o gU AT el & Ui @l
IWAPT HA gUSA-2AIE @ B HAMUT ST | ST BT IHcAihel AT Ip ATHSITZT BT
Fer=Iar A AT o= | €dra @l HATUS bl b Beaas AR B 3idela udare @ fafdrest
e Uz TpaT or=T | =9 UEld A U cdid @ 3iichsi bl [Holel ATHTST Udrg &l €3 uT
sregl BT UgEfid U 3sal FWATEl, Sial Uz AUk ATH Baas sial &, A U 3iibsl & AT
e or=T | SaTg BT ATgS B fAr U Pramsitt A ' feew faftms w1 SuRer wa
gU arsgl badior ugfd 3 fear o | 39 uxsfad & ura cama & 3ffesi &1 frare

IS f¥rem Tt F=ermer 29



arfttes ufardes 2015-16

5. RIARDBA FAHSATBT

TI3MS3RUA & PARDBA ofaelhbl fTamer gRr Baslcegarar 3R wlecega3td  ddbelidl &1
3T BT FU Jere R RAfde ittt 83 & Riftes uer @t fPrem st
HAA=3T b Taeciw.T fhaT Sirdr & | SAD 3T dl, SH TIHPT ERI IAHBATA B IUXB.T B
3RSl BT IUOT BT U PHeble @ TorAldl 3N agpref wmell @t Rerar &1 scericer ot e
Srar @ 1 el ad B AR IR B gARBA oFHen et g [ifdes e 3w
e et &85 @5 uReeEnsit A Fddita Pren sifaiBast Jeeemstt & Fenae & oo
sreze wef fpu ot O

» adiger Rugote uar fRetell uReierer & 3idefd sicidselear o€t Uz 4 a1 130 FHomare fRreiet
I b1 ordAlT 3o 3 € Raw & 3nar ur har o 38T & 3T I8 bl &l weduRdt
fafdes, Sa—s ERT Jdvuss Ream o 2@ 3 1| S uRAleen & oord el J|ga &
sigefa et FB ool Fag wd IAFAfET T Tem: ;uwm Rl v ;uum o
weT R ;UUUg TH SaT 3T 37T YIIT | UASNSIHRUA FRT dtel 3T fEAcmicesgareT
Hre, 3 ARA B IuAT BRI U IR sa-Idig Rafay S Sse Je, waAR oe 3R
315 adelfers ATARRI BT AARLT HIT T 3 I AEdT 3eIel Hwrd fu arw |
AU g1 Fers wrf A yd & oril Siewsl @ 3R U Sfeed. T e orm em |
auae Refore & fAeeiar Jdga d Jgers wrf & IwRea [JFoel a7 JAga & ey &
Js faediwT 3 & gARBe 9fEl T v o= s T 3ussT] & 3fies waddRY
BRI 3UcTeEl AT U J | UASNSIIREA FIRT AS, 2011 & SR Uh JidaaA uladass
TeddRAT @ FaAfda feam o= | sedl A Taddl=l g1 3uzsT & 3ifes AAa Thu
T 3T o 3ifpsl B faeaiw.s & uorfa & W 2 30T IushIT] B 3iihsl & 3R U2 Jb
faeciw.r et fepam swem |

JOBTITLE : Sec 22 P JOBTIMLE: Sec 2-2 o

UDEC (Version 5.00) 1290 UDEC (Version 5.00) 120

LEGEND LEGEND.

13m 27-May-2015 1300112
27-May-20195013 00:12 cycle 46190
time = 1.547E+01 sec

cycle 461
time = 1.547E+01 sec

contot
number of ct 5.000E03
1.000602
1500502
17m 2000802
2500802
3000E02
3500502
4000502
180 4500E02
5000802
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57NEN4
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1719603 1am
2.006E-03 140
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§?2: E:g National Institute of Rock 155
National Institute of Rock 1590 Mechanics, Bangalore, India -
Mechanics, Bangalore, India con

Fig. 5.1 Plot of FOS for section 2-2 Fig. 5.2 Displacement contours for section 2-2

> TRER AJJAT GRSl HRd &l UH dgd & J3t ol JAld @ ufdisen 2 oy aefar aidt
oz fafda Ream o 2T @ o oR ugs IoSl gen, HASRISE, A Wael, Ieiid 3R
AR Bl ST Eom | AP 3idsfd 1210 . & Hevle AT @iy Age T oIt
3iferepaar AT g B JATA 9182 dcd A 163 . & | SHABI Bad.€ &= 88,000 ddf
fpall. @ T ST Bosa A UH3MRUA 138 I 3T UASTYEA 140.2 AL & | A
Sier bl TofdAlT 121.92 Y &Y Hars uz 318t off uorfa uw B | Slomrer &1 3rcaferes  &TadT
R TAF SifipadA Harg B WA U, dig » foAlT B Rftes gt ur dig B
SImreierel BT 3gAAT IHTALAS & ANk dig @I Rerar @I 3wad fFEm o JB |
TSASTS3TRUA BRI 3ife &7 orNefes srgeat &1 wrf s/uem=m arnm aifes dfer & we Uz
Bwmogere @Y ATAT ST AP | TASTSINRUA FRT g B e uT foraefesd Jeas ot
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ZomueT @t orfl & aifts 3 HFH.e oI 3rgyaT feem o AP | S P Il BEEH.T
P U Swmfceraer delilaer wifsterfeior w.arell @Eoiiv=) @1 3uior wd T @R feriEnT
Rregail &7 Jemuen @t o=t & | iy Regail & emat & R 5.1 & sigefa gertam o=
2 | TACATAUATA B AUS Hd gU faidesd sl ur e & faegail @1 uar o
I=T | IGYAT B AT BT AT Regsit @ enmurem @ oeRt @ 3N 3 3%, 2016 a6
Sy ATd AT P 3ffhs Ura fpr o & | 3rUeld Za2 UT JAdPp Oaz.T urd &ia &b o
3ifpel @1 a1 Reaere iR Ia AT & wrf 3 yorfa & & & )

» der ue el uRemeten &1 foratT ufdaelt oeer & g oot & aiorg, St ur ferfda
P GITAdTel 1020 HIMAIE &THAT &I I 3MB € a2 ufR=ieer & | I8 uf=rsern
TA3MS3MREH RT dcll Ul &eiell 8T & 3idoid ad 2002 I pu 7 3@ =t &1 g&f uz
MU 31U ad T 3UXPI.T B ATA 3T 30T ST IJeT B uileier & | Whaiarel aaf
® ol v JAg|a, Aol ke 3R UclR oThe JdeIholls dicd @& Hel & 3idold 160
IUHR B AT FGHAT B BRI fBAT S W@T T | ot T AART B Bedoied, AP diea
U2 s, 3UIhbRd dicel Pl oiddls A cdid bl fdd.T 3T Tt @ daRi & dedilees &
TderT B 3R Uz AN BT hel Hr Perzar w1 3Mbotar fopam or=m | Hefier BT <per
3T Sifdafecor wer H Teniud daredides 3UIB.T B AR bl =S 5.2 & 3iddta  corar
o ® |

