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Sunfosfrl Marin Dlverslon Mulf4:urpose Prqecf (28.62 MW) EXECUTIVE SUMMARY lN NEPALI

cn
.F,FFFRT TTRIqT

1. qf{qq

gc-*tqt qfu{ gt-{E-d-{ e-guir*v 3rrai-q-{r {q{ft e-Rr++l e-q,ri*. q{ei-d a?TT Psqrg fu+rm ai I qs
qrq.iqc|-+1 tq s?qq g+airt ;rftqi c|fi s-+iqi q'Rq ql.flq"r 15-rft qr{rq-fr ;rffi Er{qfr k--qTE

qrdd stqr q.r *l qnr, +nild, er{Er, {gtffft, {qifr .rft,,,,,i tilcrr6€-+1 gR?,ooo -fldqr qrt rTk{T

k'rr6 ghm 5_-{r-$i rM s I u-+f+f flftr qi-+tst {r-i{rte-+.r ?ret ;t q 41gd-+tqft {frqr 11 fu v-qTF+T

qia qifr qrg tgko QiDu-s crfr lt.l f+.. k. qTm {tT=+] qiaqriqr{ eqqtq€ qrnqrkor qgr

q R, t{qer<ftrf, rTRq ctf,rqT qaffi lc lR t-{Tnrc q-qftgf, sFTrfi rri q<ors €m} o 1 qkq dflqr
cTffi qArq q-eqrA 4qq1qd ;1rrfiT|ffi {gr q 1 { Y, qfrq ilffi q-fl ;I 1,?,1,Y,{,e { s,

Ef€{:S rrfr qffi {g1 q R,Y,{,q { c r11 q-*rq .ri g t

ErrT?rrur *r<qrur ttffr+fi, qolx *1 hqq t e1 erq{* R ai g-tst +1 u1un, qqrqrq-+i qrfr srq{
aFrcqrqq irffl qrftT qmrq-rotq ealr4 Tqts..s-{ qzznm .r{ ci qe r zrlrrft 3{rfr'-q-{r *{ ttEctd $
aa{ q*qr (Rerur &aqi qt r qrM orftr r }flctrr-<r cft e-{ fr-r enqqr+ Ti ,rq-+id fi1aq 1

s{r rqtrd-d e11qs -? q"RrR ErdrETotq eqrq {€trsF-{ eraryq .r1 Ti Fr^{-fr srqn-{ (H' E | {l
ft* srsT[{ zriT 3il-qiw{rqr dFf qc lTq-+iA qi 4r-RTqruftq earrq {aTg-s-{ sfunf,{ aqn {M g I qg
artn4+q ilqhqT {gs-*1 frqtq, fr-qirT qrqFM qg-+-q-{ ( rru-gr<-{am+i {-{TFrt drn-rkl qqfrEd
firqffi ersr {+.{s r q-q slirffi qgeiq{-q alTm-q-{retz sflTkd &qn-+1 oftt sqrRur Fn{q { fusrq
;1-6q f{qiur 6fu qtffi dc r

*{ frzTiTur r a.rrffi ffi rr* €+rqqr e,rrq}q-+r+l qka erqf,r Yl.t t sr. flrd r qrM, rrqrarflI
qan-q{ 

TT gkd e{:q-dl lc q? t or ryT IIT ryw ( qqF Tr5qr I

1. 3Trqffi tffi{q

g++trt qftq -q-{ir-sq e--ils{s{=q ?dr*smr stqr q I er<rin ffir Ps--{fr .=, 1 ffi6qs ffil-€Iql
;ster( 6 I lRT qtdqilrh vev g++trt EFrq-fr ;rffi qs-ct'{drqip qk{ q€qr stris1
fr r q*rft sot!:-+i qrft-{rc Rc.iR irTr-{r-d kgo seqreq rt r kqqrq qmqfr P{-qtE q-dc+} elq-f,r

q-d-si v{rv * I s-Rrka q-gsiqfrq qqi-Gmrcr f{FrFq qcq+rrro 5+imwo rri sq r zrq eil-qtq{r

3{-<-rtd g++tsft qrffi+"r ?ffl ;I. q, qislift nG*frtr. zl-si q. v 1 qq-fr qgr q. t
eHq-{ qq-* vaa ik Y\eq fudr{n flR -€{ vk+qr \rs. ''rcn-srzt ffi {+g t qv+l qia a?n tfrt;e
ffr g++1qt q-ffi+'r {fl;r. q qr €td | {q enfrw{r+1 Rv gts TBM tf\r+A Frqiur.rf tr-ft

cqil-{ rr@ q1 |

zrq 3n*qil-+1 {€4 qrqqrdq+l nqqr il*rni{ htr< tqriq), {-t6, oiftEg ;p{T;tr[, Htge iPsq, qr+<

.F-=-gr[, R{ dtm, {d }m, qTFF, ftTdrla r lffi <t+r e1r r{ eil-frd{r *-{ Fm fq:ft. {Fr{n{tEn

x1x fogr EEr-{ *{+tr r e.r€ v*qrqFi, fusr-gt FT.ITzRI q-al {aq"Trf,{ arcr*qrrq rr;imr grftr H.fr.,
vs1 fuE1 g-d-{Tq-r 3ngi o, { T€d +Rqqre l.r ffifre* rtaaFt ;r+i earsE qc g;g,

sflrk{ u-dfrgd te R ffi.k. orqi s+q qf{-d rflRur iTrfl qtwd rt&q fi-s BrEirT-d 6-S-fi gc,iq t

vs-€sr-{r qT drisfg r

r<rt{f, anq}sqr+i iTrnT qd lvl.cl ?-ei qfr-{ slr+qqcr q-fu qvqat lYo {1 -fl{ eTrfr r i.tq,
A€( 3{-€ilfr Trrfl erwaqm .rrie r eTrft TwT Tqt{r Ai qkqwn El.Yq i-qz-< "rnn'+ft 

qqm Tqi sT\r+1

fufi{ qfuq { lc.l\e ist qrrnufr q-qrur rqt c",l\Efr tpq qq}rr a-ig t -r-t {-.+-rft-mFinal Repoft
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ryI qlT q-+s r qflctt s{fiffr 4q *t{ t.v6 -+er, vq<fu er 1vo i,4gr, tqqE lt { -{.{,
T{{,,fr ,{o Rc i-qz-t r q-ftdr 4rr{ lqR,il, -{c{ gie r 3nqrqcr-+j €TftT qrH 3rcrn* qk{qet
R ov ie-< {fi?d qq< ffi qfqq r y.t{ -4e-{ qrrnarfi s-qrq g-q-r M g{{ qmq ffi g r

g-{f,rh1 ?,ilq}f,iT ffiq 11rcr-r g{ { 4.i ilrft31 1 qrihrfi a.d-f{ q-€ and-in'r*i erg( shqT, cfnTr
qfi4, ;q;+q ffiq ghm ( o{T{qqcF eRfum Tefr.rn ftriTuTo} ETri cH +{qi qm a I e?ffir
q\-+1 fuftrfr x sti fii-{ emffi t1q q1-sqi6-€+} f;Fitq t6ni sr5{ {tg r

tr€rhq arr*eil-+] qmo e=f Rols, ib] qciR qrg 3r.q-qR q=fqm rrfr\r+} 6i I Rc.ql trl1E1-g q-dTfrF
tsccrei-;lcF-r *nftr i.t. Yq,13,11,q{,1R1 (6qrk{ ef{q gqlgr o-t-g gq-qrfuq mq M aqrE frc rq
gmrgg) qFiE Grq 3r{(Tr{ qfr trn-{-e c-€t T. 1,l1,Yo,YY,s,1o (g+' erw qr6-q-{& +-tg qrk{ {rq
+{rt{€ rqR * sq EsT) iTr.e6 { qRh{+. eTerrqi f{-qE FTziErc ailqi-diT ffird+} afoa 1u o1
qfuqrd sr{fl kc qtoi @ e r sqfrE.d G-flf{q srac.ft iFff qqsts{-q
scqrE-;r+1 ffifl @ €t { t@ Ff<r ft'qrg ff,dre g} qqd}A yft €:drf fu-s-d-drl" d-d ?r@ or

r. 3fi{fi rEFr

vqa erm"+iuftu gqlE q@Irg{Fc sRfi aqR rrEie} ersP"rwr roriha g+ wv-orRro qRfi r ;r+qrr+i
qtq-r+}{TE+q6-q1 a-6rmF {-fir{s-.+-q-{ TM f\* { ?,ilq}dqT {qrrqT ui{ft qqqrq-fr, imfuv, a1m
rrrTmor, qic-qiq, qqi-irqrrqmr qftqlq, {q qffi g6r1pft6mr gq.h-q een e,rf,fd-qr +d-+' Tft
qrEks'd-6F.r qq-{r sTqfi {s-.+tl-{ rM f}ru} r Evz.m- t4ftr+} wqtq rrft Trqkfi { R-dI{s' A=s-{Tei
kq-AEor rr@ f}rfr r

M at.-flIq, ffidq, ;ffisTl*--q crwr kPa+} q-qt r rrt arrfi-q-ilzFT arftr orrqrfi Aw Vfuqr 91Ttzr6-{ei

ckq6 drTr 3ris.+-q-{ qftE+i f}Iqi r sqfr-filr rT;i qiM q-*{r rrM A r sil-{+l
g-ffiq-dT Tqlwcq qrFT qwqrr s*q, ir{qrur rrfr\'-dFr qqRtd-fir ryetqq{ft {m qqiq, a1'o4qq

qqel sqq Esrh-er, frEETqq q-aq-qi {eq frfu, o-r{{ aqr enfrq rqqq ,ffi qa-q+w<

.r* e"{qEro} q.q -tsmq 
qftr5or tr | fi q-6-c-+} qRqr ftriq rdar q-rftT n&s

F+t4 tqrqrq firti}r+r+i 3FTFI-EEq qtrg+i e r

fuqtfrn aqrs=.s-+i qTar{qr qraxw qrflrq-{,gt=q 3{q-.eilrTd eqnqr {rd qftqTq qfr\rfi"r oqr 3ri€-f,{
qft\'-or lnilzrf,{ gqrEq1 rrtr zir qrdr+ruirq qqrz{ rrqr-gq-{ gffieq aqri qkqqir g I znr qfuq-flqr
q-FRrffi{ 1k qrt { ;fs'f{r-.Ts eail-q-+1 sfd A-ft qtrf,flr q+ svtzra{ sr skf, erftqfriei
ERiTr gdnq qfr\r+] g | qt+, z{k1"r-{ut {-{emm'r gqTz[6{,

ilfrr al1.4qr{tr qi o1-qiq-q-q-61ft ffi, Ezt.RsrT(r;[, iFrftErt, ffiffg, qi'-e nqf cV {m
qkil?|tut qz|-{erlr{ qi-d{r f,qR rrftqdt d ( Tq-fl-t qrn'q-'cft'q wqrq {q .rs.mr 

qk+'{dlb1 qfhq q-fl+1

6qqr Tqr+q1 rrftg+1 g r

z{kil?rrq q-{q{q fuq-st|q-*, Ro{Y +i fuaq \e til oqikq fl-ar-4-{Et-q gqlzi TqqrsF-{ q+{r
oqn qqqfu q-rqq 1\e, Rosq qr 4.q-{|qd ;|{RqTfrTT qsr q t qr q-ERsrf, tqi-crT qrtqrn]-fi {c-+i
Eq"rql q-n eRffi ssrcrqT sr{qfr-6 q-q-qrs ,nFi fY* r srziefuo g;Iqni qi cn-+, fuh ( enq qttqr
qFrfi-ft ftt k.s. louq/ov/ou tn&q ffi* fr'"" er{qrrT) md"F;T G* "*ril* 

rrRrFl f}r.* r
eqmi vqqr hf\r;{ €(qr6-{, 9qft46 rn-gwk6l, fin--m arqiaqao ?r{Trrkr-F.I R-er6{rIT qr ztq rrft\-+.i

fH r vrt.aqvw+rw T-s-€FT si-o gargq+i fbrqi r il{qti-fi glErEErz vrw gmr++} aTTaKcT zrcr

sffi qk{ Tc WBi 3{d-q-fl-ErqiE-q-{ fl tqFr-q r{pqrfuel a?n il-sqTkfir6-fl{rd fu.Frks
q-a ftrt qQ- qfuaq-i-qT q-{r{ qM o I qM srTlt+a flir<rfuF q"I6il-e ?,ilqi-q-{T orqiqq-q-6r ffi
ffirq.m Ift\rri s t
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v. ftfu, sq{ < Fr{ftr+ras

qrf,rq-{fi=q lnrrE qalr€.cn;f qrqm+l r-rrn q} vka-fi d{R r[Ei 3intir6 *;r{T, ftarqq-d ffi nzn
{uTfrkcr s-dilq qgtrl a<TFrrq, zFr, qqftqil tq-+"ru {fE-errTT fffcrq st-diT aqr fiffi fr-qil
sfueil rrft\'-+1 6 | zRr 3irM qTftr sqtdqer fr-+l-{ fik, ?o{c rili grdr frffi oqqr {M e r

zRr.Fr eTfrkfr-, q} qka-fi ilrFr rrEi wel-si-d {urftfu, Aqrq +k{ t{fu?rf,r wrftk q4 rt&q qnT *q-fl-+1
ch {fuenr rrftq+1 e r

3n+q{r wi arq-dq{.Eci q-qhm or-fldrd qfr qq qfuaq{qr fr$d efoe{r rrM a
r * qrd-srqr e-rqi-qfr{ rrqi Ertrr+{ur rrtwor tr, ?ooq il-dn-{ur vrerq tc, ?o{l { z{reTFt-tur c<erur

ffT4qqfr, Ro{y qqstd t{, Rov. r W ?oy1 tr-crf, V{, loyS r ftqo E-{ nTqqr-d-fr, ?ov3
qc E{ lo\eq detr aq ftffiqr+ft Ro{l Fr t{Br;n qTzrsra-F{ 3Tr6fi|ia Al-g{. ( ffi qt{qrfidT .rftig 

r

qwr qftk- Tfu Eq RoRo, ( 3t.cr< {aqtrft kt q+enq{ (q, 1orrY, qFt=R v<mur tq, Rolc qrqr
wffi Eq, loqv ffie-+ c-<r*f t{, ?olc aw qrdqtr+ {sfr tc, Roly Ft-TrrzRr g-qrkqi srsq {Iffift
q€rqftrra-+1 cfu sfuHr qM e r

zrs qR{q aqrc.rEi q-d*d < +c *{drr Rqftrd erdTfiot-q T}Tr4 rr€rrs-F-{ friftror aqr krqffi
cfu kqd rrqr gqfrq rrM a I q+{rft rn--iqifu-r aqr ffrqrwftq dET mq r6.FI R-eTr q<nT

eTrftq 111IF'R qq{ z1{ 6s{T qtfl-fiut rlE{tnpi { 3.oit, q-q*tr arTr kq-{ q.:{TFt-rt qwr ffiq RR-;FI

Frorqac+1 IFr+,r qrt ffrcffi qfr sfuHr rftq+1 a r

k-{crq ftfu aqr {urftfu, qrtrr{{u|-{{r rrqfrrf, 4T.T{, Frdi}rfl aw tcrqqi{f,{ Fr{fl-zkr er-f,r-{{'tq tr.Tra

{tr -c-.s-{+i 
3nill5 kdr< { qlqq qmffilq e-}-d .il*q-fle1 wi qril-{q-qr c.i q-d

sfu q.)Tr{dr-qTg E-drsi/qkfirur rrt er sTRqtt R q+error qTftr 3nqrq-{rqr z{Tiil?rtur g{eTqcFr

ssrq-il{ sqrdrn{ .Fi qmtqo-qTg ff{C-{R qi }rgfiA qa{E qq{q fr ryrr{-drs '"qmqr {rdl fr
"ftqT 

aqR rM a r 
:

{. tirqqr{ qfd|trrurM ffi{qt

*ko qrf,r+pr: fr an*-e-{r eT Aqwrel qtn q t q<irro rrtgrq { k+{fr kdrqT v{a e-fltq-c tc,o
ate t1" f,r-dr+ar dITqr qqg I Tq 3fl-rirtrrr+'r q-firq d6 fi4q( Tt ema;r ffiT x1o o ttrd{ 

..
g[, r qqrqtqsl crffi ir6 (g.Eqem) yey.o ke-clr ffi e r zrq 3il-*q{r fr*qr {rqrq g*r *cc iffi
< 3TPr€-ffq il{qFr Re.q" ?fu le.{'tk+s d { qr*{rqqr {6i+1 dTq:F-rr l.vo ?fu 1o.rro frfuqq
<d 6 r r6i qrfifo rrc<r l{ct fufuk.{ qff sid I

g++tqft c-ft atqt {ffi q{ c€ETut Tdr.rfi Tft E} 1 ffif6 cN-fl?r 3FIq ckdTqr scc< qP*+-aq ls{o.t
s-{fu.{ sfu t'*-€ {k+1 g rri ;q+cq q{.q q{kd{ sfu Q-fr€ qFi qtr{FcT Br{qrq rrR\r+i g I *
Tffi +frd qrffir {6rq ( fr 3nd--wflrqr ert qrM rrq{q{ rrft qq qrM
kgrTfi {drE Es E{i-+q ftrq.rfr{ qg+1 e r

qq 3{rfrd{r ffi q*qrqrii {rftqrdr e+.wr Tqftrf, a, t+qnr;a ffid-6 Tgr;Rr{r fr@ g 
1

<rftcror q+c qidqrc rTkreTT q+ rr{T+1, {dt sdqTii qi, ga< *T dt aftqrfr, ;F-sr qEr< { {@1 d-dfr
iln-+Tfu-+' EF-fir q{n { *A E t A qtqir e r

3lr*ffr ffi upo qt d {RItaI frkq Frrflrrgh I v€rB sffi{ i{fl-{Rr 3il-*d{r ffi

Final Repoft
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{ qfo-{fr1 3Tzpsn 31rd ffi {M qEq I qq;ffrcr erfrio flrqi rilrffni q{r{l +1 qR 3r<rft 1c,1el,o{1

s-{fu"d( (ffi et qsqat oftq q\e skqrd qTfi-€{T qffi (Suspended sediment) aTt;F.ffi ffiSr+1 u t

Bir*cmr &-{qr d ?ffiftra rrki4Pd-r{ TE{Ini;i qr{+.r #fi 1 qffryq qqffi-E I erer{Ri FTfteil|+1

qTrr1rTT e-6i qdi+i 1guTwr ffi qrd+l d cfr k-qr+qTc ?fueq I sr* atr+1sEI <rd { qr{ eREUT

{M qsr€r ?fufu r

ffi { frqnrd+] F1rkt 3{el1rFi qr-ffiR, qq-flEq \rtrs-d q-ffrq k61-q *?q ltcltvloD) i qn lo1{
rrT rF'rem qid frqare 3tcF-Fnd qfr a-A il&q *{cr 3nsi Er& {q{ft qfu?-fi qWR

ga+trt qft r 6mr+trt ;rftcr t+ff'l-q fufu\r€r 6( I giqft fl d n-qr tr€r *fr
ftqflqai 3ficFR t*-*q;ql 34-{rrlrai Efu .{\-dr (qT +-fr ffi M-{ ffi €<$iqr * qffi
*"trt * ri-+r gq61-665-a] q[t{r #6 qrd-$.rft nq afr-+nf q\r+1 e r d fi-ff 656qr r ffrca

qTS dqr drq+1 qiseA-{cr qFt-{ ft'ciuT qft-q ilch wffi tkrqrs' q?relnrl rF+1 e I lclMoD

+1 d3fue cfrqr 3r-ffiR drd+} d-d *{cT fiood routins t61cF' th-GF qa:d q6\r+1 31 |

tEflTq *R-dr€ (usGS) Ere 6roi rqrqfu+ rTM TFrqq rtrFFq-A q] 3{T+tr{r rTrrll-Rt <rF}iTaI frfu-c
qtffi q efu .g ffi fi-{q-r ersfura e r P{q-rk{ qM pcn qiercsrf,+} qrrft o.Rtg s td d tri
fuqarIe+} qrtr o.lt s enq o.ie s ffi s t

qfu€ zffiTrfiq: 3ir*$n *a-an e-{ &rq[ qrq, +{, ftr*, 6-qt qqpra 3l-q fufYf, qlq€r aq F{-4r
| ;'3ildqqT orqie-q?T qi *a t+eis .rR gd-+tst qr alqr+}at :rfrA grq llq M cfs *s{n{, s'i
t+, kgqrga, tfiz.F cm-c, Ft-q ui 8641, qfi-< ssT d< f<<r^UrdWa.r FlTqt-.6T 5 e=T rei
e{rdi{-.q-{r.di *{cT qrq-,Tft +{, m, ffirr@T 3T-.qfk6@a Iq{m M {@1y
qr}qaa1 *{ d r qq p*+1 qrg,Tft i-ft P+irtqT { ffrfi A-ag, gftf+ s.nrwT q:RmI 1qrfr qqqrf,

sg1r6r fi€ftr q1tr;31{ r fuqoT.q *r swr qefsTs dT ?fu q?q swl E?ftrq *d Fr{ {t+1 qr{ qs{rd

ffiT6-qE[r

T{fr{ q<ur €rq6r aqqr qr{ siq qrsn, ol-d { Tdr s-fi-d{qr rftT rrM E | fr {q *Tqr fuFFq

rr,ftr* +il6g e-{ +{raR (NTFP) urEq r are. * +fl+Is qq qEr+R (NTFP) d cfr qrqrfta

q*.* Tq* dqam qrqftE M w+rc;r+1 <rrqFl=iT <il+l qq * ,

errfrq qrft1gft qffiq q..flR fi +c *{cr fqqqT { €tTFt qr{EtR 1qT vti6-{ l ere-{kt 3{ar{m rqtTe{url

6T 3{T?rrcff qai ff ,.iltd6T R-{'fl-ft r rqk * v-g@TaT q{lcr't trqtk6-t, q gcF'R-.Ft rqi w{ r {q-+tqt
TfrcT vt q-qrk6r qrdril€ cl-{;41 |

qrqrftilo-sTrfu-€ drn ffi€ qrdrRsr: rrs 3nM qrqt'sqTTT f{ $rq[n Bil-d--q-fl-+l ffiao rai
q-{l-ieg r 3rr*q-{T *Trn tq qqe-.eqr l{,cel r q-c.Tft

T-g6qr l,oli, rt+1 B[ dzr gfi rt-{ff {{{{ t.R{ qqr qrh{ eYE( I qof snqwr+1 {t.{o sk{rf,
qtfrRET qrfg+-oqA qh-q gc- r fi q'& igi skqrfl qtfr-€ 3{rd Kr sqq tfr i+lqrfr'qr scrq a( I

qai orcrg r *ft wRr+1 qtqiq?iT g qq T-{qT: lR'?q { Ro'qt qksrf, q{ 3il.id r-'qnqfu
q{R il{T Et-€uTftt wTq-.gq1 ffi e *e-or c,q qfusrd Err qr&, q_f,r dqr s'r6qre qt*} g {
ffi ei[* €d a r qrq, qffi F{'.{ffi 3TrcF.R {rfr \Tq arqfr qtr+1 elRr 3lTt6.+ q{ E, rnEEq+1

.nftr nw qTs(T, gcor uio qT q-{ler rtcd-+} qTffT q-€ gr* a r

T-1":1;6+ffi;-"o
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zrg &Tqr qfu i cslcmq 1w inr+i l-qfl {Ur d ttrkq 1R.{ sfuqrq q]fr-q-fr 3rR cfr Gril q,FrsiT

Ers<r Tfrq rri+l qrrd 
r
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Environmental /mpacf Assessrnent Study of
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Exrcunvr SUMMARY

'1. INTRODUCTION

The Proponent of this proposal is Sunkoshi Marin Diversion Multipurpose Project (SMDMP), Department of Water
Resources and lrrigation. The main objectives of this project is to provide round year irrigation facilities through
Bagmati lrrigation Project to 122,000 ha area of Bara, Rautahat, Dhanusha,Mahottari and Sarlahi districts of
Province no. 2 by diverting waterfrom'Sunkoshi Riverto Marin Khola. lt proposes to construct 12 m high barrage
across the Sunkoshi River and divert a discharge of 67 rn3/s through 13. 1 km long tunnel to Kusumtar located in
Ward no. 2 of Kamalamai Municipality and generate 28.62 MW of hydroelectric power. The increase discharge in
the Marin Khola is likely to affect the ward no 1 and 4 of Kamalamai Municipality, ward no 1,2,3,4,5,7 and 8 of
Marin Rural Municiplaity and ward no 2,4,5,6 and 8 of Hariharpurgadi Rural Municipality.

As per the Rule 3 of the Environmental Protection Rules (1997) and its schedule 2, this EIA study has been carried
out to comply with the legal provisions related to the inter basin water transfer. Since the project area is located in
Chure-Terai Madhesh Conservation Area and requiring more than 5 ha of forest area, the proposed project should
undergo EIA process to comply with the annex -2 of regulation 3. Thus, the EIA Report is prepared for the proposed
project. The scope of this EIA study covers construction of the hydropower components, including the construction
of the project roads, collection of construction materials, and operation of the quary sites for the purpose of
construction of the project. But it does not cover transmission line to evacuate the generated electricity and irrigation
canal component of the multipurpose project.

The installation capacity of the project was 42.3 MW during the approval of the scoping document and terms of
reference. Afier optimization of the project during the feasibility study, the project was found most economical and
viable for 28.62 MW installed capacity

2 PROJECT DESCRIPTION

The Sunkoshi Marin Diversion Multipurpose Project (SMDMP) is located in Sindhuli and Ramechaap districts of
Bagmati Province of Nepal. The project aims to divert the water of Sunkoshi River to Marin Khola, one of the
tributaries of the Bagamati River:, The diverted water will generate 28.62 MW of hydroelectric power and augment
the discharge to the existing Bagmati lrrigation Canal, The proposed multi-purpose prgiect consists of different
structural components; inundation area within Sunkoshi Rural Municipality, Khadadevi Rural Municipality and
Manthali Municipality with a ponding level at 476 m and area of 312 ha. The inundated areas lie within three local
bodies, namely; ward no. 6 of Sunkoshi Rural Municipality and ward no. 4 of Khadadevi Rural Municipality and
ward no. 6 of Manthali Municipality. The structure of dam and sediment tank is located at ward no 7 of Sunkoshi
Rural Municipality. The headrace tunne! is proposed to be constructed by (Tunnel Boring Machine) TBM.

The main components of the project comprise of a diversion weir (barrage), intake, connecting canal, desanding
basin, power conduit, headrace tunnel, surge tank, penstock, surface powerhouse and switchyard. The project is
fikefy to affect 900 meter of BP highwayin which 425 m of B. P. Highway will be inundate and another stretcfr of
475 m of B. P. Highway will have to be relocated to accommodate the intake, desander and other structures. This
cause 2.3 km highway to be relocated and newly constructed. The generated power is planned to be evacuated
to the national grid at the Dhalkebar sub-station through 37 .2 km long double circuit transmission line.

The totat ldhd ai6a requirbd for the pro-jebt is 3a6.89 h-a. Out of which 340.51 ha would be required permanenfly
and 6.39 ha would be for temporary use. Of the permanent use, 69.46 ha is private land with land ownership
certificate and 18.37 ha is cultivated land without land ownership certificate. Rest 252.68 ha is government land in
different uses (categories). Among them government forest land is 4.48 ha and community forest is 3.40 ha, bush
1 1.5 ha, water way 50.68 ha and flood plain 182.63 ha. Among the land required for temporary use, 2.04 ha is
river flood plain and 4.35 ha is cultivated land without land ownership certificate.

The total construction period is 5 years. All preparatory works including tender document preparation, land
acquisition, construction of camp facilities and infrastructure development will be executed in the first year. The
main construction work of the project is scheduled to be commissioned within 4 years duration from the award of
contract.

The project cost is estimated based on the prevailing market rates of 2019. The total project cost is NRs.
46,193,965,32'l (forty-six billion one hundred ninety-three million nine hundred sixty-fivethousand three hundred
twenty-one) for the hydropower component of 28.62 MW. The cost per MW is NRs. 1,6 0 (one billion six
hundred fourteen million forty-four thousand nine hundred ten). The feasibility study
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with EIRR of 17 '05 o/o with the benefit from.the irrigation component. The hydropower component is considered asthe by-product of multipurpose project. As irrigatio"n .orpon"nt iJ tl.,e ma;or component of the project the unit cosrof hydropower component seems io be higher.

3. METHODOLOGY

During the preparation of this EIA report, secondary information was collected through published and unpublishedreports and interpretation of maps, and primary inrormation was. c-olecteo usirig iiousenod questionnaires,checklist' sampling, survey, measurements, taooritory ;"ry";, kly rntormant s;;;i, ano interaction meetings inthe field' Both primary and secondary information were analysed using standard methods_

Project-related beneficial and adverse lmpacts.were identified and predicted by employing methods such as expertjudgement' checklist, and map overlays. Matrix has b*; ;;Jlo.present the impacts. rmpacts were evaruatedusing the numerical values, list of rlgulated use of plani rp""i"., ciscussion'witnin study team members,consultation with experts, and considerition of.national'porio"i ru*. and rocarcusroms. Nationar ErA guiderinewas followed for judging the significance of the impacts.

Based on the processed.data,.this EIA report has been prepared..including impacts, which were identified andpredicted taking into consideration the baseiine environment"iLonoitions. rnJ reflrt inirri"" benefit augmentationmeasures and adverse impacts mitigation measures to enhance the beneficial impacts; and avoid, minimize andcompensate adverse impacts respectively. An Environm"nt"i ri,r"n"gement plan (EMp) has been included as anintegral part of this EIA report wnicn focuses on the implementation of the 
"nuir*runt 

protection measures,conduction of environmental monitoring and auditing ;i;"; ;il imprementation-responsibirities, organization,staffing, reporting, budget, and co_ordinition aspect".

f n accordance with Rule 7(2) of the EPR (1997), a. pubtic hearing was he_ld on srawan 17, 2076at the premises ofKusumetar community.Forest building, located at ward 2 of Kimalamai Muicipality. public notice was publishedon 2076104107 in HimalayaTimes national daily indicating tne time, date and venue for pubric hearinn ,o ,nror'lstakeholders for their participation. The notice was atso pasted at different i;"titri;;;, ;Jncerned Municipatities,and District offices at the Project site. The deej oj tn" r"re-rrrrruchurka) was arso prepared. Recommendation
fl"U* 

the project implementation was 
"rso 

corLctJ ;;'il"';;cerned municiparities and affected community

4. POLICIES, LAWS, GUIDELINES ]

During the EIA stucl'^ln3 recent.policies.and plans on the environmen!, forests hydropower and erectricitydevelopment as included in the peribdical plans, .u"torj pori"i*'""0 strategies naul'o'e"n tnoroughly reviewed.The Hydroelectricitv Development Policv 
"r2991 

,,"i1g.r;qi"rt"e-Jcy retated to this project. In addition, rhe waterResources skategy, Nepal Biodiversity'strategy ano ttepitrw"t!,- prun were reviewed. 
-

Related laws that should be comptied with during the project implementation were thoroughly reviewed. whileimplementing this project, the prwisions of the Hyoroioweioeu;tpm"nt poticy (2058), Nationat Forest poticy(2075), EPA (201s), EPA (1e97) and its Rutes (t9ef , virot"in""ouicgsngrygszy ino itJ,nutes (1e93), EtecrricityAct (1992) and its Rules (199i), Forest nct (zotsi ano roresinures (1995), wiil be attracted and shourd becomplied with' ln addition, provisions as mentioned in the r-ano ncilrsoiy, t-oiat couurr,r"nt operation Act (BS2074)' Inter-Governmental Fjscal Management Act 2017, sorid wasles Management nct lzooe), Aquatic LifeProtection Act (1961),.Land Acquisition Act itsz4, Exetosi";; n"i irgorl ano p-uotic no"J n"t (1g74),president
:"H:?:X'fl*?,:R"::Xg1i"J""-""ftofment Board Formation oroer rbs zozriinciuiini 

"p""i"s 
conservation

The EIA guidelines and manuals of water reso.urcg: and forestry sectors have been used to prepare this report. Inaddition' roles and responsibilities of the local level institutions Jucnl" nur"l Municipality, Municipality, district and
:::,H,1",,"::H:XiH?:?H.in 

p:rticurar rhe Ministry or energy, w"i", n""or;;;il1;,ii,"t,on, Minisrry of Foresrs

The. existing policies, environment-related laws, guidelines and manuals oblige the proponent to integrateenvironmental measures into the project to avoid, miigate oi"orp"nr"te adverse 6nvironmental impacts, and thisintegration has been done in this ieport. 
.-'''-"-'vstv vr vv"'vurr'
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5. EXISTING ENVIRONMENTALCONDITION

Physical Environment: The project area lies at the elevations between 390 m and 490 m above mean sea level
in the Sindhuli and Ramechap Districts of Bagmati Province of Nepal. The lowest level of the project tail race is
410.0 m and the inundation level (highest) level of the project is at 474.00 m. The project area has a moderate
summer season with a maximum temperature ranging from 27.6oC to 37.5oC. The minimum temperature during
winter ranges from 3.4o to 20.7oC. The average annual rainfall is approximately 1 586 mm.

Sunkoshi River is one of the major tributaries of Koshi River Basin. The mean annual flow ranges from 85.8 m3/s
in the month of Marchto 1750.5 m3/s in the month of August. As perthe average annual flowand the proposed
projects in the river, the design flow is taken as 67m3/s.

The intake of the project area belongs to the Ranimata Formation whereas the power house belongs to the Siwalik
rocks. The Ranimata Formation consists of thick to thin bedded, fine grained, and grey to greenish-grey quartzite
intercalated with grey phyllite, whereas the Lower Siwalik consists of alternation of Sandstone and Mudstone.

The project area does not show potential risks for slope instability and it will not be the problem at different structural
sites of the project area, including access road corridor. The slope is reasonably moderate and the geological
conditions also confirm the stable slope conditions with bedrocks at shallow depths for good foundation of the
project structures. The estimated sediment in this river is ',|8,976,056.00 m3/s out of which, 87% of the total sediment
will be suspended sediment

The project area lies in a rural setting with no industrial activities. Field observations showed that there is no point-
source for degrading the water quality. Even noise level and air pollution is limited to the vehicular traffic. .

According to the inventory study of Glaciers, Glacier Lakes and Glacier Lake Outburst Flood (GLOF) of Nepal
pubfished in 2015 by the International Centre for Integrated Mountain Development (lClMOD), number of glaciers
lakes retreated in the Sunkoshi River basin and Tamakoshi River basin. Tsho Rolpa is stillthe potentially dangerous
lakes even though 3 meters lowering is made and a channel is constructed at the outlet. ICIMOD modeling results
also indicate that flood routing along the valleys downstream differs among the lakes.

The recent update of the seismic intensity map from the different sources (USGS) indicates that the Sunkoshi Marin
Diversion Multipurpose Project area lies in Vl-Vlf zone having moderate potential risk. The recommended value of
PGA is A.27 g for the headworks and 0.25 g - 0.27 g for the power house.

Biological Environment: The forest type is Sal, Khair, Sissoo, and Karma mixed forest. The study area of Project
includes mainly inundations sites lying on either sides of the Sunkoshi River and Tamakoshi River and location of
the project infrastructures such as-heidwork, desilting basin at the headworks site and surge tanks, powerhouse,
penstock pipes, work camp and disposal sites etc. at the powerhouse site. Most of the dominant species in the
headworks and inundation area are Khair, Sissoo, and Simal. Vegetation in inundation area is in the form of small
patches in flooded private khet land or along the river banks. The powerhouse site has salforest.

Forest is being widely used for meeting fodder, fuel wood and timber. Number of Non-Timber Forest Products
(NTFP) grew naturally in the form of trees, shrubs, herbs and small climbers. These NTFPs are non-traded
commercially at present but there is potential for commercial cultivation.

Ao per-lo-caltreo-pLe, Le-onardsan-djacklewere-spottedfrequenfly- Thefield survey reportedll types of nrarnrnalq-.
equal number of bird species, 8 types of reptiles and 43 species of fishes in the Sunkoshi River.

Socio-Econ omic and Cultural Environmenf; The project area means the wards of rural municipalities and
municipalities where the project infrastructures will be made. The total population of the project affected wards of
the municipalities is 15,872 with 3,026 households and average household size of 5.25 persons. Nearly 53.50
percent of the total population is economically active. Among them, about 73 percent are engaged in fulltime
agricufturalworks. Tamang and Chetri is the majority ethnic group accounting for 22.26 % and 20.63 % of the total
population followed by magar and Brahmin. About 96 percent of houses are made of stone masonry with mud
mortar and wood, and corrugated sheets for roofing. All households own a small house for living, hut (shed) for
cattle, goat and for storing firewood, dry fodder or straw.

The literacy rate of 6 years of age and above is about 65.5 percent, which is lower than district average of 67
percent. The common diseases are general fever; worm infections, cold coughs, cholera, and dysentery.

the householdsOnly 68.8 percent households of the project area are supplied with tap water. Only 49
reported to have toilet facility. Sanitation is reported to be satisfactory.
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The major economic activities include agriculture, livestock rearing. 92.5 percent of the households are still using

firewood for cooking.

Socjo-economrc Sfatus of project Affected Famities (PAFs): Only 532 households constituting 4,234 persons

are categorized as pAFs and wiil be directly affected by the project activities due to acquisition of land. Mainly the --
projectr,iittOirectty aftect44 houses (24 in inundation area and 20 in powerhouse area), 37 sheds (19 in inundation

are-a and 18 in pbwerhouse area), 30 cattlesheds, 3 generator house, 15 tubewells, 2 solar panels of drinking

water supply system, g00m of BP highway. The average size of the PAFs is 7.96 persons. Economically active
pAFs constitute about 52 percent. Almost 90 percent of the affected people in the inundation area are Majhi. About

73 percent of the total pAFs are literate and only about 20 percent have education equivalent to SEE and above.

About 73 percent of pAFs are engaged full-time in agricultural production and livestock rearing. Majority of PAFs

own house.

Majority of the PAFs has less than 5 ropani of land. Paddy, wheat, maize, and millet are the major cereal crops,

anO puise and vegetable are among cash crops grown in the project area. Nearly 21 percent of the total PAFs

produce enough food for more than A year whereas large numbers of households do not produce enough food for

their consumption. Animal husbandry is a major contributor to their household income.

During data collection, average annual income and expenditure of PAFs was NRs. three hundred eighty thousand

nine hundred thirteen and NRs. three hundred forty-three thousand two hundred sixteen respectively. The sources

of income are agriculture, service, livestock, remittance and others. The PAFs spend more money on food items

than on non-food items.

The major source of energy for lighting is electricity. Almost 86.81 percent of PAFs have access to piped drinking -

water, and sanitation condition is better-

All pAFs expect cash compensation for their lost assets. 50.91 percent and 42.59 percent of the total PAFs wanted

to work as unskilled and skilled labour in the project activities respectively. PAFs expectation from the project is-
good compensation in cash, employment opportunity, support in development activities of the area, and subsidy in

the electricity.

6. ENVIRONMENTALIMPACTS

Beneficial lmpacts

During the construction stage, the project will provide employment to about 840 numbers of skilled, semi-skilled

and unskilled persons. prioiity will be given to the local people in employment, The project intends to use unskilled

labours from the local area. Apart from that large amount of financial resources will be pumped in the local economy

during the construction period. The project will provide traiping to the local people in constluclion skill and income

gun"i"tion and in enhancing the technical skills and knowhow, The project area will benefit from community

iupport programme that will be implemented by the pfoject. Boating and other tourism activities could be developed

in the inundation area of 3'12 na. Fisn will be released in the inundation area, also to revive the traditional fishing

activity of the Majhi communitY.

During the operation phase, the project will generate 250.594GWh hydroelectricity per year and would augumenl

ftow ititne Bagmati Riverto provide irrigation waterto additional 122,000 ha (5 districts Bara, Rautahat, Dhanusha,

Mahottari and Sarlahi districts of Province no. 2) command area of Bagmati lrrigation Project. This will be the majot-

benefit to the country. Government of Nepal will sell the energy to Nepal Electricity Authority. Certain benefit

received from the sale of the energy could be allocated to the affected Province and local bodies. As per the existing

legal provisions, the local government will receive 25 percent, the Province government will receive 25 percent anc

the Federal government will receive remaining 50 percent royalties from the generation of hydroelectricity. Apart

from that locil people of the affected area could subscribe the share in the hydropower generation. The local people

will be benefited from the dividend of their investment in the project. Furthermore, project will have to make provisior

of 0.75 % of the project cost for the community support programs of the affected area which will be equivalent tc

Rs 345.4 million. While collecting the suggestion during the preparation of the scoping document, local people

expressed their willingness to invest in the project in the form of public share which was reiterated during the public

hearing. ln order aciommodate this demand; the project will have to be implemented under company model

Boating will be promoted in 312ha inundation area of the project. The Projectwill supportto develop greenery,-

park and tourist centre.
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Adverse lmpacts

Physical Environmenf.' The main adverse impact of the project in the physical environment is due to inundationof 312ha' The inundation will affect different infrastructurer n"i""iv' ril 24 houses, 1ii; is sneos; (iii) 3 pump houses;(iv) 2300 m of B P Highway (v) 1'59 km of local road; (vii) r s no. ot tSoe weils; t"iiij'z ,*"rr sorar paners; (ix) rargesolar panel' well and gulp hoyse of Large water.supptv'sv"i"r or Khadadevi RrlJ nrrni"ip"tity; (x) j600 m aio16 potes of transmission tine; (xi) about 7g+rn oi imdjtil,n-canai; ixii):.suspension bridges, and (xiii) 1 cremationplace' In addition, the project would affect 't2.38 ha 6t r"no,-400 ni of Dharan chatar; R;ad and 20 no. of housesand 18 sheds in the powerhouse area' other construction related impacts such as change in land use, soil erosiondue to excavation wo$s, air pollution, high noise bv;l; si;ck;;ling of construction ma-teriats in the private land,muck disposal' operation of the quarry site;s, chang-e in river *oif noiogy, operation orin" *orx camps and reducedflow zone in the Sunkoshi RiVer and increase in tlow in Marin 
'knot, 

"r" 
,ome or tne pltentiar adverse impactsunder the physical environment.

Earthworks and plying of vehicles from intake to powerhouse sites and transportation of construction materials willadd emission of carbon monoxide, sulphur dioxide ano cust in t'rre local atmosphere.

construction work at weir site will increase water turbidity for about 4 months. The construction workers might exertfiLJiT";::";5:g::l5nfi[H:.ffi:,:l',:#;:'J i',snii"J,"e sewerase disposar probrem rni, 
"ioit,on-"r

The proposed quarry site in the flood plain of sunkoshi River could d.isturb the landscape.anct could change theriver morphology' Furthermore, the operation of the crusninJ oi#'",,,increase dust emissron.

Light and heavy vehicles will use diesel and petrol, engine oir, gear oir, brake oir etc. Leakage of oir and grease andother liquid materials might pollute water surface anoieouce irl-cissotveo oxygen, and wburd induce detrimentalimpact on the aquatic life.

with the diversion of water there will have inadequate water at the stretch of sunkoshi River from barrage topowerhouse for 7 months from November to May. tow amount oi *"t", wiil rikery increase the temperature in thiszone' on the other hand the discharge in the Marin xnora wiriincreas" suostantiaily and wirr change the compreteflow pattern' The temperature of wat6r of Marin xn"r"'ir ril."r;i;;;;"""e by 0.090c in month of May to 4.35 oc inmonth of May.

Biotogicat Enn"on^2':lr:,|:lLl^"-qyI *oyji,".lu-l^9,,l: gln".""rnment rand. out orwhich 4.48 ha is rorest and3'4 ha communitv forest (Kusumetar comml-liity Forest) r:i s riljr"n"{;il;;;;;:i"'L *r.., body and floodplain. The project would need 6.39 ha of government land for disposal.sites; All 3 disposal sites are located on theside of Marin Khola' Disposal site t cove"ring 3.ao na is L""t"JI""rtne tair race. il;-;;;" is covered by maizecultivation' Disposal site 2 and 3 is located at:ror1ruq1rg^tn" 
"*iirJo*dge across me rrlrarin Khora. site crearanceof these areas is likely to affect 416 no' of trees and '1939 no. or!oi" size prants. nn"d"o ulgetation is rocated inthe ftood ptain of Sunkoshi River, Tamakosfri niver anJi,f"li" in"L] lnO most affected species are sirishand khair.

water diversion from weir would reduce flow. significanfly in sunkoshi,{veJ from the proposed barrage to nexttributary' This could hav-e significant negative im;g9l i; rh" ;q;;; tije ot sun1osni niver'whlreas the flow in Marinfi:":iyil'Iffi||?#tilffiilrv:no temieiature'orthe *"t"]l' rili"rv to decrease. rnis couiJoe posltiys impacr on

rhe project 
"r"" 

,. not s-o:1::"f,ero.tlre rlo "lI*:?:l*:Il:ltites. witdtife . .,*;";" ,. ,;r". ";. ,: ,""to small spots' Hence' it is predicted that the loss and/or t agm"niation of the habitat *irr n"u" insignificant impacton the wildlife population, as the area is not tn" core habitat-or, anJ-oreeoing site tor-anv *irorit".
socio-econo mic and cultural Environmenf:. Altogether 6g.46 ha of private cultivated land and 1g.37 ha ofcultivated land without land ownership pafei wil_o" inf"i"Joy'i'"'!ro1""t activities; Loss of agricurturar rand wirllead to loss of agriculturalg3l':tt ipioiy *neat,. maize 

"t".i "no 
tss or top soir. rn 

"ooition 
44 houses (24 in:l:ii1':l#::;lif"tJl,:Ternouse ardal,'sz 

"n"oi 1rg'in'i,iu,iortion area and 18 in powerhouse area), wi'

The concentration of large number of people with varied social and cultural backgrounds might cause the pressureon the existing hearth and sanitation, iaw ano oroe,,iiu"tionltihl ilo,"", uruu. A _-
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The cumulative impact of the series of hydropower development in river may lead to long stretch of reduced flow
zone during the dry season.

Summarv of Land Requirement tor the
S.no Descriotion Government Land Private Land Total
I Permanent Land 252.68 hec. 87.83 hec. 340.51 hec.

z Temporarv Land 6.39 hec. 6.39 hec.
Grand Total 346.89 hec.

7. ALTERNATIVE ANALYSIS

Initially, environmental impact of 'with and without' project options was evaluated. As 'with project' option was found
appropriate, alternative analysis was carried out for multiple alternatives 'within' project. Based on alternative
analysis for different installed capacity of electricity generation as considered by the detailed feasibility study, most
appropriate alternative is 28.62 MW installed capacity. As the assigned area for the project consisted of forest
area, the project development without forest option was not possible. Possible alternatives for the hydropower such
as micro-hydro, solar power and thermal power was also considered.

8. ENHANCEMENT AND IMPACT MITIGATION MEASURES

Benefits Enhancement Measures

During the construction stage, employment will be provided to PAFs and local people in the order of priority. The
employment will increase the income level of these families. A binding clause in the contractor's agreement will be
included to give first priority to PAFs and local people while hiring both skilled and unskilled labourers and to give
wages not less than the district approved rate.

The project will designate certain places, within the project area, for the operation of tea stalls and grocery shops
to sell local products. The project plans to train 532 persons (one each from the project affected family) to enhance
skills in modern techniques of cash crop and livestock productions and in enterprise development to best utilise the
compensated amount. Equal number of the local people. will be trained to enhance technical know-how and skill in
the specialized areas such as electromechanical works, house wiring etc.