TOTeT BI SIaREl P Ppodoicd, IUeh dicel B cils AT IUXpIT U 9@ dical &bl odars &
carg @ faazT 3T dieidfees & uderdl & 3mae uz HAofla &1 el @Y fRerzar or
3TThetel ThAT oTAT | IUIBI.T P 3iihsl b [I9aiu.] b 3Men U

» fofee 22 (0.007 A 0.013) UT B B dracie AN BT FHaT BT Beaded o B |
UdaTeTs 3rafer (2880 fde) & RIS /T I FA Bedoled 20 A 38 TATH & o
T B |

" BB WET UT dlcdl U olle H gl & W &, TdusT 160 apre Jemar B s

S

506 (UATclel 37@ier & STl 9.22 <o & gfg) U J& udfca 23ft a=fy B

" 3UXpRd dicel g fUsel U ay @B QIIe, I= Seldled Sdid @l "eeTy  3iHaisd
e g2 @ | TihoTarel, |® 3Iukiza dical A HmedtHa qarg # sifees gfg IS e
B -

* T wmeT P aidold HIT IFEIT g P forbeadt P OHA Bl B BRI FAT B
3MMerT U Eradiel Sieeiare 3T e @t Rty @ By ledrel Siereioel 8 3@ &

" T HET B IAUTA JR ATH A Tdid BN AART S WA B BRI AP dleet B
3idold Bz S & | T o9 UT eg7el AT o Abdr & B 9w 2012 H FHefle
BT heT 7 P Aot T gAGEAZ BeT FH 3 dleel A Bogg g T | ad
2013 & M & PHaT H 3 AF et A Wy 3 T 3R fheg ABIAT BeT
A P Wogy @l g3 | ad 2015 H AMS B HaT H @ dF 5 ISP dedl A
BeE I 3R SABGIEHT a7 3 Pls Bogg Adt g3 |

" UAITE3RUA BRI 3 31 YHARGBA el Bl IuAPT Hd gU fHU o I e
stemel wref (Sfue & UEA. 2011) A Udl gardar & 6 3R 3ifes dicel & wog
B JAhdl & | BE! H, UASSIHRUEHA GRI THAUTA P AUeh HHA & ofaiafsr &
srgeaT & AU Ie=a ATserRAtAfAG AeAfAtHe u.ael @t Femuer @t ot @ 1 foree
s & Rochor Jdga ST 39S 3MRIurA & ARATT B ATSHIATATHG 3rgeaT
Rerar & siwetal A Ag=ar fAer Jdbdt & )

> A3 A B Wiegd AIHes (TASHITA) & sediia &5 3 Fsm oref dRIeT EeTe
P Iidold ITEIATSCIE 3T Udlel SIAARI ¥I3eH oIidep Uk a9y Siiteceiisor Uegld &RT
Tl wrd P o BT uRdEa ARAES R Ao d9d Jage Sacdd.e TS
ThaRed e (CAUAINREIEE) g1 fBar o=m 8 | 53 Ugld & 3gA, A & FHAU
3MaeTF IR HBAgd & FadH & | UASSIRUA S HeTTT B BT HIT 3gaedT
yaIfaa SifticeiRer uglid & 3ggAR Uh Uslel & 3idold  37aedds 3MTeRi & UdT  cforrm
ST 2 | HrRiREE & SRT R Rem oRm B 1 AR edws & feu smaewes 3fies 39
JTeT Udeelehl g1 AATTT THaAT Sl areast & |
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Step 2000
27-Jar-15 40414 PIA

Zone Range

EL 566.9

Fig. 5.3 3D view of the model showing powerhouse and other tunnels

» USSE3RUA RT 99 2000 F AWR AJaz ulReeenr & aprd fSoeiar & 3maRT &0
arggar fear o zEr & | oty & @Rt B SRrel UesnEaiRuA gri Afdetes ot et
Urs.c dRald UdRdcedldlcdl (CHIMRUAUNTEST) 3T fooiell g &t fai gz SiwEfere &
gt @& U e Feerer eefel @5t Termgenmr @t orRt oY | ymterer @R & JRIe otelt
T HA 35-45 I Bl 9EAUS UT ABA A.€2 ool UT Ul THINR-UHUIANTEFAT &Y Zmaer
P orft aifcs o P SwEierEl @l 3Mbelel fepAT ST AP | ofdda?, 2013 A AR,
2015 & <SRRI 3IUTpLN &b 3ffpsl B fHOeows J feeafalRaa ardal wr uar =car 2:
AgFIT, 2013 A THAFI, 2015 B QIS HTUT AT 3TehaddHA BATIAAN.C 4 TATH A i
HH T&T | =H 3 B SR Seiell g P 3ideld oiorsTor Hafl THSRUAWETaAT 3 =T
T RBEwdAe @ ugfm Rer @ 2 1 wad 3R died @ 3idgeta Iz oM
BTAeAA.e ol Bl 3T THd Rerfiey @t ugia femnms 2@ B HaE B
THIREANATRT B 3ifpsl A oA g B ghe a1 28 6 *Ea 3T Ades & B @0
a5 Rer B 3R Tod 39 P FAC 8 B W B | FAFMITHSB Jdoiol Ava 1616,
Aoa 1652 3R AUT 1680 B 3idela Rerdfiwr F ugfed Rams ¢ & 2 1 sgaT
@ BRI B G THT Sell wifer dies Wit we gferel & 3idsia @R "er el @ 3
I FR=AT &7 UdT ofomAT Sff Akl & |

SDEC_DP 5.00
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Fig. 5.4 3D model of Mangdechhu powerhouse

complex

Fig. 5.5 3D model with different materials assigned
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> Arerell clie 3R JETd AAA BRA PITT U.S AsHA Bl AdA GRAell J&e & ol Iafsr
offar I Rerg 8 | W& Uk Isfpd 3uer fUe Jerer @ | fhotatal S XTel @ 3idola 3
THSNT daf Uz P gcf |1 & | JeTd B gd B URPISH ATHG 9ifd B AAU  STeT
ST @ & | RgReer sAY & aidofa &r sfdor & 1 yRreh sfuer & @1 Rerdiws=a &
o ¥ SR SHA WY Fenu 9w ¥ IR fhoetel v sfEder &rw e Iwier Afkw wHu A
8 BT & | aE sfEder & 45 (R 5.1) 3R ofH Alge T | URierenem & 3iiwst,
fafee SRafafs s =g@AR®a s9El & amelles & IuAPT HI U SJTDB  3idolda
rega sregger wref feam ot 2 1 M D g A a9 Bt 3ifpaA 83 FH ATGT o
2

Siffecar et

Al & IUYeRT UHATAT P AT Rerdar & 3reRie HrRf JdAda # e 10 #H & Has ur
T o oISl & Arer feem orm | PRewm @B Bae d Glel &l Uil Wl 3URNeT &d
gU fpam orem 3T uE 1.3 A Y @ | THA TAW! RerRar w1 off uar gwar @ 1 I d
AT, &5 B AdE A g dgrex 10 F @ IEAS UT A HI AFATA cIold g ferfdae
shmafafsere faeawr feam s 1 s @@ &1 uar gem [ arer eger @ Alggdt B BRI
siftrepier Jgeral H FIEM B B B HAodl H HAI E & | T A &F B 3idgeia 3fa
2SAGIT P TAIRAT B Gl ANST dlich Ul died &b UGl & Tdeed bl bd ThAT ST AD |
z3q ATHAT B Rezar F 3z aiftrs gfeg oer @ fov freafaRaa sfalRea RrwiRet a5 o=ht
=