The project will provide 0.75 o/o of the construction cost which will be equivalent to NRs. three hundred forty-six
million five hundred thousand for the community support programme for the development activities of affected Rural
Municipalities and Municipality. The support will be NRs 1 crore per annum (total 5 crore) for the construction period

of 5 years. This support will be spent for the improvement of the education, health, drinking water, support in
agriculture development, conservation of local forest and biodiversity and other local development activities. A
Coordination Committee having the representation from each affected ward of the Municipalities will be formed.
This committee will prioritize the need of the affected people and Municipalities. The balance amount will be
allocated for the operational phase. In addition, affected Municipalities will also be receiving fund from the project
through the royalties of the electricity generation. The project proposes to make subscription of shares of the local
people towards the end of the fund requirement so that the gestation period is short.

Adverse lmpacts Mitigation Measures:

Physical environment; In order to mitigate the possible change in air quality from dusts, water spraying will be
carried out in gravel and earthen roads one time a day for four dry months (February to May) in a year. All project
vehicles will comply with the national emission standards and regular (monthly) check-up for maintenance of all
vehicles will be carried out every 3000 km. The construction workers will be provided with the necessary safe gears
and they will be covered by the accident insurance policy.

Safe drinking water that meets the NDWQS and WHO guidelines will be provided to project staffs and workers. All
solid waste will be recycled to the extent possible. Biodegradable wastes will be used for making compost, liquid
wastes will be collected in the settling basin, and pass through the biological measures before discharging into the
water bodies.
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In order to reduce noise level, use of explosives will be limited. Muffling of construction area will be done. Ear plugs
will be provided to the construction workers. Noise producing engines such as air compressors will be fitted with
noise reducing equipment. All vehicles plying in the construction area will be maintained regularly as per the
manufacturer's recommendations.

The required land for the stockpiling of construction materials will be taken on lease. The spoils will be disposed in
the designated area only. Construction of drainage ditch will be connected up to the permanent water bodies. The
leased area will be properly levelled, reclaimed for reuse and back to the owner.

Top soil of affected cultivated land will be preserved and reused. The budget for the top soil management would
be NRs. thirty-five million one hundred twenty-nine thousand.

During the operational and maintenance stage, the retaining structure such as stone masonry rip rap of 2.0 m is
proposed along the critical part of the periphery of the reservoir for the protection of the cultivated land and
settlement. Total length of the riprap would be 34 km. This cost of this protection measure is included as a part of
the project cost.

The project has prepared ffood protection plan for the Marin Khola. .Likely affected existing agricultural land will be
protected through 34 km long dikes along the banks of Marin River on both sides at priority locations. Total 18 no.
of spurs have been proposed for protection of infrastructures and adjacent land by controlling bank erosion. Total
16 number of drain outlets has been proposed in the newly proposed dikes to let the drainage water to pass safely
to river. The total cost of the flood protection work is NRs. eight hundred ten million five hundred eighty-four
thousand one hundred ninety-ones, including contingencies and VAT.

All affected infrastructures will be either relocated or reconstructed. Total estimated cost for the relocation or
reconstruction of infrastructures is NRs. one hundred twenty-two million nine hundred sixty thousand.

Biotogical Environmenf: The project will provide land compensation for the loss of forest land and will carry out
compensatory plantation for the loss of vegetation. Forest land will be compensated as per the Directives for
Acquiring the Forest Area for the National Pr,iority Projects, 2076. An amount of Rs. two hundred fifty-five million
nine hundred eighty-one thousand has been estimated for acquiring 251.68 of government land. Total loss of trees
and pole size plants is 2355. At the rate of 1:'t 0 as compensatory plantation, a total of 23550 nos. of plants will be
planted in 14.68 ha. Thii will be at the rate of 1600 plants per ha. In addition, plantation wi| be canied out in
ternporarily,acquired/used area. Hence, planation area totals to 16.76 ha. Cost of plantation would be NRs. tenl
million five hundred fifty--eight thousand eight hundred. The project will seek the assistance of the Division Forest
Office in carrying out compensatory plantation.

About 1 00,000 fingerlings of the local fish species will be released in the inundation area of the Sunkoshi River for
at least 5 years after the construction of the barrage. Cost of stocking is estimated at NRs. ten million per year.
Total cost would be Rs. fifty million. lt is expected that fish diversity and population will revived from releasing
fingerlings. Fish poisoning and direct current use will be prohibited for fishing. This provision will help in reviving
not only the traditional fishing practice but also improve in the economic status of Maghi community.

Socrb-Econ omic and Cuftunt Environment All participants attending the scoping exercise and public hearing
prefened for cash compensation atthe market rate. The rate of compensation will be decided by the Compensation
FixationCemmittee-that would be form in aceordance wRh Land"Acquisition Rules of Nepal' Basedon the
govemment rate and the market price of the respective locations, that ranges from NRs Rs five million to NRs. one
million per ropani, a total of NRs. one billion two hundred twenty-two million nine hundred thirteen thousand six
hundred thirty-six has been estimated for the compensation of 87.82 hectare of the private land located at the
ditferent locations. The Land Acquisition Act obliges the proponent to provide compensation of land and value of
total production of crops for one year from the land to be acquired. Based on cunent price of different crops, total
compensation cost for crops is NRs. seven million one hundred twenty-three thousand four hundred forty-two.

The project will compensate the loss of 24 numbers of house, 19 numbers of sheds and 2 generator house of
Ramechap district and 4 sheds and 1 generator of Sindhuli district that would be affected by the inundation. The
proposed powerhouse and work camp at Kusumetar, Kamalamai municipality will be affecting 20 numbers of
houses and 18 no. of sheds. All these structures will be compensated at market value without depreciation. Total
estimated cost for the compensation of the building structures will be NRs. one hundred six million five hundred
one thousand one hundred twenty-nine. Apart from the compensation, house owners will be allowed to take away
reusable materials of the demolished structures. The Project will provide NRs. twenty jnole storied
house and Rs. thirty thousand for double storied as the transportation of reusable site. Total
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transportation cost for 31 single storey and 13 double storey is estimated NRs. one million ten thousand. Similarly

a monthly hardship and displacement cost (rental) at the rate of NRs. ten thousand per household per month will

be provided to each household for 6 months. Total hardship and displacement cost for 44 houses is estimated to

be NRs. two million six hundred forty thousand. The project will provide counseling service to PAFs for the effective

utilization of the compensation money. An amount of NRs. two hundred thousand has been allocated for counseling

to the project affected families. The project will make own facilities such as drinking water supply, pit latrines and

health clinics along with necessary medicines to the workers and their dependents. The project will educate

construction workers, staff and local people on occupational health and safety. The accident insurance of the

workers shall be made mandatory in the condition of contract of the construction contracts. ln order to ensure

discipline among the workers, a cash prize of NRs. twenty five thousand per person will be awarded to five diligent

and disciplined workers every year. For the construction period of 5 years, NRs. six hundred twenty-five thousand

has been allocated forthis purpose. The projectwill make effortto maintain gender balance during the employment,

and will not involve children for construction works. Project will relocate the cremation site located at the confluence

of Sunkoshi River and Tamakoshi River in consultation with respective local community and make provision of

stand post tap for performing the rituals. An amount of Rs. 50 lakhs has been budgeted for the relocation of the

cremation site. Apart from the identified impact, the project is committed to mitigate or compensate to any damage

to the people or infrastructure that would be affected by the project activities during its construction and operational

stages.

9. ENVIRONMENTAL MANAGEMENT PLAN

To ensure that the EIA recommended mitigation and monitoring actions are duly implemented, monitored,

assessed, evaluated and disseminated to the stakeholders for feedback and improvement, the PMO will establish

a separate Environmental and Social Management Unit (ESMU) of its own. The ESMU will be managed by the

consultants with previous experience in environmental monitoring of the projects. The project ESMU shall be

established at least six months before project's civil construction award. The enhancement, compensation and

mitigation measures will be implemented by elaborating this EMP into an execution plan, if necessary. This will

include following action plans:

Permits and approvals action Plan
Compensation management Plan
Project information management action'plan
Pollution abatement action Plan
Erosion control and muck/spoil management action plan

Construction camps and traffic management action plan

Terrestrial ecology management action plan

Aquatic ecology management action plan

Public health and occupational safety management action plan

Rehabilitation and reinstatement management action plan

Emergency management action Plan

The EMP has been prepared in detail that comprises of planning, organization and staffing, directives and

coordination mechanism, reporting and budgeting for the implementation of environment protection measures
(EPMs, benefits augmentation measures and adverse impacts mitigation measures), as well as for environmental

monitoring. The project will implement EPMs during pre-construction, construction and operational and

maintenance stages.

Plan Formulation: Compliance and impact monitoring will be carried out by environmental and social

management unit which will be placed in the organizational structure of the project.

Organizational Structure.' In order to implement EMP, an Environmental and Social Management Unit, as
mentioned above, will be established at the Project site with necessary staffing and budget. The ESMU willsupport
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Directives and Coordinafion. Based on the analysis of the policy and legal provisions and roles and
responsibilities of the concerned institutions, this project could be implemented smoothly without any additional
environmental directives. The proponent will make every effort to ensure necessary coordination with local
governments, NGOs and CBOs during EMP implementation.

Reporting: The ESMU will prepare, submit to the concerned institutlons, and disseminate monitoring report twice
a year during the construction stage, and annually during the operational stage. The impact monitoring report will
be made public.

Budgeting: Total provision for EMP implementation is 3.2 % of the project cost which is estimated to be NRs. one
billion six hundred sixty-one million three hundred ten thousand six hundred twelve which is excluding the
compensation cost of NRs. one billion three hundred fifty-two million six hundred eighty-one thousand two hundred
seven. The major mitigation cost is for flood protection in Marin Khola and it is estimated at NRs. eight hundred ten
million five hundred eighty-four thousand one hundred ninety-one.

10. coNcLUSroNs

The project will inundate large area due to the construction of a barrage and will have significant impacts on the
private property and insignificant impact on public property. However affected people and communities have
positive response for project implementation. . Cash compensation for the acquisition of land, property and crops,
relocation and reconstruction has been proposed for the affected structures.

The project will generate 250.594GWh average energy annually. Out of which 125.004 GWh will be generated in
dry season and 125.691 GWh wet season. The project will provide irrigation water to 122,000.00 ha (5 districts
Bara, Rautahat, Dhanusha, Mahottari and Sarlahi districts of Province no. 2) in terai. This year-round irrigation
facility will increase food production.

The hydropower component of the SMDMP is the secondary benefit of the project, Though the cost per MW is
estimated to NRs. one billion six hundred fourteen million forty-four thousand nine hundred ten, the detailed
f€asibility study of the project has concluded that the overall project is economically viable with EIRR 9f 17,04 o/o

and B1C latio of 1:94. The Government of Nepal has declared the project as one of the natignal priority projects.

Taking into consideration the nature of project, its location, people's positive response, evaluated environmental
impacts and practical mitigation measures, including existing policies and laws on water resources utilization and
the environment, this project is recommended for implementation subject to the implementation of the EMP. No
furlher environmental study will be required for project clearance. The proponent commits to implement appropriate
mitigation measures to any unforeseen environmental impacts identified during the construction and operational
stages.

Final Repori 6ffi"1;;,4



Environmental /mpacf Assessment Study of
Sunkoshi Marin Diversion Multipumose Froject (28.62 MW) ACRONYMS ANO ABBREVIATIONS

ACRONY MSANDABBREVIAT IONS

Amsl
BA

CBD

CFUGS

Cum

CITES

dbh

DCC
DoED
DFO

DWR
DWRI

EIA
EL

EMEP
EMP

EPA
EPMs
EPR
ESMU
FGD

GHG
.GLOF

GoN

IGP
I 
GPo

I 
GPS

lG\^Fl
lH"
I HRr

I 
rcrMoD

I rLo

I INPS
I tuctt
I

I .lv
I

lK*
lkv
Ir
I LRMP

lm
lM
I 

MFSC

I MoE

I MoEWRI

I uore
I

I MoPE

Above Mean Sea Level

Basal area

Convention on Biological Diversity

Community Forest User Groups

Cubic meter

Convention on International Trade in Endangered Species of Wld Fauna and
Flora

Diameter at Breast Height

District Coordination Committee

Department of Eleclrbity Development

Division Forest ffice
Drawings

Department of Water Resources and lrrigation

Environmental I mpact Assessment

Elevation

Environment Management and Execution Plan

Environmental Management Plan

Environment Protection Ad
Environmental Protection Measures

Environment Protection Rules

Environmental and Social Management Unit

Focus Group Discussion

Greenhouse Gas

Glacier Lake Outbursts Flood

Government of Nepal

Rural Municipality

General Post ffice
Global Positioning System

Giga Watt Hour

Hectare

Head Race Tunnel

lntemational Centre for lntegrated Mountain Development

lnternational Labour Organizati on

Integrated Nepal Fower System

Intemational Union for Conservation of Nature and Natural

Joint Venture

Kilorneter

Kilo Voltage

Length

Land Resources Mapping Project

Meter

Municipality

Ministry of Forests and Soil Conservation

Ministry of Energy

Ministry of Energy, Water Resources and lnigation

Ministry of Forests and Environment

Ministry of Population and Environment

Resources

#&
?, bt

r)r-tli 6{-4 /i+ a

&wi;l."
Final Report



Environmental /rtpact Assessment Study of
Sunkoshi Main Diversion Multipurpose Project (28.62 MW\ ACRONYMS AND ABBREVIATIONS

- Megha Voltage Amp

MoWR - Ministry of Water Resources

MW - Megawatt

NBCDP - Nepal Building Code Development Project

NEA
NGO

- Nepal Electricity Authority

- Non-Governmental Organisation

NTFPs - Non-Timber Forest Products

- Over Dimensioned Consignments

- Occupational Health and Safety

- PQect Affected Family

- Peak Ground Acceleration

- Powerhouse

- Power Line Cable Communication

- Project Management ffice
- Personnel Protection Equipment

- Participatory RuralAppraisal
Project Engineering Consultancy and Research Pvt. Ltd

Radius

oDc
OHS
PAF

PGA

PH

PLCC
PMO
PPE

PRA

PRECAR
f
RCC Reinforced Cement Concrete

RM - RuralMunicipality

SMDMP - Sunkoshi Marin Diversion Multipurpose Project

SPAF - Severely Project Affeded Family

ToR - Terms of Reference

TLC - Tail Race Channel

TBM - unnel Boring Machine

TMS - Total Manatement Services

USGS United States Geological Survey

\ /ECS - Water and Energy Commission Secretariat

B4ffif
Final Repoft

nuffi;.+



Environmental /mpacf Assessment Study of
Sunkoshi Main Diversion Multipuryose Proiect (28.62 MWI TABLE OF CONTENT

Tnels oF CoNTENTS

Toble of Contents a

eList of Figures

List of Tables

7 INTRODUCTION 7-7

L-l

1-1

Background1.1

L.2

1.3

t.4

Rationality for Conducting EIA

Scope of the study

Objectives of the Study

1-1

1-1

L-21.5 The Project
1.5.1
1.5.2

The Prooonent t-2
r-2Organization Responsible for Preparing the Report

2 PROTECT DESCHPNON 2-7

2.L Project location 2-t

2-6

2-5

Project Layout2.2

2.3 Project Salient Features

2.4 General Arrangement of the Sunkoshi Marin Diversion Proiect 2-tL
2.4.1 Headwork

2.4.2 Weir and Undersluice
2.4.3 Intake

2.4.4 Approach Canal

2.4:5 Desander

2.4.6 Power Conduit, Tunnel Inlet and portal

2-tl
2-11
2-12
2-15
2-15
2-L5
2-15
2-L6
2-L7

2-17
2-17
2-L7

2-L7

2.4.7 Headrace Tunnel
2.4.8 Surge Tank

2.4.9 Penstock pipe

2.4.10 Powerhouse

2.4.7L Tailrace

2.4.L2 TransmissionLine

2.5
2.5.7

Accessibility
Transoortation Method

2.5 InfrastructureFacilities

2-t8

18
2-182.6.1

2.6.2
2.6.3
2.6.4
2.6.5

Construction Power

Work camp and Labour camp Facility 2-18
2-19
2-19
2-79

2-19

Communication
Water Supply

Disposal Sites

2.7 ConstructionPlanning
2.7.1
2.7.2

2.7.2.7

2-19
2-21
2-23
2-23
2-24
2-24
2-24
2-24
2-25

Contract Packages

lmplementation Schedul e

Weir and Undersluice

2.7.2.2 RiverDiversion
2.7.2.3 Headworks
2.7.2.4 HeadRaceTunnel
2.7.2.5 Surge Shaft

2.7.2.6 Penstock

2.7.2.7 Power House, Tail Race Channel & Office Building

Final Repott akff#b



Environmental /mpacf Assessrnent Study of
Sunkoshi Main Diversion Muftipurpose Proiect (28.62 Mwl TABLE OF CONTENT

2.7.2.8 QualityControl 2-25

2-25

2-28

2.8 ConstructionMaterials

2.9 ConstructionMachinery

2.lO Land Requirement

3 METHODOLOGY

2-29

3-7

3.1

3.2

3.3

General

Study Team

Project Area Delineation

3-1

3-1

3.4 Methodology
3.4.1 Desk Study

3.4.6 lmpact Assessment Method
3.4.7 Public Consultation
3.4.8 Draft Report Preparation
3.4.9 Public Hearing

4 REVIEW OF RELA/ANT POLICIES, PLANS, LAWS, STANDARDS AND CONVENTIONS

3.4.2 Preparation of Check-lists / Questionnaires and Field Study

3-2
3-2
3-2
3-23.4.3 Field Survey and Investigation

3.4.4 Consultation Meeting 3-4

3.4.5 Data Processi 3-4
3-4
3-5

3-5
3-6
3-63.4.10 Finalization of EIA

This Final EIA report has been prepared incorporating the issues/suggestions raised and/or provided during the pubfic

hearing meeting. 3-6
3-6

4-7

3.4.11 Recommendation Letters from the affected Rural Municipalitys

4,1 ConstitutionofNepal

4.2 Relevant Policies And Strategies

4.3 Relevant Laws

4-L

4.L

4-3
+34.3.L Environmental Law

4.3.2 Water Resources and Elec'ricity Laws

4.3.3 Forest Low

4-4
4-5
4-6
+6

4.3.4 Land Use and Land Acquisition Law

4.3.5 Other Laws

4.4 lnternationallnstruments 4-8
4-8
4-8

+8

4.4.L Conventions
4.4.2 Agreements

4.5 Environmental Assessment Guidelines and Manuals

4.6 Relevantlnstitutions 4-10

4.6.t Local Institutions 4-10
4-L0

5-7

4.6.2 Nationallnstitutions

5 EX',STING ENVIRONMENTALCONDITION

5.1 District
5.1.1 lntroduction

5-1
5-1
5-1
5-2
5-Z
5-Z
5-2
5-2
5-2

5.1.2
5.1.3

5.1.3.1
5.1.3.2

Education
Fleblth

Economic Activities
Social Services

Supply and Sanitation

P**$b



Environmental /mpacf Assessment Study of
Sunkoshl Main Diversion Multiputpose Proiecf (28.62 MW) TABLE OF CONTENT

)-5

5-3
5-3

5.2

5.1.3.6 Transportation

Project Area Profile
5.2.1

5.2.1.1
5.2.1.2 Catchmet Area

Physical Environment
Topography and Land Use

5.2.L.3 Climate

5.2.1.4 Hydrology

5-3

5-3
5-3
5-5
5-8
5-9
5-9

5.2.1..5 Geology

5.2.L.6 SlopeStability
5.2.1,.7 Sediments

5.2.2 Estimation of Bed Load 5-10
5-11

5-11
5-11
5-11
5-16
5-18
s-20

5.2.2.t Water Quality
5.2.2.2 Air Quality
5.2.2.3 Noise Level

5.2.2.4
5.2.2.5

5.2.2.6
5.2.3

5.2.3.1

6.2.2
6.2.2.1
6.2.2.2

Seismicity
Glacier Lake Outburst Flood {GLOF)

Other Hydropower project in Project area vicinity
Biological Environment

6.L.2 Operation Stage

5-1
6-1
6-2

5.3
G4
6-4

7-t

6-11
6-13
6-13
6-19
6-20
5-20
6-23

6-24

6.2 Adverse lmpacts
6.2.1 Physical Environment

6.2.1.L Construction Phase

6.2.1.2 OperationStage
Biological Environment

Construction Stage

6.2.3 Socio-economicandCulturalEnvironment
Operation Stage

6.2.3.2 OperationStage
6.2.3.1 ConstructionStage

6.3 Evaluation of the lmpacts

7 ALTERNATIVE ANALYSIS

Design Alternatives

7-7

7-t7.L

7.2

7.3

Do Nothing Alternative

Comparison of Alternatives

7.4 No Forest Option

7.5 Alternative to the quarry sites

7.6 Construction MethodAlternatives

7.7 Construction Material Alternative

7-3

7-3

The Forest and Vegetation 5-20
Source: Field Survev 2019 5-22

5-22
s-23
5-24
5-29
5-30
s-30
5-36

6-7

5.2.3.2 Ethno-botanical values of species

5.2.3.3 Wildlife in the Project Area (Fauna)

5.2.3.4 Aouatic Life

5.2.3.5 Biodiversity and Habi

ENI/IRONMENTAL IMPACT

6.1 Beneficial lmpact
6.1.1 ConstrustionStage

5.2.4 Socio-EconomicandCultural Environment
5.2.4.L Socio-Economic and Cultural Features of the Project Area

5.2.4.2 Socio-Economic Status of Project Affected Families (PAFs)

7-L

7-2

7-3

Final Repoft 4-*r*:;a



Environmental /mpacf Assessment Study of
Sunkoshi Main Diversion Multtpuwse TABLE OF CONTENT

7.8 ConstructionScheduleAlternatives

7.9 Installedcapacityalternatives

7.LO Alternatives for Hydropower Project

8 ENHANCEMENT AND MITIGATION MEASURES. 8-7

8-18.1 EnhancementMeasures

8.2 Adverse lmpacts

g ENVIRONMENTAL MANAGEMENT PLAN (EMP)

9.1 Obiectives Of EMP

9.2 StatutoryRequirement

9.3 Environmentaf Permit and approval 9'2

g.4 Proiect Environmental Management Framework 9-5

9.5 Environment Enhancement and mitigation plan 9-6

9.5EnvironmentManagementduringConstructionandoperation9.6
9.6.1 Environmental Management and Execution Plan 9-5

g.7 Organization and staffing 9-2L

9.8 Directives and Coordination 9-21

9.9 Reporting and Budget for lmplementation of EMP g'21

7AI 
^/,TINITT'FI'NG 

ANI'' AI,,D'T,iNG 7O-770 ENVIRONMENTAL MONITORING AND AUDITING , - , ,

10.1 MonitoringPalameters ' , ; 10'1

LO-2LO..z Monitoring Locations, scheduf es and Responsibilities , , : , . i :-- -
10.3 EnvironmentalAuditing 1O-5

10.4 Reporting Requirement

10.5 Budget for Environmental Monitoring 10'9

10.6 Budget for Environmental Auditing 10-9

10.7 Total Environmentaland socialcost 10-9

10.8 Cost benefit analysis ofthe project 1G10

10-11

17 CONCLUSIONS 77-72

77-73REFERENCES

7-4

7-4

7-4

.8-Z

9-1

.9-1

9-1

10.9 Public Grievance Redress Management Plan

.trbt' +;,T.%qc
iklrrs;'a+ei5l.

Final Repotl



Environmental /mpact Assessment Study of
Sunkoshi Marin Diversion Multipurpose Project (28-62Mw\ TABLE OF CONTENT

Lrsr or FrcuRss

Figure2-2 ProjectAffected Palikas (Source: Detailed Feasibility Report,2018)............ ......... .2-3
Figure 2-3: Project MajorComponent Map (Source: Detailed Feasibility Report, 2018............. . ... ............24
Figure2-4. Map of the InundationArea of Sunkoshi Marine Diversion (Source: Detailed Feasibility Report, 2018)..............2-5
Figure 2-5: Proposed Hydropower Components (Source: Detailed Feasibility Report, 2018) ............ ............2-6
Figure 2-6: Proposed Power House Location Map (Source: Detailed Feasibility Report, 2018)............ ........ .2-6

Figure 2-8: Location of camp Faculties and Disposal Sites at the Headworks. .................. ......2-20
Filure 2-9: Location of camp Faculties and Disposal Sites at the Powerhouse Site ...............2-21
Figure 2-10: Location map of proposed construction material sites (CM1-CMO).................. ....2-26
Figure2-11:Locationmapofproposedconstructionmaterial sites(A9't-A94)....... ....2-27
Figure 5-1: Mean Annual Hydrograph for Sunkoshi Marin Diversion Multipurpose Project....... ......... ... ......... $.o
Figure 5-2: Flow Duration Curve at Intake based on daily flow data from 1968to 2009............. ..................... 5-8

Figure F3: Project Location in Geological Map of Nepa1............ ........ ............... 9

Figure5-5: GlacbrandGlacierLakesinNepal (Source-lClMOD) ..... ...............5-1 1

Figure 5-6: Location map of upper Sunkoshi watershed up to Dolalghat (Source-Khanal et al, 2015) .................... ........... 5-12

Figure 5-8: Flood attenuation at various downstream locations ... 5-1 5

Figure 5-9: Peak flood and flood height of Tsho Rolpa lake..... ..... 5-15

Figure 5-11: Seismic Intensity Map after2015 Gorkha earthquake (Source: USGS, 20151............ ... .....,.....5-17
Figure 5-12: Peak Ground Acceleration values after 2015 Gorkha earthquake (Source: USGS, 2015) .. ...........................5-17
Figure 8-1: Flood map for flood with 50 years return period withottt 1evee............. .,. . .. ..... ... 8-6
Figure 8-2: Flood map for flood with 50 years return period with |evee................................... ......... . ...-........ 8-6
Figure 9-1: Organizational charts and staffing of the ESMU of SMDMP........ ...... 9-1

Lrsr or Teslss

Final Repott nd.*ffi"H"



Environmental /mpacf Assessment Study of
Sunkoshi Marin tjiversion Multipurpose Proiect (28.62 ttttw) TABLE OF CONTENT

(t
R:*l*;o



Envtronmenta.l /mpacf Assessment Study of
Sunkoshi Marin Diversion Multipurpose Prolect (28.62 Mw) TABLE OF CONTEI.IT

Table 9-1 1. Summary of Environmental Benefits Augmentation, Mitigation and Compensation Cost
Table 10-lUpdating of Baseline Data.. .

Table 10-2 : Compliance Monitoring during Pre-construction Stage . . ..
Table 1 0-3: Compliance Monitoring during Construction Stage
Table 10-4: lmpact Monitoring during Construction Stage..........
Table 10-5. lmpact Monitoring during Operation and Maintenance Stage.
Table 10-6. Indicators and Methods for environmental auditing
Table 10-7 : Estimated Cost forEnvironmental and SocialManagement Unit.........
Table 10-8: Indicative cost for Environmental Auditing
Table '10-9: Summary of the Cost
Table 10-10: Result of financialanalysis

Lrsr or AumExrs

Annex 1: Checklist and Questionnaire
Annex 1.1: Checklist for Biological Data Collection.
Annex 1.2: Household Survey Questionnaire.
Annex 1.3: Kll Format.
Annex 1-4: Formats used for the aquatic life survey.
Annex 2: Biological Data Collectied on site.
Annex 2.1 . Repod on aquatic life survey.
Annex 3: Socio-economic Environment Data
Annex 3.1. List of Price of Agriculture and Other Commodities
Annex 3.2: List of Project Affected Families
Annex 3.3: Key informant survey data sheets
Annex 4: Photographs
Annex 5: Format Supptied by Ministry
Annex 6: I ab.Analysis Report Air QualityMaterQuality
Annex 7:,Cadastral Survey Map of lnundation Area
Annex 8: Declaiation Forms of the Experts Proposed for the

Lrsr or ApprruorcEs

9-24
10-2
10-3
10-3
10-4
10-5
t0-7
10"9

r0-10
r0-10
l0-1 1

Appendix A: Co-py of Approved Terms of Reference
x B: Proceedings of the Public

Final Repoft



Environmental /rnpacf Assessment Study of
Sunkoshi Marin Diversion Multipurpose Project (28.62MW\ IN'IRODVCTION

INTROCIUC?X&ru

1.1 tsAcKGRoUND

Nepal has a large hydropower generation potential with a preliminary estimate of about 42,OOO MW of technically
feasibf e capacity. By mid-March 201 9, electricity generated in Nepal is total of 1 ,142 MW (MoF, 2O1g). Over 90yo
(1,029.58 MW) of the country's total electricity is contributed from hydropower sector and 53.4 and 27 MW is from
thermal plant and solar respectively. Nearly 78 percent of the total population has access to electricity. Still,
necessary electricity to all people has not been produced and this gap is met from import of electricity from India.
In order to minimize load-sheding, Nepal has imported nearly 1 ,835 Gigawatt Hour from India by mid-March 2019.
The gap between demand and supply is 20 MW inFY 2075176 (Falgun) (MoF,2019).Annual consumption of
electricity in Nepal is about 100 kWh/person and US has more than 12,000 kWh/ person.

The Government of Nepal (GoN) has planned for easy access to 'energy for all' by 2030 while meeting sustainable
development goals (SDGs) and national campaign of 'prosperous Nepal, happy Nepali'. The GoN has also declared
BS 2075-'85 periods as 'energy and water resources decade'. lt has also planned to add at least 1,000 MW of
hydroelectricity in the national grid by mid-2020. lt has also launched 'Nepalko Pani, Janatoko Lagani'campaign
and will implement 18 projects to generate 3,500 MW (Budget Speech, 29 May 2019). Furthemore, GoN has given
high priority to generate 10,000 MW by 2025 (BS 2082) under this campaign as dectared by then Minister for
Energy in 2017.

There is shortage of power and the forecast carried out by NEA predicts that there will be a continuous shortage
of power supply even after the year 2019: lmplementation of diversion projects such as SMDMp with the installed
capacity of 28.62 MW of power will not only help to reduce gap between demand and supply, to some extent, but
also augment the flow in Bagmati River for Stage ll development of Bagmati lrrigation Project.

1.2 Rnrrorunlrry FoR CoNDtJcflt*iG EIA

Existing policies, laws and guidelines of the Government of Nepal obliges to prepare the Environmental
lmpact Assessment (ElA) report before implementation of this typed of development proposal. The Environment
Protection Act (EPA) 1997 and the Environment Protection Rules (EPR) 1997 provide details on provisions to
prepare and approve the EIA report of the hydr:oelectric project, As per the rule 3, schedule 2, f (Z), EIA report
should be prepared and approved before implementation of proposal retated to inter basin water transfer use. The
projecl area is located in Chure-Terai Madhesh Conservation Area. As per the rule 3, schedule 2, a (12), EIA study
process has to be followed foq the project that would require forest area more than 5 ha. This project requires 4.48
ha government forest and 3.40 ha community forest area altogether 7.88 ha forest 

"s 
*"niion"d in iable 2-6..

Hence, EIA should be prepared as the national legal regime on the environment.

The Ministry of Forests and Environment (MoFE) approved the Term of Reference (TOR) for the EIA study on
2076101110. The copy of the approved Terms of Reference (TOR) is presented in Appendix-A. This EIA does not
cover the transmission line component. The installation capacity of the project was 42.3 MW during the approval
of the scoping document and terms of reference. After optimization of the project during the feasibility study, the
project was found most economical and viable for 28.62 MW installed capacity. Hence the feasibility level design
has been carried outof 28.62 MW.

1.3 SCOpe OF THE sTUDY

This EIA report has been-prepared as per the determined Scoping Document and Terms of Reference (ToR)
approved by the Ministry of Forests and Environment on 2076/1/10. The ToR provides details on the scope of work.

1.4 OBJEGTIVES oF THE Sruoy

The objectives of the EIA study are to:

. Document the existing environmental condition of the project area;

. ldentify, predict and evaluate the potential impacts of the Project on the local environment:

e calculate loss of different categories of land, property, forest and other
clearance:
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as a part of site



1.5.2 Organization Responsible for Preparing the Report

A Joint Venture (JV) of consultants namely; GEOCE Consuftants Pvt. Ltd., Total Management Services Pvt' Ltd'

(TMS) and project Engineering Consuttancy and Research Pvt. Ltd. (PRECAR), 'referred-after the Consultants"

n"" ir"p"r"d this EiA report. consultants have signed the contract with sMDMP in May2018 to carry out

Environmental lmpact Assessment of the Sunkoshi Ma(in Diversion Multi-Purpose Profect located in Sindhuli and

Ramechap districts.

Name and Address of the Consultant

Environmental /mpaci Assessm ent Study of
Sunkoshl Marin Diversion Multlpurpose hrqect (28.62 MW) INTRODUCTION

. Recommend (i) benefits augmentation measures, (ii) preventive, curative, and compensatory measures to

minimize the adverse envir6nmental impacts and (iii) environmental management plan;

. provide information on associated cost for benefits augmentation and adverse impacts mitigation; and

. prepare plans for the implementation of beneficial and mitigation measures, environmental monitoring

and auditing.

1.5 THE PROJECT PROPONENT

1.5.1 The ProPonent

The proponent of this proposal is Sunkoshi Marin Diversion Multipurpose Project (SMDMP)' Department of Water

Resources and lrrigation.

Name and Address of the ProPonent

Joint venture of
GEOCE-TMS-PRECAR
GPOBox4266
Kathmandu SanePa, LalitPur
Telephone:0 1 -5521 17 51 5545542
Email:

t''

;,1-:

Government of NePal
Ministry of Energy, Water Resources and lrrigation
Department of Water Resoulces and lrrigation
Sunkoshi Marin Diversion Multi-purpose Project (SMDMP)

Jawalakhel, Kathmandu
Phone:01-5535382
E-mail:
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PR

2.1 PROJECT Loc&Ti0ni

The Sunkoshi Marin Diversion Mufti-purpose Project (SMDMP) is located in Sindhuli and Ramechaap districts of
Bagmati Province of Nepal. The project aims to divert 67m3/s water of Sunkoshi River to Marin Khola, one of the
tributaries of the Bagamati River. The diverted water will generate 28.62 MW of hydropower and augment the
discharge to the existing Bagmat irrigation Canal. A location map of the project components presented in Fig 2-1.
The project affected palikas is shown in Fig.2-2. The proposed multi-purpose project consists of different
structural components; inundation area within Sunkoshi Rural Municipality, Khadadevi Municipality and Manthali
Municipafity with a pond level 474m. Additional 2.0 m from the pond level has been considered as the inundation
level to accommodate the afflux. The location map of the project components is shown in Figure 2-3. The inundation
area of the project area is presented in Fig 2-4. The headwork and its associated structures are located in ward
no.7 of Sunkoshi Rural municipalities shown in Fig. 2-5 and powerhouse site is located in ward no. 2 of KamalaMai
Municipality as shown in Fig.2-6. The project would create large inundation area due to the construction of 12 m
high barrage across the river. The inundation will be covering part of ward no 6. Of Sunkoshi Rural Municipality,
part of ward no. 4 of Khadadevi Rural Municipality and ward no. 6 of Manthali Municipality. The water is diverted
to Marin Khola. The diverted water augments the.flow in the Bagmati River and provides addltional discharge to
the Bagmati lrrigation Project. The augmented flow in the Marin Khola will affect the land along the Marin
Khola located in Marin Rural Municipality and Hariharpurgadi Rural Municipality. The present study is only
for the hydropower components of the multi-purpose project. The river stretch of Marin khola from the proposed
powerhouse site i.e. conffuence of Bagmati River is also considered as the project affected area as the increase discharge
in the Marin Khola could have significant impacts on the river banks.
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Figure 2-2: Project Afrected Palikas {Source: Detailed Feasibility Report, 2018)
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Figure 2-5: Proposcd Flrdropo*er'(iomponents (Source: Detailed Feasibilitr llcport,2{)18)
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Figure 2-6: Proposed Porrer Ilouse [,ocirtion \lap (Source: Detailed Feasibilitr Rcport,20lg)

2.2 Pnpireer Layour

f.ne 
99ner{. arrangement of the main structures has been determined from the optimization of the individual

srruciures.. tne general arrangement is shown in Figure 2_7.

2.s pnb#ci sll-nur FEATuREs

The salient project are presented in Table 2.1.
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Sunkoshl Marin Diversion Multipurpose Proiect (28.62MW) PROJECT DESCRIPTION

Table 2-l: Salient Features of the Proiect

Descniption ::r

Name of Project $unkcrshi #lai'ir** i.}i?*;:qi:,,rj iiL:11i.Fi,ijr'ii-:;r;t: i''':.;i;.:,:

Name of River Sur':xosi:i River enci :'deir,r li::r:!;:

Location

Longitudes 850 59' C3 9023?' ; :o i5' 12 29 9)?-'J2" :

Latitudes 2702A'39.64476" ii T* 27oia' 3't j)j7" :,i

District Sindhull ar:d Rameci.:*l

Province Sagmati

Headwork Sunkoshi Rural i/luinicip*iiiy

Powerhouse Kama!amai Municipa{iiy

Affected area due to increase in discharge in

Marin Khola

Ward no 1 and 4 of Ka:'i':aiairal fulunicipaiity

Waid no 1,2,3,4,5,7 ,8 ai l+iaiin Rurai i\rilnicipalf ill

$,/ard nc 2,4,5,6 ahd 8 ci ri*r'rlta:pu:gzz44: !;,1::at lft,ric;lniii!

lrrigation Command area/ location 122CAO.BA he*or in B*ia, i:ie,:lahai. Dhai'i*sa i!iz:ir:":ii;ii', arc
Sar!ahi disirici

Access

BP Highway from Kathmanciu i:15km (heacwo*)

Headwork to Manthali 18km

Project Accessibility

Kolkata-Raxual in India 757km

Raxual-Birgunj 3km

Birgunj-Bardibas 124k"rt

Bard ibas-Sindhu Iibazar 65km

Sindhuli bazar to Marin Powerhouse sile i 1km

Hydrology

Catchment area 1l-! 16icn Lm

Design Discharge 67.0m3/s at rated heaci

Design Flood(at main headwork site) 12.7 41m3ls ( '1 in50Oyeais)

Diversion Weir {Barrage bay}

Type Concrete vreir with caies

OperatingLevel EL.474.00m

Crest Level f L.462.00m

,d
rsH'Final Reporl t-I
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Environmental /mpacl Assessment Study of
Sunkoshi Marin Diversron Multipurpose Proiect (28.62 Mwl PROJECT DESCRIPTION

Description iJetail!!

Lenoth of Overflow Section 96.00m

Length of span

Total Length
.i 18m

Flood discharge capacity of Weir 9692m3is

Diversion Weir {Undersluice bay)

Type Concrete weir wilh gaies

Operating Level E1.474.00m

Crest Level E1.459.50m

Length of Overflow Section 24.Om

Length of span "i2.0m

Total Length 28.0m

Flood discharge capacity of Weir 3053m3/s

Barrage Bay

Nos. d

Type Radial gate

Size 12.Omx't6.0m

Under sluice.

Nos. z

Type Radial gate

SiZe 12.Omx18.5m

Sill level EL 459.50m

Intake

Type Sde lntake

Nos. 4

Sill level EL.469.8m

Design Discharge
a

73.7m"/switch flushing discharge

lntake Gates

Nos. 4

SEe 6.0mx4.0m

Type Vertical lift roller gate

Hoist Gravityy Crane

Desander ChCtiibcf*-
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Environmental /mpacf Assessment Study of
Sunkoshl Marin Diversion Multipulpose Project (28.62 M\N) PROJECT DESCRIPTTON

Description Details

Type RCC

Shape Rectangubr

Nos. z

SLe 130m(l),30m(w)

Flow Free fbw

Bed sbpe 1:50

Depth of fbw 6.3 m

PowerConduit

Shape Square with chamfi=r

Length 166.5,0 m

S?C 5.5 mx 5.5.0m

Head RaceTunnel (HRT)

Tlpe RCC Llned Tunnel

Shape Cicular

Size 5.5 m d'a.(fnbhed)

Thickness 300rnm(Segmentaf)

Fbw Pressure flow

Length 13,100n

Suqe Shaft

Type Re$r-rded Orifrce

Dbmeter 22.Ud

MaxSurge Level E1.485.98m

He$ht ftm hvert 75.22m

Wall thil<ness 1.0m

Penstocks

Type Steel Penstod( burbd

No.of Penstocks 1

lntemal diarneter 4,4m

Total bngth 360m

Penstock hsbe tunnel 268m snB ,-
Erposed tunnel 8om qF#4s lr

tDr- <ri
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Sunkostrl Marin diverslon Mulfrpu4oose Proiect (28.62 MW) PROJECT DESCRIPTION

Description Details

Manifob 42.2m

Power House

Type Surhce type

S ize of Machine Hall(o utertoouter) 47.8mf.6jm

No.of Bays 3unt bays and one Service baY

No.of Unts and Capac'ty 3Units of 9540kweach

Turbine fbor bvel EL.410.Orn

Generator floor brcl EL.414.srn

Control Room bvel EL 420.0rn

Tail Race

Length 157.8m

Total bed wdth 9.0m(doubb Chnmbered)

Chamber Dim,(WxH) 7.0x4.0 m

Bed Sbpe (V:H) 1:1000

Tail water bvel EL 410,0rn

Turbines

Tlpe Verti:al Francb

Gross head 64.0m

Headbss 16.23m

Rated head 47.77 m

Rated Dbcharge per unit 22.33m3/s

Rated speed 375rpm

Efciency at rated output 93%

Generators

Type Synchrorots

Rated output 1 1 .223f14/A(three units)

Rated speed 375rpm

Generator effic'ency 98o/o

Switch Yard

Size including access road 102.00mx74.0m

=.:' ^ . '.
Powera[{ Energi,

28.62tvlw
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Environmental /mpacf Assessment Study of
Sunkoshi Marin Diversion Multipurpose Project (28.62 MW) PROJECT DESCRIPTION

Description Details

Total Energy Generatbn 250.sg4(Gwh)

Total wet energy 12s.691(GWh)

Total dry energy 125.004(GWh)

Sellabb Wet Energy 118.212 (GWh)

Sellable Dry 1 17 566(GWh)

l-otal Projecl Cosl tlRs 83,51 7,61 5,321.00

)roject Gost of Hydropower Component tlRs. 46,193,965,321

)roject Cosl of Inigation Component rlRs. 37,323,650.000

=IRR
17.O5 o/o

3/C ratio (10% discount rate) qA

{PV (10% discount rate) rlRs. 55,095,220,000

Source: Detailed Feasibility Study, 2019

2.4 GerueRaI ARRANGEMENT oF THE SUNKoSHI MARIN DIVERSIoN PnoIecT

The main components of the project comprise of a diversion weir, intake, connecting canal, desanding basin,
power conduit, headrace tunnel, surge tank, penstock, surface powerhouse and switchyard. The general layout
of the headwoks is shown in Figure 2.7,The headwork is located in Sunkoshi River, approximately 750 m
downstream from the confluence of Tamakoshi and Sunkoshi and about 1 Km upstream of Khur.kot. A 13.1 km
long headrace tunnel and 360 rn long penstock conveys water to the power house at left bank of Marin Kholato
generate 28.62 MW of poruer. A tailrace canal will discharge the water to Marin Khola, a tributary of Bagmati river
thereby augmenting discharge to BIP (Bagmati lrrigation Project) for irrigation purpose.

2.4.1 Headwork

The SMDMP headworks consist of a gated weir, undersluice, intake, graveltrap, connecting canal and a double
chambered settling basin. A concrete gravity weir with broad crestand gated spillway across the Sunkosh River
has been proposed. A stilling basin of 100.0m length and 3.7m depth is proposed for energy dissipation
downstream of the weir. Undersluices and intakes are located at the right bank of the river. A gravel flushing
channel is located immediately after the intake with a connecting canal conveying water ftom gravel trap to the
settling basin on the right bank of SunkoshiRiver.

The proposed headwork of the SMDMP may create the afflqx of 4,0m co!'9!qg.r|ng the hiqf' lqqd leV_el qf
12,74{mj|s (5O0 yeai5 Gtuin period. The flobd tevei witt be 478 m corresponding to 500 years return period.
However as per the instruction of the Project, the inundation level is considered as 476 m. The total area of
inundation area including the river water way is 312 ha with the extension up to 6.5 km in the Tamakoshi side
and 7.5 km in the Sunkoshi side.

2.4.2 Weir and Undercluice

A gated broad-crested weir is proposed across the Sunkoshi River for river diversion and for passing the flood
discharge. The proposed weir is 122.0 m long at its crest, consisting of eight radial gates with size 12 m x 16 m
(B x H). The deepest bed level of the river is at El. 459.0 m and the crest level is kept at El 462.0 m. The
normal operating level in the barrage is fixed at 474.0m. To the right of the weir, two under sluice openings
with size 12m x 18.5m (B x H) have been proposed to pass the bed load accumulated in front of the intake
during monsoon flood season and to minimize the sedimentation in the reservoir. Guide walls have been
provided at both left and right banks of the river to guide the flow of the river. The weir is designed for a
discharge of 12,741m3/s (500 years return period flood) with the capability of passing safety check ftood of
14,071 m3/s (1000 years return period). The weir diverts a ftow of 73.7m3/s,
discharge plus the required flow for sediment flushing. A divide wall ofSm sepa

llsqual to the design
age bay portion

A,
b-b
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Environmentat /rnpacf Assessment Study of
Sunkoshi Mann diversion Multtpurpose Prqecl (28.62 MW) PROJECT DESCRIPTION

from the under sluice portion. A fish passage of 2m width is proposed within the divide wall. The divide wall is

supported by four piles each at upstream and downstream ends.

2.4.3 Intake

A side intake is proposed adjacent to the under sluice at right bank of Sunkoshi river. The intake is designed to
pass the diversion discharge of 67m3/s and an additional 6.7m3/s of discharge for flushing requirement. The

intake consists of 4 orificeJof size 8.0 m x 4.0 m (B x H). The silt level of the intake is fixed at 469.8mas1.
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Environmental /rnpaci Assessment Study of
Sunkoshi Marin Diversion Multipurpose Proiect (28.62 MV"l\ PROJECT DESCRIPTION

Which is 10.8m above the river bed level so as to avoid entry of river bed material into the water conveyance
system through the intake? Four intake gates are provided to regulate the flow (through the intake). A coarse
trash rack will be placed in front of intake to avoid entry of trashes. Gravel flushing channel of 2m width is
provisioned immediately downstream of the intake to settle bigger sized sediment with flushing culverts
provided to flush the sediment from gravel trap by flushing gates.

2.4.4 Approach Canal

Approach canal starts immediately after the gravel flushing channel. Transition length of about 60m is provided
after the gravel flushing channel. The approach canal is branched into four compartments to pass the flow to
the desander.

2.4.5 Desander

The hilly streams generally carry significant quantities of coarse silt and sand during the monsoon season. lt is,
therefore, necessary to provide a desander to exclude coarse particles so as to minimize the abrasion to the
turbine runners, where abrasion effect becomes more pronounced. A surface desander basin is proposed
downstream of intake for removal of sediment. A small section of about 425 m of BP Highway will have to be
relocated to accommodate the basin.

The proposed seftling basin is of "rectangular" shape having two chambers of '130.0m length,30.Om width and
6.3m effective depth designed fora discharge of 73.7m3/s which include 10% additional discharge for flushing
operation. The settling basin have three sections; inlet section, the settling section and the outlet section. The
water flow depth is 6.3 m and the depth of hoppers is 2.5 m. Under normal operating conditions the average
flow-through velocity at settling basins will be 0.197 m/s. The outlet of the settling basin consists of a wall at
the end which consists of four gated openings of size 9.75m x 4.0m (W x H) in each basin. The sill elevation of
the outlet opening has been fixed at El 471.8 m. These openings are designed such that the full design
discharge can be drawn from each settling basin with acceptable limits of head loss during maintenance and
sediment flushing of the other basin, During normal operation, the slide gates shall be used to adjust the
opening to pass the required design discharge.

2.4.5 Power Conduit, Tunnel Inlet and portal

The power conduit connects the desander to the tunnel inlet. The power conduit is provided in the form of a
RCC barrel of dimension 5.5m x 5.5m. The length of power conduit is 166.5m. Minimum submergence of 5.1m
required to prevent vortex formation is provided in accordance with the Gordon's formula. The invert level of
the power conduit at inlet is fixed at 463.2 m.

The tunnel inlet is located in an exposed rock outcrop at the end of the power conduit. Before the inlet portal, a
smooth transition is provided from rectangular section to circular section. The dimension of rectangular section
is 5.5m x 5.5m and circular section is 5.5 m diameter.

2.4.7 Headrace Tunnel

The headrace tunnel (HRT) conveys the flow fom the Sunkoshi River to the powerhouse located at the bank of
Marin Khola. As the tunnel will be driven by the Tunnel Boring Machine tfBM), the finished section will be
circular. The optimization of the HRT has revealed an optimized finished diameter of 5.5 m. The HRT will be
provided wrfF segmentatlining thib0ghout the length. The flow through the conduil at-rated head andrated output
of 28.62 MW is 67 m3/s. Total length of the tunnel would be 13. 1 km.

The headrace tunnel will be excavated by TBM and will be fully concrete lined. Additional rock supports such
as rock bolting have been proposed. The proposed rock support for the HRT is shown inTable2-2.

;aE!it. 'tt+A
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Fable 2-2'. Proposed Support for the Head Race Tunnel

Chainage Rock type Qroof
Qwall

Rock Class
Quality

Effective
Span, De

Support
Class

Support Description

0.0- 1.5
Sandstone,
Mudstone

0 .3

0.75

.E
Very Poor

5.0 5J At roof, systematic bolting length 3.0m @

1.3m spacing and segmental lining of
0.3m

1.5-3.2 Sandstone,
Mudstone

u-2

0.5

E

Very Poor

5.0 S5 At roof, systematic bolting length 3.0m @

1.3m spacing and segmental lining of
0.3m

3.2-4.O Conglomerate

0.001

0.01
Exceptionally

poor

5.0 5/ At roof, systematic bolting length 3'0m @

1,3m spacing and segmental lining of
0.3m

4.0-4.5 Slate

0.06

0.06

F

Extremely
Poor

5.0 >o At roof, systematic bolting length 3.0m @

1.3m spacing and segm€ntal lining of
0.3m

4.5-5.5
Schist,
Quartzite and
Granite

6.4
IO.U c

Fair

5.0 53 At roof, systematic bolting length 3.0m @

2.1m spacing and segmental lining of
0.3m

Phyllite,
Metasandstone

4.5
11.25

a

Fair

S3 At roof, systematic bolting length 3.0m @

2.1m spacing and segmental lining of
0.3m

6.3-6.6 Quartzite

22.5
112.5 B

Good

).u s1 At roof, systematic bolting length 3.0m @

2.5m spacing and segmental lining of
0.3m

6.6-9.5 Gneiss and
Granite

0.4
1.0 E

Very Poor

qn s4 At roof, systematic bolting length 3.0m @

1.3m spacing and segmental lining of
0.3m

9.5-10.0 Quartzite

7.O
L7:5 c

Fair

tn 55 At roof, systematic bolting length 3.0m @

2.1m spacing and segmental lining of
0.3m

10.0-1 1.55
Phyllite.
Metasandstqne

2.5
6.25 E.

..Very Poor

5.0 s3 At roof, systematic boltino length 3.0m @

1.3m spacing and segmental lining of
0.3m

1 1.55-13.1
Schist.
Quartzit€,
Granite

o.2
nq E.

Very Poor

S5 At roof, systematic bolting length 3.0m @

1.3m spacing and segmental lining of
0.3m

Source: Detailed Feasibility Study, 2019.

2.4.8 Surge Tank

A surge tank is provided at the end of the headrace tunnel to allow the mass oscillation caused due to pressure

transients followed by load rejections and load acceptance. The upper part of the surge shaft will be exposed to

the ground surface.

The surge shaft will be a restricted orifice type and will be connected to the headrace tunnel by a concrete lined

throtfle of 4m diameter. The diameter of the surge shaft is fixed based on the minimum area requirement as

suggested by the Thoma's criterion. Accordingty, a shaft of 22m diameter is provided. The height of the surge

shaft is calculated considering the free board requirements, submergence and possible surges due to various

loadings such as full load rejection and full load acceptance.

The height of surge shaft is 75.00 m from the tunnel invert. The surge shaft is connected to the tunnel by a 4.0 m

diameter concrete lined riser shaft which has been offset from the headrace tunnel by a short distance to allow

construction to continue unhampered by construction activities in the tunnel.

The surge shaft is designed as are inforced concrete and water tight structure. The wall thickness (lining) is

designed to withstand the submerged weight of the rock mass due to the extended water pres:yle switch an

assured ground water table. Areas of high-water in flows encountered during construction will be pressure

grouted to-reduce the quantity of inflow during dewatering of conduit. Internal pressure loadings are as summed

to be iesisted:by the surounding rock rnass
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2.4.9 Penstock pipe

The flow further from the surge shaft is conveyed through a pressure shaft. The optimum diameter of the
penstock has been worked out as 4.8m considering the minimum total cost of the penstock and revenue loss due
to the resulting head loss in the pressure shaft. The thickness of the penstock pipe has been designed to resist
the maximum dynamic head resulting from the mass oscillations.

The penstock pipe of total length of 360m takes off from the downstream end of the surge tank. An exit portal is
proposed at the end of penstock tunnel. Required transition is provided in the joint of tunnel and penstock. The
penstock is buried to protect the pipe from the environment. Anchor blocks are provided at the bends with saddle
supports, wherever necessary to hold the penstock pipe. Length of exposed penstock pipe is 80 m up to
bifurcation point. After that, the pipe is bifurcated into two steel manifolds of internal diameter 3.4m each4S m
long to provide required water to turbines.

2.4.10 Powerhouse

The powerhouse structure is located on the left bank of the Marin Khola. lt is proposed to house the three
generating units of 9.54 MW capacities each in the surface powerhouse, which will have the provision of a
service bay of 9m long. The overall dimension of the powerhouse including service bay is 48.8 m x 26.1 m. The
Power House is proposed to be covered with galvanized sheet roofing supported on steel trusses. The
powerhouse contains 3-Vertical Francis turbine units directly coupled to generators, each with an installed
capacity of 9.54 MW. Flows from the powerhouse are discharged through a tailrace channel, 160 m long to Marin
Khola. ln order to maintain the minimum tail water, gate is required at the end of tailrace.

Power from the units is evacuated to a switchyard 73.0 m long and 63.0 m wide located on the right side of the
powerhouse at an elevation of EL. 420.0 m, where 3-single phase transformers are also located. Access to the
powerhouse is from the downstream end by an access road. The detail plans of the access road are shown in the
drawings. The access road leads to the main access door which is located on the left side of the powerhouse.
The 4 m by 4 m access door leads directly to the erection bay where the various items of mechanical and
electrical eouipment can be off-loaded for erection or later removed for repair by the powerhouse crane. The 50
ton overhead crane travels the whole length of the powerhouse and can readily accesses all items of heavy
mechanical and electrical equipment.

The powerhouse has four floors. The floor at El. 410.0 m serves as an access to the turbines. The generator floor
is at El. 414.5 m with the generating units and auxiliary electrical equipment necessary to control the units and
the machine hall floor is set at El. 420.0 m. The high flood level corresponding to the return period of 1 in 1000
years is El. 415.97m. Hence, the machine ffoor level is safe against the floods up to :l in 1000 years event

An area for office space, electrical and mechanical workshops has been provided adjacent to the powerhouse.
The emergency diesel generator is housed in a separate building (control room building) at the rear of the
powerhouse.

2.4.11 Tailrace

From the draft tubes the water is discfrarged into the tailrace. Separate vertical gates are provided at the outlet points

of draft tubes. Tailrace will be founded on alluvial deposit. The total length of the tailrace is 160m. The tailrace is of a
reinforcedconcrefe bo-.-Culvert in a Cut and CoverffiracaisJm with-wallsO'ithiekne*s 1m,

In order to maintain the required submergence on the units, a weir will be necessary at the end of the tailrace. The
tailrace level of Marin is 2 m higher than the center line of the units.

2.4.12 Transmission Line

The power evacuation from SMDMP will consist of the generated power output of 28.62 MW which will be
connected to the switchyard. The transmission line will be 132 kV, Double circuit transmission line of about 37.2
km length, connecting switchyard to Dhalkebar switchyard. Based on field reconnaissance trips and routing
studies using available maps, the transmission line routing length between the SMDMP switchyard and
Dhalkebar has been determined to be approximately 37.2 km.

2.5 AccESSlBtLtrY

The proposed project site is located in Sindhuli District, Kathmandu, the capital city of Nepal, is about 1'15 km
away from the project headworks site and about 145 km from the powerhouse site. The proposed headworks and
powerhouse sites are connected by BP Highway and there is no requirement of additional
a track road to Marin valley, the powerhouse site, providing very easy access to the
road has to be upgraded including one bridge. The major port is also connected by rail to
town of Nepal.

Final Repod
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Access Roads. The project site is easily accessible from Katmandu. The headworks site at Khurkot is 115 m

away from Kathmandu connected by BP Highway and the powerhouse site is 1 1 km from Sindhuli bazar which is
.lg km from Khurkot. Sindhuli bazar is 65 km from Bardibas which lies in East West Highway. The headworks site

is also accessible from Manthali which is 18.4 km away. Thus, there is a good facility for the transportation of

equipment and materials from the capital city and from the plains.

The nearest dry port for electro-mechanical equipment is Birgunj Dry Port. lt is 300 km from Katmandu and 150

km from Bardibas. The route for transporting electro-mechanical equipment to the project site is Kolkata- Birgunj-

Bardibas- Sindhuli bazar' Project Site.

2.5.1 Transportation Method

The main equipment and other imported materials are planned to be loaded in Kolkata port where the

infrastructure for unloading storage area and railway yards are available, as it is one of the major ports of India on

Eastern side and most convenient sea port for the Project. Therefore, it is considered as the primary port of

entry.

(i) Railway TransPort

Railway lines are available from Kolkata up to Raxual, the terminal station bordering with Nepal. The broad

gauge rail distance is about 757 km.

(ii) Road TransPort

The goods from Raxual will be transported to the project site where adequate storage facilities are provided. The

road-route proposed is Raxual-Birgunj-Bardibas-Sindhuli Bazar. The total length of the road from Raxual to the

project is 223 km. The largest partJ oipermanent equipment items which cannot be shipped in sections are main

iransformers. The othersictionalized items such as turbine runners, stay rings, pit liners, draft.tube.parts.and

gate parts etc. and TBM parts which can be classified as over dimensioned consignments (ODC) must be

tlansported in special wagons with due consideration for the maximum transportable sizes by train and on road.

The routes of transportation proposed are:

Further, the construction materials such as structural and reinforcement steel, cement, blasting 1{efats,
admixtures; roofing materials, pipes, shuttering materials; tiles, paints etc. are proposed to be procured in local

market or India and transported by road.

2.6 lNrRnstRucruREFAclLlrlEs

2.6.1 ConstructionPower

Construction power will be supplied primarily by Two 2000 lC l diesel generators required for the operation of

TBM. A 12 Km long 33kV line irom Sindhulito SMDMP powerhouse site will be constructed as back up supply.

Alternatively, 132 kV Sub-.Station existing at Bardibas can be utilized to draw construction power to the required

extent at the powerhouse point. The activities in the weir area, tunnels, surge shaft and penstocks will be carried

out with the help of temporary power supply from DG sets to be provided by the contractors.

2.6.2 Work camp and Labour camp Facility

The major activities of the Project are concentrated near the site of headworks where the weir, intake, desander

and HRT intake are proposed and the powerhouse site where surge tank, penstock powerhouse and tailrace are

located. Major activily at the powerhouse site will be the activities related to tunnel excavation with the use of

tunnel boring machine (IBM). In view of this, the work camp and camping facilities are required for the labour,

supervisory ltatf, Contiactor's office and storage yards mainly near the weir site and porrerhouse site. lt is

expected tfiat about 850 human resources will be camping at these locations during the peak construction period.

The details are shown in Table 2-3. Suitable bachelor accommodation for supervisory staff and family

xorxati - Raxuat in tnoia lzsz km), RaxuafBirgunj - 3 km, Birgunj-Bardibas - 124 km and Bardibas - Sindhuli

bazar (65 km), Sindhuli bazar to Marin Powerhouse site (11 km) = Total 960 km:

accommodation for the labour are proposed at two powerhouse and headworks sites. The camp site at the

powerhouse will be of permanent nature whereas the work camp and labour camp at the headworks will be of

iemporary nature located at the Seleghat within the inundation area. A dormitory, canteen & mess with recreation

tacitities ind medical facility are propbsed for the supervisory staff near the powerhouse which is near to Sindhuli

bazar next to Mggfusgidari Highway (Dharan Chatara-Hetauda road). The location of the camping facilities

tffi'-"ffi
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and project facilities like material storage yard, crushing plant, batching plant etc. at the headworks and
powerhouse are shown in Figure 2-8and Figure 2-9respectively.

Table 2-3: Requirement of the Human Resources

Works
Managers and
Supervisors

Highly
Skilled

Skilled Unskilled Total

Weir and Desander 20 ZU 40 80 160

HRT J3 50 90 100 275

Suroe Shaft and Penstock 10 20 40 80 150

P H and TRC 30 50 85 100 zoc

Total 95 140 255 360 850

Source: DetailedFeasibilityStudy, 201 9

2.6.3 Water Supply

The water supply for the camps will be made separately. Water supply system is planned to off take water for the
camps at two locations. For both camp sites, intake structures with filtration plants will be installed. In the
headworks site, two watertanks each of 1Ocu.m will be installed and three numbers at powerhouse site. From
each source, tapped water will be delivered to the water tank with 50 mm Gl pipe.

2.6.4 Gommunication

Currently a telephone network exists nearby the project area. Mobile communication equipment will be used to
eommunicate with the'various pr.oiect sites''Once.the-proiect.is commissioned; power-line eable communication
(PLCC) will be used for information exchange between the powerhouse and the load dispatch center.

2.6.5 Disposalsites

The detailed feasibility study has identified 3 disposals along the Marin Khola. The locations are shown in Figure
2-10. The area covered by each disposal site is presented in Table 2.6.

2.7 CONSTRUCTIONPLANNING

2.7.1 GontractPackages

There are three main activities involved in the construction of this project. They are (i) the works near the weir,
intake and desander (ii) Headrace Tunnel, Surge Shaft, Penstock tunnel and Penstocks (iii) Powerhouse.
Though, one construction agency will ideally suit the works for coordination, it is felt that for the facility of ensuring
the target commissioning dates, works will be divided into the following packages:

. CivilWork Gontracts (Package l): Headworks area, Powerhouse area and Hydraulic Steel Structures

. CivilWork Gontracts (Package ll): Headrace Tunnel and Surge Tank

. Electro Mechanical and Hydro-mechanical works (Package lll): Generators, Turbines and related
accessories.

. Transmission Lines (Package lV)

The concerned Civil Contractor will also be entrusted with the construction of camp facilities, storage facilities,
access roads and bridges near the respective components.

The election of the consultants will be completed in about 5 months. After the approval of the estimates, the
selection of contractors may require up to 7 months including the prequalification and tender evaluation
procedures. The selection of contractors for the electro-mechanical works and transmission lines will be done
about 1 year later than the selection of contractors for the civil works.
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Figure 2-8: Location of Camp Facilities and Disposal Sites at the Headworks
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Figure 2-9: Location of Camp Facilities and Disposal Sites at the Powerhouse Site

2.7.2 lmplementationSchedule

The Project is proposed to be commissioned in 60 months from the construction start date. After the award of
work, the contractors will mobilize within one month and develop the extra infrastructure required for the
construction within 8 months including camps, plant, and preparation of borrow areas. The access and
construction power works are scheduled to be completed in 2 months and the Headworks and the powerhouse
camp are scheduled to be completed in 8 months.

The main components of the work in the project are:

. Gated weir and undersluice.

. lntake, desander and Headpond

. Head race tunnel

. Surge tank

. Penstock tunnels and penstock

. Powerhouse, tail race channeland switch yard works

. Electro-mechanical works including erection, testing and commissioning of units.

. Transmission lines

The hydro mechanical works will be carried out along with the civil works of the various components in
coordination. An implementation schedule of the project is presented in Figure 2-11.

The hydro-mechanical works will be carried out along with the civil works of the
coordination.

Legend
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The details of construction methodology for the various components of works are as follows:

2.7.2.1 Weir and Undersluice

The construction of gated weir and undersluice includes the folloruing works: river diversion, excavation for
foundation, foundation treatment, concreting works and gate erection. The boulder mixed soil and rocks are
expected to be encountered at the headworks site as per the geological investigation. Hence, driving of sheet pile
will be difficult in that condition. For seepage control, the proposed foundation works for the barrage consists of
the in-situ bored concrete piles and curtain grouting filling the gaps between the piles. In case hard rock is
encountered above the designed levels of the bore piles, appropriate anchoring mechanism has to be installed
during construction.

2.7.2.2 River Diversion

The structures to be constructed will not be completed in a single season. Roller compacted concrete coffer
dams will be constructed in two stages. The maximum flood discharge considered for the diversion during
conslruction is 4154m3/s which corresponds to annual flood (considered as 1 in 2 years flood). The flood estimate
at the diversion site was derived from florr data from year 1968 to 2009. This is considered as diversion flood for
pl anning diversion arrangements.

(i) First Stage Diversion

The river diversion in SMDMP comprises of two stages. In stage one, a cofferdam will be constructed along the
right bank side of the river diverting the flow in the left river channel to construct undersluice, part of the intake
and divide wall as shown in DWG. SMDMP-RD-01. Due to topographical considerations, diversion of flow
through tunnels or closed conduits is not possible. Hence, diversion is contemplated on the left side of the river
bank by forming diversion channel of width of 57 m.

Rof fer compacted concrete coffer dam with a top width of 2.0 m and 112 highwill be constructed as shown in the
drawing. Tire coffer dam will be approximately 620m long. This cofferdam construction will require about 4
months as shown in the construction schedule. The water level for, the diversion flood of 4154mr/s flowing over
the broad crested weir works out to about EL 469.0 m. Hence, considering a free board of 1.0 m over the flood
water level the top of the bund during diversion is about EL 470 m.

The construction works of the undersluice bays will require excavation upto the level of El 443.0 which is 16m

betow the average bed level- Hence, the provision of grouting throughout the length of the cofferdam will be
required to prevent seepage of water into the working area.

(ii) Second Stage Diversion

Second diversion will facilitate the construction of the main weir by diverting the flow through the in place
undersluice as shown in Drawing SMDMP-RD-O2. The second stage coffer dam will be a roller compacted
concrete dam which will extend upstream and dournstream of the divide wall. Hence, diversion is contemplated
ontherightsideoftheriverbankbyformir?gdiversionchanne|ofwidthof36m.

Coffer dam with a top width oI 2.0 m and bottom width of 5.0m will be constructed. This dam will be
aFFroxmatcf y-gfm lon g. ThIS coffeitlarii conslruCtron wilf requfe afouf ffi r tlxi
diversion flood of 4154m'/s floruing over the broad crested weir works out to about EL 471.9 m. Hence,
considering a free board of 1.1 m over the flood water level, the top of the bund during diversion is about EL 473
m.

The construction works of the barrage bays will require excavation up to the level of El 446.0 which is 13m below
the average bed level. Hence, the provision of grouting throughout the length of the cofferdam will be required to
prevent seepage of water into the work area.

(iii) Construction works

Excavation for the under sluice section of the dam and the intake will start immediately after completion of the
first stage cofferdam. This activity will take about five months and concrete work will start after the completion of
excavation. The concreting of the undersluice, dividing wall and the intake up to the invert level will take up to six
months. This will facilitate the construction of the upper part of the structure while diverting flor. The concreting
of the intake piers and the decks is scheduled to be completed in four months. The complete intake
and dividing wallworks will start from month 17 and will be completed in month 30 as
schedule.

construction
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The second stage cofferdam will protect the left bank of the river channel diverting the flow through the
undersluice, allowing excavation and treatment of the foundation. The excavation of the weir foundation will be
started soon after the completion of the second stage cofferdam and is scheduled to take about eight months.

The river bed level at the axis of the proposed Weir site varies from EL 459.0 m to EL 460.0 m over a width of
175 m. Since the foundation grade rock is not epected to be available at reasonable depth, the weir is designed
consi deri ng permeable foundation conditions.

During month 43, the concreting of the weir structures will be started including spillway crest and is scheduled to
take up to nine months. After concreting of the piers, the deck and stilling basin will be constructed inn nine
months.

The installation of the hoisting arrangement and spillway gates is scheduled after the concreting of the weir and
will require about seven months for the completion.

2.7.2.3 Headworks

The construction of the desanding basin and headpond will be started from month 16 and will be completed in 14

months. The excavation of the basin and the treatment of the foundation are scheduled to be completed in six
months and the concrete works at all of the sections to be completed in eight months.

2.7.2.4 Head Race Tunnel

The head race tunnel is of 5.5 m diameter and circular shaped. The tunnel, 13.1 km long, will be excavated by
means of TBM method from the inlet portal located near the powerhouse site at the end of the tunnel. The TBM
will be available 12 months after the beginning of the works. The TBM inlet portal of about 155m long will be
excavated to enable the erection of TBM which will require about 9 months. This also includes preparation of the
launching area of the TBM.

After the arrival of TBM, the actual excavation and concreting of the tunnel will require about 30 months. The
linings of the tunnel will be erected with the advance of TBM. The concrete lining will be performed by the TBM
with the segmental concrete liners of 0.3m thickness.

2-7.2.5 Surqe Shaft

An or:ifice type surge shaft'of 22m internal diameter is proposed foT SMDMP Project. The or:ifice is 4.0:m dia. in
the surge shaft. The top EL of the shaft is EL 500.00m and the boftom EL 424.78 m. Thus, the total height of
surge shaft is75.22m.

The top portion of about 8-10 m gets exposed when completed. The surface excavation shall be folloured by the
pilot shaft hole excavation: After the pilol shaft excavation is completed, the main shaft excavation shall startfrom
the top where the muck sh€ll be collected at the bottom and shall be transported via the access through tunnel.

The rate of pilot shaft hole excavation has been taken as 2 m lday and with this rate, it would require about 40
days to excavate 75.22 m. Once the pilot shaft hole is completed, the shaft enlargement can take place with a
raise bore. This activity has been scheduled to be completed in three months after which the shaft can be
enlarged to the final diameter. The duration required for the shaft to be enlarged to the final dimension will require
nine months. The lining can be performed with the enlargement of the shaft and will require twelve months. The
total required duration comes out to be about 26 months.

The complete excavation shall be folloirred with the concrete lining of the shaft. The concreting shall be done from
the bottom going upwards with a lift height limited to 3 m. The last conical part, which is located at the base of the
surge shaft, shall be done only after the shaft lining is completed.

The last conical shape part at the bottom of the surge shaft shall be done at the later stage when the shaft lining
is completed and the installation of penstock pipe at that point is completed. Due to its complicacy the duration
has been estimated as 26 days,

The approach to the Surge shaft is from the portal of horizontal penstock tunnel of internal diameter 4.4 m which
is located at the bottom of surge shaft.

The location of the Pilot holes is so selected that the progress of HRT work through the Surge Shaft is not
hampered while the work of excavation in surge shaft continued.

2.7.2.6 Penstock

Penstock tunnel .of 4.4 and 360 m length takes off from Surge Shaft. The work is similar in nature to
of 4.4 m dia. trifurcates into 2.6 m dia. about 40 m long penstocks leading tothe HRTworks..The

three turbines: '
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The time considered for completion of this work is 20 months, which is reasonable with reference to the quantities

involved.

2.7.2.7 Power House, Tail Race Channel & Office Buildinq

One of the most important components of the project in view of its complexity and requirement of co-ordination
between various agencies viz., Civil, Hydro-Mechanical and Electro-Mechanical is planned to be completed in
40.6 months. The civil works of powerhouse will be completed in 22 months.

The Construction of Hydropower Station is systematized in recent times. Considering the planned time, the work
of Powerhouse, TRC and Switch Yard can be completed as planned.

The concreting of the powerhouse structure shall be done with the concrete pump having the pumping capacity
of 50 to 60 cum per hour. At least one concrete pump should be readily available throughout the period of
construction. Furthermore it is necessary to install one tower crane at the powerhouse for the ease of delivery of
construction materials such as reinforcement, formworks etc. to the specific location. The tower crane could also

be used for the concrete works however this provision has not been taken into account. The total estimated
backfilling quantity is about 91000 cum. A bulldozer shall be used for spreading and compaction.

The most important component of the project in view of its complexity and requirement is co-ordination between
various agencies.

2.7.2.8 Qualitv Control

The laboratory for the testing of construction materials (cement, sand, soil, aggregate, reinforcement bars,

concrete, etc.) will be set-up at the site by the civil contractor. However, some tests which cannot be conducted at
the site will be carried out at other recognized laboratories outside the project area.

2.8 CONSTRUCTIONMATERIAI-S

The project would require large volume of construction materials. The estimated quantity of the material
requirement is presented inTable 2.4.

lable 2-4 Estimated Quantity of Construction Material

SN Item Unit Quantity

1 \ggregates Cum 93.775.33

2 iand Cum 43,105.71

J lement Mt 65,177.0

4 Leinforced Steel Mt 8,125.27

Itructural steel Mt 1.284.74

Source: DetailedFeasibilityReport, 20 1 I

Figure 2-10 and 2-11show material survey locations together with areal distribution of construction materials and
muck disposal area.
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Figure 2-11: Location map of proposed construction materialsites {A9t-A94}.

Cement, steel plates and reinforcement steel required for the project will be imported from India
transported by road to the stocks yards and stores located the near project sites.

Explosives required will also be procured from India and stored in the Magazine of
project site.
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2.9 CoNsrRucroNMAcHrNERY

Heavy machinery is proposed for deployment for construction. The machinery will be readily available with the
prospeciive construction agencies. The following types of heavy equipment shown in Table 2.5 are generally
required duri ng construction activities.

Table 2-5: Heavy Equipment required for Construction

ffi
7q- 64

S.No. Equipment

1 Aqitator Truck 4 cum capacity

2 Air Compressor (14 m')

Air Compressor (9 m3)

4 Axial Flow Exhaust Fan includino duct

5 Bar Bendinq Machine

6 Bucket

I Bull Dozer

I Potable batchinq plant 500 liter

Y Concrete Pump 15 m3ihr

10 Needle Concrete Vibrator

11 Crane 5t caoacitv

12 Crane 12t caoacity

13 Drilling Equipmeni with drill rod and accessories

14 Drillinq and Groutino bv Hvdraulic

15 Excavator 0.8 m3

16 Grader

17 Hand Pneumatic Drill

18 Jack Hammer

1q Leq Drill

20 Wheel Barrow for muckino

21 LoaderAy'i/heel 1 m3

22 Mixer 0.5 m3

23 Mobile Crane 5 Ton Caoacitv

24 Roller (8-10 T)

25 Scissor's Lift

zo Shotcrete Machine (Mixture) Wet

27 Stone Crusher

27 Submersible Pump

28 Tipper Truck (15 Ton Capacitv)

ZY Tipper Truck (Small)

General Purpose Truck (6-8 Ton Capacitv)

31 Vibrating Roller (8-10 ton capacity)

32 Vibratinq Roller (1-2 ton capacitv)

33 Water Pump Mono-block

J4 Welding Generator

Wheel Loader 1.8 m3

z-26
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S.No. Equipment

36 Winch 5 t capacity

Concrete Vibrator

38 Vent fan

39 Compressor

40 Shotcrete Machine (Mixture)

41 Locomotive

42 Loader (KLD)

43 Tiooer(6Cum)

44 Diesel Air Compressor (XA 280)

Shotcrete Machine (HPZU-SB)

46 Pressure Groutinq (2 SNS, 6375)

47 Hand Pneumatic drill

48 Vertical Drilling Machine

49 Water Pump

50 Axial flow Exhaust Fan (290-1)

ql Down Hole Drill

52 Winch

Winch

EA Winch

55 Jees lOseater

56 Total Station

Concrete mixer (0.4 m3

58 Aoitator (1.25 m3 )

qq Grout Pump

A full-fledged workshop will be maintained by the construction agencies for repair of. equipment and machinery

employed on construction activities. Sufficient inventory of spares and critical items will be stored.

2.10 Lnuo ReQutRennerur

The total permanent land required for the project is 340.51 ha permanently. Component wise land requirement and

the total area required for each component is presented in the Table 2.6.
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Table 2-6 Land Requirement for the Project

Note: All government land is considered as forest land

SI lompon€nts

Governnretrt Ldnd

Total

Privatc

Total
Private
Land

Arq in
ha

Remdrks
Forest Bush

Riv€r
course

Sand Bar
deposition agricultur

.l land

3ultivated land/-barren land

Permanent Land Requirqnent Gov CF

L{nd
Der€gistered Regtutered

I lnundation Ar@ 2.94 49.34 180.81 233.09 18.3 &.54 78.91 312.00

2
htake Structur6 liko weir, itrtske,

settlins b6ie Duoach €rmal etc
0.53 1.34 t.47 3.33 3.33

3
\re required for the affected

nacLs
I 1.50 I t.50 l 1.50

lxisting road tmck

z.J m,

Powor bose site with surge laink,

peffit@k, switchya4 audit, work

ump etc

2.10 2.t0 8.92 8.92 I1.02

) \css Rqd l.0l 1.30 0.35 2.66 2.66

\L 4.48 3.40 I.50 50.68 182.63 252_68 18.37 69.46 87.83 340_51

Temoorary Land Requiremenl

\4uck DisDosl Area

3.65
DI 1.65 3.65 rear powr house

)2 0.46 0.70 t.16 l.l6 Jpst€m frcm the

oad bridge
1.58 1.i3 1.58
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M ETHODOLOGY

3.1 GeueRnl

Available information was collected through literature review and field works. Secondary information was
collected through published and unpublished reports and interpretation of maps and photographs. Primary level
of information was generated through household level questionnaire, key informant survey, focused group
discussion, measurement and walk through survey etc. Local people were contacted and interviewed to solicit
and update information. Four key informant surveys (KlSs) were carried out at the affected settlements. The
district level offices, municipality/ rural municipality office, and community groups were also contacted to verify
data and information. and to solicit their concems.

The EIA study comprised of:

. Literature review and map interpretation;

. Preparation of checklists and questionnaires;

. Field study to collect primary information and verify secondary information through interview and
participatory discussion with the local people;

. Data processing/analysis, and impact assessment;

. Preparation of the draft report;

. Conduction of public hearing at the project site; and

. Preparation and submission of the final report.

In order to meet the objectives of this study and the requirements of the approved Scoping Document and the
ToR, necessary information was collected and analyzed by forming a multidisciplinary study tearn as given below
and employing the methods explained below in Section-2.4.

3.2 Sruov Teann

The EIA study,team comprised of folloaring key professional from:multi-discipllnary field.

Apart from above key professionals, necessary support staffs were mobilized to complete this study

3.3 P++JEGT+REAE}E]-JNEAT{ON -_

The study area of proposed multi-purpose project is as fdlows:

Inundationarea within Sunkoshi Rural Municipality (RM), Khadadevi RM and Manthali Municipality with a
ponding area of 312ha.and maximum depth of the inundation to be12m above the weir crest level.
Major hydropower components such as headwork and its associated structure including tunnel alignment
located in Sunkoshi Rural Municipality and Kamalamai Municipality ,and powerhouse site locatedin
Kamalamai Municipality,
Area required for the disposal sites, work camp, labor camp, employers camp, contractor camp located in

Sunkoshi Rural Municipality and Kamalamai Municipality,
River stretch of Marin Khola from the proposed tailrace of the powerhouse to the confluence of Bagamati
River due to the augmented flow located Kamalamai Municipality, Marin and Hariharpurgadi Rural
Municipality.

The physical locations of the above components are considered directly impact area
RM and Municipality is indirect impact area.

Ari/tf.-
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The generated electricity will be connected to the national grid of transmission line hence the zone of influence

wilt be at the national level whereas the command area of the Bagamati lrrigation Project will be specific zone of

influence. lrrigation and transmission lines are broader components of the project and are not the scope of this

EIA study.

3.4 MetHoootocv

As mentioned above (#3.1), several methodswere used to generate data and information on physical and

chemical, biological and socio-economic and cultural aspects of the environment, including socio-economic data

of the project affected families.

3.4.1 Desk Study

a. Literature Review

In order to collect the physical information and provide project highlights, the detailed feasibility study of the
project, Report of Flood Piotection Plan of Marin Khola and the other relevant reports were thoroughly reviewed.

tn jOOition,'Oata and information of the topographical survey, river cross sections and access road surveys and

other surveys for drill holes, test pits, borrow areas, including geological and geotechnical investigations and

location of quarry sites for the construction materials were reviewed.

b. Map Interpretation

The following maps were interpreted to extract necessary information, particularly on physical aspects. They
were;

a) 1:50,000 scale topographic map of the project area prepared by the Department of_Survey;

bi 1:50,000 scate land use, land system and land capability map prepared by LRMP, Department of Survey;

c) 1:125,000 scale district map of Sindhuli and Ramechap District;
di 1:1,000 scale topographical maps of the headworks site and desanding basin, pressure shaft, penstock

alignment, and powerhouse sites;
e) 1 : 1,000 scale topographical maps of the project road alignment;
f)' 1:5,000 scale project area layout with 5m contour interval; and
gl t:t,OOO scate bnjineering geological maps covering the headworks, penstock and powerhouse sites.,n-iDronemapofth6inunoationa'.elandheadworks

!) Drone map of the Marin Khola from proposed tailrace to Bagmati River confluence

3.4.2 Preparation of Check-lists / Questionnaires and Field Study

For the detail field study, checklists were prepared to gather information on the physical parameters and on

biological resources, particulady the terrestrial flora and fauna. Attention was given to accommodate issues as

contJined. inter atia.'in the tiational EIA Guidelines (1993), EIA Guidelines for Forestry Sector (1995), ,

Environmental Management Plan for EIA Study of Hydroelectric Projects in Nepal prepared by DoED, other

issues as contained in the Schedule 6 of the EPR (1997)and the approved ToR.

A checklist was used to collect information on the composition of plants and animals and their status in the direct

and indirect impact areas. A data sheet was prepared and used to record girth and height of each tree found at

the intake site, approach canal, powerhouse site, construction adit, employers camp, muck disposal and project

road. A simple checklist was used to collect ethno-botanical information with particular focus on usage of plants

including thb parts used, method and purpose of use. Similar checklist was prepared for plants in trade, animals

and their status. Information sheet was also used to collect necessary information on community forests. The

checklist for the collection on biological environment is presented in Annex-l.1.

A structured Household Survey questionnaire was prepared to solicit the information on socio-economic and

cultural aspects of the environment (Annex-1.2). Furthermore, a checklist (Annex-1 .3) was prepared for the key

informant survey, which was used to crosscheck and verify the information.

3.4.3 Field Survey and lnvestigation

Information on physical environment was collected through drone survey and walk through survey.

A drone survey of the inundation area was carried out to collect data. The inundation level of 476.00 m was

marked on the Oron" 
"{g$ffilhe 

impacts within the inundation levelwere collected and verified from the field

survey. , S./?\..,r.: w.f^.;-&I.: ?TLqE e-
ll^ 
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Information on biological environment such as vegetation was collected by inventory, while wildlife occurrence
and distribution in. the project area were collecled through pug marks of the wild animals, jungle trek and
observation method including discussion with the local people. Fishery information was generated by capture-
recapture method, and by asking local people and site observation.

i) Physical Environment

Following approaches were adopted to collect baseline information and to identity and predict impacts on the
environmental domain.

. Use of topographical (1:25,000scale) and landuse maps.

. Drone map of the project area

. Cadastral maps of the project affected areas

. Field observation by concerned e:rperts and sub-ordinate field staffs

. Photo documentation of settlements, topography and critical sections of the project area

. Collection of water samples from the Sunkoshi River and Marin Khola;

. Collection of air quality data atthe headfforks ste

. Noise level measurement at the project sites.

As also referred above, most of the irformation on the physical environment was compiled from the detailed
feasibility study report and several site visits. The field observation and walkthrough method was adopted to
verify information on geological condition, drainage system, slope stability, landslide-prone areas, work camp and
labor camp, spoil disposal site and other construction-related environmental issues. Checklist was used to
generate information on erosion problem and possible accumulation of construction wastes in the water bodies or
the land system, whereas topographical map was used to locate landslides and areas of slope failure.

ii) BiologicalEnvironment

As required by the ToR, the field survey was caried out at all sites of the projecl, including inundation area.
Standard methods were followed to collect the site specific data gn plants,

'

Site specific floral assessment was total enumeration, measuring every tree and pole size plants were adopted
while counting natural regeneration they were not differentiated into seedlings and saplings since distinguishing
seedling andiapling based on their height and diameter would confuse. Hence, regenerJtions from O 6 1O ct;
Diameter at Breast height (dbh) were considered as a natural regeneratfon. Like\,vise simple and commonly used
equipment like sunto-clinometer and diameter tape were used to measure tree height and dbh directly. To
calculate standing volume of each species a standard Volume Table developed by the Forest Survey and
Statistics Division of the then Ministry of Forests and Soil Conservation (MFSC) in1990 was used. But for those
species not included into the Volume Table, a hill miscellaneous column of the Volume Table was used to
calculate the volume. Similarly to calculate foliage and fuel wood biomass of the species a "Biomass and Volume
Tables with Species Desoiption for Community Forest Management" (TISC Technical Paper Ser:ies No. 10'l
published in 2000 by then Department of Forests, MFSC) was used. ln addition, a Nepal Forestry Handbook
(FORSPA Publication No.32/2002) was used forfdiage biomass.

Detail information on the presence and visits of wildlife within the project sites were collected through meeting
and interactions with local people.

Data collected on wild pants and animals during the field work are presented in Annex-2.

For the aquatic life, field survey was carried out by a team of fishery experts and, and support staffs in fish and
aquatic life of river system. The field survey and investigation was lasled for 4 days (30 May 2019 to 2 June
2019). The field survey included collection of fish specimen, Prephyton and aquatic insects from different
sampling locations, identification and characterization of fish habitat and collection of information about fish
migration and spawning paftern. Check list was developed and used for the fish data collection. Potentialfish
habitats were observed (visual method). Topographical map of 'l:25000 Scales was used for river habitat
identification and characterization. Possible spawning habitat conditions such as type, cover and shelter were
recorded by walking along side of river bank. The fish habitat such as run, riffle and pool in different section of
Sunkoshi River and Marin Khola was recorded by observation during the field visit. The number of efforts
employed by fishermen was recorded to determine Catch per Unit Effort (CPUE). The collected fish species were
identified at site, to the extent possible. Measurements of total length- weight and
characteristic were recorded. Detailed study of local fishes was carried:out for
species diversi$, taxonomic and endemic characteristics for local and global listing.

kJ
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developed and used for data collection. Fish species caugfrt during the field visit at each sampling site was

identified using standard method of taxonomy (Shrestha, 2008)'

The number of fish was caught and test like measuring the length and weight of sample fish with photograph was

carried out. After completin! the collection of required data and information, the fish was then released in the

river immediately. The formats used for the aquatic life survey is presented in Annex 1-4.

aii) Socio-economic and Gultural Environment

The property owners (including land) within the direct impact area (the area where the land use will be changed

Oue io proiett imptementationiwere identified and categorized as the project qffgctgd families (PAFs). Household

questionniire was administered with about 20 o/o of the PAFs who were available in the project area during the

period of filed study. The Skey informant survey (KlS) were held in 'to be' projecl-affected,settlements, namely (i)

iigrrt oant< of Tamakoshi River, Khadadevi Fiuiat Municipality- 4, Rajgaun; (ii) leftbank of Tamakoshi River'

M-anthali Municipatity-6, Hattitar; (iii) right bank of Sunkoshi River, Sunkoshi Rural Municipality-6, Khalte; (iv) left

bank of Sunkoshi River,Khadadevi-Rural Municipality-4, Puchighat; and (v) Kamalaimai Municipality-2,

Kusumetar. Two focused group discussions were held -one with women group in Kusumetar, and second one

with Mijhi community in ttittitar. outcome from these meetings is presented in Annex 3. The study team also

made extensive discussion with the Rural Municipality and Municipality officials and local people with the

objectives of collecting and verifying the site-specific socio-economic data and information'

possible loss of land and property was estimated by overlaying project infrastructures prepared by detailed

feasibility study team on the drone map and cadastral maps. Social service facilities such as health, education'

drinking water; and infrastructures such as inigation canal, drinking water pipes etc. within the project area and

other aieas that will be affected by the project activities were noted.

The data on socio-economic aspects collected during the field work are presented in Annex-3. Attempts were

made to quantify baseline condition of the project sites to the extent possible.

3.4.4 Consultation Meeting

During the field study, therstudy team organized a number of consultative meetings with the local people and

lfii i""o"r. in the nearby setflements oitne headworks site, access road, and powerhouse site. Local people

weie iontaaed to offer their concerns and opinions on biological and socio-economic aspects and they have

been duly documented in the report at appropriate places.

3.4.5 Data Processing
primary and secondary information were analyzed and processed. lnformation on physical environment was

processed based on secondary information and ground observation. Water quality analysis was carried out by

using standard methods (refeience). The standing wood volume of trees was estimated using the following

quarter-girth formula (MoFSC, 1 995).

Volume = (Girthz / 16) x height

Net Volume = Volume x 0.7854

Each plant and wild animal was listed. The total number of plant species has been e(rapolated using the

sampled data.

Socio.economic and cultural information were cross-checked, analyzed and thoroughly edited. Standard

conversion tables were used to convert local units into metric system. All data were processed and synthesized

using Microsoft Access program. Processed information are incorporated and illustrated adequately with tables

and maps at appropriate places in the text.

3.4.6 lmpact Assessment Method

lmpacts were identified by employing the methods such as expert judgment, checklist, and. map overlays. Matrix

method was used to idenlify tne posliote beneficial and adverse impacts due to implementation of the proposed

project. For easy understang[ipg^direct impacts were identified through maps overlays.
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Normative technique and professional judgment were used to predict the impacts, to the extent possible (lUCN,
1996; Lohani et al., 1997; and Uprety, 2003). Significance of the identified and predicted impacts was evaluated
using the numericalvalues as included in the National EIA Guidelines'1993 (NPC, 1993), use of regulated list of
wild plant (also called banned NTFPs) and animal species (HMG, 1973, and GoN,2010), discussion amongst the
study team members, consultation with the experts, and consideration of national policies, laws and local customs
(Uprety, 2003). lmpacts have been presented in the matrix form. The following criteria were arbitrarily considered
in this study to evaluate the significance of the identified and predicted adverse impacts of the project activities on
the environment:

1. lf the total points of impact magnitude, extent and duration is greater than 75, 50 to 75, and less than 50
(using the National EIA Guidelines, 1993), the impact has been considered significant, moderately
significant and insignificant respectively.

2. lf the species of wild plants and animals protected under the legal system of Nepal and the species as
included in the CITES appendix 1 and 2 are to be clear felled, the impact has been considered significant.

3. Any loss of rare, endangered and endemic species or critical or productive habitat is considered significant
impact.

4. lf the number of legally unprotected species over 15 is to be removed from the project site as a part of site
clearance, the impact has been considered significant. lf the number of legally unprotected species ranging
from 5 to 14 will be removed from the project site as a part of site clearance, the impact has been
considered moderately significant. The impact has been considered insignificant if the number of species
(less than 5) will be removed from the project site.

5. Any impact(s) to the PAFs have been considered significant.
6. Displacement of any family and temple (religious place or site) has been considered significant. Also direct

impact on women and disadvantageous group has been considered significant.
7. lmpact will be significant, if any portion/parcel of the prime agricultural land will be lost (at site-specific level)

due to project activities.
8. lmpacts resulted due to demolition of social service and infrastructure facilities including archaeological,

historical and cultural sites have also been considered significant.

In addition, an impact is assessed as long-term if it lasts for 20 years or more. An impact is assessed as medium
term if it lasts for 5 years, and an impact is assessed as short-term if it lasts only for 3 years. In classifying the
extent, impact limited up to the project area is site-specific, limited up to the affected Rural Municipality and
Municipalitys is local and an impact extending beyond the affected Rural Municipality and Municipality has been
considered regional.

Simildr'ly, the magnitude of the impact is considered to be serious or high if the adverse impacts cannot be mitigated.
The magnitude of the impact is considered moderate to low if the resources could be used with inconvenience to
the public or the impact could be lessen to certain extent depending upon the type of the impact.

ln case of beneficial impacts, the following criteria have been used in this study:

a) lmpacts that generate socio-economic benefits such as employment, local income, and poverty reduction
without depleting the natural resource base have been considered significant.

b) Also long-term beneficial impacts on natural resources, in particular the forests, have been considered
significant.

These criteria are not exhaustive but are 'forward looking' to evaluate impacts. For significant impacts,
environmental protection measures have been proposed to augment the beneficial impacts, and to mitigate the
q{y_e6e impacts by grouping them into preventive, rehahilitative--and-compensatoqp measures base4,,sn--
professionaljudgment. For other impacts, the compensation will follow the existing policies and legal provisions.

3.4.7 PublicConsultation

Public Consultation was sought at the different stages of EIA report preparation. During this EIA report preparation,
interactions with the local people were made through focused group discussions, KIS and household survey ol
project affected families.

The photographs of the project area and the field survey are presented in Annex-4

3.4.8 Draft Report Preparation

Based on the processed data, the draft EIA report had been prepared. The report is comprised of baseline
information on physical, biological, socio-economic and cultural environment, project impacts both beneficial and
adverse. The draft report also includes benefit augmentation measures to enhance the beneficial impacts and
mitigation measures for adverse impacts to avoid, minimize and/or compensate adverse impacts. The proposed

"#tff
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compensatory and mitigation measures are based on the consultant's earlier experience of EIA report preparation-

and environmental monitoring of development projects and government decisions on the compensatory measures

for the loss of forest area and trees. An Environmental Management Plan (EMP) has been included as an integral

part of this EIA report, which focused on the implementation of the environment protection measures, environmental

monitoring and auditing reguirements along with implementation responsibilities, organization, staffing, reporting,-.-

budget, a-nd co-ordination aspects. Besides, the draft report also contains information as suggested in the format

supftieC by the Ministry of Energy, Water Resources and lrrigation which are presented in Annex-S.