> Thafl, dAeT #moT A SIBI ol Hars 55 H & w=T B uEl & afH o FHarg Hoa:
3feres 2 3T sAB e 3ii0rs U A ac@eR & | 3Mebdd Hurs dao <&l sier o
N o= B TSTest AT oToreor oidars 200 T ® | ScATd Bl JATBA HiaT 127 A 20°
S g HF T | 57U P UIklisd B 3ideld 10 #H Has & da Alge 2 a9 & woma @
BT 307 A 327 P g A B 3T TS ASE 4 M A ABT 10 I B = H B
TA3ME3RUA BRI UXPISTHA Sad & 3ideld fRga 9 J 3emas wrd e aw 3
ToTeel A sH &9 @ Afadty Iifes ot wr uar oemam o ® 1 fafie SRmafafe
TreawT 3T ARG ediu.T &1 3u=erT BRI gU oord @t Rerar &1 fRreciw.t fsar o
3R TP 3ideld UBEAEAT INU AThedT &r off Iudlior fopam o | faeeiwT «wrf & fow
3G BrA ARl AT Th ciddls & AdeTed bl adel fhar o= | fIeaw.T wref & faw
U&PB AT bl Icd-uidgd 3T cferT-ufsad & »a A femorfora fe=m s=m | =9 g
B/l 18 Aaerell wr oot fFam orem ST JgRem B Bae (EWINTA) B UAT Sor=T orm
I R 5.4 @ 3idold UHEATIAT IENU ATHSITT BT IUATIT Hd gU UH JAdRE & o
Udl cloNT 910 JIeT & haez I cortar or=m 2 | drel fediw. i 3 udar cenu otw e
B Bt A T BaeT B HoT 1.84 3T TR 3Nk Bl B I1d BT UAT geidT & 3
TUE 3Ah WMl U Uh AT & & | SIT B gIHAAT H JUR ol B fau Aderea 2-2,
5-5 3T 6-6 I ST SCA 130 # 3T 110 T B AR HH: UIHISS fhar or=m |
ToTal Bl S @Y SHaATs 10 Hl, Tora @B BIT 450 3T T B diss 8 Y B AT
UIerse BT or=am |

> uSis da 9r dgEd el e da eKdZ@vuglo.K @ Reg enfua e wmer eifzu S
JeeT IS PT IUANT PHd U Uia o Ra Isramafy uz 3o args@t feem e
AEE | auf kg A AOeH FAega b FJAT IJg HF e emen afgw d&Et & sidefa
3cUee glolalel ST AA.el &I gar «enar o B | BA UBhR B IGgHdT A AT B
Rft off Ut wegr 3rerar @' wier @t Refad & ar F 399 fear o Awar 2 1 s
AT B Ulfehd 3MMHR BT KazT Br IRTReT & vaidd &2 Ibar & 3R & AT A
SAHEEHATNTAES 3 Twdl & | 3R e AFer B IR TAreeht @=a ywmiHS deieiPu e,
A Iwid@ AT B U HAT & 3T UNSha P dd B AgaT o7 A AaRa &
ADBSM | AN A UBR B AT A HHFGR add A Is e o=m @ gorem H
Iooid IRREST BT W T FRAT B | HRIET B a Jeufeior F 3w Is B s
A B uUTa B A Fem e Jdeft | foBrs 10 W B Farg wr wRenes Ren
#d T SESr 3N RoieaTersa/Sle B dersdl aoiid & HaTel bl BaT wd gU T oifuar
arfes seu ATHT B eTHAT T Rerar & gfg g o IB |

BT 4, 3MRSI 450 <cIfgell A, ICA 1456.5 Al UT FAAAS .16 A .5 THATH HF
FAT FH BT AT = B B TCIfdaa ugfa 3uater a8t B | TAGITdUiTA ERT Slelds,
2010 &P SR A 3UPBIT P 85 bl deed [&AT I=—AT | ofded?, 2010 & o 5 &
oERTE B TAwAA.T & siips Iuctsy a8 & | IAgER 2011 3R AW 2012 B dT B
safr & SR Aas B TAwIAT H 4 wHATH I Ihg g2 T | war B EReea &
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AR RBaeAAE .11 A 3 TATHA W | A, 2012 A A 3upT & AfEar F glear
3Tl ofefl 3T T AfSor & RieoivwT & fov Iugaa <idl #ATem orm |

Gletasl, 2012 ¥ AP 25 bl dccial D UETd Ph&l 4, 3PS 450 & cligd SR &
3CA 1450 A A AfSor utd 89 oOr | TWheefl, wer 4 <+ fedorerer amafer & geana
zH A glegf AfFer 3 @ 3R S 2012 F Jdg T 5 A oEAE B U HBIA
PHEAT o B T | 10 N &t oraRrs o Bawade d Rerar o ugfea fTwrg 3= ooft
| A 2012 & ULld IUBT B 3idold decdrd 31 =T 3T SHB AfSer b fagawTs &
e 3uygaa SE AATT o= |

[ 308 TITLE : Secton (South}-EE (Projected (We) Reformed Dump-3_

JOB TITLE ' Section (South)-EE (Projected (Wet)) Grouted

FLAC/SLOPE (Version 6.00) sco0

LEGEND

29-Ape-16 17:27

FLAC/SLOPE (Version 6.00)

23.Apr-16 6

LEGEND

M

| Factorot

Safety 1.30 Factor of Safety 130

! 47 .

NIRM, KGF
NIRM, KGF ' ST "SEATT "NEAT "NMAT “NEMT "NT "NEAT "N

Fig. 5.6 Stability analysis of a critical section Fig. 5.7 Stability analysis of a critical section
with reformed Dump-3 on south side on south side with Permeation Grouting

> ZUSA 1450 H beT 4, 3RS 450 o <R A BIcadec 2 waAga A off b 2&T
3T sAH Rerar &t ugfed 3@e, 2010 T REmg 2 o= =ft | 30a & ueaa
Afger gyt @ 3T 5 3ft 3T 10 3 TR HH Hem @w w2 R’ 1 10 3 &
MBS U 3Bifbs T 2011 A A urd B @ 1 10 FH R FaE B
Taeade d Rerar & ugica Rzmg 3o oot | oA 1450 (Torel) wmeT 3, 3MREr
450 & Trfga g uT Ads 3N 10 FH Bl 9EIs U TASHAA T .7 TATH A 4.0
THATH & o & | AT B uhld 3UIbT B Afser A aedra 3T orm 3T S
ooy & foiv 3ugad <@l Jesm 9w | 3MREN 450 IMES dOR $USA 1456.5 B
sigotad TANHRTT g1 R’REmu ov BuwRde A Rerar @t ugfa angd 3o @eft |
Sel, 2011 A Ads BT BFIGAAC 5 A 7 TATA W | sTA-SE), BaT 2 2SN
450 & QU AR HA BFATAC 2 TATA A Y HH W AR sTH Remar @
ugfed M or=ft | SUA-UHS, 3RS 450 cfgad far HF 5 T & Upz A wHig
ufafeeer =&l Tmng & 3w 3reg Ul 3 3iifdres uRadel @ arer Rerar &t ugfea
fewmg 2o ot | SuA-THA, 3MTEl 450 @ AR T Tde NT 10 A B orEs
U3 7.5 THATUHA 3T 14 UATH Saedd.c feomsg 29 oom 3R sad ¢ 5 UAuA &
3iaT & JTeT Rerar & ugfea fwmg 2 oot |
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5. SYHARBE STHATH.T, IUIBIT T ST

TI3MSRUA & gARDBA oieelhb] fTamer g1 Bawlicegarar 3R wleeeya3td  delial &1
IuAOT HIA FU Jere R RAfde it 83 @ Riftes uer @t fPrem st
FFA=T3T b1 e fhar oirar & | SAB IMAAEl, SH Ul ERT IAHhATA B IUIB.T B
3ifeel BT IuoT BT U Heble & foraAl. T 3N aforel wmall &1 Rerar &1 Acdicker off e
Srar & 1 el ad B AR IR B PARBA e f[Fsmer g1 [ifdes e 3R
ua foreelt &1 & ufdierensit ¥ dAdfara Brear  fd=iBrest A3t & Jearara & e
31Tl B fopwE otw E |

» adiger Rogote uar fRetel uReierer & 3idefd sicidselear &<t Uz 4 a1 130 FHomare fRreiet
I b1 ordAlT 3o 3 € Raw & 3nar ur har o 38T & 3T I8 bl &l weduRdt
fafdes, SR ERT dusst par o 2@ B 1| SF uRelelen & oot et dAga &
3igefa dier I ot JarE Hrf Al F wem: ug Rl R juuwm giAwER
weT 3R ;UUUg IH Tae 3T 37T Y9l | USASNSIHRUA FRT el 3=t fEasmesgara
Hre, 3 ARA B IuAT BRI U IR sA-Idig Rafay S Sse Je, waAR oe 3R
315 adelfers ATHRRIT BT FAALT HIA T 3 I FAIEdT 3edel Hwrd fbu arw |
THAHRAY gRT JFgers et A gd & orfl Sewrt @ s meR U SeeTtd.T e o em |
aaiaer Refote & Aoiehor Jga H Fers o & Iwred Fofell av dAga & FET &2
I RreawT 3 & yEARBa a9fE! I fper o S U 3uzeeT & sifes waddi=it
BRI 3UcTeEl AT 98 F | TUASNTSHRUA @RI HAS, 2011 & RIS Th 3iaaeA ufades
TeddRAT @ FaAfda feam o= | sedl A Taddi=l g1 3uzsT & 3ifes AAa e
T 3T o 3ifpsl P faecw.s & uorfa & & 2 30T Iush] B 3iibsl P MR U2 Jb
faeciw.r et fepam swem |

> @R FAAAT URRISEr #Ra B Uh dgd &f J8I ofa Aid P ufiierer & o=y aefar oy
uz fefda feam o 2ar ¥ R OR udgs ISl "en, HASRg, HeT U, Ieiid 3T
AGITRAT Bl ST oM | SADB 3idstd 1210 . @ Hesle A @fgy Aoe & oraast
3iferepaar HaTs ild B ATH 9182 dd A 163 AL B | SHABI BIA.€ &1 88,000 ddf
Fat. T R U Roga A UB3RUEA 138 # 3T TASSYEA 140.2 #H. B | =H
aier &1 fordfT 121.92 N &t SHars uz 3refl off worfar uw @ | SieATYr WI IIATED  &THAT
R sIAH SiffasA FAE B A gue, dg » TEAElT B RAftes aat ur Gty &
Eprerel T 3TgA.T 3TIeTd & ANk dig @ Rerar @1 3o feem ST AS |
TASMS3RUA BRI 3ifg o1 Srefees 3rgs@T & o 3/« 9= difie die & hee U2
Bwmaigerel @f HUT ST JB | TASTS3RUA FRT die & e U forefes deas &
Ferger @t orft B aifs 33 e T argyaT feem o AP | df B el sEEHT
P U TSwmferaer deliager wifSterfeior w.arel @) w1 3uziior &d gv @R feriEnT
regall @7 Jermuen @t orit & 1 RriwT [Regait & emat & ™ 5.1 & sigefa gertam o
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Fig. 5.4 Control points establishment at SSNNL Dam
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Fig. 6.1 Blasting adjacent to buried petroleum pipeline
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Fig. 6.2 Peak particle velocity versus scaled distance
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Fig 6.3 Blasting close to existing powerhouses
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Fig. 6.4 Measured peak particle velocity versus distance (MCD up to 2 kg)
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= Proposed cut
\and‘é&wér

Fig. 6.5 Location of the proposed cut & cover tunnel and water pipeline
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Concrete blqék :

Fig. 6.6 Location of concrete blocks casted and experimental blast locations
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Turbine building 2
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Fig. 6.7 View of proposed excavation site RB 3 and commissioned unit 1&2
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Fig. 6.8 Monitoring of ground vibration and air overpressure in front of police camp