3.4.9 Public Hearing

A public hearing programme on "Environmental lmpact Assessment Study of Sunkoshi Marin Diversion

Muitipurpose Project" was organized by the proponent, SMDMP on 17h Srawan, 2076 in the premises of the

Kusumetar Community Forest Group; ward no 2, Kamalanai Municipality. The programme was chaired by Mr. Hari -
Bol Gajurel, elected parliamentarian Sindhuli area 2.The programme was attended by a number of elected
parliam-entarians from Province no 3, officers representing from various organizations such as District

Administration Office, District Development Committee, Division Forest Office, and political parties and social

workers as well. Large number of the people attended the hearing programme. Out of them, 364 people have'*

signed the public hearing attendance sheet. The proceeding of the public hearing is presented in Appendix- B,

3.4.10 Finalization of EIA RePort

This Final EIA report has been prepared incorporating the issues/suggestions raised and/or provided-
during the public hearing meeting.

3.4.11 Recommendation Letters from the affected Rural Municipalitys

As per Rule ',|0 of EPR, 1997, recommendation letter from the directly affected local governments were collected

for the project implementation. Similarly the recommendation letters ftom the affected community forest users

groups namely Shree Kusumetar Community Forest were also collected and are presented inAnnex-8.6 ot

Appendix- B.
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LEGISLATIONS,GUIDELINES, STANDARDS AND CONVENTIONS

4 REVTEW OF RELEVANT pOLrCrES, PLANS, LAWS, STANDARDS AND
CONVENTIONS

This chapter summarizes existing policies, plans, laws, standards, conventions and institutions related to this
Project in order to inform the decision-makers and stakeholders about their implications on the project
functioning. For easy reference, they have been summarized below:

4.1 CousrrruttoN oF Nepal

Article30oftheConstitutionof Nepal proclaimsthat: (1)"everycitizenshall havetherightto live in a clean
and healthy environment; (2)the victim shall have the right to obtain compensation, in accordance with law,
for any injury caused by environmental pollution or degradation; and (3) this Article shall not be dedmed to
prevent the making of necessary legal provisions for a proper balance between the environment and
development, in development works of the nation. ln order to meet this Constitutional right, EIA study provides
impact-based measures to mitigate environmental pollution, facilitate environmental enhancement, and balance
environment and development.

Under Policies of the State, Article 51 (G) (policies relating to protection, promotion and use of natural resources)
includes assertion to protect, promote, and make environmental-friendly and sustainable use of natural
resources.... to make multi-purpose development of water resources,......, to conserve, promote, and make
sustainable use of, forests, wildlife, birds, vegetation and biodiversity, by mitigating possible risks to environment
... and to pursue the principles of environmentally sustainable development,".

4.2 Relevnrur PoLrcrEs ANo SrRerecms

GoN started to integrate environmental aspects in development planning and administration since 1980s. From
Sixth Plan (1980,1985) government policies gmphasized to caryout EIA study of major development plojects
The policy commitment was reinforced in Seventh Plan (1985-1990),to 14h Plan (2016-'1g).The 14'n Plan
focused on development of sectoral guidelines and manuals, environmental monitoring and auditing and use of
strategic envi ronmental assessment (N PC, 20 1 6).

4.2.1TheApproach Paper of the 151h Plan (BS 2076177-2080/81) on environment has, rnteralra, considered EIA
as an integral part of infrastructure development, and committed to make report approval process. transparent
and easy, and allocate certain percentage to minimize impacts-generated risks (NPC, 2019). The 15'n Plan has a
vision to make Nepal prosperous through the sustainable use of water resources and emphasizes, inter alia, on
watershed management effective. Furthermore, the Plan has an objective of increasing productivity, production
and environmental services from forests, biodiversity and watershed. lt has the working policy of, inter alia,
integrating bio.engineering as an integral part of infrastructure and development projects. The Plan has planned
to ensure compensatory plantation through the Nepal Forest Agency (Nigam), which is established in early
Augurst 2019-

4.2-2The 2$-year Chure-Terai Madesh Conservation and Management Master Plan 2072 (2016), with the
motto of 'soil of Chure to Chure, and clean water to all', has envisioned for economic prosperity through
conserved and naturally balanced Chure-Terai Madesh landscape and sustained supply of environmental goods
and services. The Master Plan has goals of supporting national targets of poverty reduction and prosperity
through natural resource conservation, sustainable management, and promotion of ecosystem services
(PCTMCDC, 2016)'. The Plan has focused, inter alia, to reduce natural resources degradation, increase
productivity and enMronmental stability, reduce climate change- and water-induced disasters and risks, and
manages integrated river system resources, including stabilization of soil erosion-prone areas. The Plan equally
emphasizes on tree development outside forests, expansion of renewable energy technologies, and promotion of
emergency disaster management activities. The Master Plan has adequately prioritized for conservation and
management of forests and plants.

PCTMCDC, 2016. Chure-Terai Madesh Conservatton and Management Master P1an. Government of
Madesh Conservation Develooment Committee. Kathmandu.

ient ChFe-Terai
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4.2.3 National Water Plan: In the spirit of the Water Resources Strategy (2002), the Water and Energy

Commission Secretariat (WECS) has prepared the NationalWater Plan, which has identified action programmes

to develop cost-effective small and medium hydroelectric projects.

As the project components include hyd,ropower generation in forest area, the key and relevant provisions of the
following policies are summarised below.

4.2.4 National Forest Policy, 2075 (2019): The Policy has specified ownership of national forests and

conservation area on Federal Government, ownership of forest products with the concerned forest management

agency or community or organisation, and private forest with land owner (MoFE, 2019). lt means forest of the
project area is owned by the Federal Govemment. The Policy focuses, inter alia, in promoting sustainable,
participatory and responsible management forests, developing green enterprises, contributing to national
prosperity, and also promoting biodiversity conservation, watershed management and environmental services.

4.2.5 Hydroelectric Development Policy, 205S (2001): The Policy has an objective ol, inter a/ia, generating

electricity at low cost. The working policy on environment focuses on implementing programmes as identified by

EIA study and release at least 10 percent of the minimum monthly average of discharge of the river/stream or the
minimum required quantum as identified in the EIA study report (MoWR, 2001),

4.2.6 National Policy on Land Acquisition, Resettlement and Rehabilitation in Infrastructure Development
Projects 2071 (20151: The Policy provides clear guidelines to screen, assess and plan land acquisition and
resettlement aspects in development projects. The Policy highlights the need to handle resettlement issues with
utmost care and forethought particularly in case of vulnerable groups. There are provisions of voluntary land
donation by non-poor owners. Voluntary donation will be accepted if a) donation of land is <10% of hiJher
agriculture land, b) The donation is unforced, not the result of community pressure and MOU should be signed
anO is witnessed by third party; c) Land donating HHs should not be from vulnerable group and poor families; d)
APs is fully consulted informed about their rights. Non-tifled (encroachers/squatters) are eligible for compensation
for their pioperty except land compensation for structure; crops and tree should be calculated scientifically not

less than market price.

4.2.7 National Climate Change Policy,2076 (2019): The Policy has a goal oJ contributing to socio.economic
prosperity of the country by developing climate-resilient society. The Folicy has the objectives of advancing

capacity on climate qhange adaptation, developing ecosystems resiliency, promoting green economy by adopting

low carbon economic development concept, mobilizing national and international finance, making the information

service effective, mainstreaming or internalizing climate change into relevant policy, strategy, plan and
programmes, and also mainstreaming gender and social induding in climate change mitigation and adaptation
prograrnmes.On water resources and energy sector, the Po-licy calls for ensuring energy security by promoling

multiuse of water resources and low carbon energy production, inctuding use of energy efficient technologies. lt
also calls for selecting environment-friendly locations for the construction of hydroelectricity and inigation
infrastructures and use of climate-friendly technologies, and adopting measures to mitigate adverse impacts in
river ecosystem while producing hydroelectricity (MoFE, 2019b).

4.2.8 Land Use Policy 2072 (20151: The Govemment has issued the Land Use Poliry in 2015 to make optimum

use of available land and land resources, and manage lands in a sustainable manner. The Policy has the
objectives of: (a) categorising entire lands of the country into various land use zones; (b) devising level-wise
(Federal, Frovincial and Local) land use plans; (c) ensuring land uses on the basis of land use plans; and (d)

mitigating natural and human created-disastrous hazards (MoLRM, 2}1fc)2. The Policy has classified the entire

land of the country into several zones namely agriculture, residential, commercial, industrial, mines and mineral,

cultural and archaeological, river and lake-reservoir, forest, public use and open space, building materials

excavation, and other zones. The Policy provides provisions to prepare and implement land use plans at Federal,

Provincial and Local levels while the Provincial and Local Plans will be in conformity with the Federal plans. The

rural and urban land use plans will be in detail. The Policy promotes to use land and land resources based on

specific land use zones and land use plans. The Policy equally emphasises conservation and optimum use of
forests and other natural heritages with the strategy of afforestation of equivalent area if forest area is to be used

for national priority projects. To ensure forest conservation, other strategies are, inter alia, related to forest
protection, preparation and implementation of a special plan to conserve Churia Bhabhar Hill areas, take special
measures to conserve watersheds. The Policy also intends to identify vulnerable zones to keep balance between
development and environment to mitigate natural and human created-hazards.

'MoLRM. 201 5. Ministry of Land Reform and Management, Kathmandu.
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irrigation service to all agriculture land and help to increase agricultural productivity. In addition, it has also the
following features (Mol, 201 3):

. implement reservoir-based and inter-basin water transfer types of projects on a priority basis;

. emphasise effective involvement of local bodies and water users' association in planning and
construction of irri gation projects;

. implement climate and disaster risk management programmes to address effect of climate change by
considering adaptation and mitigation

. minimise possible negative effects of the prqiect on the environment;

. conduct IEE or EIA under the prevailing laws and tie-up and implement major recommendations of IEE
and EIA report;

. utilise only the remaining water for irrigation purposes upon maintaining minimum reguired water flow in
the riveririvulet;

. include/conduct protection works of irrigation infrastructures from river cutting, flood and landslide; and

. Plan irrigation projects based on Integrated Water Resources Management (IWRM) principles.

4-2.'lO Water Resources Strategy (WRS) 2002: The Strategy realises interdependencies between water
resources development and environmental conservation, and has adopted environmental principles related, inter
alia, to the integration of ecological aspects at every level of hydroelectric development projects, conserve
biodiversity, watersheds, and adopt ecosystem approach. The activities are also related to ensure compliance
with environmental regulations, promote community participation for the sustainable management of watersheds
and aquatic ecosystems (WECS, 2OO2).

4.2.11Forestry Sector Strategy (2016-'25)' The Strategy has of goal of protecting, sustainably managing and
making dimate-resilientforests, biodivgrsity, plant resources, wildlife, watersheds and other.ecosystems, lt has
identified 7 key thematic areas, including managing ecosystems, conserving biodiversity, and managing
watersheds which are relevant to thib project (MoFSC, 2016).'lt outlines, inter alia, to adopt people-centric

approaches for management of floral and faunal diversity, conserve biodiversity hotspots and rehabilitate
degraded and fragile ecosystems, and promote integrated watershed management.

These policies and strategies open avenues to ensure the integration of environmental aspects in hydro-
electricity development. These have been given due consideration during the preparation of this report.

4.3 Reuvmlt Llws
Existing regulatory instrument - the law that indudes Acts and Rules - provides the proponent with an
opportunity to identify and mitigate environmental problems associated with the projects. The regulatory agency
is also obliged to assist the proponent in achieving environmental management goals.

Nepal has a wide range of regulatory frameworks towards the protection of the environment and promotion of
development activities. They provide an opportunity to mobilize the natural resources for the benefits of the
nation and to protect the enMronment and also to prevent further damage due to physical development activities
including that in the water resources development sector. The following are the relevant laws that are attracted
on the development of the proposed project.

4.3.1 EnvironmentalLaw

The Environment ProtectionAct (EPA),2053 (1997) and the Environment Protection Rules (EPR),2054 (1997)
are the principal regulatory instruments to make the development programmes and projects environment-friendly
and sustainable. The law entered into force since June 1997 and contains several provisions to internalise
environmental assessrnent system and to maintain a clean and healthy environment by minimising the adverse
impacts on human beings and other life forms and physical objects. \A/ith regard to ElA, Sections 3 to 6 of the
EPA and Rules 3 to 14 of the EPR are directly related to this project and they have been duly considered during
the preparation of this report.

The EPA, 1997 obliges the proponent not to implement the proposals without reports for
the prescribed projects (Section 4). Section 6 emporuers the Ministry of Forests and apprgye the
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EIA report. The EPR, 1997 provides detail provisions with regard to the approval of the EIA report and
responsibilities related to environmental monitoring and auditing (MoPE, 1997).

The fourth amendment of EPR issued on BS 2073101113 has made special provisions for the approval of national
pride, national disaster and natural calamity or government-designated 'immediate implementation' projects. ln
addition to provisions related to environmental scoping, it has shorten time to 7 days public notice (by Ministry)

seeking suggestions on the EIA report, and receive comments or suggestion within 10 days of the first date of
publication of the notice. The ministry shall approve the EIA report within 20 days of its receipt.

The EPR, 1997 empowers the concerned agency - the Ministry of Energy, Water Resources and lrrigation in this
case -- for environmental monitoring and MoFE for environmental auditing after two years of service start by the
project. The GoN has tabled the Environment Protection Bill 2075 (2019) and it is expected to be approved by the
Federal Parliament soon (lnformation here is as of 15 September 2019)

The Environment Protection Act (EPA), 2076 (2019) has entered into force on 1"'Kartik 2076 and it has repealed
the EPA 2053 (1997). The Act provisions for preparing separate report of: (a) brief environmental study; (b) lnitial
EnMronmental Examination (lEE); (c) Environmental lmpact Assessment (ElA); (d) Strategic Environmental
Analysis (SEA); and (e) Supplementary EIA for the prescribed proposals. The first three types of studies are kept
under'enviornmental study report' (ESR). The Act also provisions for preparing EST for all prescribed proposals
and submitting the reports for approval by complying with the prescribed procedures. As per Section 3 of the Act,
the proponent shall submit the brief environmental study report or IEE report to the prescribed agency, and EIA
repgrt to the Ministry Of FOreSts and Environment (http://hr.oarliament.oov.np/uoloadgattachment$twbwno5didtd0avi.odf.

Accessed: 5 November 2019). In case of development-construction activity or project-related proposal within the
jurisdiction of the Provincial Government and Local Level, it should comply with the provisions of the Provincial
Law.

The EPA (2019) has provisioned for conducting 'public hearing' while preparing ESR (brief environmental study,

tEE and EIA report) [Section 3(5)]. the Act provides provisions for alternative analysis of all envrionemntal
studies, and recomrnending implementation of altemative baSed on basis and reagons along with preliminary,

medium- and long{erm adverse impacts with corresponding mitigatiori measureF. lt also provisions for approving
Scoping Docurnent and Terms of Reference tIoR) fo1!!n and only f9n io1 carrying out brief environmental
study and tEE reports. The proponent should prepare ESR in the prescribed format and by following the quality

standards as set by the Government of Nepal. The consultant, if prepargs ESR without cqmplying wrtLthg quality
standards, will not be given opportunity to prepare such report for upto five years (Section 6). Section 7 of the Act
provides provisions related to the approval oJ the ESR. 

.

Section 8 of the EPA 2019 prohibits implementing any propoial without approving its ESR. As mentioned above,
the Act has included a clear provision for: (a) conducting Strategic Environmental Analysis of the prescribed

Policy, Programme or Project (Section 9); (b) preparing environmental management plan (Section 10) with dear
mitigation measures for adverse impacts for project construction, and post-construction or implementation
stages; and (c) Supplementary ElA, if necessary. The Act obliges the Ministry or prescribed agency to carry out
environmental auditing after two years of services by the project and then within six months (it means within two
and half-yea|. The Act also provisions for immediate stop and/or may punish according to the degree of offence
for any activities if implemented without approving the ESR or non-compliance with the approved report.

This MoFE may approve this EIA report based on Section 3 (3) of the EPA, 2019 as the final EIA report of this
Projectwas submitted before the enforcement of this EPA (2019).

4.3.2 Water Resources and Electricity Laws

The Water Resources Act" 2049 (1992) and the El*tricity Act, 2049 (1992) are the two legal instruments for
the devefopment of hydroelectric projects. The Water Resources Act, 1992 empowers the govemment and the
private sector to make necessary arrangements for the rational utilization, conservation, management and
development of water resources. The Act provides an opportunity to minimize pollution, and to prevent adverse
environmental impacts during the utilization of the water resources. The Act also provides for a committee as
prescribed for the settlement of disputes regarding the usage of water resources (Section 7).

The Act provides provisions to minimize environmental damage while developing hydroelectric projects. lt makes
the environmental study a mandatory pre-requisite forwater resources and electricity projects. Section 8 (1) of
the Act r:equirdd or corporate body wishing to survey or use specific water resources to apply to the
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prescribed authority for environmental study. Furthermore, it obliges the proponent who wishes to use water
resources to submit the environmental study report before obtaining an implementation license.

The Act contains provisions for land and property acquisition or use, if necessary, for the construction of a
hydroelectric project with appropriate compensation for any loss of the property or land (Section 16). The Act
provides for necessary arrangements to be made by the government to protect the infrastructures related to the
utilization of water resources at licensee's expenses (Section 17).

Section 18 empowers the governrnent to fix and maintain quality standards of water resources for various
usages. Section 19 (1) empowers the government to prescribe a pollution tolerance limit for water resources.
Section 20 emphasizes on the need for avoiding or minimizing the impacts of soil erosion, landslide, flood or
other significant adverse environmental impacts during the utilization of water resources. The Act also empowers
the government to frame rules related to, inter alia, environment protection and pollution control (MoWR, 1992).

The Water Resources Rules, 2050 (1993) elaborates the above provisions and oblige the proponent to, inter
a/la, analyse environmental impacts of the proposed actions and include environment protection measures
including arrangements for the settlement of displaced people (Rule 17). While resolving any conflid, the Water
Resources Utilization lnvestigation Committee should consider environmental impacts likely to occur from a
proposal (Rule 28) by collecting site-specific information on likely environmental impacts of the concerned project
(Rule 28).

The Electricity Act, 2Mg (1992) contains provisions about the survey, generation, transmission and distribution
of electricity and to standardize and safeguard electricity services. Based on Section 4, sub-section (1) of the Act,
any person or corporate body wishing to conduct survey, generation, transmission or distribution of electricity
over 1 MW should submit an application to the prescribed ofiicer along with environmental study report. The Act
forbids negative impacts on the environment such as soil erosion, floods, landslides and air pollution while
producing, transmitting and distributing electricity (Section 24). Section 33 deals with the utilization and
acquisition of land and houses through compensation mechanisms (Mo\A/R, 1992).

The Electncityr Rutles, 2O5O (i993), oblige the proponent, willing to produce and transmit electricity, to analyse
environmental impacts of the proposed projects and include environment protection measures including
arrangements for the settlement of the displaced people (Rules 12 and 13). Any person or corporate body
desiring to produce or transmit electricity should submit an application requesting for the use of such land (Rule
66) and such land should be compensated (Rule 87), as determined by the Compensation Fixation Committee
(Rule 88).

The lrrigation Rules, 2056 (2000), Promotes plantation of trees in right of way of canal and \A/UA could also
function as the CFUG with the permission from the respective DFO. Even authorizes the selling of the felled trees
along the canal alignment (Rule 12). lt details formation and administration of water users associations (!MJAs).

4.3.3 Forest Low

The Forest Act 2076 (2019) has entered into force on 8h day of the date of authentication (BS 207616t27)by the
Ptcsidglrt_qLt\lepel_99ctpnl oflleA_ct pl-oXib,[-sls_-change]end-u€e-€n{tslransfer-arrynerchip-of-thqLmllonal-
forest without decision of the Government (cabinet level) (hftp://hr.oarliament.oov.no/uoload&rattachments/dxuozhtu/ftvaoiw9.

odf. Accessed: 6 November 201s). A land use plan of the specified national fore$ may be implemented to conserve and
rnanage forests sustainably and to maintain balance between environment and development (Section 10). The
Act empowers the Government to instruct not to implement the user group prepared or amended action plan in
the comrnunity forests if it adversely impacts the environment [Section 18 (6)]. The Act obliges the user group to
spend at least 25 percent of the total income for the development, conservation and management of forests
(Section 22). Similar provisions are made for collaborative forests.

Section 42 of the Forest Act (2019) empowers the Government td provide a part of the national forest area to
irnplement national priority projed, a plan approved by the Investment Board, national pride prgjects, in case of
no alternative to forest area and if it does not adversely and significandy affect the environment based on
environmental examination (that includes brief environmental study, IEE and EIA). lf forest area is provided to
implement the project, proponent is required to provide equal area of land for plantation if possible in the project
area close to the national forest or of similar geographic area or ecosystem or a land area appropriate to develop
it as forests. lf such area is not available, the project proponent shall provide cash (money) to arrange land for
forest development. The proponent shall also provide necessary budget (money) to care and n plantation
area for five years. Such money should be deposited in the Forest Development F
Section 45 of the Act).

as per
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As there is no alternative to the forest area to implement this Project, the Government may wish to provide forest

area based on Section 42 of lhe Forest Act (2019) to implement this Project as proposed.

International Trade in Endangered Species of Wild Fauna and Flora Control Act,2073 (20171: This Act has

been enforced to implement the Convention on International Trade in Endangered Species of Wild Fauna and

Flora (CITES 1973) to which Nepal is a Party. This Act states about the regulation and control of international

trade of such endangered flora and fauna species. The species listed in CITES Appendices I, ll, and lll are
protected against ovei exploitation and trade. This Project will not be engaged in any trade of wild species of wild
fauna and flora and it will make efforts to conserve species as per the provisions of this Act.

The Project will also duly consider the protection of the species as listed in the schedule of the National Parks

and Wldlife Conservation Act,2029 (1973).

4.3.4 Land Use and Land Acquisition Law

Land Use Act, 2076 (2019) empowers the government to implement land use programme (Section 3) and

categorise land into agriculture, residential, commercial, industrial, mineral, forests, wetland, public use, cultural

and archaeOlogical and other zones (Section 4) (htto://hr.oadiament.qov.no/uoloads;/attachmentVvsucsno42x3ntaoz.odf.

Accessed: 6 November 2019). The Act provides provisions to prepare land use map of each local level within ayear
(Section 5) and to consider inter-Provincial projects, national priority natural and physical heritage of conservation
needs, including areas of environmental cleanliness and biodiversity conservation while preparing the land use
plan (Section 6). The Act empowers the Government to change existing land use to implement national pride or
priority development projects (Section 8). The Act provisions for implementation arrangement of land use plans.

The Chapter 9 (Provisions on Compulsory Saving and Debt) of the Land Ad2021 has been repealed.

The Land Act, 2021 (1964) contains provisions related to compensation issues, particularly on the maximum

size of individual landholdings. According to the Act, a landowner may not be compensated for more than he/she

is entiled to hold the land. The Land Act also specifies the compensation entitlements of registered tenants on

land sold by the owner or acquired for development purposes:

Although the Water Resources Acf and Eleitricity Act opgl ayen.qes for the acquisition of land, and property

required for the development of the hydro-electricity project(s), the Land acquisition Act, 2034 (1977) is attracted

for the implementation of this project. Thi! Act empowers lhe government to acquire land for public purposes,.by

providing compensation for the private land and properties, as determined by the Compensation Fixation

Committee.

Locaf Government Operation Act, 2074 is enacted to make legal provisions on providing qualitative services

through the locat governments. Under the Section 11 (5), Municipality (Municipality) and Rural Municipality (Rural

Municipality) are empo,vered under the heading of additional functions, duties and powers to formulate land use

policy, plan, action plan and implementation as per federal and provincial level laws.

Relating to environmental protection and biodiversity, local government is empowered to prepare local policy,

taw, standard, plan formulation, implementation, monitoring and regulation [Section 11, Sub-section 2 O (#12)]. lt
also provisions for reducing local level environmental risk and pollution (#13 and 14) and sanitation and solid

waste management(#15), adoption of low emission and environmental-friendly development(#16), conservation

and promotion of green areas (#17), determination and management of local level environmental protection area

(#18), and other activities related to environment protection and biodiversity (#19).

Relating to watershed, wildlife and minerals, the Act provides provisions to formulate local policy, lary, standard

and formulation and implementation of a plan, including water source protection, watershed management, use of
gravels, stones, sands, soil and minerals and mineral products [Section 1'1, Sub-section 2(u)].

4.3.5 Other Laws

\Mth regard to species conservation , the Aquatic Life Protection Act, 2017 (1960) is also attracted. The Act is
enacted to make provisions on the protection of aquatic animals. The Act (Section 3, 4, and 5 provides legal
protection of the aquatic animals and their habitats. lt prohibits use of any kind of eledric current, explosive or
poisonous substances, including closing or demolishing doors of fish ladder and structure. Section 5a permits

only the use of safe poison in case any poisonous substance recommended by technical officer is to be used for
catching aquatic animal. The Act obliges the proponent to construct fish ladder at the dam site to ensure the
moVement of the aquatic animals, particularly the fish. lf it is not possible, the proponent should establish a fish

imal nursery, close to the dam site of the water resources projects, for artificial breedinghatchery and
of aquatic'ani
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During the construction stage, the project is expected to use explosives in small quantity. lf the project uses the
explosive materials, it will comply with the provisions of the Explosives Act, 2018 (1961).

The access road will be constructed to have transportation facility to the project area and the borrow areas, and,
therefore, relevant provisions of the Public Road Act of 2031 (1974) will be attracted. Based on this Act, the
proponent, therefore, should plant trees on both sides of the road and handover it to the local bodies for
management and utilisation purposes (Section 16). The Act also provides provisions to operate quarries and
borrow pits and other facilities during road construction (Section 17).

Inter-Governmental Fiscal Management Act 2017 is enacted for inter-govemmental fiscal management of
center, state and local govemment. Section 7 has provisioned that GoN shall create the federal divisible fund to
deposit obtained from the royalty in accordance with Federal law and subsequently Schedule-4 of the Act has
provisioned that Natural Resources Revenue distribution mechanism in federal, provincial and local level
govemment. Based on this, concerned municipalities will receive 25 percent of the total royalty.

- The Labor Act, 2O'17 has replaced the previous Labor Act, 1992. The Labor Act has enacted to make provisions
for the rights, interest, facilities and safety of workers and employees working in enterprises of various sectors
including construction industries (Section 85). The Act has regulated eight hours per day and forty eight hours
(Section 28) per week as working hours. Similarly, overtime related issues as well provisioned (Section 30),
which allows 4 hours per day and 24 hours per week. The overtime wages is also continued to be one and half
time of his/her ordinary rate of wages (Section 31).

The Act has made a condition that where twenty or employees are engaged, employer entails to constitute
(section 74) a Safety and Health Committee. Similarly, the Act provisioned that where ten or more employees are
engaged in the entity, employerentailto constitute the Collective Bargaining Committee (Section 116). The Act
has required engagement of outsource employees (Section 58) can be hired for specific or prescribed work in

-- entity by the Ministry by publishing a notice in Nepal Gazette upon recommendation of Central Labor Advisory
Council(C|-AC)

The Soiland Watershed Conservation Act, 2039 (1982) and its Rules 2042 (1985) contain several provisions
to regulate activities in the declared watershed areas. :

Chitd Labor Prohibition and Regulation Act, 2001 isthe major Act related to child labor in Nepal. Section 3 (1)

of the Act prohibits the employment of any child, as labour, belorru the age of 14 years.

Section 4 of Solrd Wastes Management Act, 2011makes the person or institution responsible for processing
and management of wastes. The Local Body may manaEe the solid waste or allow the institution to use the
Sanitary Landfill Site by levying fees as determined by the Local Body. The Act emphasizes on 3R (reduce, reuse
and recycle) principle for waste management.

Solid Waste Management Regulation, 2070 (2013): The Regulation is provisioned that local govemment is
responsible for segregation and disposal of solid wastes. In the meantime, Regulations has made everyone be
responsible for harmful wastes.

-- P-r*blie-Roads-neffig+{+92+}-empowers+h&ernment{oprohibi -of _' -- -

permanent structure or building within specified distance (Section 3A) and acquire any land for the development,
expansion or improvement of public road in accordance with the laws in force (Section 4) (http:/ ,vww.rawcommission.

gov.no/en/wFcontent/uploadV2018/10/public-roads-ac!2031-1974.pdf. Accessed: 6 November 2019). The Depaftment Of ROadS
may also temporarily require land to store construction materials and equipment required, build a separate
temporary road as required to continue traffic or transport materials and equipment. However such required land
should be retumed to the concerned landowner in the same condition, to the extent possible, after the completion
of the purpose of requisition (Section 14). The Act obliges the Department of Roads to plant trees on both sides
of the public road and considers duties of the concerned municipalities to take care of protect the planted trees
(Section 16). The Act also empowers to use soil, stone or sand from any land in vicinity of the proposed road by
paying compensation for any damage (Section 17). lf a person roots out or cuts any tree planted, such person
shall be punished with a fine up to two thousand Rupees (Section 30).

_ Considering the road as a public product, the Gonsumer Protection Act, 2075 (2018) states that every
consumer has the right to obtain quality goods and services along with the right of easy access to goods and
services, and right to obtain compensation against any harm and injury caused with the use
(Section 3)
2075-2018. Accessed: 6 November zotg). The Act empowers the Government to determine the of ArlIt6-
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goods or services by fulfilling the process as prescribed (Section 5). The Act also provisions for compensation.

However, this Act is more related to consumable product produced, imported, hoarded, transported, sold and

distributed.

Review of existing legal regime on the environment and sectoral legislation calls upon the proponent to integrate

and implement environmental protection measures to avoid, mitigate or compensate adverse environmental

impacts.

4.4 ITTERNET|oNAL INSTRUMENTS

4.4.1 Gonventions

Nepal is aParty to the Convention on Biological Diversity (CBD), Convention on the International Trade in

Endangered Species of Wild Fauna and Flora (CITES), Convention on Wetlands of International Importance

Especiilly as Waterfowl Habitat (Ramsar Convention) and World Heritage Convention, which are related to

species conservation, international trade of species and their products, and conservation of wetlands, and natural

and cultural heritage, Nepal should implement the Convention's provisions and a single Project may not be

responsible for its compliance. The project area does not contain World Heritage Sites and Wetlands of
International lmportance. Furthermore, the Project will not be involved in the international trade of wild fauna and

flora. This study complies with the provision(s) of the.Convention on Biological Diversity, particularly with its
Article 14, which is related with carrying out ElA. The Project will make every effort to respect the provisions of
envi ronment-related i nstru ments related to this project activities.

Nepal is also a Party to the ILO Convention 169 (Convention concerning Indigenous and Tribal Peoples in

Independent Countries, 1989) which provides opportunities for consultation and participation of indigenous

people, in Nepalese context, in development programmes if their livelihood is going to be affecled. Although th_e

Convention entered intoforce in September, 1991, Nepal ratified this on 14 September2O0T. The project will

make efforts to ensure the participation of indigenous people to be affected by the proJect activities, if any.

4.4.2 Agreements

lne plolect under.stands pr:ovisions of bilateral cooperation for water rqsourceg,As th.e Sunkoshi Riirer lies in the

catchmeni of Koshi River; the Koshi Agreement concluded on the 25th April 1954 and revised on 19th December

1966maybeattracted.However,therevisedagreementStateS:

"fne Gove,mment of Nepat shatt have every ight to withdraw water from the Koshi Nver or within the Koshi basin

from any other tibutaries of the KoshiRfuer as may be required from time to time for irrigation and for any other

purpo"e in Nepat. The tJnion* shalt have the: ight to regulate atlthe balance of suppties in the Koshi River at the

bamge site then available from time to time."

This provision empowers Nepal to use of water of Sunkoshi River for povver generation and irrigation.

4.5 ENVTRONMENTAL ASSESSMENT GUIOEIIruES AND MANUALS

As preparation and approval process of EIA report is covered by the legislation, EIA guidelines and manuals are

procedural in nature, \Mth this realisation, the proponent has best utilised the National EIA Guidelines (1993), EIA

buidelinesfor Forestry Sector (1995), and Manual for preparation of IEE Report in the Forestry Sector (2004).

Similarly, the proponent has used WECS-prepared two separate guidelines, namely (i) Guidelines for

Environmental Monitoring and (ii) Environmental Auditing of Water and Energy Projects while preparing this

report.

During the implementation of this project, an access road should also be constructed and this road can be made

environment-friendly by considering the issues and aspects as included in the Environmental Management

Guidelines, '1997 and the IEE/EIA Policy Document for the Road Sector (DoR, 1997 and 2000). Guidelines for
Colection, Sales and Distribution 6f Forest Products, 2073 (2016) : The Guidelines provides detail process

for cutting and collection permit for timber and firewood, transportation and storage, measurement and grading of

timber and firewood of both standing and fallen trees, Regarding site clearance the project will follcnr this

Guidelines.
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Community Forest lnventory Guideline, B.S. 2062 (2003/2004): The guideline aims to support forest user
groups to monitor species and their number in community forests, estimate growing stock, annual increment, and
harvestable amount of forest products. This guideline will be used in preparing the inventory of the forest
products before forest clearing for project requirement.

Procedure with Standard for the Use of National Forests for National Priority Project, 2076 {20191: As per
Section 72 (K) of the Forest Act (2049), GoN has published this Procedure on 3 September 2019 to provide
forest area for national priority projects. The Procedure obliges the concerned Ministry to avoid forest area, to the
extent possible, by conducting study on feasibility and alternative. lf the project needs national forests, it should
select alternative that ensures minimum use of forest area or cutting of minimum trees to construct/implement the
project. The Procedure details out the processes and specifies documents required by MoFE to process for forest
area issuance for the project. The concerned Ministry should submit documents related to justification of the need
for national forest area, project license, approved programmes with detailed project report, feasibility and
alternative study report, and approved IEE or EIA report or environment management plan to process for
issuance of forest area. As this is the national priority prolect without alternative to forest area, the Government
may use this Procedure to provide a small part of national forest area for project construction
(http://mofe.gov.no/downloadsdetail/ 2/20'18/43993951: accessed on 15 September 2019). This Procedure also
provisions to provide land or money as compensation (Schedule 1). lt also elaborates provisions on afforestation,
environment and forest products management and requires compensatory plantation @ 1:10 [Chapter 4, # 17 (3)

of the Procedurel, manage for 5 years and handover to concerned Forest Office after 5 years of plantation and
maintenance.

Manual for Preparing Environment Management Plan (EMP) for Hydropower Projects, 2OO2: The manual
provides guidance to the project developer to include mitigation measures of EIA report in implementation
framework. The manual provided basis to develop EMP for this project.

Manual for conducting public hearings in the Environmental lmpact Assessment Process for Hydropower
Projects, 2004: This manual provides general guidelines for conducting public hearing for hydropower projects.

In a nutshell, these project relevant guidelines and manuals were used while preparing this report, as appropriate
and applicable

ln addition, environmental standards related to air quality, wastewater discharge, noise level, and drinking water
will be complied with during project implementation. All applicable environmental and occupational health and
safety (OHS) standards will be used to evaluate the significance of the environmental impacts that are likely to
occur during project construction and operational stages. The project will make every effort to comply with the
national standards related to noise level, air quality, dust emission and OHS during its construction and
operational stages.

Environmental lmpact Assessment Manual, 2018 This Environmental lmpact Assessment (EIAX Manual has
been developed by the Ministry of Forests and Environment to facilitate the sustainability of the hydropower
sector development process in Nepal and provide guidance on "good practices".

This Manual enforces a comprehensive EIA adhering to the spirit of Environment Protection Act and associated

Enyitolmentfrstedian B_uleez and National EIA-Gurdeline an-d-idernatlonalgood-pndlces*f,ol-sustainable
hydropower development. This Manual has been developed within the framework of existing Policies, Acts and
Regulations of the Government of Nepal to be used as a reference document and will not supercede prevailing
laws.

The Manual outlines the approach for preparing, submitting, reviewing and implementing ElAs related to
hydropower in Nepal.

1. Section 4 - Stakeholder engagement and public participation
2. Section 5 - Screening process for hydropower project proposal
3. Section GScoping and developing terms of reference for the EIA study
4. Section 7, 8 & 9-ldentifying, assessing and managing environmental and social impacts
5. Section lO-Reporting Section and
6. Section 1't- Reviqving ElAs
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4.6 RELEVANTlnstmur|orus

During the construction and operation of this project, some organisations will be directly involved. They are
grouped under local and national level institutions. The local institutions include both village and district level

organisations.

4.6.1 Locallnstitutions

(i) LocalGovernments

The headworks and inundation area is located in Sunkoshi Rural Municipality of Sindhuli district and Khadadevi

Rural Municipality and Manthali Municipality of Ramechhap district. Powerhouse and work camp is located in
Kamalmai Municipality of Sindhuli district. Marin Rural Municipality and Haruharpurgadi Rural Municipality are

also project-affected Rural Municipalities as the diverted flow in the Marin Khola pass through these Rural

Municipalities. The affected Municipalities can facilitate the project in land and property acquisition and

compensation issues, and educate the local people in assisting project construction in time. Based on the Local

Government Operation Act, 2074, the Municipalities can plan and implement the environmental conservation
programmes and the project can assist in such activities of the Municipalities.

(ii) District Administration Office (DAO)

The District Administration Office (DAO), of Sindhuli and Ramechhap district could assist the project on land and
property acquisition and compensation issues, and avoiding ancUor resolving any conflicts during the project

construction and implementation. Similarly, the Chief District Officer (CDO) should facilitate the process of issuing

the permit for the use of necessary explosives.

(iii) District Coordination Office (DCO)

The Sindhuli and Ramechhap DCOs could play a pivotal role in educating local people and coordinating local
governments in relevant activities for timely completion of the project.

(iv) Municipalities

The proponent will have to wqk in close coordination with affected local governments, lt is expected that aff€cted

focal governments will fully support pqoject implementation as they receive one-fourth of the total revenue from
hydroelectricity generation.

(v) Other District Organisations

I the conservation andThe Division Forest Office and Land Revenue Office might provide technical assistance fot

management of forests and re-greening the prqect area, transfer the land ownership in the name of the
proponent once the private lands and properties are compensated. Furthermore, the District Water Resources

Committee might contribute to resolve any conflict on water use(s) raised at different stages of the project

implementation.

4.6.2 National Institutions

(i) Department of Water Resources and lrrigation

As the proponent of this project, DoWRI intends to make this project environment-friendly and sustainable by

implementing all applicable mitigation measures.

(ii) Ministry of Energy, Water Resources and lrrigation

ln this project, the Ministry of Energy, Water Resources and lrrigation can facilitate the EIA report approval
process by timely sending il, with its comments and suggestions, if any, to the Ministry of Forests and
Environment. lt can also facilitate land and property acquisition process for the smooth implementation of the
project. As per the EPR (1997), the ministry should be involved in environmental monitoring.

(iii) Ministry of Forests and Environment (MoFE)

As per the EPR (1997), the Ministry of Forests and Environment approves the EIA report. The MoFE will conduct

environmental auditing after two years of operation of the project.

The Ministry might promptly issue permission to use barren land and forests, including felling of trees as a part of
site clearance. The DFO might be involved in providing technical inputs on forestry matters to the project, and in
environmental monitoring of the forestry sector.
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The President Chure-Terai Madesh Conservation Development Board has been established as a separate legal
entity to formulate and implement necessary policy, strategy, and management action plan for the protection of
the Chure Region, The Board is empowered to identify vulnerable and highly sensitive areas and formulate and
implement plans for their protection. lt coordinates with bodies implementing development plans and makes
every effort to protect the Chure Region from further degradation. This project will contact the Board as and when
necessary while implementing activities in its Chure-Madesh area.

In general, the proponent commits to implement this project through effective collaboration with the concerned
agencies and by complying with the eisting legal regime on the environment and natural resources. Existing
policies and laws, and institutional mandates provide ample opportunities to implement this project effectively.

Final Repoft
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5 EXISTING ENVIRONMENTAL CONDITION

5.1 DISTRICT PROFILE

5.1.1 Introduction

The Sunkoshi Marin Diversion Muftipurpose Project (SMDMP) is located in Sindhuli and Ramechap districts of
Province no. 3 of Nepal.

Sindhuli district is surrounded by Makwanpur and Kavrepalanchowk districts in the East, Ramechap and

Okhaldhunga in the North, Udayepur in the West and Dhanusa, Mahhotari and Sarlahi districts in the South, and

is f ocated 134.7km south-east from the capital district, Kathmandu. The total area of the district is 2435'62 sq. km

(243562 ha). lt comprises of 136,302 ha forests |and,25,708 ha shrub area,71,842ha agriculture, 1,268ha
water bodies area, and 8442ha barren land. Majority of its area is covered with 56 o/o (136,302 ha.) forest area

and remaining 44o/o (107,260 ha) of land is covered with non-forest land.

This district consists of one constituent area. lt has nine municipalities out of which two are urban municipalities

and seven are rural municipalities. The 20'll population census showed 296,192 constituting 142,123 (47.98o/o)

male and 154,069 (52.02o/o) female. There were 57,581 households with average household size of 5.14

persons. Sindhuli madhi is the headquarters of the district. Ethnically, Major groups are Tamang, Chhettri, Magar,

brahaman, Newar and others represent from Kami, Majhi, Sarki, Damai, Rai, and Gharti/Bhujel.

Ramechap District is surrounded by Kavrepalanchowk district in the East, by Dolakha inthe North, Solukhumbu

and Okhahhunga in the West and by Sindhuli district in the South, and is located 144.7km south-east from the

capital district, Kathmandu. The total area of the district is 1,601.28 sq. km (160,128 ha). lt comprises 48,477 ha

foiest land, 33,076 ha shrub area, 67,900 ha agriculture, 620 ha water bodies area, and 6,149 ha of barren land.

Out of the total area of the district, majority of the area is covered with 30.27 o (4U77 ha.) forest area and

69.890 (1 11651 ha,) non-forest land.

This district consists of one constituent area with two Municipalities and six Rural Municipality. The population

census of the district in 2011 showed 202,6/;6.0 constituting 93,386.0 (46.089/0) male and '109,260,0 (53.92%)

female. There were 43,910 households with average household size 4.62 persons. Manthali is the headquarter of

the district. Ethnically, major groups are Chhettri, Tamang, Magar, Brahaman' Sunuwar, Kami, Sarki, Majhi,

Gurung, Sherpa and others'

Table 5.1 represents the land use pattern of the Districts and project area.

Tabte 5-1 : Land Use Pattern of Sindhuli and Ramechap Dis{ricts

pattern

5.1.2 EconomicActivities

Sindhuli: According to district profile, about 53.39 percent of total population is economically active, of which

about 53% totally depend upon agriculture. The remainin g 47% are engaged in non-agricultural occupation such

as trade/business, transport, services etc.

in 11.800 ha with 9,350 MT and barley in 55 ha with 90 MT. Potato and oil seed are the cash

Land type
District Project area

Sindhuli Ramechap
Area (ha) Percentaqe Area (ha) Percentage Area (ha) Percentaqe

Forest 1 36302 56 48477 30.27 2.94 0.94

Shrub 25708 10,5 33076 20.65 0 0

Aqriculture 71842 29.5 67900 42.40 43.055 13.80

Water bodies 126E 0.5 620 0.39 49.335 15.81

Barren land 8442 3.5 6149 3.84 37.758 12.10

Snow 0 0 3906 2.45 0 U

Other (Sand Bar) 0 0 0 178.912 57.34

total 243562 1 601 28 312 100

Source: Districtwise landuse

15,3
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crops in the district with annual production 20778 Mf potato and 4800 MT oil seed in 5174 ha. A total of 10,450
MT of milk, 3,155 MT of meat, and 4,575,000 eggs were produced as the livestock products in 20016117 .

Other major economic activity in the district is fruits production like junar, orange, lemom, mango, banana and
pineapple etc. Sindhuli district is no 1 in list for the production of junar (sweet orange).

Ramechap: About 55.19 percent of total population of the district is economically active, of which about 58%
totally depend upon agriculture. The remaining 42o/o are engaged in non-agricultural occupation such as
trade/business, transport, services etc.

The main cereal crops are paddy, maize, wheat, millet, and barley. Paddy is cultivated in about 9408 ha with the
annual production of 26164 MT, maize in 21,398 ha with 53,922 MT, wheat in 4750 ha with 9,120 MT, millet in

5,060 ha with 4,550 MTand barley in 80 ha with 68 MT. Potato and oil seed are the cash crop in the district with
annual production 34,940 MT of potato, and 691 MT of oil seed in 793 ha. A total of 9,345 MT of milk, 2,835 MT
of meat and 4,085,000 eggs were produced as the livestock products of the district in 20016117.

5.1.3 SocialServices

5.1.3.1 Education

Sindhuli: There are total 925 schools with 585 primary, 215 lower secondary, and125 secondary schools. There
are 3,919 teachers with 2794 in primary, 696 in lower secondary and 429 teachers in secondary school. The
literacy rate of 6 years of age and above in the district was69.5% in 2016117.

Ramechap: There are total 762 schools. In which 485 are primary; 181 lower secondary and 96 secondary
schools. There are 3,120 teachers with 2141,614 and 365 teaches in primary, lower secondary and secondary
schoofs respectively. The literacy rate of 6 years of age and above was 63.5% in 2016117.

5.1-3.2 Health

Sindhuli: The district has one district hospital and two private hospitals, 4 health centres, 125 health posts, 26
sub-health posts and one Ayurvedic centre, and 5 ayurvedic Aushadhalayas (clinic). In the district, there are
about 330 numbers of ANM, AHW MCHW, and VHW. About 700 women health volunteers are active in
providing the health services to the women of the district. The most common diseases prevalent in the district are
headache, typhoid, gstritis, intestinal worms, respiratory tract infection and tonsillitis.

Ramechap: The district has one district hospital, one private hospital, 2 health centres and 18 health posts.

About 450 women health volunteers provide health services to the women of the district. The most common
diseases are headache, typhoid, gastritis, intestinalworms, tonsillitis and dysentery.

5.1.3.3 Communication

Sindhuli: There is one district post office, 12 regional divisional post offices and 42 additional post offices in the
district. Telephone lines total to 2213. CDMA, GSM, Ncell and Smart mobile are working in the district. There
are three F.M.Radio and three daily and 9 weekly newspapers publishing in the district.

Ramechap: There is one district post office, 10 regional divisional post offices and 44 additional post offices in
the district. There are 526 telephone lines distributed in the district. From different company, 42,166 mobile are
dlstributed inthe district-There,arelwo E.M-Radio-and 7 weeKy-newspaperspublishedregularly.

5.1.3.4 Water Supplv and Sanitation

Sindhuli: Water use percent is 58.08% tap water, 26.900/o well, 6.40% tub well, 3.73o/o spring, 4.20% river and
0.69% others. The Department of Water Supply and Sewerage work is in progress in the district to provide
additional drinking water. Only 33.15 percent of the total population of the district have toilet facilities. The
Sewerage condition is poor in the district.

Ramechap: Water use percent is 79.537o tap water, 10.25o/o well, 6.260lo spring, 2.83o/o river and 1.13% others.
Only 63.44 % of the total population of the district have toilet facilities. The Sewerage condition is poor in the
district.

5.1.3.5 Enerqv use

Sindhuli: About 37.87 percent of the total household of the district enjoys electricity supply in their houses
through small hydropower, Peltric set and micro hydropower projects. Local people have also installed individual
solar panels and 26.87 percent enjoys from this, while even 22.26 percent use kerosene oil for lighting.

About 90.96 percent of the total household of the district use firewood for cooking, 4.99 gas,2.76

Ar
percent bio-gas and 0.48 percent kerosene oil

*EqS
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Ramechap: About 45.5 percent of the total household enjoy with electricity supply through hydropower, Peltric

set and micro hydropower projects. About 23.4 percent of the total population use individual solar panels, while

even 30.05% use erosion oil for lighting.