» Jeois A I prRUReE fafdes grT GNUHA3MRUS) g1 Jesis HA&T <o A Al I o
&1 oAt e o z&r @ 1 s oAty & aiaeta fafies uforaes Jgerer, Jor 3T sgoref
ot AfFATAT & | sHB TordAlr A Adfera v Aol SAA-Uhbled oidl I aidiea fear
=T & 5 3idefa Aeeg HASTEOR Icd WA B UrH Uh oot Reorar AfFfea &7 1 ==
aeref et B foraATT B 3idefd 30 . I otaRs I FHSE/Mremd Frmren e IfFwfaa
T | SH oI Bl Aes 30 HIL 3T cedls oorder 300 HL B | ferdAlT wrd &Y usfa
P sidold ST WA B aF B AWB! AYT @RS dF Pl sUHEHA AR B orAlT B
AT 3rcor fepar o= B | QT &3 H SATBA daiT bl ISl PRad B fau Te &Y
i3 MR U gord JAFAT HUS THSE B Foreer 18 Y P Y HoR JeTse fenai &
T BT ATHAT HBIAT UST | AdE B YIRS oAl & 3mAurd F gv ST diel 3 Hor
forem @ AT UR NI 3T U Uh JABicdds W (@eeig & FHIU U TERl) U STHRER
2012 & SRIA 37Tl UAEL.cAD b fpu ot@ | uderT Brf P 3reweredl A oA ad
Bl Udl el b adides diR U2 fables &ord wd AAT uxdliad ferifsra fiswhiess &
HrRIGaATdl A syuweuer o el R RraiRa e g genw T o Awar @1 g5
FaTs B dglad g =39 Uglad 2 3 U Rafa 3cues & Jwdr @ wiel wR ikl &
B 3R Ba @it Hu J AfFa uRRafa A) = 6.9) & A ®wem us Adbar B
| 3T B U B oihe FH IMMHIU o R R=hblewsl & 3u=ior & BRI Hdle & &
dep faeafRa fhar Srer 8 | S3HP 3bald & fou Midhferbes 3=t et ¥ odrerr
wrf fpaT orar | B B TorAl.T P 3idold 100 € &HdT &bl Uh dis Ael, HAelddH hI3.©
50 fob. arr. @ e zenfua fopar oram arfs faehlest @ 3t A foibotadial ofils & s
HT 3rggaT fFam oe ot Uk Jbfoud wrizera (R 6.10) & Widze fafr oz u=ar 2
| RPE o Rzweal & T [T avw Jgal) ois Aa @t ufafteen &1 wire e orem R
6.11. A 37Tl A UdAT dcddr & &6 uded a=blear (0.75 Th.am fawwies) @ U 6
Bfgesl g6 B Iudler I MBRrdes oGl & sidefa, &l Ueh 3R JFor =T 9T &, HIg
9y foee fomg =&t 2ar @ 1 7 Bfggsl (0.875 fhar. fashie) & 3Iu=lor A Bble
oAt & |9 Uz A=l 30T oereter 3 A g b1 forme g 2ar & ST didfades
He fTALT (UF ave Jan) B g P Usel A1 A 5 A, #Hl. g &1 we R’ang 2ar
2 | g B oliisddrar o s ferftsr 8 oram 2 | TUsar o1 & Toig B arw &
s AT Bl AT 1160 BT & 3R oo em A g AT ois A &1 AThe A
fofdet A2 BT BRI & | A &I UoiT dree felbar oram & |

» IO & Aecd U Jdoldgdolel el R dlell 3Mee uel & ey et & ot
ASA B FJAATST ATHAG Jid H TH AT UrA AdelT Iz 188 & Reg & 1 =t
TPl Th & ddl B 3igefa 3rger wrRf BT g T BrAps U da 16 M Harg 3T

IS f¥rem Tt F=ermer 46



arfttes ufardes 2015-16

fomet aim 24 3 STas B € | 24 M P fgdw da B uAF 12 o B Hug H
frenfotd wear b1 usdrg oM | S mrREl Bl Brard 116 TATH @A 3T 16 AV
IEIE dT Blcd A FT Tpu 9w | Fa o B Bfgser THeed F arst fopam o s
o ogw shfdroee uanelt @hva 3tk duad) s sfefdiee Reamr orm | stuemem ot
ST 30T ATHor A 2.5 FF o1 3 H T\ |

Fig. 6.9 Capturing images for fragmentation analysis
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Fig. 6.10 Peak particle velocity versus distance
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Fig. 6.11 Site specific predictor equation for Darlipalli STPP
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Fig. 6.12 Quantity of boulders to be blasted close to dam structures
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Fig. 7.1 Typical microseismic event recorded by 14 seismic stations at TVHPP powerhouse
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Fig. 7.4 Displacement contours computed from the data recorded during first year monitoring
showing mapped and estimated displacement locations on 3D Cavern drawing
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Fig. 7.3 Mapped microseismic events recorded during first year monitoring at TVHPP powerhouse
caverns 3D Plan
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@ Event Information : Tue Mar 12 01:34:38.670637 2013 India Standard Time E
Location Source (Manual) Information
East [m] 20251.8 Local Magnitude -1.9 12 Mar 2013
o G — -
North [m] 51756 ¢l umic Moment [Nm] 3.5x10°%
Up [m] 12728 o diated Energy [] 5.5
Residual [m] 0.5 Log Potency -2.0
% of AHD 0.5 -y
Static Stress Drop [MPa) B.1%10
Log Energy 0.7
Location Details
| Local Magnitude -1.9 Corner Frequency () 23.0Hz
Potency (P) 1.1x102 m? Log Potency -2.0
Moment (M) 3.5%10° Nm Energy Ratio (EJE,? 22983.0
Energy (E) 5.51 Max Slip Velocity (U,,) a2x105 M5
Apparent Stress (0,) 5.1x10* MPa Corner Freq Ratio (f/fs) 5.9
|| static stress Drop (ao) 8.1x10" MPa Apparent Volume (V,) 3.5%10°m?
Dynamic Stress Drop (Ad,) 2.5x10°3 MPa Source Size (L) 9.1x10'm
| P Wave 5 Wave
Moment [Nm] 4.3%x10® Moment [Nm] 3.8x10°%
Log Potency -3.9 Log Potency -1.9
| Energy [1] 2.4x107 Energy [1] 5.5
Corner Freq [Hz] 136.3 Corner Freq [Hz] 23.0
, - || %o

Fig. 7.2 Computed source parameters of a recorded microseismic event
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Fig. 7.5 Displacement contours for the data Jan-Dec 2015, Side View on 3D Plan
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Fig. 7.6 Seismic monitoring Instrumentation system setup block diagram layout

. CDRC-Central Data Recording Centre

| | |
@ Field stations with sensor
FS-1- Réference stationl (Ref Stn) about <50 meters
FS-2- about 7m lower in MSLD (mean sea level diff: ) with Refi
FS-3- about 14m lower in MSD with (Ref Stn) about 1.2Km from CDRC

FS-4- about 12m higher in MSD with (Ref Stn) about 1.5Km from CDRC
FS-5- about 15m higher in MSD with (Ref Stn) about 2.5Km from CDRC
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Fig. 7.7 Locations of the Field stations and sensors
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?ﬂTW|%%aw.réwm%aaﬁmgﬁm,msﬁzm gfest fEa

[

Magnetic particle tests on Ultrasonic tests on Ultrasonic tests on
suspension gear parts suspension gear parts winder vital parts

Fig. 8.1 NDT on winder vital components & suspension gear parts, M/s SSM
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®H Ry arsse | wriRea oz iy dof & sigefa e ol wdierr o & g& omwe,
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3R ANt IAeerar PR & werge! AfFAfaa & = 9.3).
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SADB 3, ¥ ogs HIsd dPiR AU U SHoeenwsl udlelT wrf Ream owm sds
sidofd ;U AZS oTBbe Bol ATS.8T B 18 TAUHA UGEeR{l WA — Ui =00, ;Uusg ase
Mhe RbU aIg.83 & 24 THATH UTHEAA T (Bol NT B13.eX dge & f{em @) - ==
stor 3T ;UUUeg 3Tooilclsl 9MMhe dTS.82 & 32 UAUTHA UBGUCR A (B 3T 8.
Ase B Rem B) Q1 ofor ARATAT & 1| Heft uderT Hf Aweagdes g e ow F O
TTE & 3T U2 3Toeilclsl oMhe & Hol ATSS B diT B A, AZedNbe B 3igoid
RBpuy digse & aF T/ 3N AJT oMbe B 3idold Bol dIs.sT D TUh dlR B I=A BY
TEeTal bl BT haT or=T @ a=ifch 3ed ansSHlcics Bl & eRT esms ug |