About 95.46 oercent of the total household use firewood for cooking, 2.42 percent l.p.gas, 0.19 percent bio-gas

and 0.69 percent kerosene oil.

5.1.3.6 Transpofration

Sindhuli: This district is connected with National Highway and it is about 134.7km from Kathmandu with black

top road. District Transport Master Plan includes 68-roadi, in which 9 roads are all weather and 59 roads are

sessional. The district has 66 Km black top road like Sindhulimadi- khurkot and Bardibas- Sindhuli. The total

roads length is 1003.6 Km in the district. The district is also connected with through air transport services.

Ramechap: Connected black topped National Highway; it is about 144.7km from Kathmandu. Districi Transport

Master Plan in rolled 85 roads. The district has 36 Km black top road and 560Km sessional road, Local Road

Network length is 933Km.

5.2 PRO.IECT AREA PROFILE

5.2.1 Physical Environment

5.2.1.1 Topographv and Land Use

The project area lies at elevations between 390 m and 490 m above mean sea level in the Sindhuli and

Ramechap Districts. The headworks site is located at about 0,5 km of Khurkot and powerhouse site in Kusumetar

of ward no 2 of Kamalanai Municipality of Sindhuli District. Geographically, their locations are between latitudes

27o 20' 38.64" N and 27015' 31.52'; N and longitudes 850 59' 03.90" E and 85u 52' 29.99' E.

The towest tevel of the project, the tail race is at 410 m and the inundation level (highest) level of the project is at

474.00 m. The land use pattern of the project area is presented in Table 5.2.

Table S-2: Land use pattern of the project area

Land type
Project Area

Area {ha} Percentaqe
Forest 2.94 0.94

Shrub 0 0

Aqriculture 43.055 13.80

Water bodies 49.335 15.81

Barren land 37.758 12.10

Snow 0 0

Other (Sand Bar) 178.912 57.34

Total 312 100

Sources: 2019

5.2.1.2 Catchmet Area

The catchment of the river at the proposed intake site has characteristics of mountainous, snow fed catchment.

The elevation ranges from 560.0 m to about 8180.0 masl with its origins at Tlbet, flowing from north to south of

Nepal. During dry season, there is a significant contribution of snowmelt to the flow of the river. The project area

belongs to th; Middle Mountains of the Lesser Himalayan region of Eastern Nepal, while the upper catchment of

the Sunkoshi River extends to the Himalayan region covering the zones of snow and glaciers

5.2.1.3 Climate

The project area experiences sub-tropical monsoon climate with wet and dry seasons. The wet season starts

from June and ends in September while the dry season continues from October to May. Altitude of the Sunkoshi

River basin varies from about 355 m to 7950 m above the mean sea level. The catchment of this river lies in the

High Mountain Region, and its physiographic characteristics influence the climate prevalent in this region. This

river basin eperiences from temperate to Alpine type of climate. The catchment area experiences severe cold,

subtropical climate for rest of the year. The southwest monsoon season is dominant from the

month of end .of September in the catchment as other parts of Nepal. The region receives

theplnual rainfall during the monsoon period. Rainfall intensities vary throughout the

e**ry-*O
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catchment basin with the maximum intensity occurring on the south facing slopes of the mountains. During the
monsoon period, relative humidity reaches the maximum and the temperatures are lower as compared to the pre-
monsoon period.

The mean monthly rainfall of the project area is presented in Table 5.3.

Table 5-3: Spatial Mean of the Monthly Rainfall Data

!*q Ad'+'d

Khopasi 19 19 29 54 128 244 365 283 197 60 10 14 1421

Nagdaha 8 15 30 73 150 239 372 288 182 39 11 7 1441

Charikot 17 23 40 76 159 310 560 528 268 67 11 16 2104

Melung 14 12 27 71 127 229 340 309 162 40 5 13 1343

Sirwa 15 18 32 69 136 294 480 451 266 54 14 11 1822

Spatial
Average

using Thiesen
Polygon

13 17 32 69 143 257 412 349 207 50 10 11 1586

Source: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019

The mean monthly temperature ranges from 150C in January to 26.70C in June and July. The temperatures
pattern and extremes of the nearest meteorological station is presented in Table 5.4.

Table 54: Mean Monthly Temperature Pattern and Extremes

Month

Temperature oC for 28 years at Sindhuligadhi Station (1107)

Max Min Mean

rct c

{€
EAoa

Absolute Extreme

Max Min Mean

January 22.3 7.7 15.0 2.4 32.2 5.0 25.3

February 24.7 9.6 16.9 1.5 27.6 7.4 19.4

-[[arch )44 11? ,no __1-A* a{a - 4.5, 420

April 32.4 16.9 24.3 2.4 40.4 8.3 28.3

May 32.2 19.7 25.5 2.7 37.5 6.9 28.4

June 32.0 22.3 26.7 2.7 36.2 15.3 29.3

July 31.2 23:1 26.7 2.6 36.4 20.7 29.6

August 31.0 23.0 26.5 2.5 33.9 20.6 28.5

September 30.7 21.9 26..3 1.0 34.7 19.2 28.5

October 29.9 18.1 24.0 1.1 33.5 15.6 26.4

November 27.2 13.2 20.2 0.9 30.7 11.0 21.9

December 24.2 8.6 16.2 1.5 30.7 s,.*xea 19.9

Sources: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 20191fr'ffi
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5.2.1.4 Hydrolosy

(i) Mean monthly Flow

Durinq the period of 1968 and 2015, mean monthly minimum flow 85.8m3/s in March and maximum flow is
tZSO.6m3/s in August at headwork site (Table 5.5) and its hydrograph is presented in Figure 5.1.

Table 5-5: Long Term mean monthly flows 1m3ls; at lntake, Khurkot

Year Jan Feb Mar Apr May Jun Jul Aug sep Oct Nov Dec

1 968 128 118 119 117 137 406 1480 1570 917 696 238 143

1 969 104 81 76 77 117 351 1 130 1 390 1 020 369 175 112

1970 84 72 66 74 103 392 1440 1 940 764 407 222 144

1971 106 85 82 108 150 1150 1480 1 700 825 479 235 143

1972 105 89 86 84 162 291 1210 1420 949 390 205 131

1 973 96 77 84 vv 159 731 1140 1740 1 380 680 270 157

1974 114 87 77 94 124 331 1 380 1820 1'160 473 231 150

1975 116 100 83 109 157 487 1 430 1 360 1 390 706 279 171

1976 132 107 87 96 147 543 1 080 1 530 1090 387 214 142

1977 107 90 78 98 123 308 1 360 1730 929 464 249 165

1 978 130 104 106 126 289 817 1750 2060 1020 608 279 176

1979 126 117 98 102 157 363 1 300 1430 831 359 206 156

1 980 114 97 93 105 139 496 1690 1 780 1010 395 216 149

1 981 117 99 87 102 152 408 NA NA 1030 319 tl,t 136

1982 109 102 96 118 134 JOO 890 1210 738 264 177 126

1 983 102 88 83 91 151 230 906 1220 1150 532 219 142

1 984 111 91 79 80 145 405 1400 1170 1600 404 318 172

1 985 138 104 82 73 72 125 442 1240 917 582 341 196

I 986 119 95 t( oo 97 294 809 1 850 1270 611 261 1g

1987 114 96 89 103 122 454 't740 1 800 937 822 272 162

1 988 113 93 94 99 165 448 1620 2250 '1030 445 202 146

1 989 104 98 107 113 207 645 1460 NA NA NA NA NA

1 990 94 96 90 104 135 818 1473 NA NA NA NA NA

1 991 103 82 8'l 84 134 38'l 600 1 560 1060 297 1il 110

1992 90 76 64 62 86 218 635 1220 911 372 181 118

1 993 92 77 66 n6 130 321 894 1 750 '1000 380 170 112

1 994 89 77 64 62 86 216 629 1220 909 372 181 118

1995 77.40 68 63 69 244 604 1 300 1 590 839 341 200 118

1996 107 88 88 88 151 446 1260 2380 1720 701 338 220

1997 121 102 91 102 122 399 1650 1 590 651 147 6't 46

1 998 85 71 73 97 193 486 1430 1 900 830 270 74 43

1 999. 107 89 80 110 249 630 2340 2080 1320 569 231 139

2000 kffi TW 80 97 209 859 1970 2570 1570 384 201 134ffi t5

ffi
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Year Jan Feb Mar Apr May Jun Jul Aug sep Oct Nov Dec

2001 105 89 78 81 1A? 773 1 510 2550 1240 434 NA NA

2002 108 94 87 106 210 469 1 960 2350 837 323 140 89

2003 111 107 101 120 136 523 1800 2210 1840 469 204 146

2004 136 109 o7 106 191 512 1 980 1870 738 391 155 101

2005 82 68 65 87 190 805 1070 2150 917 518 262 170

2006 126 107 102 127 260 631 1660 1 550 1200 487 231 160

2007 119 117 111 122 182 501 1 590 1 900 1760 645 288 179

2008 133 100 96 95 131 849 1710 2290 1260 485 236 156

2009 113 91 81 97 148 251 1200 1720 977 480 249 NA

2010 NA NA NA NA NA NA NA NA NA NA NA NA

201'l NA NA NA NA NA NA NA NA NA NA NA NA

2012 NA NA NA NA NA NA NA NA NA NA NA NA

2013 NA NA NA NA NA NA NA NA NA NA NA NA

2014 151 110 85 77 114 207 1 030 1490 1140 659 194 113

2015 87 81 108 134 295 562 936 1620 959 395 207 148

Mean 110.1 92.8 85.8 96.4 158.4 48,8.7 1349.5 1750.5 1086.5 464.5 218.6 139.8

Source: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019
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Figure 5-1: Mean Annual Hydrograph for Sunkoshi Marin Diversion Multipurpose Project

The mean monthly flow of Marin Khola before and after the addition of the flow is presented
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Table 5-5a: Mean Monthly flow of the Marin Kholat

Month

Averagre
monthly flow
in m3/s

Downs tream
release m3/s

Total
discharge
in m3/s

lncrease in
discharge

Original
water depth
inm

January 0.96 67.00 67.96 7079%

February 0.78 67.00 67.78 8690%

March u.oo 67.00 67.66 10252%

April 0.68 67.00 67.68 9953%

May 1.47 67.00 68.47 4658o/o

June 5.52 67.00 72.52 1314%

July 21.13 67.00 88.1 3 417o/o

August 19.62 67.00 86.62 441%

September 14.45 67.00 81.45 5M%

October 5.26 67.00 72.26 1374%

Norember 1.34 67.00 68.34 5100%

December 1.24 67.00 68.24 5503%

: Detailet Study Sunkoshi Diversion Multipurpose 201

(ii) Flow Duration Curves at Intake

The 1ow duration curve (FDC) is a plot of the discharge as a function of the percentage of time that the discharge

is e.1ceeded- The daily average flow values at Khurkot were used to generate the FDC at the intake site of the

project. 
l

The FDC is based on the entire period of record and is shown below. This FDC curve was used for energy

potential evaluation and project optimization after deduction of environmental reserve (compensation) flows as

eplained in the following section and Figure 5.2.

Percent of Time 10o/o 15o/o 2OYo 25% 30o/o 35o/o 40% 4SYo 50% 55o/o 6o0/o 650/o

Discharge m3/s 1450 1150 863 631 432 319 242 't90 161 143 128 115

Percent of Time 70o/o 75o/o 80% 8SYo 90o/o 9SYo

Discharge m3/s 105 96.6 89.6 82.3 74.8 60.8

Source: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019
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Flow duration curve for Sunkoshi Marin
Diversion Multipurpose Project
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Figure 5-2: Flow Duration Curve at Intake based on daily flow data from 1968 to 2009

(iii) Downstream Release Flow

The long term mean monthly flow adopted for the driest month, March at the intake site is 85.8mt/s. The project
will be diverting only 67m"/s. Even during the driest month 18.8 m"/s. of water will be remaining in the river which
comes to about which comes to nearly 22 percent and it is above the requirements of 10 percent release as
mentioned in the Hydropower Development Policy (2001).

(iv) Peak Flood Flow estimation

The detailed feasibility study of the project has used different methods to estimate peak flood flow at the
headworks site. The estimated flow flood of 12,741m3/s for the return period obtained from Log Pearson Type lll
has been adooted for the desiqn of headworks of SMDMP.

5.2.1.5 Geoloqv

The Sunkoshi-Marin Diversion Multipurpose Prolect site is located in the Lesser Himalayan zone of eastern
Nepal, The intake of the project area belongs to the Ranimata Formation whereas the powerhouse belongs to the
Siwalik rocks (DMG, 1987). The Ranimata Formation consists of thick to thin bedded, fine grained, and grey to
greenish-grey quartzite intercalated with grey phyllite, whereas the Lower Siwalik consists of alternation of
Sandstone and Mudstone.

Surface observations at the intake site show boulders as well as outcrops of gray to greenish gray phyllite, stones
and quartzites. In the powerhouse site, siltstones, mudstones, and sandstones of Lower Siwaliks are observed.
Current studies in existence of glaciers and glacier lakes in Nepal (WECS, 1993) show glacier lakes in the
Sunkoshi watershed.

Project Location in Geological Map of Nepal is presented and Geological map of the project area is presented in
Figure 5-3.

The project area geology report components wise is presented at Annex 8.

ffi:f

Source: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019
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Figure 5-3: Project Location in Geological Map of Nepal

5.2.1.6 SlopeStabilitv

The project area does not show potential risks for the instability of the slopes. Slope instability will not be the
problem at different structural sites of the project area including the access road corridor. The slope is reasonably
moderate and the geological conditions also confirm the stable slope conditions with bedrocks at shallow depths
for good foundation of the project structures. However, fluctuation of water level at the inundation area could drag
down the hill slope and lead to instability.

5.2.1.7 Sediments

The detailed feasibility study has considered relationship between river discharge and sediment concentration to
prepare a sediment discharge rating curve for the estimation of sediment transport (Figure 5.4).
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Figure 5-4: Suspended sediment rating curve
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The average monthly sediment flow in the Sunkoshi River has been estimated based on the average discharge
at SMDMP headworks and the rating curve developed from measured data. The results are shown in Table 5-6.

Table 5-6: Estimation of monthly suspended sediment load

Month
Discharge,

m3/s

Suspended
Sediment

concentration
ppm

Suspended
Sediment
load, kg/s

Suspended
Sediment

load,
ton/month

Bed @15%
of

suspended
sediment,t
on/month

Total
Sediment

load,
ton/month

Jan 110.1 64.8 7.1 '19,098 2,865 21,963

Feb 92.8 52.9 4.9 11,874 1,781 13,655

Mar 85.8 48.2 4.1 11,075 1,661 12,737

Apr 96.4 q6? 6? 13,825 2,074 15,899

May 158.4 99.7 15.8 42,282 6,342 48,625

Jun 488.7 378.7 1 85.1 479,744 71,962 551,705

Jul 1349.5 1262.0 1703.1 4,561,631 684,245 5,245,875

Aug 1750.5 1717.8 3006.9 8,053,814 1,208,072 9,261,886

sep 1086.5 976.1 1060.6 2,749,014 412,352 3,161,366

Oct 464.5 356.6 165.6 443,666 66,550 510,216

Nov 218.6 146.0 31.9 82,716 12,407 95,1 23

Dec 139.8 8s.9 12.0 32,183 4,827 37,010

Total
(Ton/vr) 16,500,921 2,475,138

18.976.059

Sources: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019

5.2.2 Estimation of Bed Load

The estimation of bed transport rates is complicated because of the difficulty in obtaining accurate measurements

of bed load quantities for either theoretical or laboratory analyses. lnstruments designed to measure the bed

movement disturb the natural movements of the bed material thus introducing a bias into the measurements, and

it is almost impossible to determine the magnitude of this bias. Simultaneous measurements often provide

estimates that differ by several hundred percent. The difficulty arises because of an array of factors associated
with variations in flow pafterns, bed surface characteristics, and particle shape. While these difficulties are

recognized, a number of estimation methods have been developed from the theoretical and laboratory analyses.
Empirical equations have also been derived from field measurements.

Bed load measurement data are almost non-existent in Nepal. The bed load is the function of the sediment

carrying capacity, which in turn depends on the flow velocity. Therefore, for steeply sloping mountainous rivers,

the bed load component in percentage of the total load may be quite high. lt needs to be assessed based on the

actual measurement of the bed load for at least for one monsoon period.

Two methods can be used for the estimation of the bed load viz. the stream sampling method and analytical or
empirical method. Various types of samplers such as the box type sampler and the slot type sampler are used for
this purpose. The reliability of these samplers is questionable.

ln the absence of site specific data, the bed load is estimated as a percentage of the suspended sediment. In the
upper Lesser Himalayas with steep slopes, the bed load is taken as 40 to 60 percentage of the suspended
sediment load. Similarly, at the lower Lesser Himalayas, the bed load is taken as 5 to 15 percentage of the
suspended sediment load (Schumm 1977, Galay et al 1995).

Average monthly bed lbad sediment is estimated considering 15% of suspended sediment load and presented in

Table 5-6. Annually, bed load @ of 15 percent suspended sediments is estimated at 2.4
sediment load is 18.9 million ton/annum.

the total

Ar/,
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5.2.2.1 Water Qualitu

In order to know water quality of the area, water samples were collected in May 2019 from Sunkoshi River and
Marin Khola. The water analysis indicated that all parameters are within the NDWQS, 2062. The water quality
analysis report is presented Annex 6.

5.2.2.2 Air Qualitv

The project area lies in a rural setting with no industrial activities. No major parameters affecting air quality at
present are found in the area and its vicinity. The B.P Highway and use of firewood for cooking purpose would
have some impact. The air sample has been taken with high volume sampler. The air quality analysis report is
presented in Annex 6.

5.2.2.3 Noise Letel

No sources for generating high noise level were found in the project area. Hence, noise level is not a major
concern at present.However the noise level measurement was carried out at 3 locations. The result is presented
in Table 5-7.

Table 5-7: Noise level record on project site

s.no location Noise level (dBl
Max (dB) Min (dB) Avq (dB)

1 Headworks.site 22 15 18.5
2 Powerhouse site 20 10 15 )

3 Access Road 50 30 40
4 Settlement Area 30 20 25

-*Jield-Suruey201€5.2.2.4 Glacier Lake Outburst Flood (GLOF)

A recent report published by |C|MOD(htto:/lgeoportal.icimod.org/?map=nepalglakes; retrieved on 27 March 2018)
reported 21 potentially dangerous lakes in Nepal. Hu, Mool and their colleagues have found that 13, out of the 21
glacier lakes they studied, had increased in size by 2F162 per cent between 1991 and 2012. These studies
indicated that glaciers are retreating rapidly in the Himalayas.(httos:/rliwwv.scidev.neUsouth-
asialwaterffeature/glacial-lake-outburst-floods.threaten.tibet-nepal.html, accessed on 09 June 2016).

F{gure 5-5: Glacier and Glacier Lakes in Nepat (Source IC|MOD)

t'.
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ln addition, there are also dangerous glacial lakes in Tibet Autonomous Region (TAR) of China which are drained

by streams crossing into Nepal. The outburst incidents in Tibet cause downstream damage in Nepal. There are

two major river basins in the study area- (1) Upper Sunkoshi river basin and (2) Tamakoshi river basin, where
there are studies carried by various researchers and agencies on glaciers risk assessments.

(i) UppeR Sutrosxt RtvER BASIN

Sunkoshi is a trans-boundary river that originates in TAR and flows across the high mountain region into Nepal

and then to lndia. The Uppermost basin of Sunkoshi also extends to TAR which is called the Poiqu watershed.

The same Poiqu River is named as Bhote Koshi/Sun Koshi in Nepal. The Figure shows the watershed of Poiqu in

TAR and watershed area up to Dolalghat in Nepal. Five GLOF events have been reported in this watershed

since 1935.
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Figure 5-6: Location map of upper Sunkoshi watershed up to Dolalghat (Source-Khanal et al, 2015)

By using satellite imagery, Khanal, N. R, Hu, J.M and Mool P (2015) has mapped 74 glacial lakes in the
watershed of Upper Sunkoshi river(http://dx.doi.org/10.1659/MRD-JOURNAL-D-15-00009.S1). All lakes showed
increasing trend in area as seen in other sub-basin in Sapta Koshi river basin.
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Basin/ Sub-basin
Lakes in 2001 inventory Lakes in 2009 inventory Comparison 200912001

Number Area (sq.km) Number Area
(sq.km) Number (%) Area (%)

Tamor 356 7.32 209 o.c / -41.29 -10.22

Arun 109 2.53 81 3.28 -25.69 zv.cJ

DudhKoshi 473 13.10 243 13.19 -48.63 0.89

Likhu 1A 0.22 13 0.31 -7.14 40.78

Tama Koshi q7 1.26 24 2.15 -57.89 71.07

Sun Koshi 0.41 17 0.31 -51.43 -25.73

lndrawati 18 0.28 12 0.11 -JJ.JJ -ou- / Y

Basin sub-total 1,062 25.1 599 25.92 -43.60 3.30

Table 5-8: Comparison of number and area of glacial lakes between the 2001 and 2009

Sources: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019

Based on the characteristics of the lakes, glaciers, dams, and surroundings, 10 lakes were identified as below
having a critical potentialfor a GLOF event in Sunkoshi Marin Diversion Multipurpose Project (SMDMP) (Khanal,
Hu, and Mool,2015). The range of possible peak discharges estimated using published empirical equations
were very large.

Table 5-9: Estimated volume of water and maximum possible discharge for critical glacial lakes

S.N Lake
Volume(m3) Possible diseharge (m3ls)

Equation I Equation 2 Equation 3 Minimum Maximum

1 Jia-Long-Co 14,816,799 14,359,974 15,595,1 75 2,382 15,913

z Ci-Ren-Ma-Co (Zhangzangbo) 12,053,438 1 1,546,753 12,597,886 2,063 12,808

Co-Jiang-Gu 8,578,076 8,061,512 8,862,414 1,627 8,957

4 You-Mo-Jian-Co 14,577,312 14,114,907 15,334,605 2,355 15,643

Qie-Ze-La-Co 7,716,201 7,208,408 7,934,309 I F1'l 8,013

Ta-La-Co 4,522,615 4,099,721 4,571,891 1,041 4,569

Ga-Long-Co (PhuOhhu,

Lumichimi)
366,61 1,694 425,706,145 430,367,197 20.211 464,628

Gang-Xi-Co 365,991,732 424.945.729 429.614.687 20, 1 88 463,802

Pa-Ju-Co 28,376,289 28,526,831 30,534,462 3,734 ?1 616

10 Cha-Wu-Qu-Dong 19,876,222 19,584,869 21,130,471 2.923 21,673

Sources: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019

Based on the expansion rate, area and type of glacial lakes, 67 rapidly expanding glacial lakes were identified in
the centpl Himalayan region Nie, Liu, and Liu, 2013) that need to be closely monitored in the future. Out of them
the following 3 glacier lakes fall within Sunkoshi basin corresponding to Sunkoshi Marin Diversion intake point.

l. Galongcowhichislocated85.838902E,28.321298N,hasincreasedinareaby104%(1986-2001), 117

?/&,(1977-2A$), and 116 % (1988-2009)

is located 85.873906E, 28.360054N, has increased in area by 118o/o (1986-2001),87o/o

and{1% (1988-2009).
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lll. Cirenmaco which is located at 86.065828E,28.067165N, has increased in area by 155 % (1986-2001),

345 o/o (1992-2009). This had a GLOF event in 1981.

The maximum discharge in the 1981 GLOF was observed in 23 minutes after bursting which was estimated to be

15,920m3/s. The flood lasted for 60 minutes, and the total outflow was 19 million m" (Xu, 1988). The peak

discharge of 2,316m3/s (gauge height of 6.99 m) at Barhabise, about 50 km downstream was 16 times greater
than the average annual flood (maximum flow). However, intake location of Sunkoshi-Marin Diversion is far
downstream, about 150 km or more from potential glacial lakes'region in TAR. So, likely impactwill be highly
reduced to the intake area and project may have more time to adapt to such events. Fufther studies are needed
to improve estimates of peak discharge and understand the contribution of sediment in modeling GLOF. And, it
would be appropriate for the installation of a monitoring and early-warning system to manage some of the risk
from a potential GLOF to the intake structure. Being Trans-boundary River, bilateral mechanisms are also
needed for sharing information on GLOFs between TAR and Nepal.

(ii) Tnrun Kosst Rven enstir

Tamakoshi River is a major tributary which joins Sunkoshi before diversion location. This basin contains Tsho
Rolpa Glacier Lake which is one of the glacier lake threats to SMDMP, drained to Tamakoshi River.

The Modelling Results of Tsho Rolpa Glacier lake is given in the report "Glacial Lakes and Glacial Lake Outburst
Floods in Nepal" (lCIMOD, 2011). Tsho Rolpa has a narrow end moraine in which there is a possibility of piping

developing (formation of water channels inside the moraine due to seepage and leading to instability). Seepage
was detected at the toe of the outer wall of the moraine dam, but it was found later that it was not coming from
the main lake. Follow-up investigations will be needed to identify the source of the seepage which could be the
metting of dead ice or from local drainage. Regular monitoring will also be needed as discharge and debris from
side valleys drop into the lake. Temporary blockage of the lake outlet over the moraines by freezing water and
snow barriers, or lake ice debris is very unlikely because the lake outlet has a wide artificial channel through the
moraine dam that functions as a spillway. Field investigation by ICIMOD team has noted that the gated artificial
outlet channel was functioning satisfactorily, but they have also noted vibrations in the anchor blocks as well as
subsidence in the gabion walls. Monitoring of the hanging glaciers and likelihood of its breaking off is one of the
major practical challenges in the hazard assessment of Tsho Rolpa.

Dam-breach analysis and flood simulation - the NWS breach model - was used for numerical estimation of
breaching times and possible breach peak floods from Tsho Ropla. The breach height for Tsho Ropla lakes was
derived as 20 m with breaching times of 0.62, 0.92, and 2.69 hours and peak flows at the time of flow as7,242;
5,817 and 4,750 cumecsforTsho Rolpa, (Figures) Beding, Suri Dovan, Lamatar, Khimti, and Rajgaun located at
9.6, 40.8, 75.5,82, and 99.7 km from the Tsho Rolpa outlet, can epect flood arrival times of 0.79,1.48,2.76,
3.83, and 5.76 hours, respectively (Figure 5-7 to Figure 5-9).
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Figure 5-7: Hydrograph of a potential breach
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Figure 5-8: Flood attenuation at various downstream locations
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Figure 5-9: Peak flood and flood height of Tsho Rolpa lake

Tsho Rolpa's peakflood decreases sharply in stretches, in the initialflowfrom the dam up to 10 km, then at 40-
60 and 90-100 km. Apart from a flat stretch of 60-90 km, the stretches are moderately sharp (Figure 5-9).

The Feasibility Study reported no danger of GLOF in the Sunkoshi basin, while the Project Formulation Report
had listed a number of glacial lakes located at altitudes above 4000 m posing a threat. Most GLOF events
documented in the Himalayas typically consisted of outburst floods from moraine-dammed glacial lakes. This
assessment also concludes that the possibility of extreme discharge in the Sunkoshi River resulting from the
GLOF cannot be ruled out. Tsho Rolpa is still the potentially dangerous lakes even though 3 meters lowering is
made and a channel is constructed at the outlet. ICIMOD modeling results also indicate that flood routing along
the valleys downstream differs among the lakes.

The SMDMP intake location is more than 100 km downstream from Tsho Rolpa Lake and about 150 km or more
from potential glacial lake region in TAR. Regular monitoring of Tsho Rolpa will also be needed as discharge and
debris from side valleys drop into the lake. Early warning systems have to be kept in operation and/or installed to
enable precautionary measures to save structures and lives from GLOFs events.

As headworks site is at about 'l00km downstream of the Tsho Rolpa Lake and if this Lake breaches, estimated
incremental discharge at headworks location is about 1500 cumecs (Figure 5-9). Usually, the design flood of 100
years return period is considered for the design of diversion struciures, such as barrage and weirs. The estimated
discharge.for 100 years return period (Log Pearson Type lll) is 9911 cumecs. The combined discharge of 100

period and GLOF consideration from Tsho Rolpa is 11,411cumecs. The design discharge of 500

to"offi,S
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years return period 12,741cumecs has been taken in the design of headworks structures to accommodate the

possibilities of GLOF and LDOF.

5.2.2.5 Seismicitv

Seismicity studies for the hydroelectric projects in Nepal are based on earthquake generating seismo-tectonic

features of the project area and data on historical earthquakes of the region. ln the present context, information

on the major historical earthquake is the most valuable basis for judging the seismic coefficient values for the

design purpose. The seismicity map and seismic hazard map of Nepal published by the Department of Mines and

Geology are equally valuable for acquainting with the general seismicity characteristics of the country.

The Seismic Hazard Mapping and Risk Assessment component of the NBCDP contains detailed analysis of the

earth activity and the tectonic structure of Nepal, and had identified groups of earthquakes with major tectonic

features leading to the identification of seismic zones of assumed uniform seismicity. The three seismic zones

thus identified in Nepal are shown on Figure 5-10.

Figure 5-10: Seismic Zonation Map of Nepal

The Maximum Design Earthquake (MDE) is the maximum earthquake or equivalent level of PGA for which the

structure is designed such that the project executes without catastrophic failure of uncontrolled release of
reservoir. For this project, the MDE has been considered 10% chance of exceedence of PGA value in a 100-year

period. Proceeding, Operating Basis Earthquake (OBE) is the level of PGA for which structures remain operating

without any significant damages. The OBE is usually incorporated 50% chance of exceedance of PGA in 100

years (a return period of 200 years).

The recent update of the seismic intensity map as from the different sources (USGS) indicates that the Sunkoshi

Marin Diversion Multipurpose Project area lies in Vl-Vll zone having moderate potential risk zone as shown in

Figure 5-11. The corresponding value of PGA from Figure 5-11 is determined to be 0.21 g to 0.230 g.
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Figure 5-1 '1: Seismic Intensity Map after 2015 Gorkha earlhquake (Source: USGS, 2015)

Since the Project is a run-off type project without poundage facility, a value of MDE of 0.21 g to 0.27 g for the
structure design seems to be appropriate. The recommended value of PGA is 027 g for the headworks and 0.25
g - 0.27 g for the power house. The recommended seismic coefficients are based on deterministic and
probabilistic approaches from different hydroelectric projects are given in in Table 5-10.

Figure 5-12: Peak Ground Acceleration values after 2015 Gorkha earthquake (Source: USGS, 2015)
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Table 5-'10: Seismic design parameters for different Hydropower Projects in Nepal

s.N. Name of Project Recommended Seismic coefficient
1 Arun - lll 0.12 g for all components design

2 Upper Arun 0.12 g for dam
0.062 q for underqround powerhouse

3 Mulghat (Tamur) 0.20 g

4 Tamur-Mewa MDE= 0.21 g-0.27 g
OBE=0.12o-0.20q

5 Dudhkoshi - | MDE = 0.37 g
OBE=0.22s-0.23q

o Kaligandaki - A OBE = 0.30 g

7 Khimti- | OBE = 0.25 g for Type I Soil (BCDP)
OBE = 0.30 q for Type ll Soil (BCDP)

8 Middle Marsyangdi MDE = 0.33 g - 0.32 g for soil and 0.25 g for
bedrock
OBE = 0.29 q - 0.27 g for soil and 0.22 q for bedrock

9 Upper Tamakoshi MDE = Expected PGA 5.05 m/s'for 500 yrs
OBE = Expected PGA 3.46 m/s'for 200 vrs

10 Seismic Hazard Map of Nepal 0.25 g - 0.30 g (AnticipatedbedrockPGA )

Note: OBE is Operation Basis Earthquake and MDE is Maximum Design Earthquake

5.2.2.6 Other Hydroo.ower proiect in Proiect area vicinitv

All the Sunkoshi high dams were planned consider:ing the height and maximum water levef (HWL) of Saptakoshi
High Dam. lt is located downstream of Triveni and about 1.6 km upstream of Barahachetra.

In the upstream courses of Saptakoshi High Dam site, construction of three dams in Sunkoshi River was
considered. The Sunkoshi - | dam site was ielected at Kurule in consideration of the high water level (H\A/L) of
the Saptakoshi High Dam and future inter-basin diversion project frorn Sunkoshi to the Terai area.

The Sunkoshi-ll dam site was selected with river elevation coinciding with the highest water level of the Sunkoshi

-l Dam. Similarly, the dam site for Sunkoshi-lll was selected at the coincidence of the HWL of Sunkoshi-ll with
the river elevation. Features of these dams are shown in table 5.1 1.

Table 5-11: Features oJ Sunkoshi-|, ll and lll Projects

S.No.

Dams/Barrage Sunkoshi - | Sunkoshi - ll Sunkoshi - lll SMDMP Barage

Locations Kurule Beshi Chyakutar

5 km D/Sfrom
Pachuwar

village and D/S
of Jakadi

cr.,,^-^ a^^..-

0.75 km D/S from the
confluence of Sunkoshi and

Tamakoshi

1
HWL (m) of
Reservoir

424.6 575 700 Barrage FSL=477.86 1473.88 m

2 Dam ht (m) 147 166 140

3
Gross reservoir

(Mm3) 1500 4370 1220

4
Effective

reservoir (Mm3) 40 3040 560

5
Maximum

discharge (m3/s)
1400 1050 570 87

6
lnstalled

caoacitv (M\M 1357 1 1'10 536 42.2

7
Annual power

generation
(Gwh)

4640 4760 2070 365.69
..4b!h.

ffi
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The planning of Sunkoshi high dams and Sunkoshi Multipurpose scheme was done before the construction of BP

Highway. With the beginning of the construction of this highway, settlement area along the banks of Sunkoshi

River has largely been increased. This highway connects the capital city Kathmandu to the central and eastern

Terai which is now in operation. lt also provides linkages to other roads joining hilly districts in the central and

eastern region. After this highway came into operation, a lot of economic activities have been built up along the

highway and surrounding areas.

Both Sunkoshi-l and ll dams are located downstream of SMDMP Headworks site. The Sunkoshi- lll dam lies in

the upstream of the SMDMP..-Since the HWL of Sunkoshi-l is lower than the D/S FSL of proposed SMDMP

barraqe, there will be no effect of Sunkoshi-l on the SMDMP project. But the diversion discharge of SMDMP (67

mt; witt be decreased for SU{ once SMDMP comes into operation.

Sunkoshi-lll dam is located upstream of SMDMP headworks site and will not have significant effect on SMDMP

oroiect in so far as water levels are concerned. But this dam has to release water constantly at least to make

bZrtl. in conjunction with the discharge of Tamakoshi River. But the implementation of Sunkoshi-ll will have

significant effect on SMDMP pro.iect which are analyzed under different scenario as folloltrs:

(i) Scenariol: SMDMP is implemented first and Sunkoshi-ll is not taken up

The SMDMP project has been planned as diversion project separately irrespective of Sunkoshi-|, ll and lll. There

will be no problem for the implementation of SMDMP until Sunkoshi-ll is considered for its implementation. lf
Sunkoshi-ll dam project is not taken up, then the hydropower potential envisaged by the Master Plan of this dam

project would be up in the air and likely environmental and settlement issues too would not have occuned.

(ii) Scenarioll: SMDMP is implemented first and Sunkoshi ll is implemented later on

In this case, the height of the Sunkoshi-ll dam has to be reduced so that the diversion structure of SMDMP

constructed earlier is not submerged and hydraulically not affeded. By doing so, the power generation and

reservoir capacity of Sunkoshi-ll will have to be reduced drastically. But if the FSL of Sunkoshi-ll is kept at 575-0

masl as mentioned in the Master Plan Study, then the SMDMP Barrage including its intake and desander will

completely submerged and has to be abandoned. But still the tunnel and porrrerhouse of SMDMP constructed

earlier could be used by making a new side intake in the reservoir at higher elevation. :Ihe additional head

created as a result of reservolr can be used in hydropower generation by constructing a new powerhouse

immediately downstream of the nerry intake i.e. at the planned headrace tunnel of SMDMP feeding water into the

SMDMP. Tiris power will be in addition to the power generated at the powerhouse located at the side oJ the Marin

River. With this anangement, additional energy can be generated without affecting the inigation facilities served

by the SMDMP.

{iii} Scenario.lll: SMDII/IP and Sunkoshi-ll dam projects are implemented simultaneously

In this case planning and design of both the projeds will have to be combined or synchronized. The dam of
Sunkoshi-ll would function as diversion structure for SMDMP. Only a side Intake is required in the reservoir to let

the water into the diversion tunnel. The elevation of Intake and tunnel will have to be matched with the water level

of live storage of the reservoir. The higher level of intake will provide higher: head for porver generation in

SMDMP. Also, Sunkosh-ll dam will create head and discharge to produce planned hydr:oelectricity of 1110 MW.

(iv) Scenario-lV: Sunkoshi-ll is implemented and SMDMP is dropped

Hydropower could be generated through the Sunkoshi-ll high dam as projected by the Master Plan Study,

however, Bagmati lrrigation Project will not have any discharge augmented to irrigate 122,000 ha land of central

Terai. Since the SMDMP has been declared as one of the national pride projects, this scenario is no more valid.

(v) Scenario-V: Both Sunkoshi Multipurpose Scheme and SMDMP projects are implemented

Construction of Sunkoshi Multipurpose Scheme will not affect the SMDMP project. However, operation of
SMDMP will decrease the discharge of Sunkoshi by the quantity it diverts into Marin River.

Construction of SMDMP will submerge 312ha land including cultivated land, forest and flood plain upstream of

the headworks and submerge 425 m length of BP Highway. lt will have an installed capacity of 28.62 MW and
produce 250.694 G\Mr energy annually. In addition, it will provide reliable year-round inigation facilities to the

122,OOO ha in the central Terai. lt will have a less environmental impacts and resettlement issues in comparison

to the high dams especially Sunkoshi-ll.

Construction of Sunkoshi-ll will submerge the whole section of BP Highway that lies on the right bank of the

Sunkoshi. River and all settlement area on either bank upstream of the dam and in this reach has to be shifted in

the new safeiocation. The sod-heiqht of Manthali airport (493 masl) is lower than the HWL of Sunkoshi-ll. lf the
,-.i,r 

r$&Hight of Manthaliairport (493 masl) i
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above mentioned FSL of Sunkoshi-ll is retained, then the Manthali Airport and Manthali town will be submerged
along with the settlement areas of river banks. This will incur a huge cost and create a wide range of
environmental issues. The extent of submergence area and resettlement issues will be identified only after the
completion of feasibility study of Sunkoshi-ll.

5.2.3 BiologicalEnvironment

5.2.3.1 The Forest and Veqetation

Major part of the project.lies in the Sindhuli district along the Sunkoshi River and Marin Khola and some part in
Ramechap distric't along the Tamakoshi River.

The study area of SMDMP project is mainly inundations sites lying on either sides of the Sunkoshi and
Tamakoshi River. In study area, type'of vegetations is mostly in a form of small patches which are either
developed in the flooded private khetland or just left over flooded sandy or gravel sites along with alluvial
deposits along the river banks.

District forest monitoring report published in 2070 of Sindhuli district has made the following classification of
forest type based on the species:

. Mixed forest of Pine, Katus and Ghilaune forest which is located at the altitude between 1219 m
amsl to 2387 m amd with a main tree species like - Sal (Shorea robusta), Chilaune (Schima wallichii),
Okhar (Juglans regia), Champ (Michelia champaca) , Lali gurans (Rhododendron arboretum), Kafal
(Myrica esculenta) etc. The area has also having shrub land besides the forest.

. Mixed forest of Sal, Asna and Karma forest largely found along the Churia range with sal dominating at
the altitudinal range of 610 m asl to 1219 m asl. This forest is comparatively less dense due to excess
illegal felling of trees continued from the adjoining district. Except sal the area is having its other
associates like - Karma (Adina cordifolia), Asna (Iermrnalia alata), Jamun (Syzygium cumini), chilaune,
Amla (Phyllanthus emblica) elc.

. Sal, Khair, Sissoo, Karma mixed forest is more confined along the river banks and its adjoining area.
This forest is found commonly at an altitudinal range of 168 to 610 m amsl. The forest mainly dominated
sal situated far from the river bank and along the river banks the commonly found species are Khair
(Acacia catechu), Sissoo (Dalbergia srssoo), Simal (Bombax ceiba), Karma, Bans, Harro (Terminalia
chebula), Asna etc. The study area is largely more or less belong to this kind of forest type which are
confined to inundated area developed into a small patches of green tree stands which are either
developed into the flooded private farmland or very recently form alluvial sandy/gravel filled area left over
the river and its banks.

The project infrastructures such as headwork, desilting basin, surge tanks, powerhouse, penstock pipes, and
disposal sites etc. have forests, scattered trees and other plants.lninundation site, vegetation is mostly in a form
of small patches which are either developed in the flooded private khet land or just left over flooded sandy or
gravel sites along with alluvial deposits along the river banks.

Similarly, small part of Ramechap district area along the river Tamakoshi is under the inundation area. About
6-5km has-sjmilartlpe-otvegetation like that of Sindhuli, the8.iverineJorest, in_€ reeentlyleposite+alkJvialsoi+
by the Tamakoshi River.

Most parts of the project sites are small in size. Inundation area on either sides of Sunkoshi and Tamakoshi rivers
are narrow in shape and lack green vegetations in a long stretch. Patches of small tree stands are found on the
flooded private lands and each tree and pole'sized plant was measures and sapling and seedling were counted
to assess their quantitative loss.

In the study area, dominant species are Khair, Sissoo, Simal, Jamun and Siris. In dam site, settling basin/BP
highway, surge tank, penstock pipes, three disposal sites, and powerhouse areas, small sized trees are
recorded. Majority of these sites are under private ownership. Proposed disposal sites are left over river banks
with largely poor soil mixed with sand and gravels. The penstock alignment passes through the small patch of
Kusumetar community forest and comprises of tree species like Sal, Karma, Jamuna, and Chilaune.

Shrub species Dhusre (Colebrookia oppositifolia), Sishnu (Uttica Dioca), Titepati (Artemisia vulgaris), Tapre
(Cassn fora) etc. and grass species like Siru (lmperata spp.), Dubo (Cynodon dyctilon), Akaon etc. are
commonly found along the sandy area of the river banks.

Large part of the require forest area about 3,4 ha is located in the Kusumtar Community
forest guideline 2071will be attracted while working the community forest

Final Repoft ?ffi
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(i) Vegetation in the Damsite

Vegetation is very sparse in the proposed damsite with few trees of Khair, Simal, Sissoo and other species like

Bayer (Ziziphus incuve). Out of 20 total trees, only 4 are above 30 cm dbh and rest of pole-sized (Annex 2). The

area has regeneration potential. Regeneration is estimated more than 3800/ha which is comparatively high. Field

study estimlted seedlings and saplings of sissoo more than 650 and 400 respectively, and other species have

more than 1300 seedling and 100 saplings.

(ii) Vegetation in the Settling basin

Just after the damsite, setling basin will be located and the proposed basin area has 47 pole-sized trees with 27

trees of Khair, followed oy Sirisn (10). In this area, two trees of Sissoo, and one each of Jamun and Simal,

including 5 trees of misceilaneous species were counted (Annex 2). The area covered by dam site and settling

basin is 3.33 ha.

(iii) Vegetation in the Surge tank

Surge tank will located in the private upland (Bari) and it has 1Spole'sized trees with one Chilaune and other tree

species are categorised as miscellaneous species (14).

(iv) Vegetation in the Penstock -Surge tank to Powerhouse

Area covered by this structure including surge tank is 11.02 ha. Out of which 2.1ha is located in the Kusumtar

Community Forest and 8.92 ha is farm land and settlement. Seventy two pole-sized trees have been recorded in

this area with Sal trees (5) and its associates - Botahdeyaro (Lagerstroemia paruiflora) (3), Jamun (2), Karma (2)

and other miscellaneous species (55). A huge tree of Karma having 100 cm dbh is recorded, along with Jamun

and Botadheyaro.

Other species like ipit ipil (Leucaena leucocephala) Khasure (Figus auiculata) Kutmero (Lrtsea monopetala),

Koiralo (Bauhinia variagata)', kimbu (Morus a/ba) are also recorded (Annex 2).

(v) Vegetation in the lnundated area:

lnundation site lies on either side of Sunkoshi and Tamakoshi rivers which runs 7:5 Km of Sunkoshi river in

iiffi;i; ""di.S-iir-i" "itner 
riour ot-iam'at<ostri River in Rarnecnap oistrict. Total inundated area is 312 ha.

Based on topo sheet, about 2.98 ha is categori.g^9 l forest along the left bank of the Tamakoshi River. Land use

of the inundation area is presented in Table 5-12, Over 55 percent of the proposed inundation area is occupied

by sand bar.

Table 5-12: Land use of inundated area of the prgect

ffi$1

Source: Field SurveY 2019

Most of the cultivated private land which was once flooded has now small tree species. Over 80% are of pole-

size trees having dbh below 30 cm. Among the trees (above 30 cm dbh) Simal (113), Sissoo (68), and Khair (33)

are dominant species and other species (miscellaneous) have '121 trees. Similady, 703 poles of Siris 284 ot

Khair, 84 of Jamun, 68 of Sissoo (68) and 594 of other species have been enumerated in the inundation area

(Annex 2).

(vi) Vegetation in the powerhouse area and work camp

The area lies in the private land with few scattered trees. Out of total 17 trees, 12 are of pole-size tree (including

1 pole of Sal) and 5 are above 30 cm dbh. lt is the area at a riverine to sub tropical part of vegetation.

Enumerdticin .9f vegetation in the inundation area is presented in Annex 2.

b#
Cultivated land or Private land
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ta

J-Zl



Environmental /mpact Assessment Study of
Sunkoshi Marin Diversion Multipurpose Proiect (28.62MW) EXISTING ENVIRONME NTAL CONDITION

(vii) Vegetation in the project road at the powerhouse to surge tank

The length of the project road to the surge tank is 0.7 km. lt passes mainly through the community forest
(Kusumtar community forest). lt comprises of '1 3 numbers of trees and 49 number of pole size vegetation.

Enumeration of vegetation in the inundation area is presented in Annex 2.

(viii) Vegetation in the Disposalsites

Out of the 3 disposal sites, Site 1 is located nearby the proposed tailrace, currently cultivated. lt comprises of 6
and 2 pole-sized Sissoo and Siris respectively. Site 2 is located at the left bank of Marin Khola, presently

occupied by maize crop covering 0.7 ha and flood plain 0.46 ha. lt has 5 tree size and 5 pole size plants. Site 3 is
also located at the left bank of Marin Khola comprising of 8 pole sized treespecies (4 Simal, 3 Karma and 1

Bhotdhairo) (Annex 2). All 3 disposal sites are government land.

(ax) NTFPs in the Project Area

The forest is being widely used for livestock grazing and for fodder, fuelwood and timber. Non-Timber Forest
Products (NTFPs) are found in the form of trees, shrubs, herbs and climbers and are sometimes used as
medicine and income generation. Sisnu, Lajbanti, Lajgedi,'Ashuro, Aak, Banmara, Titepati, Ashuro, Aiselu,
Niguro etc are commonly used in the area. Plants with their local uses are given in Table 5.13.

Table 5-13: Plants with their local uses of the project

SN Local
name

Scientific
name

Local uses Remark

1 Sisnu Urtica dioca Tender leaves consumed as a good green vegetable and sold in

rnarket

2 Lajbanti Mimosa
pudica

Seeds used by goldsmith forweighing gold.

3 Lalgedi Mimisa spp Its root good for cough

4 Titepati Aftemisia
indica

Good for stopping blooding and a good antibiotic. Alsoleaf used as
green tea

5 Ashuro Adhatoda
vaslba

Locally used for cold and cough

6 Banmara Ageratina
adenophora

Fodder for goat and making charcoal brackets

7 Niguro Fem spp Good green vegetable also commonly sold in the market

8 Ainselu Rubus
elliBtieus-"-

Fruit is commonly eaten and also sold in the market apart from

9 Aak Calotropis
giganta

Its latex good for muscular crack and fruit's cotton used with a
medical value and leaf for diabetic patient

10 Bel Aegle
marmelos

The fruits can be eaten either fresh from trees or after being dried
and produced into candy, toffee, pulp powder or neclar. lf fresh, the
juice is strained and sweetened to make a drink similarto lemonad.

Source: Field Survey 2019

5.2.3.2 Ethno-botanical values of species

The values of NTFPs found in the project area are presented in Table 5-13
harvesting of these commodities has not been reported.

The commercial extraction or

,ffi._d
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5.2.3.3 Wildlife in the Proiect Area (Fauna)

Presence of wildlife in the sites is known through indirect means. Interaction and discussion with the locals and

field assistance hired for survey work provided information about wildlife (Table 5.15). Some bird species were

locally identified. None of the sites have any wildlife niche/habitat.

(i) Mammals:

Chituwa and barking deer were rarely spotted by the locals in the adjoining area of the sites. List of mammals

reported in the Project area is presented in Table 5.14.

Source: Field Survey, 2019

(ii) Birds

Birds f ike common crow (Corvus sp/endens), Bhangera (Passer domesfrbus), dove, stork (Ciconia cicoina), eagle
(Falco spp.) are seen in the area. Birds reported in the project area are presented in Table 5-15.

Table 5-14 : Mammals as recorded in the project sites

SN Mammal
Method of confirmation Remarks

Local name Scientific name Direct
observation

Reported

1 Chituwa Panthera pardus o included in CITES; IUCN, Near
Threatened

2 Jackal Canis aureus o
3 Monkey Macaca mallata o

4 Rabbit Lupus sp. o

5 Fox Vulpes bengalensis o

6 Languor Presbytis entelius o

7 Malsapro Martes flaviguia o

8 Dumsi Hytix indica o Cultural value

I Nayurimusa He4oestes edwardsi

10 Lokharke Funambulus pennant o

11 Barking deer Muntiacus muntiak o

12 Shalak Chainese pagolian o
included in CITES: IUCN.

Table 5-15 : Bird as recorded in the project sites

Method of confirmation
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q Dove Stee ptopeli a chinensls o

10 Kuthurke Maaalaima asiatica o
11 Crow Corvus mavrohynchos o

12 Julfae Juralle Pycnonotus leucogenys al

13 Fistta Otthotomus sufonus o

14 Rani charre Pericrocotus flammeus o
Source: Field Survey, 2019

(iii) Reptiles

Cobra (Naga naga) was encountered by the inventory group and other reported species are like Gohoro
(Varanus flavescens), lizard (Calotes versicolof , and common frog (Rana tigrana spp.).

Table 5-16 : Reptiles as recorded in the project sites

SN Reptiles and others
Method of confirmation Remarks

Local name Direct observation Reported Direct
observation

Goman Naja naja o

2 Ajingar python molurus o

3 Sungohoro Varanus flavescent o included in
CITES

4 Lizard Calofes sp. o
5 Bhakuta Rana tigrana o
o Karat Bungarus Coeyuleus o

I Write butterfly Pems brassica o
8 Aringal Julus sp o

(Source: Field surveY 2019)

5.2.3.4 Aouatic Life

(i) Prephyton and Micro-invertebrate

Prephyton: The major classes of prephytons recorded in the project area are Bacillariophyceae, Chlorophyceae,
Coscinodiscophyceae and Zygnematophyceae. Eight genuses of prephytons were collected in the sampling
stationofMarinKho|aSMDMP1fl-ab|es17)andsixgenusesinsamp|ingstationofSunkoshiRiver(SMDMP).

Table 5-{+ :+rephfoq Re€€rd€d atsampling-€itatien A/larin-lftela{SMDMP+

SI
Phylum or
Division Glass Order Familv Genus

I Charophyta Zygnematophyceae Desmidiales Desrnidiaceae Cosmarium

2 Bacillariophyta Bacillariophyceae Cymbellales Cymbellaceae Cymbella

3 Bacillar'rophyta Bacillariophyceae Tabellariales Tabellariaceae Diatoma

4 Bacillariophyta Bacillariophyceae Tabellariales Tabellariaceae Meridion

5 Bacillariophyta Bacillariophyceae Fragilariales Fragilariaceae Fragilaia

o Bacillariophyta Bacillariophyceae Naviculales Naviculaceae Gyrosigma

a Bacillariophyta Coscinodiscophyceae Melosirales Melosiraceae Melosira

I Cyanobacteria Cyanophyceae Cyanophyceae Oscillatoriaceae Oscillatoria

(Source: Field survey 2019)
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Table 5-18 : Prephyton Recorded at in Sampling Station at Sunkoshi River (SMDMP -2)

SI Division Class Order Family Genus

1 Bacillariophyta Bacillariophyceae Cymbellales Cymbellaceae Cymbella

z Bacillariophyta Bacillariophyceae Cymbellales Cymbellaceae Cymbopleura

J Bacillariophyta Bacillariophyceae Tabellariales Tabellariaceae Meridion

4 Bacillariophyta Bacillariophyceae Fragilariales Fragilariaceae Fragilaia

Chlorophyta Chlorophyceae Sphaeropleales Microsooraceae Microspora

b Cvanobacteria Cyanophyceae Nostocales Stigonemataceae Stigonema

(Source: Field survey 2019)

Micro -invertebrate: Seven species of Micro invertebrate were recorded in the sampling station of Marin Khola

and Sunkoshi River. Recorded sepcies are presented in Table 5-19.

(Source: Field survey 2019)

(ii) Fish Species

Sunkoshi River once reported to have high fish diversity is facing decline to a great el:tent. The development

activities along the Sunkoshi River increased demand for fish. People also used DC current and poison to collect

fishes in the past, by completely destroy the aquatic habitat. ln addition, Sunkoshi River is a source of local

construction materials such as sand and gravel. Number of quarry sites is operated in the Sunkoshi River. Wthin
the proposed inundation site, 2 quarry sites exist. Mining of sand and gravels from these sites has destroyed

even the spawning area of the fishes.

In total, 19 fish species were reported in the Sunkoshi River by the local fishermen and 25 species in the Marin

Khola. Out of them 5 species are long distance migratory, 4 are middle range migratory rest are local resident.

While sampting 13 species and 19 species were coliected in Sunkoshi River and Marin Khola respectively (Table

5-20).

,ffi

Table 5-19 : Micro Invertebrate Recorded at different Sampling Station

S.No. Taxa

Abundance

Station 1 Station 2

I Gomphidae
4
I

2 Torleya I

3 Cinygmina 17

1 Macrobranchium 1

2 Tabanidae 4

3 Corydalidae 1

4 Cheumatopsyche 7

5 Torleya 't

Cinygmina 4

I Choroterpides I

;",;"6
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Table 5-20: Fish Species in the Sunkoshi River and Marin Khola

s.N
o

Scientific Name Local Name Oder
Migroto

ry
species

Sunkoshi River Marin Khola

Collect
ed fish
species

Report
ed

Specie
s

collect
ed fish
species

Report
ed

Specie
s

1 Anguilla bengalensis Rajbam Anguiliformes LM 1

z Bagarius yarelei Gonch Cypriniformes LM 1

3 Barilius baila Faketa Cypriniformes R 1

4 Barilius bendilesis Faketa Cypriniformes R 1
a

Barilius Vagra Faketa Cypriniformes R 1

o Batasio batasio Tengra Siluriformes R 1

Botia daio Baghi Cypriniformes R 1 1

R Botia geto Baghi Cypriniformes R 1

Y Botia lohachata Baghi Cypriniformes R I 1

10 Channa gachua Hile Perciformes R I
I

4
I

11 Channa punctatus Pahelo hile Perciformes R 1 I

12 Clupisoma garua Jalkapoor Siluriformes LM 1

13 Crossodteilus latius Lohari Beloniformes R 4
1

14 Garra annandalei
Lahare
Buduna

Cypriniformes R I 1

15 Garra gotyla
Nakte
Buduna

Cypriniformes R 1 I

16 Glyptothorax pecti nopte ru s Kabre Siluriformes R 1I 1

17 G I y ptotho rax te lch itta kabre Siluriformes R 1 1

18 G lyptothorax tri I i neatus kabre Siluriformes R I 1

19 H ete ro p n e u stes fossi/ls Singhi Siluriformes R 1

20 Labeo dero Gardi Cypriniformes MM 1 1

21 Labeo pangusis Pausi Cypriniformes R T F,%
rsTL^€
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S.N
o

Scientific Name Local Name Oder
Migroto

ry
species

Sunkoshi River Marin Khola

Collect
ed fish
species

Report
ed

Specie
s

collect
ed fish
species

Report
ed

Specie
s

22 Macrognathus pancalus Chuche Bam
Synbranchifor
mes

R 1

23 Mastacembalus armatus Kalo bam
Synbranchifor
mes

R 1 1

24 M astacembal us pancalus
Pataiya
gainchi

Synbranchifor
mes

R 1 1

25 Mystus cavasius Seto tengra Siluriformes R 1

26 Nemacheilus beavani Gadela Cypriniformes R 1
I

27
Neolissochilus
hexagonolepis

Katle Cypriniformes MM 1

28 Noemacheilus botia Gadela Cypriniformes R 1 1

29 Noemacheilus horai Gadela Cypriniformes R 1 1

30 Oxygaster bacaila Chelwa Cypriniformes R 'l

31 Phyeschistura elongata Gadela Cypriniformes R 1

32 P se ud eche n ets su/cuf us Rato kabre Siluriformes R 1 1

33
Psilorhynchoides
pseudecheneis

Tite Siluriformes R 1 1

34 Puntius conchonius Pothia Cypriniformes R I 1

JJ Puntius savana Sidra Cypriniformes R 1 1

Jb Puntius sophore Sidra Cypriniformes R 1

37 Puntius ticto pothia Cypriniformes R 1 't

38 Salmostoma acinaces Chetwa Cypriniformes R 1 1

39 Schistura savona Gadela Cypriniformes R 4

40
Schizothoraichthys
progastus

Chuchche
asara

Cypriniformes MM 1 I

41 S ch izothbrax i ch a rd so n i Buchche asla Cypriniformes MM 1

i"o
./ i :'>
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S.N
o

Scientific Name Local Name Oder
Migroto

ry
species

Sunkoshi River Marin Khola

Collect
ed fish
species

Report
ed

Specie
s

collect
ed fish
species

Report
ed

Specie
s

42 Tor putitora Sahar Cypriniformes LM 1 I

43 Tor tor Sahar Cypriniformes LM I
I I

Total 13 19 IJ 25

(Source: Field survey 2019)

LM- Long Distance Migratory Species; MM - Mid Distance Migratory Species, R -Residence
(A) SpecrEs Asuroeruce AND FlsH Corvrposrrot

Fish species recorded in Sunkoshi River and Marin Khola is presented in Table 5-21 and percentage of
abundance in Table 5-22.

Table 5-21 : Species Diversity and Distribution Pattern

S.No. Scientific Name Local name

No. of fish caught by hired Fishermen
using Castnet

Number of fish
caught

Percentage of fish
caught

1 Barilius barila Faketa 1 o.29

2 Barilius bendilisis Faketa 74 21,33
? Eailius Vagn Faketa 12 3.46

4 Botia daio Baghi I 2.31

Botia geto Baghi 2 0.58

o Botia lohachata Baghi 3 0.86

7 Crossocheilus latius Lohari 18 5.19

8 Garra annandalei Lahare Buduna 136 39.19

I Gana gotyla Nakte Buduna 14 4.03
4a G I yptot ho rax pecti no pte ru s Kabre 1 0.29

11 Labeoiero Gadi 3 0:86

12 Macrognathus pancalus Chuche Bam 2 0.58

13 Neolr'ssochrTus hex ag on ol e p i s Katle 2.59

14 Noemacfieilus botia Gadela 2 0.58

15 Noemadteilus horai Gadela 3 0.86

16 Physoschi stu ra elongata Gadela 7 2.02
4'7 P se u de ch e ners su/cuf us Rato kabre 4 1.15

18 Puntius savanna Sidra 3.75
't9 Puntius sophore Sidra J 0.86

20 Sa/mosfoma acinaces Chelwa I 2.31

21 Schrstura savona Gadela 2 0.58

zz Schizothorax ichardson i Buchche asla zl 6.05

23 Tor putitora Sahar 1 0.29

rd\.*i';
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S.No. Scientific Name Local name

No. of fish caught by hired Fishermen

using Castnet

Number of fish

caught

Percentage of fish

caught

Total 347 100

Source.' Field surueY, 2019

Envi ron mental /mpacf Assessm ent Study of
Suntostri Marin dlversion nZuttrpurpose Frqect (28 6Z MW) EXISTING ENVIRONMENTAL CONDITION

(Source: Field surveY 2019)

(C) Catch Per Unit effort (CPUE)

A total of 347 fish were caught in 2 sampling stations. Attempt catch ratio in Sunkoshi River and Marin Khola is

1.0.249 and 1 :0.51 1 respectively (Table5-23).

Tablel5-23: Catch per Unit Effort (CPUE) at different Sampling Station

NamE of Sites
Level of
Effort

No. of Fish
caught

Gatch per unit
effort {CPUE)

Attempt
Catch Ratio

Sunkoshi Marin DiVersion Multi -
Purpose Project Dam site in

Sunkoshi River

470 117 0.249 1:0.249

Sunkoshi Marin Diversion Multi -
Purpose Projecl Power house site

in Marin Khola

450 230 0.51'l 1:0.51 1

920 u7 0.377 1:O-377

(Source: Field surveY 2019)

A detailed fishery report is presented in Annex 2-1.

5,2.3.5 BiodiversiV and Habitat

i. Punxr AND wILDLIFE sPEclEs DlvERslrY

As mentioned above, major parts of the project is inundated area and majority of the vegetation is in private land.

Riverine forest dominatei tne area with species of - khair, sissoo, simal, and miscellaneous species. Most of the

trees are pole-sized (below 30 cm dbh) and regeneration exists. These sites are being least harvested except

some free grazing.

ln addition, jackal, monkey, squinel are being reported by the local and a snake, cobra was encountered during

the field work by the inventory group.

i:. TunenrsNeo, ENDEMIC, RaRe nNo PRoJECTED sPEclEs

The project sites have most common species like - small (a resting and nesting tree) and Khari tree. Species

included in the CITES argnot reported. Sal, Simal and Khair are 'use regulated species' and require government

approval fot'

Table 5-22: Percentage Abundance at sampling station (using cast net)

Station Sites
Number of
Fish caught

Total
WeQht o

fish caught
(gms)

Number
of

specles

Catch
Percentage

Percentage
of fish
caught
We(ght

SMDFS 1 Dam site in Sunkoshi River 117 726 13 33.72 31.27

SMDFS 2 Powerhouse site in Marin Khola 230 1595.5 15 66.28 68.73

Total 347 2321.5 100.00 100.00

rinal Repodg
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5.2.4 Socio-Economic and Gultural Environment

5.2.4.1 Socio-Economic and Cultural Features of the Proirct Area

The socio-economic characteristics of affected wards are presented below:

i. PopuurpuDrsrnreurroN

The total population of the affected Municipality and Rural Municipality is presented in Table 5-24. The total
population of affected ward (Table 5-25) is 15878 having 7506 (48.39%) male and 8372(51.610/o)female). The
total number of households is 3026 and average household size is 5.25.The population distribution of the
affected population is presented in Table 5-26. The economically active group of age between 16 - 59 years has
53.50 % whereas the not-active group of 46.5 o/o. The occupational status of 73o/o of the total population is
agriculture, followed by business 4 o/o and labour 8%.
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Environmental /mpact Assessment Study of
Sunkoshi Main Diversion Muftipurpose Project (28.62MW) EXISTING ENVIRONMENTAL CONDITION

Table 5-25: Population Distribution of Project affected Municipality and Rural Municipality ward wise

Mu n ici pal ity/ Ru ral Mu ni ci pal ity
& Ward No.

Ward No Household Population

Total Male Female

Manthali Municipality o 715 3496 1603 1 893

Khadadevi Rural Municipality 4 651 3909 1 964 1945

Sunkoshi Rural Municipality o 812 4058 1 865 2193

Kamalamai Municipality 2 848 4415 2074 2341

Total 3026 1 5878 7506 8372
Source: CBS 2011

Table 5-26: Population Distribution by Age Category of Project Area

S.No. Aqe Cateqorv Total Pooulation Percentaqe (%)
a <5 vears u1 4.04
2 3 - 15 vears 5187 32.67
J 16- 59 vears 8494 53.50
4 >60 vears 1556 9.80

Total 15878 100
Source: CBS, 2011

Tabb 5-2T.Occupation of the People of Project Area

Occupation
Percqntage
t%l

Aqriculture 73

Service 1

Service (Police, Army
etc) <1

Business 4

lndustrv 0

Labour 8

Others (if anv) 13

Totals 100
Source: Field Survey, 2019

ii-- ErHNlcrw

Chettri is the dominant ethnic group in the project affecled wards constituting 24.76% of the total population
(Table-5.28). Othersare Newar (18.04o/o), Tamang (15.75o/o'), Majhi (12.67%), Mager (7.630/o), Brahmin (5.22o/o),
and Sarki (5.16%) and so on .ln the project area, all groups are living together with similar style and pattern.

Table 5-28: Distribution of Population by Ethnicity

SN Ethnicity Percentage ( o/o )

I Chettri 24.76

2 Newar 18.04

3 Tamang 15.75

4 Majhi 12.67

trb
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SN Ethnicity Percentage ( % )

5 Mager 7.63

6 Brahmin-hill 5.22

I Sarki 5.16

8 Damai/ Dholi 3.77

I Kami 2.93

10 Sunwar 0.61

11 others 3.37

iii. SPTTUTUENT PATTERNS

In the project area, people live in separate clusters based on their ethnicity and status. Housing pafterns are

more or less same throughout the project area. Most of the houses (about 96%) are made of stone masonry with

mud mortar with wood pirtition walls-and corrugated zinc sheets for roofing. Many of them are with two stories

and some have three storeys. A courtyard is generally found in the front side of most of the houses. The

courtyard is used for various activities such as reiting, meeting people etc. Most of the households have a hut or

shed for cat1e, goat and for other purposes such as storing firewood, dry fodder or straw.

iv. Eoucanol Senuce

f n the project area, l1eracy rate is 6g.73 %.lt is lower than national literacy rate (70%) as well as literacy rates

$T o/;) oi uotn districts. Mate are ahead than femate literacy Both Municipality and Rural Minicipality are

developing in education service. '''
v. Henlrs SeRvtce

The project area ties in district headquarter like Manthali Municipality ?.n9.K?t"f?m1l lvfumc*.Oality 
as well as

Rurai tvtinicipality's - Sunkoshi and Khadadevi. So health service is available to affected people- Fever, worm

infections, cold coughs, cholera, diarrhoea and dysentery are rnost comlor] di-seases in the area. Feople usually

vi.it-i"tnrn"ndu foitreatments of serious heatth problems. Generally, 650/o of the people go to health posts for

the first aid and 15% to traditional healers and remaining20o/o to Ayurvedic clinics.

vi. WelenSuPPLYAND SnrtrnrtoH

About 6g.g% of total households are supplied with tap water (pipe line); others depend on traditional water

r;ppi";;; 
". 

*Jfr, water springs and streams. Most of the cluster/settlements have dug well at the bank of

rivei and using electrical pump'for ilater lifting. About 49olo HHs has a toilet facility and rest are without toilet. lt

shows poor condition in sanitation.

vii. ComuumcATtoN

The means of communications in the area are television, radio, post office, landline telephones, CDMA system

and mobile phones. All services are said satisfactory. At present more than 58 % people are using mobile

phones.

viii. TnanspoRTATloN

This project area is connected with black top road - B.P. Higirway at headworks site and powerhouse is

connected by Dhar,an-Chatara-Hetauda Road. Headworks and powerhouse are connected by all-weather road-

ix. ErERevuse

ln the project area, T4.22o/o households use etectricity for lighting (Table 5-29), whereas 10.60% households use

kerosene-for lighting purpose and 15.18% households use solar for lighting purpose- Many households have.

installed solar power panels for electrification. The government is providing 50 percent subsidies on the costs of

such installations of solar. Such installations are beComing popular among households of the area. Majority of the

household;, i.e., g2.ShAqqseholds use firewood for cooking (Table 5.29), whereas 4o/o households use

tpC,i.syo'eacn no,ffi kerosene and bio-gas and 0.5% household use electricity for cooking purpose.

FinalReoortuffi
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Table 5-29: Energy Use in the Project Area

Survey,
x. Mnnxers

The main market place is the districts' headquarter, including
headquarters of Sindhuli and Ramechap districts.

xi. CuuruRll ero Reucrous Acnunes

Khurkot. Sindhulimadi and Manthali are district

Indigenous peoples Majhi worship Rajeshorbhimsen whereas Lhosar festival is celebrated as the New year eve
by the Tamang community. Every ethnic people of the project area also observe festival namely Dashain (biggest
festival of all Nepalese worshipping goddess Durga Bhawani), Tihar (festival of worshipping Laxmi, the goddess
of wealth), Shree Panchami (the festival of worshipping Saraswoti, the goddess of knowledge), Maghe Sakaranti
and Sawane Sakaranti. People celebrate these festivals with joy. Women have special festival Teej (worshipping
lord Shiva for long live of their husband and family members),'No religious sites are located in the direct impact
area.

xii; Mrcmnons :

Migration phenomenon is not common in the project area. In- and out-migrations are rare. A plicture of migration
in project affected wards is listed belor (Table-5.30).

Tabb 5-30: Migration from Project Area (Affected wards)

xii i. Ecoromrc Acrvnres

Agriculture and business are the major economic activities in the project area.71o/o of the people are involved in
agriculture and 14Yo in business whereas only 10% of the total population work as labours and others in army,
service and industry.

a. AcRTcULTURAL

Majority of the people have their orun land in the project area. There are about 2035 ha. of cultivated land in the
project area. No one is landless. Thirty percent of households have less than 0.25 ha of land. 47 % have less
than 0.75 ha of land and 23 % have more than 0.75 ha land (Tabte 5-31).

Table 5-31: Land Holding Size in Project Area (Affected wards)

'ffi hb

S.No Description o/o of Family who Cooks % of Family who lights

1 Firsruood 92.5 0

2 Kerosene 1.5 10.60

3 L.P.Gas 4 0

4 Bio-gas 1.5 0

5 Solar 0 15.18

o Electricity 0.5 74.22

Total 100 100

rce: Field 20't9

Migration

Families that have been Migrated to this Village
during last 10 years

Families that have been out-Migrated from this
Village during last 10 years

No, of Fllles
Total Persons Female Male No. of Families Total Persons Female Male

4 24 16 I 6 31 18 13

I

Final Report
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S.No Land Holding Size Household (%)

1 Landless U

2 0 - 0.25 ha. 30

3 0.26 - 0.75 ha 47

4 .0.76 - t ha. 19

5 t ha - aborc 4

Total 100

Source: Field SurveY, 2019

The agricultural practice in the area is conservative and traditional. Local people cultivate crops in Pakho (upland)

and Khet (low land). Paddy, wheat, maize, millet and pulses are the major cereal crops grown in the area

whereas potato, mustard and green vegetables are the major cash crops grown. Table 5-32 shows area and

production of crops grown in the area. Some land is uncultivated due to labour problems.

Table 5-32: Area and Production of Crops in Project Area

S.No Crop
Area
(Hector)

per ha
(MT)

Production
(Ton)

Gereal Crops

1 Paddy 46 2.66 1 186.36

z Wheat 207 1.77 3S.99

3 Maize 933.34 2.1 1960.01

4 Millet 317.66 0.9 285.89

5 Pulses o 0.07 4.2

il. Gash crops

1 Potato 95 1.8 171

2 Mustard 10 0.06 o.6

3 egetables 20 3.1 62

Cropping IntensitY 122.OOo/o

Source: Field SurveY, 2019

b. BusrHEss

Business is another economical boosting factor for this district. Over 14o/o people are involved in business and

increasing day to day.

Land transaction is rare and land holding is stable. The prevailing prices of land are highly variable depending

upon the quality of land. The local farmers, whose land properties are likely to be affected by implementation of

the proposed Pioject, are willing to sell the land if appropriate compensation is offered.

c. Oruens

Other economic activities in the area are to work as labour in the nearby areas of the district. Some young people

have gone to foreign countries for jobs. Remiftance has also been one of the sources of income for some

households in the Project area.

Majhi are professional fisherman in the project area, but they are not depended on fishing. Few people were

found involved in occasionally in fishing activities in project area-
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xiv. CoMMoDrrY PRrcE

Commodity price is found more or less same in the project area. The prices of the major commodities are NRs
30/- for paddy, NRs 501 for wheat, and NRs 50/- for maize. The details of price list of other commodities are
given in Annex 3.1

nr. UseoFSuNKosHrRven

The Sunkoshi water is used for drinking and irrigation purposes. People have made well in the river bed and use
water pump to irrigate land.

xvi. CnemanoN StrE

The bank of Sunkoshi River is used as the cremation places for local communities. One cremation place exists in
the project area, i.e., at the confluence of Tamakoshi and Sunkoshi River at Beni Ghat.

xvii. Averraerurv or Locnu LABoUR FoRce

About 53o/o of the total population is economically active in the project area. People of the project area and
surrounding the project area can be considered as potential source of labour force for the project. There are also
skilled labourers in the area like - carpenters, plumbers, masons and other remaining have different skills.

xviii. Srnrus oF WoMEil lr.ro DslovnNTAGE Gnoups

ln rural areas in general, men take leadership. Mostly, women are engaged in household works such as moking,
cleaning, washing, food processing, household maintenance, hygienic and sanitation activities. About 55% of the
women are literate and able to read and write. In Rai and Tamang community, position of women in their families
is better than in other ethnic groups. They are very active and are engaged in income generating activities such
as ghee making, knitting, bamboo goods, poultry farming, vegetable growing and operating tea stalls. ln fact,
women are more active than men of the respective ethnic groups. Women participations in the social and political
activities are very much limited. Those women who participate are actually for filling the number of women quota
approved by the government organisation(s). Very few women.hare lands and houses registered in their names.
The average age of girls at maniage is in between 20 and 22 years. This is an improvement as compared to
many other places of the country :

:

There are no disadvantaged groups in the project area.

xix. Locel DEMANDS

All discussions have more or less resulted similar type of demand:and suggestions. Their demands and
zuggestions are as folloring:

. Project should rehabilitate and reconstruct all project-affected infrastructures such as road, irrigation, drinking
water, solar power etc.

. Project should provide compensation for los{ properties at the markd price so that they could replace their
lost land and buildings

. Project has to give first priority in employment to projed- qffecled communities.

. Project should support in the development activities of the project-affected areas

The focussed group discussion with women group in Kusumetar area insisted on income generation training such
as vegetable forming, raring of buffalo, goat and pigs, and poultry and fishery farms,

5.2.4.2 Socio-Eco1omic Status of Prgiect Affected Familie (PAFsl

The socio-economic status of the PAFs has been presented from the survey of 91 households. Total population
of the survey households is 725, with 378 (52.14o/o) male and 347 (47.860/o) female population (Tabte 5-34). The
average household size of the PAFs is 7.96. . Population distribution of the PAF is presented in Table 5.33.

i. DEMocRApxrcStnucrune

Of the totaf PAFs, 6.90% are above 60 years of age while 32.12o/o are below 16 years. The economically active
population of the project affected families are in between 16-59 years are 59.967o fl-able 5-34).

b,ft? fh+<-4
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Table 5-33: PoPulation of PAFs

S.N. HHs Population Household
sizeMale Female Total

I 91 378 347 725 7.96

Percentaqe (%) 52.14% 47.86 Yo 100 o/o

Household 19Source:

Table 5-34: Distribution of PAFs by Age Group

S.No. Aqe Cateqory Total Pooulation Percentage (%)

1 <5 vears
79 10.90%

z 6 - '15 vears
't54 21.24o/o

3 1 6- 45 vears
'LE-7 49.24%

4 46- 60 vears
85 11.72%

4 >60 vears
50 6.90%

Total tz5
Source: Household Survey, 2019

ii. Erxrtc CoMPostrloN

The dominant ethnic composition in the inundation area is from the Majhi community which accounts to nearly 64

percent overar!compos'tion of the ":T:#rril"J:fffi:::1":il':. inrabre 5 35

S.N. Ethnic Group Percent ( % )
1 Maihi 63.7
2 Brahamin 9.9
3 Thino oo
4 Newar 4.4
5 Bhuial 4.4
6 Chhetri 2.2
7 Dalit 2.2
8 Other 3.3

Total 100

Source: Household Survey, 2019

iii. Eoucertot

The literacy level of pAFs is 63.03 %, which is higher than district level. About 43.18% have received informal

education. White 12.73% has passed equivalent to SEE level, 5.15 % undergraduate and 1.97 o/o graduate level

of education. Table 5-36 presents the education level of the PAFs.

Tabb 5-36: Educational Level of PAFs

rvey

\-'-.tffi*-
S.N. Level of Education Pooulation Percent ( % )

1 llletrate 244 36.97
2 Read/Write 285 43.'18

3 S.E.E. u 12.73

4 Undergraduate u 5.15
c Graduate 13 1.97

Total 600 100

Source: Household Survey, 2019

4-R.T;;b
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iv. OccupnrroH

Agriculture, labour and business are main occupation of PAFs as their principal sources of income. Majority of
PAFs are engaged in agricultural (73o/o), labour (8%) and business works (4%). Table 5-37 shows the
occupational distribution of PAFs. Though 63 % of the households are from majhi community, fishing and boat
ferry were not reported as their occupation.

Table 5-37 : Occupational Distribution of PAFs

Occupation
Percentage
(ohl

Aoriculture 73

Service I

Service (Police, Army
etc.) <1

Business 4

Industry 0

Labour 8

Others (if anv) 13

Totals 100

Source: Household survey 2019
v. LaHo Hor-or.rc

Majority of PAFs have their own land. Table 5-38 show 62 % PAFs have less than 5 ropani of land and only 6 %
have more than 15 ropaniof land (Table 5-38).

Table 5-38: Land Holding Size of PAFs

S.N. Description Percent ( % )
1 Landless 0
z 0 - 5 Ropani 62
J 6 - 10 Rooani 15
4 11 - 15 Rooani 17

above - 15 Rooani o
Total 100

vi. cnop AREA AND p*oou"r,onSource: 
Household Survey' 2019

Paddy, maize and millet are main cereal crops grown by PAFs. Crops such as Potato and Mustard are major
cash crops grown in the project area by PAFs. Table $39 shows quantity of cereal and cash crops produced and
their values and composition of crops in total agricultural production by PAFs.

The productivityin the core projeet area is loar in comparison to the national average.

Table 5-39: Production of Different Crops

Headworks
Innundation Area in ha Total

Production
Yeild/ ha i
MT

Area in
ha

Total
Productio
ninMT Value in NRs Reamrks

Paddy 5.3< 17.5 3.24 32.63 106.95 2,459,788.27
Wheat z-o2 c.J 2.10 15.99 33.61 1.OO8.360.41
Ma|ze '11.74 25.83 2.20 46.18 101.50 2,438,436.60
Vlillet 0.5: 0.60 1 .10 2.Oa 2.29 59,628.15
Pulse o.7c o.75 o.a2 2.75 2.25 270.958.38
,/egetable 0.87 14.20 12.50 0.05 4.O1 200,733.45
towerhouse
,addy 3.3€ 8.53 2.54 6.74 17.12 393.860.93
n/heal 1.8: 3.O2 1.65 3.68 6.07 r82.060.99
Vlaize 0.71 1.49 2.10 2.17 4.57 109,514.93 nTotal 7,t23,442.L2

Source: Household Survey, 2019 tt
!5i-"
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vii. FOOD SUTTICICruCV ANO SOURCES OF FUNDS TO PURCHASE FOOD

Out of 91 households of the pAFs, lghousehotds (21%) produce enough food for them forwhole year. Thirty-

three percent households produce food for only three months, whereas 37% households produce for six months

and g% households produce for nine months only. Table 5.40 shows the food sufficiency of PAFs and Table 5-41

shows the sources of funds to purchase food. About 79 % of the total PAFs, who produce insufficient food to feed

themselves for 12 months, purchase their required food from income of business and labour. PAFs manage food

from income of service, business, and labour.

Table 5-40: Food SufficiencY in PAFs

S.no Food Sufficiency no of HH PAFs (7d

1 Insuffdient br Whole Year 0 0

2 Enough for 3 months ?n 33

Enouqh for 6 months v 37

4 Enouqh for 9 months 8

Enough for Whole year 19 21

Total 91 100

Source: Household Field Survey, 2019

Table 5-41: PAFs' Sources and Means to Fulfil Food In-sufficiency

S-no
Foocl Suffici€ncy (How do
they Manag€) PAFs (o/ol

1 Service-1 1 12.09
2 Business- 14 15-34
3 labour- 57 62.65
4 Othe€-9 9.aa

-fotal .1.o'o

Sburce: Household Field Survey; 201 9

vi ii. LvesrocK HoLDtNcs

Livestock farming is an integral part of agricultural system. Animal husbandry is also a major contributor to the

household inc-oml of pAFs.-Catfles, buffatoes, goats, pigs and poultry are the main llvestocks of PAFs. Cattles

and buffaloes are kept for milk, ghee and manure. Pigs'and goats are kept for meat and for sale. Poultry are kept

for eggs, meats and for sale. In average, one household of PAFs has holdings of 10 livestock. A total of 4,304

livestock were recorded from g1 households during the field survey. Table 5-42 shows total number of livestock

kept by PAFs.

Tabte 542'. Livestock Population Holding by PAFs

,#..ith*.a&' 7r*. t*

\*,$f*i d6.#*$

S.N. Descriotion Numbers Percent ( % )

1 Cow 128 2.97

2 Ox 142 3.3

He Calves 54 1.26

4 She Calves 61 1.41

5 Buffalo /o .76

6 He Buffalo 19 0.44

7 He Goat 268 6.23

8 She Goat 255 5.93

Goat 6U 14.74

10 Duck 24 0.55

11 Pigeon ZJ 0.58

12 Chicken 2490 57.86

13 Others 128 2.97

Total 4304 100

201 I
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ix. SerrleuENT PATTERN

PAFs are found to live in separate clusters based on their ethnicity and status. Housing patterns are more or less
the same throughout the project area irrespective of ethnicity and economic condition of the households.

x. lr{come oF PAFS

The average annual income of PAFs is NRs. 380,912.66. The main source of income is from labour, remittances
and business which come to 42o/o, followed by agriculture 39%. Table 5.43 shows contributions of different
activities in the annual income of PAFs.

Table 5-43: Average Annual Income of PAFs

SN Descriotion Amount (Nrs )
A. Agriculture

1 Cereal Croos 56,333.80
z Cash Croos 22,577.46
J Fruits / Others 10.205.63

Total ( A ) 89.116.89
B Livestock

Animal Husbandry 1.323.94
2 Dairv Product 12.619.72
3 Sale of Cow / Bull 6,978.87
4 Sales of Buffalo 5.295.77
5 Sale of Goat 37.309.86
o Sale of Piq 6,338.03
7 Sale of Chicken/Duck 10,169.01

Total{ B ) 80.035.20
C. Others

I Service 27.056.34
z Waoe Labour 112.690.14
3 Pension 1 ,690. 14
4 Trade / Business 39.929.58
5 Cottaqe [ndustrv
o Sale of Services 2.155.60
7 Sale of Fish 18.549.30
I Others{remittance) 11,563.38

Total ( 213.634.48
G. Total ( A+B+C ) 380r912.66

Household 2019

xi. ExpexoFUREs oF PAFs

The annual average expenditure of PAFs is NRs. U3,215.91. The PAFs spend more money on food items than
on non-food items. The average income and erpenditure pattern is not encouraging although average income is
slightly more than expenditure. Table 5-44 shows the annual ependiture of PAFs in different items.

Final Repod
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Table 5-44: Annual Average Expenditure of PAFs

SN Descriotion Annual Expenditure ( Nrs )

1 Rice 51.288.73
2 Pulses 8,935.21

Maize 34,109.86
4 Veqetables 18.370.42

5 Milk / Curd 15,549.30

o Meat / Fish 33.690.14
1 Oil /Ghee 12.642.25

Salt 1,271.13

9 SDices 4.340.85
10 Suoar 4.156.U
11 fea 1.022.25

12 Fuel Wood 14.307.U
IJ Electricitv 4.018.31
14 Kerosene 7.04
15 Medicine 29.4U.79
to Education 42.211.27

17 Clothes 27.014.08
18 Festivals 31.887.32
19 Others 6.929.56

Total 343.215.91
Source: Household Survey, 2019

xii. PovenrvSrarus

As could be seen from the tables 5-43 and 5-44 above, a family on average makes a saving of Nrs. 37'696-75

per annum, indicating better situation in average. However, some of the families have food insufficiency (Table 5-

40) and experience hardshiP.

xiii. EnencY Use

The table 5-45 show the use of energy of PAFs. More than 85 % of the PAF still use fire-wood for cooking

purpose and about 97 percent of the total PAFs are benefitted from electricity for tighting'

Tabb 5-45: Source of Energy of PAFs in Percentage

S.N Description Cooking
Percent (%)

Lighting Percent
(%)

1 Fire -Wood 85.5 0

z L.P.Gas 10 0

3 Electricity 0 97.5

4 Bio-gas 4.5 0

Solar 0 2.5

100 100

Household Survey

xiv. Sounce oF DRINKING WereR oF PAFs

Most of pAFs g6.g1% has access to piped drinking water. About 9.89 o/o are dependent on well water for drinking

(fable 5-46).

Table 5-46: Source of Drinking Water of PAFs

t SN Descriotion No. of HHs Percentaqe ( % )

1 Pioed Water 79 86.81

z River / Stream J 3.30
,l Well 9.89
4 Sorino Water 0 00.00

Total 91 100.00
Source: Household , 2019

s;rb.?P ;?-{,{:y'
4- .rt-

6[+nri1oi <^ab#.;;"14
xv. Srarus or Wolvler

Women involvemeni in the decision making of households is presented Table 547. ln general, decisions are

made in consultation between male and female partners but final decisions are made by male partners with few

exceptions. women involvement is highest (76%) in agriculture activities.
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Table 5-47: Level of Decision making power of Senior Female Member of Household

SN Women Involvement Involvement ( % )
1 Education of Children 62
z Health ancl Ireatment of Sick Children 69
? HUrcnasrnq utotnes tor Famttv 52
4 Agricuft ural Activities 76
5 Purchasinq of HHs 40
6 sae and Purchase ot Prooertv 18
7 Marnaoe ot chtldren z3
6 Uomestrc Entertainment 40

Source: Household survey 2019

xvi. EXPECTATIoN oF PAFS FoR CoMPENSATIoN

Almost all PAFs expect cash compensation to their lost assets. They are capable to handle their cash
compensation on own wills. Table 5-48 shows willingness of PAFs for compensation of the project area.

Table 5-48: Willingness of PAFs for Compensation

S. No. Description PAFs (%)
'l Cash 100
2 Land for land
3 House for house 0
4 Others
Total 100

xrrii. use or GoupENsATloN 
Source: Household survev 2019

About 99 % of total PAFs expressed their desire to use cash compensation for purchasing land. \Mrereas 10% of
PAFs wanted to trade and 79.80 % wanted to construct house. Table 5-49 shows willingness of PAFs to use
compensation amount.

Table 5-49: Uses of Cash Compensation

SN Descriotion Percentage (%)
I Purchase of Land 99.30
z Construction of House 79.80

Pavment of Loan 23.45
4 Trade 10

5 To Educate Child 30.17
A Others 0

xviii. MeugeRs * pAP3ffiJffi,llef"'#il,:lln *. pno.rEcr

The project area does not have economic and development activities at present. About 51olo of the total pAFs
want to work as unskilled labors in the projed whereas 43o/o have skills to work as skitled laborers. The 650lo
showed interests in administrative works and 6.5% in executive post. Table 5-50 shows the willingness of pAFs
rnembers to work in the pro.ject in different capacities.

Table 5-50: Members of PAFs Wtro Want to Work in the Proiect

S. No. Description PAFS (7o)

As unskilled labours 50.91

2 As skilled labours 42.85
3 In administration 65
4 As executile ofEcer 6.5

xix. Expecrnrror or pAFs r-"r?iT"F-HT:i"rd 
survev 201e

About 87.5% urged that the project should contribute to local area development (Tabte
expected that the project should contribute for electricity.

nearly 81.5%

b:
,?'P
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S. No. Description PAFs (7")

I Good compensation (cash) 98.5

2 Employment opportunities 94.5

3 De\,elopment of local area 47.5

4 Electricity 81 -5

5 Others 1.45

Source: Household survey 2019

xx. MAJHT GonnuUntW ALONG THE RvER BANKS OF SUNKOsHI RveR ltto TAMAKOSHI RIvER

The Sunkoshi River and Tamakoshi River were well known for fishes in the past. Hence large number of Majhi

community resided along the river banks. This community had mainly two occupations namely taking the people

across the river by boat-and fishing as their livelihood. Later they also stated cultivation along the fertile land

along the river. Majority of the lanO atong the Sunkoshi River and Tamakoshi River are owned by Majhi

comirunity. Table 5-52 presents the number of affected households affected in the community' Out of 491

number of affected household along the Tamakoshi River and sunkoshi River 417 households are from the majhi

community.

Table 5-52: Affected Households along the Sunkoshi River and Tamakoshi River

District Area

Numberof households

Majhi Chetri Newar Backward Unidentified Total

0)

E
EaoY
E
(E
F
o,
o

Hattitar 1

Hattitar 2 "

Seleghat

Simtadi

Puchighat l

Rajgaun

Khosai 1
I

rKhosai 2
I

lKhalleri

501.",..1
ol
:;l
JO

19,

11
1,?

47

45

i9
31

2
1

i

I 5 581

YZ
;;
iu
tl

1:2

;;cl

4P

18

JI

1

1

o
or9 'c?o
_9 =.><aE

s,ilgtpat! t \!a
qiFlpatt? s1
Silaloati e ka

Sitalpati 9 gha

99
1

-11

12

3
-z

-*":
J

[r

z 2

z

dfl..^

ia
43

Total 41i 4a 1€ 491

sercentage 8501 o0a 3o/o 1Yo 2Yo

However, traditional livelihood of the fishermen community such as (i) ferrying the people. across the river had

been tost due to construction of suspension bridges; and (ii) fishing have been redy-ce!, substantially due to

widespread use of DC cunent and poisoning for fishing. These methods of fishing kill all aquatic life. Hence,

agriculture is the main livelihood for this community.

rffffi,c
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Both beneficial and adverse environmental impacts have been identified, predicted and evaluated for prioritized
issues as included in the approved TOR for the EIA study. Beneficial impacts are described in sub-section 6.1 and
adverse impacts are described in sub-section 6.2. lmpacts evaluation have been made to know their environmental
significance with due consideration on aspects as mentioned in chapter 3 (methodology). Any other adverse
impacts that are not identified or anticipated at this stage, if later significant during construction and operation
phases, the Proponent will mitigate and/or compensate in due course of time.

6.1 BENEFICIAL IMPAcT

The construction of the project ensures for continuous supply of hydro-electricity to the people. The project will
generate 28.62 MW of hydroelectricity and augment the flow in Bagmati River to provide the irrigation water to
122,000 ha in the five districts Bara, Rautahat, Sarlahi, Mahottari and Dhanusha of Province no 2. Apart from the
direct benefit of generating hydroelectricity and irrigation water, the project will provide employment and other
benefits during the construction and operational stages. The following sub-section describes beneficial impacts of
the project. Appropriate augmentation measures have been proposed to enhance the beneficial impacts.

Apart ftom that, the project will support for development activities in the project affected Rural Municipalitys and
Municipality.

6.1.1 ConstructionStage

The following five beneficial impacts will occur during its construction stage:

(i) Increase in job opportunity for tocal people

During the construction of the project, large number of skilled, semi-skilled and unskilled manpower will be required.
Based on detailed feasibility study report, in average 840 person of workforce will be required daily for the
implementation of the hydropower component. The socio-economic survey revealed over 50 percent of the PAFs
interested !o work as unskilled laborers and 43 percent as skilled laborers. The employment opportunity will
increase the income level of the project affected and local people.

During the constr:uction period, workers from outside the project area will reside in the designated work camp for
considerable period of time. Since workers will have good purchasing power, there will be increased demand for
different types of food, beverage and other daily necessary items. More tea stalls, grocery shops and restaurants
will be operated to cater services. As a result, significant amount of cash will be channeled into the local economy.

Nature of the impact is direct. Magnitude, extent and duration of this identified impact have been rated as high,
regional and short-term respectively.

(ii) Increase in trade and business

The construction camps will be located at the headworks site and powerhouse site. Nearest market of the
headworks site is Khurkot which is already developed market place and new market center could be developed at
Kusumtar nearpowerhsuse site. The wsrkforce will be located at the both constructjoncamps. Ttte workforce wiH
also require significant quantities of vegetables, cash crops (fruit, vegetables etc) and livestock products such as
milk, ghee, meat and eggs. This increased demand will encourage local people to be self-employed in horticulture
and animal husbandry. From the sales of the products they will be able to increase their income levels and improve
the living condition.

Marketing of the local products to the project employees and the employment in the construction works will increase
income of the local people. Furthermore, construction workers and project staffs will have good purchasing power.
Similarly, the increase of consumption of local production will improve the local economy, it will also result to the
flow of significant amount of cash into the local economy and additional income generation opportunities will be
opened.

Taking into account the experience of similar projects, magnitude, extent and duration of the identified impact have
been rated as high, regionaland short-term respectively.

(iii) Skill enhancement of locals
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The project will provide technical skill training on construction works and income generating training to one member

of the project affected family so that they could be employed in construction activities or run enterprises of its own.

A total of 532 people will be trained. Area of training could be in specialized area such as masonry works, carpentry,

gabion weaving, electro-mechanical works, house wiring and maintenance, road slope stabilization, spoil handling,

etc.

The magnitude of the identified impact has been considered high, while the extent and duration have been

predicated local and long-term respectively.

(iv) Induced Development in Project area

Economic activities in the project area and cash inflow may induce development activities in the project area or

project affected Rural Municipalities as well as surrounding Rural Municipality.

The magnitude, extent and duration of this beneficial impact are predicted low, local and short-term respectively.

(v) Local area development through Gommunity Support Programme (CSP)

Apart from the compensation and mitigation measures, the government has made provision of allocating 0.75 %

of the project cost for the community support programme in the project affected area which is equivalent to Rs

346.4514 million for the entire project period. Annually, Rs 1 .0 crore will be allocated for the construction period of 5

years for the local area development of the project affected wards of Palikas in education and health sectors and

infrastructure for community benefits. This budget will be channeled through the Local Coordination Committee

that will be formed with the representation from the affected Rural Municipalitys/Municipalities. This budget is

proposed to be used in development activities of Sunkoshi Rural Municipality-6, Kamalamai Municipality-2,

Manthali Municipality-$ and Khadadevi Rural Municipality-4. Balance remaining will be allocated for the operation

phase. During the operation phase, local government will also receive 25 o/o of the total royalty of the electricity

generation from the project.