Rope running through the
magnetic head

e LAY

Magnetic head placed in a Monitoring strip chart
stationary position

Fig. 8.2 Testing of kibble ropes, rock winder ropes & man winder rope, M/s SSM

ANt uderT HRf IAwardigdes JAT THU arw | fhReft, »w offe, IeH Ty wiew, R
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B ot B | ' Poa R o B o admar e, sRuoea Brs, s@iRFer Az,
geH e, IRAT 3T 31eT Yol Bl HTA 5494 BRER UT URURSG HU A Usf.cor fpam
ST |

Steel frame to carry Magnetichead placed on the
the magnetic head frame which is fixed to the kibble

Fig. 8.3 Testing of stage winder ropes, M/s SSM
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B IS B FET B ATAT IR T TA 3.5 A 4.5 HaIarA @ Fewm F uwm oM
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& BA T B | dbr WAz AfEer u.amell H HUT o= Alerldr 10.2 THUHA 3T ddbT
3MRUSATA-2 U 12 UHAUH & & | STA Yd AT fhu ou dwdl & Jed.c aifdarsa
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Measuring the rope diameter

Equipmentsetup | Analyzing the strip chart I

Fig. 8.4 Inspection of cable belt drives, M/s NALCO
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TASME3TRUA BRI 3012, 2015 30T WA, 2016 & IReT THUIKE 3T IEI BT 3UATT
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3T ;UUg 3MMoSierd daIs.82 1250 fhell Tl | SAPB 3/AT@T, & ¢ 40 THAUH HAo WK.8
B aR B T A Thamet udterT wrf fear oram | Jeft udterT et Awotar & ATer
g U ow | (" 9.6). UderT HEIf B oRmAT B R uT ¥E 3T orEm B b udert
Hrf fPu ol ars.sr & UHH AT 3R Ao BRR & wagsl d AHhd, AdAHA 3R
3iaR®e giedl Ao @l & | aR & RAT ur Br 9w udeldi & gR R I [T I
2 p 3 g Rofa &t 8 1 ar & == A fufer, ®Ree ik g ar S ey

Wee (UoTUth) HAlolg olél & 3T HhIa-—Aaelelal dAcliaid &ifel (TauHAu) off =&l & |

Magnetic particle tests on Ultrasonic tests on

! | ¥ ¢ t_ . s "
q Fi .
Ultrasonic tests on
suspension gear parts suspension gear parts winder vital parts

Fig. 8.5 NDT on winder vital components & suspension gear parts, M/s SCCL
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2 afs saast wrf Aodar &1 HAedicha fFar &1 JB |

Inspection of wire ropes Analyzing the strip chart

Fig. 8.6 Inspection of wire ropes, M/s SCCL
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Magnetic particle tests Measuring the thickness
on welded zones of the chute plate

- - oo o
i 3 “‘sji VAV 47 5 X i
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ey

Ultrasonic pulse velocity Measuring the vibration Locating the stress raised
on concretes levels at critical zones zones using thermography

Fig. 8.7 NDT on steel structures of Ramkrishnapur Coal Handling Plant (CHP), Mandamarri
Area. M/s SCCL

JTeT UofAfeTId wausht fdfdHes (@ewm!) &t arATgse Jere 3BT e B dRige e
H doaucHTell UsEr Uz Rera € | Icuield JraRATee bl FAcol—hd hedIT Soe gIRT [SWbraeel
JAAT b A SR SAr & | BT Joe HAaIdd [SWhodere gieereil 3T @1 a9 & I=AT
@we 83 ATss 3T Isc B8 ATSs) & JAsHAT A doddl & | ST dR D TAT BT uAET
ferafdia - J fham Sirer 3magAes @ difes Iadt wred Aewdr T udr Iol AP | AIA
ATchl BRI TAINSINRUA A JUh BT dgdd Jdoc Fed IFAT BT AgAidhied B Bl Hal
IET B | A ([@he B3 ATss 3R Isc BE ATSE) B oFls 30 BT B, o uim ==,
U&Fb 6 [h.AT oFre 3T oses (WER) A &l & | 30Rd, 2015 & QR AT D
IXAT BT ohaeane uderT fpar o= 3N =pa fpr org Reu =ref o1 fasaiws feam om=m
s 9.9)1 BT dee FrEd P 3idola fHU 9w UM B AR U THA A1 BT Udr
SoreT o fF @d ATSs B A A dgd U IRET IS ¥ IR TAS U IRISr
3idotd wRIere, fufder 3k aiftrpad €iu e 3T aoives i arsl ATHAfed & 1| o
Ffet e gfeat & aramar, sifees dw=r # 3nsAlcies dide argT ot 23X otw E
AHe BB ATSs 3NT AUsSc 8.5 ATSS B ITAT D ATHA Bl pAl BT ufderd AL 7.29:
3T 5.78: 2@ | ITp el & AT H =T BT BAT 10:, ST TA TIAATT A gl B
wradfRar 2, A ot BH B, S ITAT B STAATA DI SIS TH ST AbdT & | Tpedl, =g

IS f¥rem Tt F=ermer 59



arfttes ufardes 2015-16

ATSS B A H dga oflg It BH o W T o3 s dim au LS A FAowg feu
Sy @ dehlel 3MAeThdl 3T It & | J9eal UcyiHAfeTad dauelt forfdes (eTewmr) @bt
drRATgE JETel 3IEAT AU B HRIge Ty A dauedAredt usEl wr Rea & 1 scwfea
TATFATSC bl Hcl—bd hedeT doe gRI RWISs! JAS db of SilAT Sifldl & | Phedde doc
Aofeir Bwmodee gheo! 3R &1 dr & 31T (@he 3.5 Ass 3T Ise s ATSs) &
JASTAAT A TAdl & | S a2 B IJAT bl udelT fo=afdd Hu A har &irer 3raees &
arfes 3T BRI AoAAT BT UdT Idcd HAD | HAAA ollchl gR1 TASMNSIREH A JAUh BT
BYA Ace FIET JXAT BT IcATHI B DI Hal =T & | A ([@He 2.8 ATSS 3R Ise
28 AEs) B s 30 fhal B, o dig 3=, udd 6 bl oears 3T wisls
Farses) A et & | 30Id, 2015 B AR dR B AT Bl Shacens gdter. T e oren
3R B fpr ote Rgu =l & [eaiw.T fpam s=m &= 9.9) | g dlce gsd & 3ideld
foPT o1 UdELiT B IR U2 SH oid bl Udl ofol=ar oy b ad Arss & I 3
siftrs IRTE 3E B IR oI U IR 3idefa wRiere, fufder M asiffresaw diw
ffRR 3R ooier dibal arge AT € | S ATHTa: a0 ATSS &b dR & I3 A
3tferes Sl =g, 3rsdAlcics el AT, doiee? slibel dIbT 3R 23S Sl araR I
mfgmﬁfé‘aéé—cﬁ% | S A B forRar 3R Arawgeiyf agesas @ RreifRer o
or=ft |