The magnitude of the CSP impact will be high with local extent and long-term duration.

6.1.2 Operation Stage

(i) Availability of Clean EnergY

The project will generate 250.694 GWH of hydroelectricity per year and will feed into the national grid. This will be

big input in the national level power planning and will reduce powef import from India.

Nature of impact is direct. The magnitude, extent and duration of this identified impact have been rated high,

national and iong{erm respectively.

(ii) Increase in job opportunities for the local people

After the construction work is over, the prqject will require some permanent post for the smooth operation and

regular maintenance of project components such as equipment, surge tank and powerhouse. Local people will be

recruited for administrative and technicalwork according to their qualifications and skills. These will give permanent

income source to some project affected people and/or local people. The number of posts required could be

quantified during the operation stage.

These impacts would be of indirect nature. The magnitude, extent and duration of the impacts are low, local and

long-term respectively.

(iii) lrrigation of 122,000 ha of land

The project will be diverting 67 m3/s of water from Sunkoshi River to Marin Khola to generate 28.62 MW of

hydroelectric. The water from the tailrace of the powerhouse will be discharged into the Marin Khola. This flow is

added in the Bagmati River and the water will be used for irrigating additional 122,000.00 ha in Bara, Rautahat,

Sarlahi, Mahottariand Dhanusha districts in the Province no 2forthe extension of the Bagmati lrrigation Project.

The agriculture benefit from the irrigation ol 122,000 ha command area will be quite large. The impacts would be

of direct nature. The magnitude, extent and duration of this identified impact has been rated high, regional and

long-term respectively
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(iv) Increase in revenue and local development activities

As per the provision in the lnter-Governmental Fiscal Management Act (2017), 50% of the total revenue will be
allocated to the central government and Province Government and Local Government each will receive 25 o/o. lt
is a perennial source of revenue and local government may use to implement local development activities. .

The magnitude, extent and duration of this local income and identified impact have been rated as high, local and
long-term respectively.

(v) Increase in tourism development

The Khurkot is the junction of the B P Highway, Khurkot - Manthali Road, and starting point of Ramechap Road.
Number of people crosses this location daily. Development of appropriate and adequate facilities such as
boating, sport fishing and accommodation facilities may attract tourists. In addition, inundation area of 312 ha will
have potential for water sport tourism development.

The magnitude of the impact has been considered medium, while the extent and duration have been predicated
local and long-term respectively.

(vi) Fish farming in the inundation area

Project is likely to affect 417 households of Majhi along the Tamakoshi River and Sunkoshi River. This
community was already deprived of their traditionaljob such as ferrying and boating to the people across the river
due to the construction of suspension bridges and fishing due to reduction in the fish population in the river. Their
fishing activities could be revived by fish farming in the large inundation area.

As the activity is revival of the traditional activity of a deprived community, the magnitude, extent and duration of
the beneficial impact has been considered high, local and long{erm respectively.

(vii) tnter-Province impacts and benefits

The major adverse impact of the project such as loss of private, community and government properties will be
located within the Province 3 whereas the long-term major benefit such as hydropower generation will be to the
national !eve! and irrigation facilities will be provided in Province 2. This inter-basin diversion pr:oject pr:ovides
inter=Provincebenefitsanditcou|ddeve|opagoodmode|forbenefitsharingfromhydropowerprojeds.

The magnitude, extent and duration of the impact have been considered low, national and long-term respectively.

(viii) Provision of Shares to the Local People

The draft new hydropower policy has the provision of 1O o/o shares of the projects to the local people. During the
public hearing meeting also, many of the representatives expressed their interest in the investment through share
As the ownership of this project lies with the government it is not confirmed that whether this provision will be
applicable or not.. Moreover the project cost of hydropower component is quite high. Return from the hydropower
component may not be possible.

(ix) Induced Development

Due to increase in economic activities, cash inflow, and project activities, general economic activities will get
boost up. Tfrc availabitity of reliable electricity within the country will reduce dependence on imported energy.

Furthermore, CSP programme will be continued during the project operation phase. The affected local
governments will have remaining fund from CSP budget (only NRs 5 crore will be spent in construction stage).
Local Governments may also use royaltee of electricity generation for the implementation of local development
activities. The project impact of the CSP budget may be significant.

Hence, magnitude, extent and duration of the impact are predicted high, local and long{erm respectively.

6.2 ADVERSE lrupecrs

The approved scoping document and Terms of Reference for this project has included issues on physical,
biological and socio-economic and cultural environment. Efforts have been made to identify, predict and evaluate
the environmental impacts of each issue, as applicable, in the following suFsections:

Considering the project activities, environmental impacts have been assessed as per the EIA Guidelines
1 993 for magnitude, extent, and duration. ldentified and predicted environmental im evaluated to
know the level of significance. The following sub-sections include the impacts iden

F'
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6.2.'l PhysicalEnvironment

6.2.1.1 Construction Phase

(i) Change in topography and land use

The project will inundate 312ha of the different category of land due to construction of 12 m high barrage and

project wiil occupy 340.50 ha of different category of land (Table 2.6) due to the construction hydropower

infrastructures. This will result to change in topography and land use in the project area. Cropland, barren land

and forests will be replaced by concrete infrastructure of project like intake, settling basin,"powerhouse, surge

tank and staff quarters etc. Sometimes cutting of slopes, disturbance in fragile slopes and clearance of riverine

land for quarry and disposal of muck may accelerate landslides in the existing landscape. ,. However, baseline

information confirms stable slopes and good foundation of project structures. lmpact on topography will occur

during operation phase also if the fragile slopes have been disturbed during construction phase.

Taking into consideration the geology of the area, magnitude, extent and duration of this impact is predicted low,

site-specifi c and short-term respectively.

For land required for the disposal area and borrow area, 6.39 ha will be acquired temporarily on lease or rent. lts

land use could remain as the original condition or even better after rehabilitation. The magnitude, extent and

duration of the impact will be lcrurr, site'specific and short-term.

(ii) Land slide and soil erosion due to excavation wofks

Construction activities will include land excavation, slope cutting, grading, use of heavy equipment etc. these

activities on slopes may induce slope failure and mass wasting. The clearing activities of public land and

agricultural land for the construction of project structures will make the soil surface loose. So soil erosion may

o-cur during the rainy season especially in the steep slopes. The eroded particles may be transported to the river

in monsoon and exacerbate sedimentation in river.

As geological condition is stable, magnitude, e{ent and duration of this impact is considered low, sitespecific

and short-term.

(iii)'Degradationofairandwaterqua|ityandincreasein:noise|eve|

(a) Air quality 1

and transPortation ofEarthworks and plying of vehicles within the project area rnay degrade air quality,

construction materiits irom the quarry site to the construction site and movement of consultant's and contractor's

personnel on daily basis will add emission of carbon monoxide and sulphur dioxide and dust in the local

atmosphere.

As baseline air quality is good, addition of gaseous and dust emissions may not degrade and cross the national

ambient air qualiiy. nLnce-, magnitude of impact is predicted lolv with local extent and short-term duration. lmpact

of dust and gaseous emission is construction-related and, therefore, the overall predicted impact will be

insignificant.

(b) Water qualitY

A temporary river diversion will be made for the construction of barrage. The construction work will temporarily

increase water turbidity during the dry season (for about 4 months). The large number of the construction workers

during the peak consiruction period in a limited area likely to induce-sew9_r?g-e disposal problem. In view of

existiig waier quatity (which complies with NDWQS , 2062) and water flow (85.8m"/s in driest month, March) in

the Sunkoshi River, aObitional biotogical waste may pollute river to a certain extent during the dry season and will

self-purify in the downstream.

Though the duration of this impact is short-term, magnitude of the impact is considered moderate as it is related

to the human health hazard and the extent is local.

(c) Noise level

The operation of machineries such as the TBM, crusher plants, compressor and diesel generator for 24 hours

and the movement of increased number of vehicles along with the use of pressure horn would increase the noise
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Hence, the magnitude of this identified impact is medium, extent is site-specific and duration is short-term as
blasting in tunnel will not take place.

(iv) Stockpiling of Construction Materials

It is the general practice that construction materials are stockpiled near by the construction sites. Stockpiling of
these materials will occupy lease or rented land during the construction period. This will be uneasy for the land
owner.

The magnitude of the impact will be medium as it will be directly affecting the cropland. Extent will be site-specific
with short-term duration.

(v) MucUspoildisposal

The tunnel excavation will be generating 134,500 m3 of the muck. Management of the large volume of muck
wastes would be challenging. Location of the muck disposal sites have been shown in Figure 2-10.

Apart from the tunnel muck, the construction activities will also be generating large volume of construction wastes
or spoils. During construction of the different project components, large volume of spoil will be generated. The
impact from this activity is inevitable. Some of spoil could be used in the construction areas as backfill. The rest
needs will be disposed at the designated locations.

The magnitude of the impact will be medium. Extent will be site-specific of short-term duration.

(vi) Operation of Borrow Areas/Quarry Sites

Significant quantities of construction materials such as clay, boulders and cobbles, gravels and sand, coarse
aggregate and back slope filling materials are required for the construction of the project. The requirement of the
construction materials is presented in Table 2.4.fhe feasibility study has identified quarry sites along the flood
plain of Sunkoshi River and Marin Khola.

Locations of construction material sites are shown in Figure 2-10 and Figure 2-11.

Description oJ each quarry site is given below

1. Construction Material CM1

The CNl1 site is located at the right bank of the Sunkoshi River, 50 m downstream from the Bhadaure Khola
motar:able road (Banepa-sindhuli-Bardibas Road) as shown in Figure 2-10. The coordinate of the site is
27"20'10.27"N 85'59'29.52"E. The site is accessible by vehicle.

The material is from alluvial deposit, consisting of boulders, cobbles and pebbles of granite, pegmatite, quartzite,
gneiss, slate, phyllite, schist and metasandstone. The stability/hydrological condition seems to be stable and dry.
Total reserves of available quantity are given below together with the visual estimation of percentages of
composition.

Dimension: Length: 150 m, Breath: 100 m, Height 10 m

Volume: 150.000 m3

Composition: Boulder: 50%, Cobble and Pebble: 35%, Fines: 15%

Furthermore, the visual estimation confirmed percentages of each coarse aggregate in the total available
rnaterials for each rock type were determined to be granite: 50%, quartzite: 30%, gneiss: 10o/o, and slate, phyllite,
schist, pegmatite and metasandstone: 10%.

2. Construction MaterialSite CM2

The construction material site CM2 is located at the old terrace of the Sunkoshi River, 50 m downslope from the
Khurkot-Manthali Road, near Seleghat (Figure 2-10). The coordinate of the site is 27'20'16.13"N 85'59'17.89"E.
The site is accessible by vehicle.

The alluvial deposit consists of boulders, cobbles and pebbles of quartzite, slate, phyllite, schist, gneiss and
rnarble. The materials were derived from the rocks of Nawakot Complex and Kathmandu Complex. The area is
partially cultivated. The stability/hydrological condition seems to be stable and dry. Total reserve of available
quantity is mentioned below together with the visual estimation of percentages of com

Dimension: Length: 100 m, Breath:60 m, Height 10 m
trVolume: 6o'ooom3 brlffi'lf
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Composition: Boulder: 20%, Cobble and Pebble: 30%, Fines: 50%

Furthermore, the visual estimation confirmed the percentages of each clast in the total available materials for

each rock type were determined to be quartzite.40o/o, gneiss: 30%, schist: 20o/o, and slate, marble and phyllite:

10o/o.

3. Gonstruction Material CM3

The construction material site is located at the left bank of the Sunkoshi River, 300 m upstream from the

confluence of the Sunkoshi River and the Bhadaure Khola as shown in Figure 2-10. The site is in the flood plain

of the Sunkoshi River. The coordinate of the site is 27"20'12.53"N 85"59'9.66"E and the site is accessible by

vehicle.

The alluvial deposit consists of boulders, cobbles and pebbles of igneous and metamorphic rocks of pegmatite,

quartzite, marble, slate, phyllite, schist and gneiss. The stability/hydrological condition seems to be stable and

dry. Total reserve of available quantity is mentioned below together with the visual estimation of percentages of

composition.

Dimension: Length: 550 m; Breadth: 150 m, Height:4 m

Volume: 330,000 m3

Composition: Boulder: 10%, Cobble and Pebble: 40%, Fines: 50%

Furthermore, the visual estimation confirmed percentages of each clast in the total available materials for each

rock type were determined to be quartzite: 30%, gneiss:30%, schist: 2oo/o, granitelpegmatite: 10%, and marble,

slate ind phyllite: 't0%. The material deposits were predominated with the presence of more than 50% fine

materials towards the downstream whereas coarser materials of gravel to boulders were predominated along the

upstream segment.

4. Construction Material CM4A

The site is located at the left bank of the Sunkoshi River and the Tamakoshi River, down and upstream from the

confluence of the Sunkoshi River and the Tamakpshi River as shown in Figure 2-10. The coordinate of the site is

27"21'6.69'iN 85"59'2.73i'E and the site is accessible by vehicle.

The alluMal deposits contain boulders; cobbles and pebbles of pegmatite, quartzite, marble, slate, phyllite, schist

and gneiss. The stability/hydrological condition seems to be stable an-d dry. Total reserves of available quantiV is

ment]oned below together with the visual estimation of percentages of composition.

Dimension: Length: 700m, Breadth: 30rn, Height 2m

Volume: 42,000 m3

Composition: Boulder: 40%, Cobble and Pebble: 4}o/o,Fines'.20o/o

Furthermore, the visual estimation confirmed the percentages of each clast in the total available materials for

each rock type were determined to be quarEite: 30%, gneiss: 30%, schist: 20%, granite/pegmatite: 10%, and

marble, slate and PhYllite: 10 %.

5. GonstructionMaterialCM4B

The construction material site is located on the left bank of the Sunkoshi River, downstream from the confluence

of the Betini Khola and the Sunkoshi River as shown in Figure 2.10. The site is within the flood plain of the

Sunkoshi River. The coordinate of the site is 27'20'50.36"N 85'59'1.53"E and the site is accessible by vehicle.

The alluvial deposit consists of boulders, cobbles and pebbles of pegmatite, quartzite, marble, slate, phyllite,

schist and gneiss. The stability/hydrological condition seems to be stable and dry. Total reserve of available

quantity is mentioned below togetherwith the visual estimation of percentages of composition.

Dimension: Length: 300 m, Breadth: 15 m, Height 2 m

Volume: 9.000 m3

Composition: Boulder: 40%, Cobble and Pebble: 4Oo/o, Fines'- 20o/o

Furthermore, the visual estimation confirmed percentages of each clast in the total available materials for each

rock type welg,deter.mined to be quartzite: 30%, gneiss:3oo/o, schist: 20%, granite/pegmatite: 10%, and marble,
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6. ConstructionMaterialCM5

The construction material site lies at the left bank of the Sunkoshi River, near the confluence of the Sunkoshi
River and Tamakoshi River as shown in Figure 2-10. The site consists the flood plain deposit of the Sunkoshi
River and Tamakoshi River. The coordinate of the site is 27"21'14.36"N 85"58'49.34"E and the site is accessible
by vehicle.

The material is composed of boulders, cobbles and pebbles of pegmatite, quartzite, marble, slate, phyllite, schist
and gneiss. The stability/hydrological condition seems to be stable and dry. Total reserve of available quantity is
mentioned below together with the visual estimation of percentages of composition.

Dimension: Length: 600 m, Breadth: 60 m, Height 2 m

Volume: 72,000 m3

Composition: Boulder: 40%, Cobble and Pebble: 40o/o, Fines: 20o/o

Furthermore, the visual estimation confirmed percentages of each clast in the total available materials for each
rock type were determined to be quartzite: 30%, gneiss: 30%, schist 20%, granite/pegmatite: 10%, and marbte,
slate and phyllite: 10 %.

7. Construction Material GM6

The construction material site lies at the right bank of the Sunkoshi River, near the big bend of the Sunkoshi
River downstream from the Headworks of the SMDMP (Figure 2-10). The coordinate of the site is 27"20'16.74"N
85'58'49.61"E and the site is accessible by vehicle.

The materials contained alluvial deposits consisting of boulders, cobbles and pebblrs of pegmatite, quartzite,
marble, slate, phyllite, schist and gneiss. The stability/hydrological condition seems to be stable and dry. Total
reserve of available quantity is mentioned below together with the visual estimation of percentages of
composition

Dimension: Leng,th. 400 m, Breadth: 30 m, Height: 3 m

Volume: 36.000 m3 .:.
Composition: Boulder: 40%, Cobble and Pebble: 30%, Fines: 30%

Furthermore, the visual estimation confirmed percentages of each clast in the total available materials for each
rock type were determined to be quartlte: 30%; gneiss'.30o/o, schist. 10%, granite/pegmatite: 2Oo/o, and marlcle,
slate and phyllite: 10%.

8. Gonstruction Material AG1

The site is located on the left bank of the Marin Khola, 1 km upstream from the temple as shown in Figure 2-11.
The coordinate of the site is 27"16'41 .24"N 85'52'15.61'E and the site is accessible by vehicle.

The material contained alluvial deposits consisting of quartzite, schist, gneiss, sandstone and mudstone. The
stability/hydrologicalcondition seems to be stable and dry. Total reserve of available quantity is mentioned below

loggJfer wjt! tfe visual estimation oJ percentages of composition.

Dimension: Length: 100 m, Breadth: 150 m, Height:7 m

Volume: 105.000 m3

Composition: Boulder: 60%, Cobble and Pebble: 20o/o,Fines:20o/o

Furthermore, the visual estimation confirmed percentages of aggregates in the total available materials for each
rock type were determined to be granite: 20olo, gneiss: 2Qo/o, quartzite: 20%, sandstone: 2Oo/o, mudstone: 10%
and other rock particles'. 1oo/o.

9. ConstructionMaterialAG2

The construction material site lies at the right bank of the Marin Khola, 500 m upstream from the suspension
bridgenearKusumtarvillageasshowninFigure2-'ll.Thecoordinateofthesiteis 27"16'6.16"N 85'52'30.00"E
and the site is accessible by means of vehicle.

The materials contained alluMal deposits of quartzite, schist, gneiss, sandstone and mudstone in various sizes.
The stability/hydrological condition seem to be stable and dry. Total reserve of
together with the visual estimation of percentages of composition.

i.s given below
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Dimension: Length: 100 m, Breadth: 50 m, Height: 2 m

Volume: 10,000"m3

Composition: Boulder: 60%, Cobble and Pebble: 20o/o, Fines. 20o/o

Furthermore, the visual estimation confirmed percentages of each clast in the total available materials for each

rock type were determined to be granite: 20%, gneiss'.20o/o, quartzite: 20%, sandstone'.20o/o, mudstone. 10%

and other rock particles: 10%.

10. Constructibn Material AG3

The construction material site is located at the right bank of the Marin Khola, near the confluence of the Marin

Khola and the Jhor Khola as shown in Figure 2-1 1 . The coordinate of the site is 27"15'33.65"N 85'52'24.66"E

and the site is accessible by vehicle.

The materials contained alluvial deposits with boulders, cobbles and pebbles of granite, quartzite, schist, gneiss,

sandstone and mudstone. The stability/hydrological condition seems to be stable and dry. Total reserve of

available quantity is prolided below together with the visual estimation of percentages of composition.

Dimension: Length: 700 m, Breadth: 100 m, Height: 2 m

Volume: 140,000 m3

Composition: Boulder: 40%, Cobble and Pebble: 30%, Fines: 30%

Furthermore, the visual estimation confirmed percentages of coarse aggregates in the total available materials for

each rock type were determined to be granite'.20o/o, gneiss: 2Ao/o, Quaftzite2Oo/o, sandstone: 20%, mudstone:

10%, and other rock particles: 10%.

11. Construction Material AG4

The construction material site is situated at the left bank of the Marin Khola, near the confluence of the Marin

KhofaandtheLipuKholaasshowninFigure2-ll.Thecoordinateof thesiteis 27'15'23.58"N 85'52'28.98"E

and the site is accessible by means of vehicle.

The materials contained alluvial deposits consisting of quartzite, schist, gneiss, sandstone and mudston? Th"
stabitity/hydrological condition seem tq be stable ind dry. Total reseive of available quantity is stated below

together with the visual estimation of percentages of composition.

Dimension: Lengthl 500 m, Breadth: 80 m, Height 2 m

Volume: 80.000 m3

Composition: Boulder: 50%, Cobble and Pebble: 30%' Fines: 20%

Furthermore, the visual estimation confirmed percentages of each clast in the total available materials for each

rock type were determined to be granite: 10%, gneiss: 1oo/o, Quarrzite: 10%, sandstone: 300/0, and mudstone and

other rock particles: 20%.

12. Construction MaterialRed Clay

The site for red clay is situated at the Sindhuli-Bardibas road near Mulkot (Selfie Dada), 15 km away from the

Khurkot Bazar towards Nepalthok. The coordinate of the site is 27'22'55.73"N 85'5749.69"E and the site is

accessible by vehicle.

The materials contained terrace deposit consisting mostly of fine deposits of red clay with few clasts of quartzite,

and granite. The area is barren, from where the material can be e*racted by quarrying. The stability/hydrological

condition seem to be stable and dry. Total reserves of available quantity are given below together with the visual

estimation of percentages of composition.

Dimension: Length: 500 m, Breadth: 100 m, Height: 3 m

Volume: 180,000 m3

Composition: Boulder, Pebble and Cobble: 5%, Fines:95%

Furthermsre, the visual estimation confirmed percentages of each clast in the total available materials for each

rock type were dglermined to be coarse materials of quartzite and granite: 5% and red clay: 95 %.
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13. Operation of quarry sites and daily production requirement

The quarry sites will be operated in two places namely the powerhouse site and the headworks site for producing
the required amounts of aggregate and sand as stated in Table 2-4. Equipments and machinery like excavators,
crushers etc will be used for excavating, grading and crushing of the construction materials. As per the quantity
requirement of aggregate and sand the daily production rate for the construction materials is about 104 cum.

The operation of the quarry sites/borrow areas will disturb/change the landscape, both in horizontal and vertical
direction. Furtiermore, operation of the crushing plant will increase the dust emission. lf the slopes of the quarry
sites are not maintained properly, deposited materials will be eroded into the river.

The magnitude of the impact will be medium, extent is site-specific and duration is short-term (construction-
related).

(vii) Change in River Morphology

Extensive construction activities during the construction stage such as construction coffer dam will require the
diversion of the River at the headworks site. The river bed materials of the Sunkoshi River have been proposed
as the quarry sites. The temporary access road will also be built on the flood plain. Again when the coffer dam is
demolished, river flow will carry large volume of debris. Hence, river morphology is likely to change during the
construction period.

As it is flood plain area, magnitude of the impact from induced change is considered low, extent will be site-
specific and duration will be short-term.

(viii) Springs drying along TunnelAlignment

The spring sources have not been located in the vicinity of the tunnel portals. Experience frorn other hydropower
project indicates possibility of springs drying along the tunnel alignment during the construction stage leading to
shortage of drinking water to the people relying on natural springs. This impact has also been covered under
effect of tunneling operation stage.

(ix) Leakage of Oil, Grease and other Liquid Materials

Number of light and heavy vehicles will be required for the construction of the project. These vehicles will use
diesel and petrol, engine oil, gear oil, brake oil etc. The labor housing would require large volume of kerosene or
LPG for cooking purpose.

The possibility of leakage of oil and grease and other liquid materials cannot be overruled. The oil if spilled easily
spreads over the ground producing eye sore. The oil spill pollutes water and reduces dissolved olygen content.
The oil leakage would have detrimentat impact on the aquatic life.

Taking note of the limited presence of aquatic species, lirnited use of stream water for other purposes and good
practices in handling such materials in similar projects, environmental impact is low in magnitude, extent is site-
specific and duration is short-term.

(x) Blasting activities in and around the tunnel

Ap the TBM will be used for tunnel construction, there will be no blasting for the tunnel excavation.

(xi) tmpact on the local infrastructures

Two types of the impact on the local infrastructures will occur.

(a) Existing infrastructures directly affected by the project infrastructures. A list of 'to be' affected infrastructures is
presented in Table 6.1
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Table 6-1 . Likely Affected Infrastructure by the Project

Categories Unit
Sindhuli Ramechap Total Remarks

Quantitv( No.) Quantitv( No.

Road Inundation

BP Hiqhwav km 0.9 0.9 lnundation

Local rural roads km 1.s9 1.59 lnundation

Dharan Chatra Road km 0.8 Powerhouse site

Suspension bridqes no 2 1 3 lnundation

Transm ission line/Pole Km/nc 1.27t'16 1.27t16 lnundation

Structures lnundation

House no 2'l 22 43 lnundation and powerhouse

Shed no 20 10 30 lnundation and powerhouse

Generator/oumo House no 1 2 3 lnundation

Well no 3 12 15 Inundation

lrriqation Canal m 794 794 lnundation

Solar no 4
I 2 3 lnundation

Cremation place no Î I lnundation
* the Generator/pump house is temporary structure

Source: Field Survey 2019

(b) The project will be using the existing infrastructures mainly the roads, electricity, water supply; and

communication facilities. The movement of the construction vehicle will deteriorate the existing road and create

air pollution. ln addition, movement of frequent number of heavy vehicle may damage the roadside structures.

The impact is considered high in magnitude, efent is site-specific and duration is long-term.

(xii) Loss of toP soils

A total of g7g,300 m2 of agricultural land will be used by the project. Assuming 0.3 m depth of the soil is useful

top soit for the agricultural= land total 263;490 m3 of top soil is likely to be affected or will be destroyed if not

removed before construction. 
.

The impact will be direct in nature, high in magnitude, site-specific in extent, and lonE-term in duration

(xiii) Pressure on social sector facilities

The project will have Construction camps such as work camp, labour camps, and employer's €mp. Among them

labour i".p" 
"r" 

likely to in-house for more than 840 Oeoqle oyr].ng the peak construction period. Operation of

these camps will need drinking water, and will generate solid and liquid wastes. Influx of large number of outside

workers witt tifety exert additional pressures and will have adverse impact on existing facilities of the project area

such drinking witer, health service, electricity, and telecommunication.. Management of these facilities would be

challenging.

The impact will be direct in nature, moderate in magnitude, site-specific in e{ent and short-term in duration

(xiv) Scrap dumPing

The construction sites will have number of scraps such as cement bags, packaging materials and containers of

the equipment, and other materials, small iron pieces, wires, worn out ropes, wood pieces, 
-worn 

out timbers,

used and worn out vehicle tires, damaged plywood planks are generated as solid waste from construction.

Haphazard disposal of these construction wastes will degrade the aesthetics of the surrounding area and cause

pollution of river banks and bed.

The impact will be direct in nature, moderate in magnitude, site-specific in extent and short-term in duration

(xv) Seismicity

The project area is located in the seismicity zone of Vl-Vll zone having moderate potential risks. The structures

need to consider this aspect in the design.
.': '''|

The impact.Sill'b'b direct in nature if earthquake occurs, low in magnitude, site-specific in e*ent and long-term in

duration. ,'
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6.2.1.2 OperationStage

After construction, the project enters into operation and maintenance stage and electricity is regularly generated
from the powerhouse. The operation and maintenance related environmental impacts are given below.

(i) Change in hydrology and sedimentation

There will be some changes in surface and ground water levels in sunounding areas due to ponding of water due
to dam construction which can also change the groundwater level. Changes in natural river flow will occur
between at the downstream of the barrage the intake and powerhouse areas especially during the dry period,

The flushing of the sediments from the desander will increase the turbidity in the river at the downstream area.
Thus it will ultimately deteriorate the physical quality of water and aquatic ecosystem of the downstream.

As 18.8 m3/s of water will be released into the river, predicted impad is direct, but low in magnitude, local in
extent and long-term in duration.

(ii) Decrease in water volume due to diversion in Sunkoshi River

A barrage will be constructed across the Sunkoshi River and flow will be diverted for power generation. The river
will have lorv florrv from the headworks to next large tributary; Likhu Khola is located at about 35 km. The diversion
is likely to affect (a) micro-climate of reduced flotar zone, (b) water quality of the river, and (c) change in river
morphology.

(a) Micro-climate of reduced flow zone: The diversion of water from the Sunkoshi River will eventually
result in some impacts at the downstream of the barrage for about 35 km. Low volume of water (18.8
m3/s instead of 85.8 mt/s in dry month March)is likely to increase temperature in the low water flow zone.
During summer and monsoon seasons, the rise in temperature might be insignificant as only 67 m3/s
water will be diverted. The changes in micro-climate will eventually alter the ecological status of
downstream areas. The impact is direct, lou in magnitude in Sunkoshi, local in e$ent and long{erm in
duration.

(b) Water quality of the river: Due to low volume of water flow in the dewatered zone of Sunkoshi River
dissolve oxygen will be decreased in downstream area of^the river:. As over 20 percent of total water will
be stillflonrinii in the river:during the dry months (18.8 mi/s in March); predicted impact is direct, low in
magnitude, local in extent and long-term in duration.

(c) Change in river morphology: Diversion of water particular:ly during the lean flow period is likely to
reduce abruptly the flcnr regime in the river which could lead to the change in the river morphology. As
the river is braided the reduced flow could be confined to the particular channel and will not like change
the river course. Hence the magnitude of the predicted impact will be low, extent is site-specific and
duration will be long-term.

Overall impact of reduced flow is predicted low in view of the present non-use of downstream water by the local
people. The impact duration is long-term, and extent is local. As the impact is irreversible, it is considered
significant impact.

(iii) Increase in water volume in Marin Khola

Addition of 67.0 m3/s of water in Marin Khola will change its complete ffow pattem. There will be significant
increase in water volume in this Khola due to diversion of the Sunkoshi River.

The project has prepared Flood Protection Plan for Marin Khola on the Drone survey map with hydraulic
simulation. There are 28 farmers-managed irrigation schemes (FMIS) along the Marin Khola covering 645 ha.
The aggravated flow in the Khola will erode river banks affecting the diversion locations of the FMlSs.Nepal has
yet to know the ground level realistic impacts of inter-basin diversion projects.

The magnitude, extent and duration of this identified impact will be high, local and long-term.

(iv) Decrease in water temperature in the Marin Khola

The Sunkoshi River is being snow fed river has lower temperature than the water of Marin Khola. The
temperature of Marin Khola water will be decreased due the addition of 67 cumecs of waterfqqggunkoshi River.
Temperature of mixed water has been estimated in Table 6-2. Water temperature may oeSffi.3oc in May
and 3.80C in April.

-dtr
Final Report

d'rT



Environmental /mpacf Assessment Study of
Suntoshi Mann diverslon Mulfrpurpose Projecf (28.62 MW) ENVIRONMENTAL.IMPACT

Table 6-2 : Estimated Temperature of Marin Khola

f$;$

Sut

I
Diversion 

I

discharee 
I(m3lsl I

EstimatedTemp
in Marin Khola
with Diversion

Discharse in oc

Decrease
in temp

oc

January L7a 15.58 12_17 o/ t4.o4 12.08 12.08 (o.091

Februarv L.s2 1 9.4€ 15.22 o/ L5.82 13.61 t3.il L.57"

March 1.36 24.71 19.30 o/ L9.57 16.83 16.88 (2.43

Aoril 1.38 30.01 23.45 o/ 22.75 L9.57 19.65 (3.8o1

May 7.U 32.00 25.00 O/ 23.88 20.53 20.65 t4.3sl

June 5.@ 32.73 25.57 67 25.OO 2't.50 21.U {3.731

July ],a.62 31,95 24.96 61 25.00 21-.50 22.25 (2.7]-)

August 22.45 31.85 24.49 6i 24.81 2\.4 22.23 12.61

Seotember 77.14 31.15 24.34 61 24.63 27.18 27.82 (2.s2)

October 7.59 24.1 21.97 61 22.47 19.33 19.59 (2.381

November 3.22 23.2t 18.1 b/ 18.91 16.27 15.35 (7.U1

December 2.72 1 8.Oe 14.11 61 15.77 13.04 13.08 1.031

Sources: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Pro.lect, 2019

The decrease in the temperature may not be for the longer distance as it is in low land. lt could prevail to some

distance but not throughout 34 Km stretch.

The magnitude, extent and duration of this impact are rated low, local and long-term respectively.

(v) Tunnel-induced impact on water source

The tunnel excavation may come across the ground water flo,vi This might affect the spring sources at.the top:

ns fgfU will be used for tunnel construction, instead of blasting, it is mosl likely that water source, if exist along

the tunnel, may be affected and channeled to tunnel. lf so, communi$ water source will be affeded and would be
quite critical, Due to lack of impact evidences in similar projects, impact is considered indirect, low in magnitude,

local in extent and long{erm in duration.

(vi) Leakage of oil, grease and other chemicals

During the operation phase leakage of chemicals, oils- grease is most likely in powerhouse area during the

maint6nance'of powerhouse mechanical components. Dueto the chemicals leakage Marin Khola is most likely to

be poituted. The magnitude of the predicted impact will be low, extent is site-specific and duration wilt be of short-

term, only maintenance period.

(vii) Downstreamsedimentation

The flushing of the sediments from the desilting basin will increase the turbidity of the river at the downstream

area of the Sunkoshi River. lt will likely deteriorate the physical quality of water and aquatic ecosystem of the

downstream. The period will be critical for far days if the desilting is canied out in the lean period when the

majority of the flow is diverted. Once sedimentation took place, aquatic life will adapt to and build resilience as

weit. Tne predicted impact is direct, low in magnitude, site.specific in e(ent and short- terming duration (desilting

time and folv more days only).

(viii) Scouring of river bed and river bank erosion from tailrace outlet

The tait race discharge will add 67 cumecs of water in the Marin Khola. Addition of this discharge could have

significant impact on the river bed, banks, cropland, and downstream settlements lying on the bank of Marin

Khola. The increase in the discharge is presented in Table 5.5a.

The predicted impact is direct, high in magnitude and local in extent and long-term in duration. Hence the impact

would be significant.

(ix) Slope instability

Water levelfluctuation in the reservoir may erode immediate uphill soil and drag down the weak slope which may

induce slope instability, lqndslide and deposition of soil and landslide debries in the reservoir, including adverse

imoacts in number of

Final Repoft
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impacts in other projects, magnitude of the impact has been predicted high, extent is site-specific and duration will
be long-term.

(x) Noise and vibration in powerhouse area

The operation of the turbines and other electrical equipment generate constant noise and vibration, and will reduce
'hearing ability' of operation workers and staff working inside the powerhouse.

As experienced in other powerhouses, this this identified impact will be of direct nature, medium magnitude, site-
specific extent and long-term duration, requiring urgent action to maintain or improve hearing.

6.2.2 Biological Environment

6.2.2.1 Construction Staae

(i) Use of Government Land for project facilities

The project will require 252.68 ha of government land (that includes 4.48 ha of forest area, 3.4 ha of community
forest, 1 1 .5 ha bush, 50.67 ha river course and 182.63 ha flood plains). Additional 6.39 ha of government land will
be temporarily required. Please refer Table 2.6.

The impact will be direct in nature, high in magnitude, site-specific in extent and long-term in duration.

(ii) Loss of Forest Product

(a) Inundation Area/headworks

Devefopment and maintenance of inundation level at 476 m will submerge vegetation of 312ha of land comprising
of 2.94 ha of forest area (mostly degraded), 180.81 ha of flood plain land and 78.91 ha of private land. A total of
364 trees and 1751 pole-sized tree species, including bushes and grasses will be inundated in the proposed
inundation area (Table 6-3). This will also submerge about 7 thousand ft3 of wood and nearly 20 chatter of firewood.
Khari and small are use regulated species in Nepal,

Table 6-3 : Detail of the vegetation loss in the inundated area

SN Tree Species Number

of tree

Number
of pole

Wood
volume
(Cuff.)

Wood
volume

(M 3t

Firewood
Chatter

Remarks

1

Bothayero (Lagerstroemia
oarviflora) 10 24 16.05

0.455
0.33

2 Jamun (Svzoium cuminil 14 84 128.98
3.655

0.44

3 Karma Ad in a cordifol ia) 3 4 0.00 0.1 1

4 Khair (Acacia catechul 33 289 401.95
11.391

0.32

5 Simaf {Bombex ceiba) 113 14 4552.96
L29.O2s

5.07

o Siris (A/b2ra lebbeck\ 2 740 0.00 0.08

7 Sissoo ( Dalberqia sissoo) 68 2 725.21
20.551

1.32

8 Miscellaneous spp 121 594 1 330.1 6
37.695

12.09

Total 364 1751 7155.32
202.772

19.76

Source: Field Survey 2019

(b) Dam site

The construction of dam will be affecting 4 trees and 16 pole-sized tree species (Table'ffi"Final Repoft
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Table 6-4 : Detail of the vegetation losses due to construction of Dam

Source: Field Survey 2019

(c) Settling basin

The construction of settling basin will be affect 8 trees and 39 pole-sized plants (Table 6-5).

Source: Field Survey 20'19

(d) Surge tank and penstock

The construction of surge tank and installation of the penstock pipes will be affecting 17 trees and 55 pole-sized
vegetation (Table 6-6).

Table 6-6 : Detail of the vegetation losses due to the construction Surge tank and installation of the penstock
ptpes

't-*

SN Tree/pole species No
of
trees

No of
Poles

Wood
volume
{Cu. ft.}

Wood
volume
(M 3)

Firewood
chatta

Remarks

1 Simaf (Eambox ceiba)
?

1 200.80 5.690 0.107
High khair seedlings
(more than 1000)2 Khair (Acacia catechu\

10 28.31 0.802
a Sissoo (Dalbergia

sissoo) z 3.14 0.089 .004
Second highest sissoo
>500/ha

4 Miscellaneous
1 35.23 0.998 0.05

Total
4 16 267.48 7.580 0.161

Table 6-5 : Detail of the vegetation losses due to construction of the Setling Basin

SN Tree/pole species No of
trees

No of
Poles

Wood
volume
(Gu. ft.)

Wood
volume

(M 3)

Firewood
chatta

Remarks

1 Khair (Acacia catechu) 0 27 111.29 3.1 54 0.06

2 Siris (Al b i zi a I e b b ec k) z 8 0.18

J Sissoo (D al be rgi a srssoo) z 0.03

4 Simal(Eombatx ceiba) 1l {
I 3.85 0.1 09 0.05

5 Jamun (Syzgium cumini) I 0.02

6 Miscellaneous z 75.96 2.153 0.1 1

Total 8 39 191.10 5.416 0.46

SN Tree/pole species No of
trees

No of
Poles

Volume
(cu.ft)

Wood
volume

{M 3)

Firewood
chatta

Remarks

4
I Saf (Shorea robusta) 46.4 1.315 0.03 Protected

2 Siris (A/bhra lebbeck) I z I.t I 0.218 0.03

3 Karma (Adina cordifolia\ 1 108.28 3.069 0.15

4 Botadheyaro
(La g e rstroe m i a p a ru i f t o ra\

2 1 28.O
0.793 0.20

Final Repoft

't].
1r*

6-14

.&$ffi



Environmental /mpact Assessment, Study of
Sunkoshl Main Diversion Multipurpose Project (28.62 MV\r 1 ENVIRONMENTAL IMPACT

5 Jamun (Syzygium cumini) z 25.45 o.721. 0.05

o Chilaune (Schima wallich ii) 1 13.82 0.392 0.02

Tooni (Ioona ciliata\ 4
I

6 Miscellaneous 10 45 231.50 6.560 0.85

Total 17 55 461.16 13.069 1.32

Source: Field Survey 2019

(e) Access raod from powerhouse to surge tank

The construction of project road from powerhouse to surge tank will be affecting 13 trees and 47 pole-sized
vegetation (Table 6-7).

Table 6-7 : Detail of the vegetation losses due to the construction of project road from powerhouse to surge tank

SN Tree/pole species No of
trees

No of
Poles

Volum
e
(Cu.ft)

Wood
volume
(M 3)

Firewood
chatta

Remarks

1 Botadheyaro (Lagerstroemia
parviflora\ z z 28.00 0.793 2.1.8

z Chilaune (Schima wallichil 1 1 13.82 0.392 0.02

J Jamun (Syzygiu m cumini) 25.45 0.72r 0.05

4 Karma (Adina cordifol ia) 108,26 3.068 0.15

5 Miscellaneous 5 tl 231.50 6.560 0.84

6 Tooni (Ioona ciliata) 1 0.00 0.00

7 Sal (Shorea robusta) Y 46.42 1_.315 0.03 Protected

8 Snis (Albizia lebbeckJ 2 7.71 0.218 0.01

Total 13 47 461.17 13.069 3.29

Source: Field Survey 2019

(0 Powerhouse, construction yards and work camp

The area tequired for these infrastructures are located mainly in the private land. The proposed private land has
also pole-sized and tree size plants. A total of 5 trees and 12 pole size plants were recorded in the land (Table 6-
8).

1t
d"-

trd
d?
.6(e

Table 6:8 : Detail of the vegetation located in the powerhouse site

Volume
(cu. ft.)

Simal (Eombax ceiba)
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4 Miscellaneous spp 52.74
1.495

0.37

Total 5 12 64.9
1.839

0.39

Source: Field Survey 2019

(g) Disposal Sites

The enumerated vegetation in the disposal sites is summarized in Table 6-9. In total, 5 trees and 2.1 pole-sized tree
species of Simal, Sissoo, Siris, Tooni, Karma etc. were enumerated during the field study.

Table 6-9 : Detail of the vegetation located in the disposal sites

SN Tree/pole species
DisposalSite 1 DisposalSite 2 DisposalSite 3 Total
No of
trees

No of
Poles

No of
trees

No of
Poles

No of
trees

No of
Poles

No of
trees

No of
Poles

1
t'ornayero (Lagerstroemia
parviflora)

Simal lAom bex ceiba)
Sisi"" (Dalbergia sissoo)

Siris (Albizia lebbeck)
Tooni (Ioona ciliata)
firma (Adina cardifotia)
oih;;

o

a

I

1

1

2

I

4

3

"o
o
o
o
o
o

5

t
5

6

3

T
3

2

z
J

4
5

6

i
Total o I 5 5 0 I 5 2t

Source: Field Survey 2019

(h) Total vegetation loss by area and species in the whole project sites
Largest part of the project sites is situated in the private land which are mosly either left over parts of flooded
khetland along with some newly river bank parts which are being left over after: itignt diver:sion of river. Total lossofveigetationissummarizedinTab|e6-9(A)'-'.'--.
Poles of all species are being put together since they are sold as a pole except Sal poie (total 15 pole-sized) whose
market price is different than other poles. Similar.ly, Khair poles (326) are also being used to extract catechu and
thus, both poles and trees are being calculated together in a form of cft which is then-convertecl into Kg. (one cft of
khair is equivalent to 30 Kg).

However, very small area lies within national forest and community forest, the Kusumtar community forest. There
are altogether4l6 trees above 30 cm dbh and 1939 poles totaling to 2355 trees to be felled Ouring the project
operation. A total of 2115 trees (above and below 30 cm dbh) are in inundation area. High number of Simal(i1s)
having woods and pole-sized Siris (750), followed by 326 poles of Khair should be felled down as a part of site
clearance in the project area (Table 6-9A).Magnitude, extent and duration of these identified impacts, related to
site clearance, is high, site-specific and long-lerm

Final Repoft
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(iii) Firewood collection

As the project area and its vicinity do not have any potential site for firewood collection, local forest will not be
affected due to collection of firewood by the construction labour. Moreover, the construction workers will be residing
in the labour camp operated by the Contractor where the LPG would the main source of cooking. There will be
large number of construction workers residing the in the labour camps. Hence, local forests will not be impacted by
the construction workers from firewood collection or impact is insignificant as its maginitude, extent and duration is
considered low, local and short-term respectively.

(iv) Increased pressure on surrounding forests

The project would need large quantities of the forest products such as timber and logs for construction works. The
experiences of construction in other hydroelectric projects show that need of forest products to the Project are
fulfilled from nearby forests and products of felled trees as a part of site clearance.

The impact will be indirect in nature, lowing magnitude, local in extent and short-term in duration.

(v) Disposal of spoils and muck

The spoil and muck disposal has been proposed at the bank of Marin Kholat. This will neither affect the aquatic
ecosystem nor disturb the spawning ground of fish species. lt means, disposal of mucks and spoils will not increase
pressure on aquatic ecosystems.

(vi) Disturbances to wildlife habitat and movement

The project area is neither a good habitat of wildlife nor has any dense forests in the vicinity which could function
as wildlife habitat. Hence this impact does not exit

(vii) lmpact on endangered and protected species and their habitats

The biological survey reported to have few species of legally use regulated or protected plant and animal species.
Chituwa is listed as threatened species. Simal, Khair and Sal are protected plant species. They require government
approval before felling and use. This is related to site clearance

The impact will be direct in nature, high in magnitude, site-specific in extent and long-term in duration.

1viii)lmpactoftemporarydiversionofwateronaquatic|ife
The diverted flow will be from a confined channel during intake construction, and water is released in the Sunkoshi
River itself. There could be tendency to catch the fish in the confined channel. Since lhe confined channel will be
within the control area of project, fishing activities will be strictly prohibited. Hence impact is considered at fow
magnitude,|oca|inextentandshort-term'induration'

(ix) Disturbance to the aquatic habitat

Various construction activities at the headworks at and powerhouse site could pollute the Sunkoshi River and Marin
Khola respectively both chemically and physically. Activities like excavation, grading, filling, extraction of
construction materials, disposal of construction spoils, wastewater, oils and grease could change water quality
chernically, which might have negative impact on fish population in the river. In addition, fishing will go high due to
the growing demand. Extensive use of DC current and poising has been reported for fishing in the Sunkoshi River,
resulting to less number of fish population. Exiting baseline showed decline in fish production also due to sand and
gravel mining. The project activities, including demand for fish from workers and staff may induce fishing or
collecting more fishes by any means.

As the fish population is declining and project activities may affect fish habitat physically and chemically, magnitude
of the impact is considered medium, extent is local and duration is short-term.

(x) Reduction of grazing and forest land

Local people have used flood plains and river banks for gr€zing purposes. The vegetation at these locations is the
source of fodder and firewood for the local communities. Grazing lands and areas having scattered trees will be
inundated causing direct and irreversible impact from project activities.

Hence, the impact will be direct in nature, medium in magnitude, site-specific in extent and long-term in duration.

Final Repoft
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6.2.2.2 OoerationStaae

(i) Disturbance to the l/Vildlife Habitat

None of the project sites is the core habitat for any wild animal and animals are occasional visitors in the project
area vicinity. The project will inundate 312 ha of land and they are mostly river flood plain, bushes and cultivated
land. lt means, project activities will not disturb wildlife and its habitat and the impact has been predicted
insignificant.

The magnitude, extent and duration of the impact will be low, site-specific and long-term respectively.

(ii) Aquatic life

As the project will be constructing barrage across the river, there will be a barrier for the movement of the aquatic
life, particularly the fish species.

a) Barrier Effect

The construction of 12 m high (from riverbed to crest level) barrage across the Sunkoshi River will obstruct long-
range and mid-range migratory species. Out of 19 fish species reported in the Sunkoshi River during the field
study, 5 species (Raj bam, Conch, Jalkapoor, and 2 species of Sahar) are long-distance migratory species.
Simialry, 4 species (Gardi, Katle, Chuchche Asala and Buchche Asala) are reported mid-distance migratory
species. These fish species may be isolated by construction of barrage and its upstream-downstream movement
will be obstructed.