> Az s Ul fafdies g Jwd st ofles wrgew foifdies @ ti-enmwe RHfbor wref
Far o & B | W-emhe RifPor wrf & v sa#Fer pv oearer 3uw.it @t ustem
TSl FRENT HaT forkena™ & Hpieeidl & gAR @Bt orell ¥ aifes el el Jowdar @r
Udr olOTET off AP | UASNSIRUHA &I UAORMcTT H ddbe o, olis dRgar e 3
E-AbaT SR 3ol IUBLI BT TS 3R yelells TdelT fham o @1 &8 | yhals
AT B 3ideld IudT & Touw FraiRa 200 @ F e genm sifdes ek s &
give.ed Jferadar udelT I3 gRI IAHGT UAelT fHam a=m | ywmals udglT & 3ued
IUBTNB B oitg & oreft 3T I8 3 o B oo Iup A H BIg Swrda Et gam B
| SAPB UATd, IUMBIN UT TS (THUE 3T I&) udterT feam oram | udterT & uRmaAT
A gdal gorar & b ga Iumedl F I, Aaudsw 3T wig siafe Jgfedt =@t € 1 8s
PRl & arra Rerar anfsc semwe o fear o1 281 381 dud Rier.h s
pagsl ToIfdes g =3 ufaioier o urioia fpar orem 8 1 ar & 331 & Shaeansst
TderT B Fr o @ ¥ | AIAA A U{HTTIH wauell fAfdHes gRr s ulReieter
H gt B o ¥ 1 IOIYR | JETel 3T Sar AAgE B FElEl H  Ueser
TderT fpam o W@ B 1 A9 Tegeaa i fifdes g s uReieen o urenfea Ree
I=T B 1 Held arsfEer Uamell — ST H Tesidl udlelT it fepum o vaEr & 1 Aws
Rt Pifceiier wausll fafdes grr s ufReieen & urenfora fear or=m 2

Magnetic particle tests on Ultrasonic tests on
suspension gear parts suspension gear parts winder vital parts
Fig. 8.8 NDT on winder vital components & suspension gear parts, Zawar Group of Mines, M/s
HZL
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Inspection of wire ropes Analyzing the strip chart

Fig. 8.9 Inspection of wire ropes, Zawar group of mines, M/s HZL
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Magnetic particle tests on Ultrasonic tests on Ultrasonic tests on
suspension gear parts suspension gear parts winder vital parts
| L)

Magnetic particle tests on Ultrasonic tests on EOT Ultrasonic tests on air
EOT cranes cranes COmpressors

Fig. 8.10 NDT on winder vital components, suspension gear parts, EOT cranes, and air
compressors at Kayad mines, M/s HZL

Magnetic particletst on Ultrasonic tests on
suspension gear parts suspension gear parts winder vital parts
Fig. 8.11 NDT on winder vital components & suspension gear parts, Rajpura Dariba Mines, M/s
HZL
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Magnetic particle tests on Ultrasonic tests on man Ultrasonic tests on
man riding car attachments riding car attachments winch vital parts

Fig. 8.13 NDT on winch vital parts and man riding car attachments, M/s ADST
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Inspection of winch ropes Analyzing the strip chart
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Magnetic particle tests on Ultrasonic tests on Ultrasonic tests on
suspension gear parts suspension gear parts winder vital parts

Fig. 8.15 NDT on winder vital components, suspension gear parts, M/s HGML
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Magnetic particle tests
on the components

Proof load & break load
tests on the components

Ultrasonic tests on
the components

Fig. 8.16 Proof load test, NDT & break load tests on the suspension devices, M/s NFC
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Ultrasonic tests on Ultrasonic tests on trolley
winder vital parts attachments

Fig. 8.17 NDT on winder vital components & trolley attachments, M/s KPCL
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Analyzing the strip chart

I Inspection of wire ropes |

Fig. 8.18 Inspection of wire ropes, M/s KPCL
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| Cabin noise dose meter ” Sound level meter on HEMM's “ Infrared thermography on HEMM's |

Fig. 8.19 Various NDT techniques on HEMM’s
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Fig. 8.20 Ultrasonic pulsar, probe and oscilloscope
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Stress vs. strain - BH3-P27

200
180

160 \ /
140 /
120

100 /
80 /

60
40

20 /
0
-0.30% -0.10%  0.10% 0.30% 0.50%

Stress, MPa

Lateral strain, mm i i
ateralstra Axial strain, mm

Fig. 8.21 Compression testing set up and Fig. 8.22 Stress Strain curve of uniaxial
Data Acquisition System compression test
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Fig. 8.23 Mohr Coulomb plot for sample from Jwalamukhi Fig. 8.24 Stress Strain curve of
area uniaxial compression test,
Banskandi area
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Fig. 8.25 Compression testing machine with Hoek triaxial cell
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‘ . 8/90, 1st Floor, P. Mahakavi Road,
GRSM & ASSOCIATES CA . e

Chartered Accountants Ph : +91-80-41312149 / +91-80-2660 2810

INDEPENDENT AUDITORS’ REPORT
.To .
The Members of National Institute of Rock Mechanics, .
Report on Financial Statements..

We have audited the accompanying financial statements of NATIONAL INSTITUTE OF ROCK
MECHANICS (“the Institute™), which comprise the Balance Sheet as at 31 March, 2016, the
‘Income and Expenditure Account and the Receipts & Payments' Account for the year then
ended, and a summary of significant accounting policies and other explanatory information.

Management’s Responsibility for the Financial Statements

The Institute’s Management is responsible for the preparation of these financial statements that
give a true and fair view of the financial position, financial performance of the Institute in
.accordance with auditing standards generally accepted in India. This responsibility includes the
design, implementation and maintenance of internal control relevant to the preparation and
presentation of the financial statements that give a true and fair view and are free from material
misstatement, whether due to fraud or error.

Auditor’s Responsibility

Our responsibility is to express an opinion on these financial statements based on our audit. We
conducted our audit in accordance with the Standards on Auditing issued by the Institute of
-Chartered Accountants of India. Those Standards require that we comply with ethical
requirements and plan and perform the audit to obtain reasonable assurance about whether the
financial statements are fice from material misstatement.

An audit involves performing procedures t¢ obtain audit evidence about the amounts and
disclosures in the financial statements. The procedures selected depend on the auditor’s
judgment, including the assessment of the risks of material misstatement of the financial
.statements, whether due to fraud or error. In making those risk assessments, the auditor considers
internal control relevant w the Institute’s preparation and fair presentation of the financial
statements in order to desivin audit procedures that are appropriate in the circumstances but not
for the purpose of expressing an opinion on the effectiveness of the entity’s internal control. An
audit also includes evaluating the appropriateness of accounting policies used and the
reasonableness of the accounting estimates made by management, as well as evaluating the
overall presentation of the financial statements.

We believe that the audit cvidence we have obtained is sufficient and appropriate to provide a
-basis for our audit opinion. SN

e-mail : services@ grsmca.com Website : www.grsmca.com
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Basis for qualified opinion

i Non confirmation of balances by parties as described in item no.8 of Notes on
Accounts to the financial statements, the impact of which is unascertained.
. ii. Non verification, non-reconciliation of fixed assets and non-maintenance of fixed
assets register, the impact of which is unascertained.

Opinion:

In our opinion and to the best of our information and according to the explanations given to us,
except for the effects of the matter described in the Basis for Qualified Opinion paragraph, the
financial statements give a true and fair view:

* a. in the case of he Balance Sheet, of the state of affairs of the Institute as at 31 March, 2016;

and
b. in the Case of Income and Expenditure Account, of the excess of Income over expenditure

for the year ended on that date.
c. in the case of the Receipts & Payments Account, of the Receipts & Payments for the year

ended on that date.

For GRSM & Associates,

Chartered Accountants -
Place: Bangalore ; (FRN 000, € ¥
Date: 31/08/2016

Partner
. M. No. 208063
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NATIONAL INSTITUTE OF ROCK MECHANICS
Champion Reefs Post, KOLAR GOLD FIELDS - 563 117.

SCHEDULE-31

ACCOUNTING POLICIES AND NOTES ON ACCOUNT FORMING PART
OF BALANCE SHEET AND INCOME & EXPENDITURE ACCOUNT FOR
THE YEAR ENDING 315" MARCH 2016.

1. ACCOUNTING POLICIES :-

A. Background:

The entity is an autonomous body under the administrative control of Ministry of
Mines, Government of India, registered as Society under the Karnataka Societies
Registration Act, 1960. It carries on activities of research in the field of Rock
Engineering.

Basis of Preparation:

The financial statements have been prepared under the historical cost convention on
an accrual basis. The accounting policies have been consistently applied by the
Society and are consistent with those used in the previous year.

B. Fixed Assets:

Fixed Assets are initially recorded at acquisition cost, as and when the asset is put to
use by the Institute and carried at such cost less accumulated depreciation and

impairment loss, if any.

C. Foreign Exchange Transactions:

Foreign currency transactions are recorded in the reporting currency by applying to
the foreign currency amount the exchange rate between the reporting currency and the
foreign currency at the date of the transaction. Monetary items, if any, are reported
using the exchange rate prevailing at the closing rate. Exchange differences, if any
are recognized as income or expense in the income and expenditure statement.

D. Revenue Recognition:

Revenue from services as well as from research and consultancy projects are
recognized under Completed Service Contract Method. Revenue in respect of Interest
is recognized on time proportion basis taking into account the amount outstanding and
the rate applicable.

E. Treatment of Government Grant:

Grant received from Ministry of Mines under “Non-Plan” is utilised to meet “Pay &
Allowances”. Grants received under “Plan” is utilised to meet capital expenditure.
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The Capital Grant for ‘Plan’ receivable as per sanction order received from Ministry
of Mines, is credited to Deferred Government Grants Account and is allocated to
income over the period in the same proportion as the depreciation is charged on the
depreciable assets purchased out of these Capital Grant. Balance of capital grants
appear as Deferred Government Grants in balance sheet under “Other Funds”. Non
Plan grants, being revenue in nature, when received are directly taken as Revenue in
Income and Expenditure Account.

F. Retirement / Long Term Employee Benefits:

The Institute has made arrangement with Life Insurance Corporation of India for
payment of gratuity and leave encashment under the Group Gratuity Scheme and
group leave encashment scheme. Expenses for the gratuity and leave encashment is
accounted as per calculation made under Projected Unit Credit Method and intimated
by the Insurance Company and is charged as expense in the Income and Expenditure
Statement under “Pay & Allowances”.

Regarding Provident Fund accumulation, this Institute has been enrolled with the
Employees Provident Fund Organization. The Institute’s contribution towards the
Provident Fund is charged as expense in the Income and Expenditure Statement under
“Pay & Allowances”.

G. Depreciation:

Depreciation is charged on straight-line basis as per the method specified by the
Government of India, Department of Economic Affairs vide their letter No.4/24/63-
GS dated 27" September 1968.

As per this letter, depreciation on additions to Fixed Assets during the year has to be
charged at full rate if they are put into use before 30" September, at half of the rate, if
they are put into use between 1* October and 31% December and at one fourth of rate,
if assets are put to use after 31* December of the relevant financial year. Upto 1998-
99, the one-fourth rate of depreciation for assets put to use for less than three months
was not implemented.

2. NOTES ON ACCOUNTS: -

1. Capital Reserve represents value of assets transferred free of cost by BGML
during 1988-89.

2. The land and building transferred during the year 1988-89 by BGML to the
Institute is subject to receipt of direction from the Government of India.
Registration of the transfer of land with sub-registrar and other related
formalities are pending. The title of these land and buildings in the name of
the Institute is thus subject to the foregoing.

3. Accounting for expenses and liability towards group leave encashment and
group gratuity is based on contributions sought by LIC of India, with whom
the Institute has entered into an arrangement for payment of gratuity and leave

encashment. The demand received from LIC of India did not cover the
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liability of leave encashment of six newly recruited employees during the year.
The liability if any, in respect of their services for the year would get covered
in future contributions.

4. Fixed Assets are subject to physical verification and reconciliation.

5. Provision for the income tax has been measured at the amount expected to be
paid to the tax authorities in accordance with the Income Tax Act, 1961. Tax
Expenses debited to the income & expenditure account comprises of provision
of current tax for the year & the differences between tax deducted at source
claimed by the Institute and that allowed by the department for the past years.

6. Tax deducted at source receivable, as mentioned in the schedule 13 to the
balance sheet is subject to reconciliation and adjustments, if any.

7. The Institute has filed audited accounts & relevant returns up to 31/03/2015
with District Registrar of Societies, Kolar, as required under the Societies
Registration Act, for renewal without the requisite fee. The Institute has made
an adhoc provision in the books of accounts for Rs.2,00,000/- towards society
registration renewal fees as the intimation of amount of fee to be remitted is
not received from the said authority.

8. The balances of parties” account are subject to confirmations and adjustments,

if any.

9. The previous year figures have been re-grouped, re-classified or renamed
wherever necessary to confirm with the current year presentation.

@'\QQQ o AN e

) g‘}l“ ({8
(A.N.Nagarajan)
Registrar & Secretary

Place: Bangalore
Date: 31/08/2016

\J\J JJ% e

(V.Venkateswarlu)
Director

0

e
(A.Sundaramoorthy;
Member

Governing Body

Refer our report of even date
For GRSM & ASSOCIATES
Chartered Accountants
(Gopalkrishna Hegde)

Partner
M.No: 208063
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Field demonstration for the Engineers of Border Roads Organization (BRO) during a training
course on controlled blasting & excavation engineering Organized by NIRM at KGF from 26-31
October 2015

QUALITY OBJECTIVE
NIRM works to:

1. Excel as an R&D organization by providing high quality, need
based, value added services in the emerging areas of rock
mechanics and rock engineering for surface and underground
excavations.

2. Disseminate the knowledge and expertise through publications of
papers in national and international journals and seminars.

3. Facilitate skill enhancement through training and workshops.
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BUS DUCTS

NIRM is dedicated to carry out advanced
research in the areas of rock mechanics and rock
engineering to remain a centre of excellence
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