Considering the eistence of 9 migratory species identified impacts from the barrier have been considered of high
magnitude, local extent, and of long-term duration in the Sunkoshi River.

b) Inter-basin transfer (Water diversion)

During the operational stage, 67.00 m3/s of water will be diverted from the Sunkoshi River to the Marin Khola.
This will leave minimum 23 % discharge in the river. This is more than minimum requirement, as per the
Hydropower Development Policy (2001) proposed for the environmental release for the maintenance of the
aquatic life in the river:. The mean monthly balanqe flow in the Sunkoshi River is presented in Table 6-10

Table 6-'10 : Balance Remaining Discharge

Month

Averagre

monthlyflow

in m3/s '

Diversion in

m l/s

Balance

remianing in

r'/s

Percentage
of minimum

monthly
natural flow

January LlL.20 67.00 M.20 Wo
February 93.70 67.00 26.70 28%

March 87.00 67.@ 20.m 23%

April 96.40 67.00 29.40 Wo
Mav 150.90 67.00 83.90 56%

June 4f,2.n 67.00 395.30 860/o

Julv L287.70 67.00 L220.70 95%

August 1675.80 67.00 168.80 %%

September 1035.00 67.00 968.00 %%

October 463.20 67.00 396.20 ffi%

November 221.70 67.ffi t54.70 7V/o

December 143.m 67.00 76.00 53%

Sources: Detailed Feasibility Study Sunkoshi Marin Diversion Multipurpose Project, 2019

In Nepal there is no study of minimum water requirements for survival of fish in nursery pools during the dry
season. Nepal has little eperience and learning on the potential impacts of inter-basin water transfer. Publication
of environmental monitoring report of Mai Khola HEP and Bheri-Babai multipurpose project
irnpacts and conesponding mitigation measures but this is not the case now. Knowledge a

practical
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physical factors such as flow characteristics, temperature and water quality which influences the migration and

spawning of these fish species, is poor and non-documented.

Numbers of method are available to assess the riparian release of water to maintain the aquatic life at the

downstream. They are ln-stream Florr Incremental Methodology (lFlM, Bovee 1982), the Tenant Method (1976),

the NGRp Method (Northem Great Plains Resource Program 1974) and the Wetted Perimeter Method using

outputs of HEC ll simulations. To predict the impact of regulated flcnr, the Tenant Method (Tenant 1976) has

been used worldwide. This method has been adopted in the Kali Gandaki A HEP also for the EIA study. FIow

conditions with different regulated flows based on Tenanat Mehod is presented in Table 6.11.

Table 6-11 : ln-Stream Flow Regimes for Fish, Wildlife, Recreation and Related Environmental Resources Based

on the Modified Tenant Method (Kali Gandaki EIA Study).

Description Monthly Average Flow Rating or score

Flushing or Maximum 20Qo/o 100

OptimumRange 60-100% 100

Or.rtstanding 4V59o/o 90

Excellent 3G.39% 80

Good 2oz9% 70

Fair 1U19o/o

Minimum 10% 25

Severe Degradation o-9% 0-20

Sources: Detailed Feasibility Study SunkoshiMarin Diversion Multipurpose Project, 2019

Considering the balance flow in the river:, the river will still have more than 23 % during the driest month of March,

hence diversion effect has been considered of low magnitude, local extent, but of long{erm duration.

(iii) lmpact on the Fishes of Marin Khola

Mixing of cold water of Sunkoshi River to warm water of Mdrin Khola may have 
-cold 

shock to the fishes of the

Marin-Khola. The cold Shock and high flow is expected in the water mixing zone of about 500 m. Wthin this zone

there will be water currents showing temperature of Sunkoshi River and Marin Khola flowing $de by side in initial

100m to 1S0 m with a middle zonJof mixed water and temperature liftle lower than the Marin Khola and nigler
ttran Sunkoshi River. The water temperature after mixing zone could have adverse effects (cold shock) to the fish

population especially in the low flow season. On the other hand there could be positive impgct in the fish

population as the Marin khola will have substanlially mole water. Magnitude of impact is predicted as moderate,

local in extent and of long-term duration.

6.2.3 Socio-economicandCulturalEnvironment

6.2.3.1 Construction Staoe

(i) Loss of Farmland, other Categories of Lands and Agricultual Products

A total of 69.47 ha of private cultivated tand and 18.37 ha of cultivated land without land ownership certificate will

affected by the project. In addition, project will affect total of 252.68 ha of government land of different €tegories.
Detail break down of the land at different location is presented in Table 2.6. Details of land loss with the parcel

numbers is presented in Annex 3.2. Estimated Loss of agricultural product is presented in Table 6.12- In

proposed inundation area, high loss of paddy and maize.grown area correspond to the loss of high amount of
total production.

Final Repoft 6-20
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Table 6-12 : Estimated Loss of Agriculture Products

Headworks Area in ha
Total

Production
Yeild/ ha in

Mt
Area in
ha

Total
Productio
ninMt

Headworks/lnundati
on
Paddy 5.U 17.4 3.28 32.63 106.95
Wheat 2.62 5.5 2.10 15.99 33.6L
Maize 11.74 25.83, 2.20 6.18 r_o1.60
Millet 0.53 0.60 1.10 2.O8 2.29
Pulse o.70 o.75 0.82 2.75 2.26
Vegetable 0.87 14.20 12.50 0.05 4.O1

Powerhouse
Paddy 3.36 8.53 2.54 6.74 17.12

Wheat 1.83 3.O2 1.65 3.68 6.O7

Maize o.71 1.49 2.10 2.17 4.57

Source: Field Survey 2019

The level of impacts on them might vary with proportion of loss of their land and its effects in overall household
income.

The loss of land area is a direct loss of income to the PAFs, Hence the magnitude of impact would be high,
extent is site-specific and the duration is long-term.

(ii) Temporary Acquisition of Land

The project wills acquisit 6.39 ha of the govemment land for temporary use. Out of which 4.35 ha area is covered
by cultivation without land ownership certificate, and 2.04 ha is flood plain located at the left bank of Marin Khola.
The proposed sites for the temporary acquisition of the land do not have thick vegetation. (Pls refer Table 6-9).
Hence the magnitude of impact would not be low, extent is site-specific and the duration is short-term-

(iii) Demolition of Permanent Structures

The project will be affOcting number:of infiastructures such as parts of road and irrigation canal, suspension
bridges, and transmission line poles. Structures like private houses and sheds will also be directly affected in the
project area. Details of affected structures are presented in Table 6-1.

The nature of the impact is direct and irreversible. Magnitude, extent and duration of the impact is high, site-
specific and long-term respectively as in 6.2.1.1.xi).

(iv) SocialServiceFacilities

The operation of the labour camps and work camp will require facilities such as drinking water, electricity and
waste management. As these facilities are available in limited numbers at the local level, the Project will make
own provision for labour and work camps as a part of the project component.

The magnitude of the impact is rated low and of short-term duration (throughout the construction period), site-
specific extent.

(v) Health and Sanitation

During construction large number of people will be concentrated at the project site which would generate large
volume of solid and liquid wastes. lf not managed properly, they could contaminate the water source and may
spread communicable diseases such as cholera, dysentery, dianhea and other parasitic diseases etc. The
mobilization of large numbers of outside workers might also raise danger of spreading of communicable
diseases.

Taking note of the present health and sanitation condition in the project area, the magnitude and duration
of the impacts is predicted medium, site-specific and shortterm respectively

-&rS.iaqq1 
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(vi) OccupationalHealthandSafety

In spite of precautions while drilling, blasting and other construction activities occurrence of accidents, particularly

to workers, may not be ruled out. In addition, movements of local people at the construction sites may also be

impacted from accident, if any. Hence construction activities pose safety concerns to the local people and

workers as well. Drilling, blasting and plying of vehicles in the earthen road will increase dust and gaseous

emissions which may threat to the health condition of the local people and workers.

Occupational health and safety will be the major concerns during the construction stage, and hence, magnitude

of the impacts'has been evaluated as low since provisions of health and safety measures are mandatory in any

of the construction contrad. The extent will be site-specific and duration will be short-term.

(vii) Gender and Vulnerable GrouP

Majority of men of the project area are likely to be involved in the construction activities creating shortage of labor

required for agricultural and other household activities. The shortage may have to be fulfilled by women and

children. The project area is dominated by Majhi community. ln terms of population, Chhetri and Dalit may be

considered vulnerable group. In terms of food sufficiency, 30 households produce food only for 3 months. This

will give them additional burden of workload such as collection of fuel wood, fetching water and purchase of
essential household consumption goods and additional work in farmland.

The magnitude of the impact will be low, extent will be local and duration will be short-term.

(viii) Law and Order

The concentration of large number of people with varied social and cultural backgrounds and cash in their hands

may lead to anti-social activities such as use of more alcohol, gambling and prostitution. The influx of outside

woikers with varied socie.cultural backgrounds may also disturb e{sting local socio-cultural practices. This may

bring uneasiness to the local people resulting conflicts. The conflicts may deteriorate the law and order situation.

Such conflicts may eventually lead to work stoppage. At the headworks site being at the close proximity of
Khurkot the floating population is comparatively higher. Hence, impact of influx outside workers may be

insignificant but at the powerhouse site, where the large work camp and labour camp will be established, this

impact could be significant.

Considering the seriousness of work stoppage and eperience in other similar projects, the magnitude of the

irnpact is considered to be high, extent will be local and duration will be short-term.
'

(ix) Gash Flow

The cash compensation and labor wage will increase cash flow in the project area The sudden inflow. of casi in
the hands of the local people with limited experience in cash transactions and investments may feel themselves

cash rich. This may lead to development of extravagant habit among them and start purchasing commodities of
litle use by paying more prices. Experiences from other hydroelectric projects showed that local people do not

make proper use of cash and fall into economic crisis after the cash spent, and in particular the operational stage

of the project

The magnitude of this impact is medium, extent is local and duration would be short-term.

(x) Historical,ReligiousandArcheologicalsites

The execution of project activities will not disturb any historical, archaeological and/or religious sites within the

project areas.

(xi) Social-CulturalandReligiousPractices

Large number of construction workers from outside the project area will be required. The presence of outside

workers might introduce host of alien socio-cultural and religious practices in the local area thus disturbing

existing local social-cultural and religious practices.

As construction workers will stay at labour camps, magnitude of the impact has been predicted as low, extent is

local and duration will be short-term.

(xii) Effect of tunneling

The tunnel excavation may possibly affect the spring sources of the vicinity. But the level difference of the tunnel

alignment and settlement at the top is more than 200 m. spring water sources have not been reported in the

vicinity of the tunnel portals. Furthermore, geology is considered good. Hence, adverse impact of tunnel on spring

sources may not occur.

"..f"
6*:
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6.2.3.2 OperationStaoe

(i) lMthdrawal of economic activities and employment opportunities

Wren construction works are completed almost all workers will leave the area except few staffs required for the
operation of the project. This sudden fall in the number of people will decrease demands for commodities
dramatically. Market for local products will also be lost. Many local people will be out of work. All these will affect
incomes of local people due to loss of business, and jobs. The sudden decline in income may lead to
depressions among local. people. As it is a natural phenomenon, impact is considered to be of low magnitude,
local extent and of long-term duration.

(ii) Reduced agricultural activities

The project will be acquiring 37.7 ha of khet and 50.10 ha of bari/pakha land affecting agricultural production (Pls
refer Table 6-13). There will be reduction of agricultural land and it will adversely affect production. So the private
land owners especially the family which depend mainly on agriculture will suffer. Hathitar agricultural land is one
of the most fertile lands in Ramechap District belonging to the majhi community will be greatly affected.
Considering the importance of the land and its conversion to other land uses, decline in agri-production and foods
habit as well, the impact is of high in magnitude, local in extent and long-term in duration.

(iii) Existing water use in downstream

Sunkoshi river water has not been used for the irrigation or other purpose at the downstream of the proposed
headworks site. But the Marin Khola water has been used for the irrigation purpose. The addition of Sunkoshi
river water will avail more water in the Marin Khola. Large volume of water in Marin Khola will affect the existing
farmers managed inigation systems and other irrigation projects if flood protection plan is not implemented timely
and effectively

With the assumption of effective implementation of a separate flood protection plan, before the release of water
from tailrace to Marin Khola, magnitude, extent and duration of impact of inter-basin transfer is rated as low, site-
specifi c and short-term respectively.

(iv)otherp|annedhydropowerprojectsinSunKoshiRiver
:

The impact on Sunkoshi 2 project has been discussed in section 5.2.2. The SMDMP has been declared as one of
the national pride projects of the Government of Nepal. The proposed project will be implemented as early as
possible. Hence the dam height of Sunkoshi ll will have to be reduced substantially and it is advised to redesign
Sunkoshi ll project.

The magnitude, extent and duration of the identified impact are rated high, regional and long-term respectively.

(v) Recession due to Wthdrawal of Gonstruction Works

When construction works are completed almost all workers will leave the area except few staffs required for the
operation of the proiect. This sudden fall in the number of people will decrease demands for commodities
dramatically. Markei for local products will also be lost. Many local people will be out of work. All these will affect
incomes of local people due to loss of business, and jobs. The sudden decline in income may lead to
depressions amqlg local people. As it is a nalural phenomenon, impact is considered to be of low magnitude,
local extent and of long-term duration.

(vi) Possible flooding of lands and houses

The flory in the river at the downstream of the headworks will be low during the operation of the project
particularly in the drier months. People may have tendency to walk along or across the river bed during the
period. \A/hen the water is suddenly released from the headworks for the maintenance of the project or other
event without any prior information or waming, people may be washed away. Magnitude of predicted impact is
high, extent is site-specific and duration is long-term.

(vii) lmpact on cremation place

The cremation at the confluence of Sunkoshi River and Tamakoshi River will be inundated. Magnitude of this
identified impact is high, extent is site-specific and duration is long-term. This is unavoidable as is located in the
intake area. . -.,r,L.a
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6.3 Evaluartoru oF THE lMPAcrs

The above impacts are of two categories - identified and predicted. Those impacts which 'will happen' are
categorized as'identified'and those which'may happen'are considered 'predicted' impacts. These impacts have
been evaluated (Tables 6.13 and 6.14) to know their environmental significance taking into consideration the
location of the project, nature of impact - direct or indirect, reversibility and irreversibility of the impacts, and rnore
importantly the national policies, laws and standards. Furthermore, they have been grouped into identified and
predicted impacts for easy understanding.

ln general, direct impacts are identified, and indirect impacts predicted. The significance of the impacts has been
evaluated using the words significant, moderately significant and insignificant. Assumption has also been made
to evaluate the significant impacts. For example, the direct impacts or direct loss of land and property, forests and
demolition of infrastructures as a part of site clearance are categorized as significant impacts; the project induced
impacts are considered moderately significant; and impact that may occur outside the project area, and/or which
is not directly related with the project activity is considered insignificant for this project.

As also mentioned in # 3.4.7 (assessment method), direct impacts having total score of over 75 are considered
significant; impacts having 50 to 75 score are considered moderately significant; and impacts having total score
of less than equal to 50 are considered insignificant for this project. However, some of the impacts whose total
score exceeds 50 may not be significant in view of the nature of the predic{ed impacts. Some impacts having less
than 50 score could also be considered significant. The logical base for such ranking has been given in the
remarks. lt has been done so, as impacts are related to the subjective judgment on its magnitude, extent and
duration (Table 6.13 and 6.14). For example, impacts likely to occur outside the project's direct impact zone and
of indirect nature may not be significant although the total score exceeds 50. This ranking has provided a basis to
select and propose environmental protection measures, i.e., beneficial impacts augmentation measures, and
adverse impacts miti gation measures.

Table 6-13: Evaluation of Beneficial lmpacts

SN Likely lmpacts Environmental lmpacts Total
Score

Significance
of lmpacts

Remark

E

(gz

6'

(|,
1'

0,
(,

E
o-

o)

cllt!

=

o
x
ul

'o
(E

o

1- Construction Stage

1.1 lncrease in job
opportunity for local
peopb

D H

(60)

R

(60)

ST

(05)

125 Srgnificant

1.2 lncrease in trade and
business local
e@nomy

IN ./ H

(60)

R

(60)

ST

(05)

125 Significant

1.3 Skill enhancement of
local people

D { H

(60)

L

(20\

LT

(20)

100 S(7nificant

1.4 Induced development
in the project area

ID L

(10)

L

(20)

ST

(0s)

35 Insignificant

16 Local area
development through
c'ommunity support
programme

D -t H

(60)

L

(20)

LT

(20)

100 S(Tnificant

2. Operational Sfage

2.1 Availability
energy

of clean D H

(60)

R

(60)

LT

(20)

140 Significant

2.2 Increase in. " jqb

opportunities {orjhe
L

,,(10)

L

(20)

LI

(20\

50 Insignificant

t\.... ' 
'.
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SN Likely lmpacts Environmental lmpacts Total
Score

Significance
of lmpacts

Remark

o

(Ez

o

o o
o.

o

o,
(E

=

(u

x
ut

(!

o

local people

2.3 lrrigation of 122,OOO

ha of land

U H

(60)

R

(60)

LT

(20)

140 Significant

2.4 Increase in revenue

and local development
activities

D -t H

(60)

L

(20)

LT

(20)

100 Significant

2.5 lncrease in tourism
development

ID M

(20)

L

(20)

LT

(20)

bU Moderately
Significant

2.6 Fish farming in the
inundation area

ID H

(60)

L

(20)

LT

(20)

100 Significant

2.7 Inter-province impacts
and benefits

IN L

(10)

R

(60)

LT

(20)

90 S(Tnificant

2.8 Induced development D .H

(60)

L

(20)

LT

(20)

100 Significant

Note: Nature of lmpact: FDirect; lN = Indirect; R = Reversible; lR = lneversible at sitespecifb level
Magnitude, H = High (60); U = Medium (20); anO L = Low (10)
Extent, R = Regional (60), L = Local (20); and SS = Site-specific (10)
Duration, LT = Long-term (20), MT = Medium-term (10); anO ST = Short{erm (05)
The points in the parenthesis are taken from the National EIA Guidelines, 1993. As score for national level impact is not mentioned in
the Guideline, 60 have been used for magnitude (as regional impact).

Table 6-14: Evaluation of Adverse lmpacts

SN Likely lmpacts Environmental lmpacts Total
Score

Significance
of lmpacts

Remark

o,

.!z

Eo

c,

o
.9
o
q

o

Et
tg

=

c,
x

UI

o
tE

o

1. Physical Environment

1 .1 Construction Stage

1.1.1 Change ln

topography and
land use

D L

(10)

SS

(1 0)

LT

(20)

40 Insignificant

1 .1.2 Potential landslide
and soil erosion

IN L

(10)

SS

(1 0)

ST

(0s)

25 Insignificant Good geology

and mostly flat
Iand

1 .1.3 Air quality D L

(10)

I

(20)

ST

(05)

35 Insignificant

#Sqil
114 Waterquality IN M L ST q MffiaGi{ As it is related

T.S;# x
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SN Likely lmpacts Environmental lmpacts Total
Score

Significance
of lmpacts

Remark

o
L

(gz

o

o,
E

(D

(,,

o
o-

o

o,
c'

=

(,
x
ul

o
(!
L

o

(20) (20) (05) Significant to human
health

'1.1.5 Noise level D M

(20)

SS

(10)

ST

(05)

35 Insignificant

1.1.6 Stockpiling of
construction
materials

D .i M

(20)

SS

(10)

ST

(05)

35 Insignificant

4 4at. t.t Disposal of spoils D M

(20)

SS

(10)

ST

(05)

?6 Insignificant

1.1 .8 Operation of
borrow areas I
quarry srtes

D ./ M

{20)

SS

(10)

ST

(os)

50 lnsignificanl

1 .1.9 Change in river
morphology

IN .J L

(10)

SS

(10)

ST

(0s)

25 Insignificant

1.1.10 Leakage of oil,

grease and other
liquid materials

IN ./ L

(10)

SS

(1 0)

ST

(05)

25 Insignificant

1.1.10 lmoact on the local

infrastructures

D H

(60)

SS

(10)

LT

(20)

90 Significant

1.1.11 Loss of top soil D H

(60)

SS

(10)

LT

(20)

90 lnsignificant No option as
related to site
clearance

1.1.12 Pressure on social
sector facilities

D M

(20)

SS

(10)

ST

(05)

Insignificant

1.1.1 3 Scarp dumpinS I D { M

(20)

SS

(10)

LT

(20)

50 Moderately
SSnifcant

1.1.14 Seismicity ID { L

(10)

SS

(10)

LT

(20)

40 Insignificant

1.2. Opuational Stage

1.2.1 Change in

hydrology and

sedimentation

D ./ I

(10)

L

(20)

LT

(20)

50 Moderately
S(Tnifcant

1.2.2 Decrease in water
volume due to

diversion in

Sunkoshi river

a Micro climate D

W
*b
.-)4

L

(10)

L

(20)

LT

(20)

50 Moderately
Significant

Since the
impact is

ineversible, it

is considered
as significant
impact

Aq"
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SN Likely lmpacts Environmental lmpacts Total
Score

Significance
of lmpacts

Remark

o
L

agz 0,

o)
C'

o
o-

o

ol
(E

=

o)

x
ul

o
G

o

b Water quality ID t

( 10)

L

(20)

LT

(20)

CU Insignificant Over 20 oh of
river water will
be released

River morphology
and drainage

D I

( 10)

SS

(10)

LI

(20)

40 Insignificant

1.2.3 Increase in water
volume in Marin
Khola (due to
Diversion of 67.0
m3/s water from
Sunkoshi River

D H

(60)

L

(20)

LT

(20)

100 S(Tnificant

1.2.4 Decrease in water
temperature in the
Marin Khola

D L

(10)

L

(20)

LT

(20)

50 Moderately
Significant

1.2.5 Tunnel-induced
impact on water
source

ID L

(10)

L

(20)

LT

(20)
50 Moderately

S(Tnificant
Insignificant
impact due to
good geology

1.2.6 Leakage of oil,
grease' and other
chernicals .

D L

(10)

SS

(10)

ST

(05)

25 Insignificant

1.2.7 Downstream
deposition

D L

(10)

SS

(1 0)

ST

(05)

25 Insignificant

1.2.8 Scouring of river
bed and river bank
erosion from
tailrace outlet

D H

(60)

L

(20)

LT

(20)

100 Significant About 67m3/s

more water
may induce
scouring

1.2.9 Slope instability D H

(60)

L

(20)

LT

(20)

100 S(Tnifaant

1.2.10 Noise and vibration
in powerhouse area

D M

(20)

SS

(10)

LT

(20)

50 Moderately
significant

2. Biological Environment

Adverse lmpacts

2. 7. Construction Stage

2.1.1 Use of government

land for project
facilities

D .I H

(60)

SS

(10)

LT

(20)

90 Significant

2.1.2 Loss of forest in

inundation area,
dam site settling
basin and other
structures

D .t H

(60)

SS

(1 0)

LT

(20)

90 Significant

t$+-
2.1.3 Firewood collection L L ST JC hgignificaffi' r$ffiirroe
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SN Likely lmpacts Environmental lmPacts Total
Score

Significance
of lmpacts

Remark

(D

z

o

0,

o
C'

o
o.

(l,

:z
ol
tg

=

q)

x
ul

o
(g

o

( 10) (20) (05) provided to
workers

2.1.4 Increased pressure

on surrounding
forests

ID L

(20)

L

(20)

ST

(05)

455 Insignificant

2.1.5 lmpact on

endangered and
protected species
and their habitats

U H

(60)

SS

(10)

LT

(20)

on Significant Simal, Khair

and Sal - use

regulated
species will be
felbd down

2.1.6 lmpact of temporary
diversion of water
on aquatic life

D
I
L

(10)

L

(20)

ST

(05)

35 lnsignificant

2.1.7 Disturbance to the I D

aquatic habitat 
I

during the I

construction stage 
I

-t M

(20)

L

(20)

ST

i05)

45 Insignificant

2.1.8 Reduction in

grazing and.forest
lands

U -t M

(20)

SS

(10)

LT

(20)

50 Moderately
Significant

Related with
site clearance

2.2. Opentional Stage

2.2.1 Disturbance to
aquatic habitat

IN { L

(10)

SS

(10)

LT

(20)

40 Insignificant

2.2.2 | Aquatic life of

I Sunkoshi river due

I to barrier effec1 and

I inter-basin transfer

D,
IR

./ H

(60)

L

(20)

LT

(20)

100 SiTnificant

2.2.3 lmpact on the

Fishes of Marin

Khola

D,

IR

{ M

(20)

L

(20)

LT

(20)

60 Moderately
significant

3. Socio economic and Cultural Environment

Adverce lmpacts

3. 7. Construction Stage

3.1.1 Loss of farm land,

other categories of
lands and

aqricultural
pioducts d

D

H

H

(60)

SS

(10)

LT

(20)

90 SiTnificant

3.1.2 Temporqg H ill$v I e L SS ST 25 lnsignificant

n- =:';'{4;\* I
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SN Likely lmpacts Environmental lmpacts Total
Score

Significance
of lmpacts

Remark

o
L

z

(,

o o)

o-

q,

=

o)

x
ut

o

a

acouisition of land R ( 10) (1 0) (05)

3.1.3 Demolition of 44
houses, 1.27 km ol
transmission line,

nearly 4 km road,
15 well and 2 solar
panels and other
permanent
structures

D H

(60)

DD

(10)

LT

(20)

90 Significant

3.1.4 Social service
facilities

IN I

(10)

SS

(10)

ST

(05)

25 Insignificant

3.1.5 Heafth and

sanitation
IN M

(20)

SS

(10)

ST

(05)

JC Insignificant

3.1.6 Occupational health
and safety

D L

(10)

SS

(r0)
ST

(05)

25 Insignificant Provision of
health and
safety
measures will
be in place.

3.1.7 Gender. and
vulnerable group

IN L

(10)

L

(20)

ST

(05)

JJ Insignificant

3.1.8 Law and order IN H

(60)

L

(20)

ST

(05)

85 Significant Considering
Serio0sness of
the work
stoppage

3.1,9 Cash flow D J M

(20)

L

(20)

ST

(05)

45 Insignificant

3.1.10 Socio- cultural and
religious practices

IN L

(1 0)

L

(20)

ST

(05)

35 Insignificant

3.2. O perati on al an d M ai ntena n ce Stage

3.2.1 Withdrawal of
economic activities
and employment
opportunities

D L

(10)

L

(10)

LT

(20)

40 Insignificant

3.2,2 Reduced
agricultural
activities

D H

(60)

L

(10)

LT

(20)

90 Significant

3.2.3 Existing water use
in downstream

D ./ H

(60)

L

(10)

LT

(20)

90 Significant

3.2.4 Other planned

hydropower
projects in Sun
Koshi River

D H

(60)

R

(60)

LT

(20)

140 Significant

,A %
3.2.5 Recession of local

economv due to
IN L LT 40 rnsiSnitfr.?.i

f
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SN Likely lmpacts Environmental lmpacts Total
Score

Significance
of lmpacts

Remark

o

.Ez

o,

o

o

o
o-

o

g,
r!

=

o)
x
EI

o
(g
L

o

withdrawal of
construction works

(10) (10) (20)

3.2.6 Possible flooding of
lands and houses

due to sudden
release of water
downstream

D J H

(60)

SS

(10)

LT

(20)

tv Significant

3.2.7 Impact on

cremation sites
D .J H

(60)

SS

(10)

LT

(20)

90 Significant

. tr=Qilgcl; lt{ = R = Reversible; lR = lneversible at site-specific

Magnitude, H = High (60): M = Medium (20); and L = Loru (10)

Extent, R = Regional (60), L = Local (20); and SS = Sit+specific ('10)

Duration, LT = Long-term (20), MT = Medium-term (10); and ST = Short{erm (05)

The points in the parenthesis are based on the National EIA Guidelines' 1993
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7 ALTERNATIVE ANALYSIS

Alternative analysis is an integral part of project feasibility study and impact assessment. Alternative analysis is
primarily governed by the factors like technical feasibility, economic viability and environmental acceptability.
Ongoing detailed feasibility study has made the alternative analysis of project for different capacities. The
purpose of alternative analysis in EIA study is to assess the environmental impacts of different alternatives,
taking into consideration the aspects as included in the approved Terms of reference and the feasibility study.

During alternative analysis in ElA, the first step is to know what will be the impacts of \with' and 'without' project
on environmental ground.

7.1 Desrcn AltenrunrvEs

The main design alternative of the project was on tunnel construction. In addition, key parameters of do nothing
alternative has also been considered in this section.

. Do nothing

. No forest options

. lmplementation of the proposed project

Apart from that possible alternative for the different installed capacity was also considered.

7.2 Do Nornrnc ALTERNATTvE

Nepal has theoretical hydroelectric potential of about 83,000 MW and technical potential of about 42,000 MW,
has faced power shortage and meeting her demand from import from India. Arcording to the power forecast of
NEA, annual increment of the power demand is about 100 MW. Though large number of survey licenses has
been issued for feasibility study of hydroelectric projects, they are confined on the studies only. Limited projects
are under construction stage. Besides, number of private entrepreneurs have initiated developmeni oi tne
hydroelectric projec{s and aiquired the survey license from Government of Nepal. But most of them are under
the study stage. Hence do-nothing scenario wil! be against the government:s plan and/or national commitment. lf
hydroelectric generation is not continued, power shortage will continue and hamper the overall socio-economic
development oJ the country. People of Nepal have not forgotten the trade embargo from India.

Do nothing scenario means the non-use of available potential for power generation and loss of job opportunity. In
a country where unemployment is very high, and energy is in shortage, do nothing scenario, particularly in
respect of clean energy like Hydroelectricity development, is a regressive approach and it will accelerate
environmental destruction. Hydroelectric development will replace the requirement of fossil fuel burning and will
reduce the emission of greenhouse gases - the main man-made ctuse - affecting climate change. Furthermore,
people may switch to use hydroelectricity instead of using LPG and firewood or coal or biomass or cow-dung for
cooking purposes.

The projectrs main objectives are to generate hydroelectricity and to supplement 67 m3/s of water to Bagamati
f nigation Prcject extension of command area of 122,000 ha in Bara, Sarlahi, Rautahat and Mahottari districts. Do
nothing scenario would cease this potential irigation prospects.

7.3 COMPARISON OF ALTERNATIVES

Nepal has accorded high priority for the development of hydroelectricity project(s) both at the public and private
sectors. The project will generate environment-friendly clean energy and will contribute to the socio-economic
development of the country.

The potential environmental impacts of those four altematives (do-noting, irnplementation of the proposed
project, relocation of Headwork site and relocation of Powerhouse) have been predicted and are given below in
the Table.7.1.

'rq gia'^,$)
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Table 7-1: Potential Environmental lmpacts of the Altematives
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SN Alternatives Environmental lmoacts Remark

Beneticial lmpacts Adverse Impacts

1 Do Nothing
Alternative

No disturbance to the natural

environment due to the
construction activities

No addition in hydroelectric
power leading to further load

shedding

lrr(Tation facilities to 122000 ha

b lost

Loss of emploYment

opportunit'es due to non-

implementation of the projed

Loss of socio-economic

deve lopment opportunities.

Inadequate electricitY,

continuation of use of forest
products to meet the energy

demand, thereby depleting the

forest resource

More adverse impacts

than beneficial impacts

2 lmplementation
of the proposed
prc{ect

A basis for economic

development of the prqect

area as well as nation.

Generation ot 28.62 ttl'lW of
hydroelectric power

lrrigation facility to 122000 ha

command area

Increase in per capita income

due to project-related

employment and increased
socio-economic activitbs

Disturbance to topography

Loss of agricultural land and

other category of the land,
particularly in inundation area

lmpact on aquatic habitat due to
reduced flow in a stretch of few
km.

Long-term beneficial
impacfs are higher than
adverse inpacts

Increased availability of
electrioity becomes the
gateway for socio-
econom ic. development.

The aborre qualitative judgrnents indicate that implementation of the projec{ will also improve the environmental

conditions oi the area during the operational slage of the project by p-romoting the.use of clean en.ergy as.the

local people has strong, desire to switch over on electric energy for household consumption. In addition,

alternative to hydropower project has also been considered (elaborated in # 7.10).

7.4 No Fonesr OPron

Seclion 42 of the Forest Ad.2076 (1993) obliges the proponent to erylore altemative site (area), other than forest

area, to construct and implement the project. lt should also ensure that there is no alternative to forest area and

environmentalimpactswillnotbesignificantonforest.

The no forest option helps to conserve and protect some forest areas for optimal option selected for the project. lt

will obviousiy piovide ecosystem services, soil and nutrient conservation, habitat for wildlife, source of fuel wood,

forage and iodder to local people and other forest based raw materials but it will seriously undermine the

development of proposed option that is renelvable and clean source of energy. The long-term operation of the

project far. outweighs the economic benefits provided by the forest to be- impacted 
.bV 

prSt_"1 activi.ties. lt will

proviOe continuoui source of clean energy that will displace existing use of fossils fuels and fuel woods, helps to

Lon."." more forest area that will obv-ibusly Oegrad'ed in the fuiure that has negative impact on forest and

human health on long run.

The project location and baseline information confirms that the proposed project area is basically riverbank and

Rood prbne with little'or no productive and dense forest. Few 'use regulated or protected species' occur in the

area. There are no appropriate sites for intake and powerhouse to generate electricity as proposed; and also

divert waterfrom Sunkoshi River to Marin Khola for irrigation of maimum land.

The project's layout option is such that minimal forest area is required. The forest loss will be compensated as

per Procedures for the
programsds
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Taking into consideration, multiple economic, social and environmental benefits of implementing the project, and
Government commitment of providing irrigation facility to a large area in Province 2, generate about 28.62 MW
hydro-electricity as a by-product of this multipurpose project, and lack of 'no forest option' but low impact flood
plain area, 'with project' (implementation of the project) alternative has been selected for further alternative
analysis 'within' project. The following elements have been considered to select 'best alternative' within the
project.

7.5 ALTERNATTVE To THE QUARRY SITES

Considering the availability of construction materials there are three alternatives for the project. The first is to
mine the required materials from the bed rocks and second is to use the muck of the tunnel and third is
aggregates from the flood plain of Sunkoshi and Marin Khola. The first alternatives involves direet impacts on
land use and accelerate slope instability whereas the quality of the material is not yet confirmed in the second
alternative and third alternative will avoid such impacts on the land resource of public use. The Sunkoshi river
bed materials are being extensively used as the construction material. More than 10 quarry plants are running at
present at the river bed of Sunkoshi River. These sites will have limitations on the mine operation in the rainy
season. The Detailed feasibility study of the pro.iect has also identified the Sunkoshi River bed as the potential
source of the local construction materials. Based on the assessment, this option three (use of aggregates from
the flood plain of Sunkoshi River and Marin Khola) is the best alternative from the environmental and social stand
point with a fsrv measures to be implemented for the protection of the river water quality.

7.6 CONSTRUCTIONMETHODATTeRTATVES

Due to the geological conditions of the project area, double shields, also referred to as telescopic shields are
selected for tunnel excavation. A double shield TBM is considered more versatile and can be used in rocks that
are likely to be heterogeneous (not uniform throughout). W'ren boring in competent rocks, the double shield TBM
grips the sidewalls like a main beam TBM, which enables it to achieve similar rates of advance. For the lining, its
dual thrust systems allow a double shield to bore and install the lining, simultaneously.

The main reasons for the choice of Double Shield macfrines are as follows:

.Possibi|ityoferectionofsegment|iningsimu1taneous|ywithexcavation

. Majority of the tunnels lies in poor rock condition

. No temporary support required

. Concrete lining after excavation or in parallel with excavation eliminated
'. Optimum program with no delay in follow-on concrete lining

. Various fault and shear zones expected

. Hydraulic design requiring a lining

Construction methodology will be based on intensive technologies of construction equipment and maximum
utilization of local resourc€s to the e{ent possible. This is to ensure lowest possible cost for project development
and ensure quality in the works undertaken. Due priority will be given for the recruitrnent of local people which will
minimize the requirement of temporary camp, reduce fuel wood, timber requirement, enhance local skill,
economy to develop better relationship between the project and local people. The surface construction work will
be scheduled in day and night construction will be limited to underground work.

Tunnel construction is proposed to be canied out by TBM and no blasting will be required. But limited blasting will
be required at the headworks and powerhouse. Controlled blasting will be practiced at all times while excavating
the underground area to have a minimum vibration impact on the house structures located close to the tunnel
alignment. Use of TBM will minimize adverse impacts on local topography, structural damages in nearby
settlement and unnecessary disturbances to local community and hence, this technology is selected.

7.7 COTSTnUcT|oNMATERIALALTERNATIVE

Physical resources are consumed for the construction of proposed project. The materials to be used are boulders
(stones) for gabion and walls, gabion wires, masonry wall, brick or concrete block, aggregates for concreting.
Other local resources will be quarry and bunow used from the area. Reinforcement bars and cement will also
need to be transported from other places of the country or outside of country. Electro-mechanical equipment's
should to be imported from overseas manufacturers: There are no other cogt-effective al
rnaterials in construction works of the project.

the above
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The construction is intended to be carried out by conventional method, whereas earthwork, construction of simple

structure such as drains, gabion walls, bio-engineering works etc. will be carried out manually. In view of

availability, good quality construction materials will be used-

7.8 COTqSTNUCTIONSCHEDULEALTERNATIVES

The estimated project construction period is 5 years (60 months) from the date of commencement of the work.

The construction works are mainly of two types - surface construction works and underground construction

works. The surface construction works is to be carried out only in dry season. But the underground structures

such as desander, tunnel, surge tank, powerhouse and other structures can be constructed throughout the year

irrespective of weather and climatic conditions. All surface work will be scheduled in day time.

7.9 INSTALLEDCAPACITYALTERNATIVES

The terms of reference of the EIA study was approved for the installed capacity of 43.6 MW with the design

discharge of 87m3/s. lt was based on the draft detailed feasibility study. However, final detailed feasibility study

concluded the installed capacity as 28.62 MW with design discharge of 67m'/sec. The reason for reducing

installed capacity of the project is mainly to accommodate the downstream project in the Sunkoshi River mainly

Sunkoshi ll.

7.10 AUTENNATIVES FOR HYDROPOWER PROJECT

7 .10.1 Hyd ro power Development Co nsiderin g Smal UMini/Micros

Nepal does have potential for the small, mini and macro hydropower development. These plants are mostly in

isolated rural areas. Numbers of studies are being carried out for the development of the small hydropower

projects.

Similarly, mini/micro (>100 KW hydropower projects are becoming popular and are extensively being

construited in appropriate areas. However, the limited number of technically feasibte sites, equipment

transportation diffrculties in hills, lack of trained personnel and high cost of mini/micro hydropower projects are

some of the restraining factors for faster implementation of rnini/micro hydropower projects. Furthermore, small

and mini/micr:o hydropower: projects are no alternative of to"be-grid connected medium size hydropower projects

of SO,MW capaciiies Rather, they are complementary to each other ,' I

7.10.2 Solar PowerMlind Power Option

Solar and wind powel are other sources of energy. Some studies have also shown the potential of both solar and

*inO po*"r in ine particular areas where the sunshine hour and wind velocity is high. This prospect provides

oJportunity for solar power development in Nepal. Solar power. is mostly used for the individual households:

decentty, it is Oeing uied for the drinking water and inigation projects also to lift the water, Study is being made

for connecting thJsolar power to the 
-national 

transriission' gr'iO tine. But it cannot compete or replace the

hydropower. fiowever, thefollorrring are the problems associated with solar power plants.

. lmported solar panels and complex technology for spare parts'

. Costly maintenance.. No power generation in wet weather.

. Lack of trained manpoiver.

Regarding the wind power, studies have shown that Nepal has potential of more than 500 MW mostly in hilltops'

river valleys and so on. NEA developed the first pilot project of wind power in Kagbeni of Mustang district. Since

this 20 KW project failed there has been a gloom in the wind power sector. The main problems associated with

wind power projed area:

. Lack of time series data of wind.

. Lack of trained manpo\ /er.

. BatteU charging problems

. Problems associated with design of wind turbines.

. Unavailability of wind at certain time of the day.

7.10.3 Thermal PowerOPtion

Some amount of low-grade coal is produced in Dang Valley. But this amount is not sufficient for commercial

power generation. Furthermore experience in the 39 MW Duhabi Multi-fuel power plant and 10 MW Hetauda

bieset power plants have shown that there are serious environmental problems like air pollution, sludge handling,

high noise, high temperature and fire hazard. Besides, since the petroleum products are imported from abroad'

there is also Jproblem of spare-parts and their high cost. Last but not the least, the reliability of a thermal pqiler

plant is less than 20% of

q'
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In the present conte* of the global environmental concern, the COz emission from a thermal plant of 50 MW
capacities could save more than 100 thousand tons annually. lt is, therefore, concluded that thermal option is not
viable for pclvver generation in Nepal.

Qualitative assumptions, baseline condition and existing resources, potential social, economic and environmental
impacts of water diversion from the Sunkoshi River in the said location and use of above mentioned technologies
to generate 28.62 MW of hydroelectricity, release of diverted water to Marin Khola from the tailrace of the
hydropower project, and use of tailrace water to inigate 122,000 ha of farmland in four districts of Province 2 is
selected as the'best altemative'.
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B ENHANCEMENT AND MITIGATION MEASURES

ln order to address the beneficial and adverse environmental impacts as listed in Chapter 6 (summarized in

Tables 6.13 and 6.14), this chapter presents the feasible and practical environmental protection measures for
implementation.

The project will implement all mitigation and enhancement measures mentioned in this chapter of the report at its

own cost. Apart from that the project will also compensate the affeded parties for losses of lives or properties

occurred during implementation of the project as per prevailing Acts, and Rules of the country. lmplementation of
all enhancement and mitigation measures will be coordinated through the Local Coordination Committee, as

appropriate and related to local people. The Committee will be formed with the representation from the affected

wards of the Rural Municipalities, Municipality and PAFs.

Apart from that the Government has made provision of making 015 o/o of the total project cost for the community

support programme of the affected area.

8.{ EnuanceueNTMEAsuREs

8.1.1 Construction Stage

The likely beneficial impacts of the project during its construction stage are:

(i) Increase in job opportunity for local people

The project will give first priority to PAFs and local people who want to work in the project. -Ihe project will

maintain the roster of the PAFs and at least a member of PAF, willing to work, will be employed during the project

mnstructiqn period. The employment will increase the income level of that family. The prqject will provide

necessary training to the PAFs, ii necessary, depending upon the nature of the work offered.

The project will include a binding clause in the contractor's agreement to give first priority- to PAFs whil".lil$
both'skilleO and unskilled labor forces and to give daily wages or monthly,wages not less than the district

approved iates. The wage rate will not be less than respective loca! govemment rate..The next priority{tt U9

given to local people for employment. Ttre employment to the local people will be coordinated through the Local

Coordination Gommittee.

(ii) lncrease in trade and business

The project staffs and its workers would require local products such as vegetables, rice, pulses, 
.eggs,- 

milks,

ghee, chicken, mutton etc. and other consumption goods such as groceries, edible oil etc. They could be fulfilled

by the local vendors.

Apart from that the project will allocate budget for training to one person each PAFs willing to enhance skills in

modern techniques of cash crop and livestock farming, tourism activities for example homestay trekking, or the

enhancement of the technical skills and know-how. Assuming Rs 90,000.00 per person for a training of CTW
level ll. an amount of Rs 47,880,000.00 has been allocated for 532 PAFs'

The project will encourage its staff members and construction workers to purchase local products in order to uplift

the economic condition of local farmers.

(iii) Skill enhancement of locals

The project will launch training programs in specialized area such as electro-mechanical works of
hydroelectricity, house wiring and maintenance, road slope stabilization, spoil handling, fodder values etc. At
least one member from PAF will be covered in the training depending on their interest and need, The cost of
training is cqvered in above estimate I# 8.1.1 (ii)].

(iv) Induced development in the proiect area

The project will use the local products to the extent possible and encourage its staff to buy the local products.

(v) Local area developmentthrough Community Support Programme (GSP)

+Final Report
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the affected local GPs/MP. The Committee will be encouraged to select activities that support to make the project
activities environment-friendly and sustainable.

8.1.2 Operation Stage

No mitigation measure is proposed for the availability of clean energy and irrigation of 122,OOO ha of farmland
which is the main objective of this project. Furthermore, induced development such as increase in tourism has
been evaluated as significant impact, and local people may wish to promote such activities.

(i) Increase in job opportunities for the local people

The project will employ the local people for the operation of the power plant to the extent possible depending on
the qualification, preference, skill and willingness of the people. Preference will be given to the project affected
families.

(ii) Increase in revenue and Local Development Activities

The local government will be receiving funds for local area development from two different sources due to the
implementation of the project. (i) pad of CSP budget (part of 0.75 o/o of the project cost equivalent to Rs 346.750
miflion) and 25 % of royalty of hydroelectric power generation. lt is recommended that CSP budget should be
used entirely for the project affected areas (development activities of the projed affected wards) whereas the
amount received from the royalty of hydroelectric power.could be shared and used for the overall development
activities in the project affected Rural Minicipalities and/or Municipalities. The sharing of these funds will have to
be worked out by the local governments.

(iii) Fish farming in the inundation area

As the Sunkoshi River could rare the high value fish species such as Asla, Sahar etc, it is recommended to
promote fish farming of such high value fishes in the inundation area. The project will release 100,000 fingerlings
every year for the period at least 5 years in the inundation area. The project will support the fishermen community
in raring the fingerlings. This will revive the traditional practice of fishermen community. An amount of Rs
10,000,000.00 per year has been budgeted for 5 years for this enhancement programme for the operational
stage The majhi community will be belefitted by (i) fish stocking for five years and (ii) fishing in the inundation
area and it will greatly improve their livelihoods. This:is also considered the means of compensating the affected
Majhicommunity.

(iv) lnter-Province impacts and benefits

At present the benefit sharing of the royalty is 50 % to the central government and 50 % is shared by the
Provincial government and local government. The modality of the benefit sharing could be different in the projects
like this where the one province bears most of the adverse impact whereas the major benefits are at the national
level and other province. As inter-basin and inter-Province adverse impacts and benefits is new to Nepal, it is
proposed to develop an appropriate mechanism through extensive consultative process, where necessary policy
and legal instrument, in sharing benefits by realizing the impacts. This mechanism may also be a basis for future
projects of similar nature.

4.2 ADVERSE IMPACTS

Effort has been made to evaluate the environmental impacts in Chapter-G of this report. In order to reduce or
compensate adverse significant impacts, mitigation measures have been proposed for each impact. Although this
report is based on the systematic process of impact identification and prediction, there might yet be unforeseen
environmental impacts which may be encountered during the project construction and operational stages. lf there
are additional impacts or damages to the environment due to the project adrvities, they will be mitigated and/or
compensated according to the rules and regulation of the country.

A-2.1 PhysicalEnvironment

8.2.1.1 Construction Phase

(i) Ghange in topography and land use

Permanent land and property acquisition will be minimized to the extent possible. Land acquisition will be made
for the inundation area and structures like headworks, surge tank, powerhouse, permanent work camp and the
project road. Land and property acquired for project activities will be compensate as fixed by the Compensation
Fixation Committee and/or paid to other in market price through negotiation. Area required for other activities
such as temporary work camp, borrow areas, spoil disposal area, and stockpile area
rnaterials, etc. will be taken on lease or rent. The leased land will be returned to the
treatmenUrehabilitation. The site will be vegetated with local plant species and stabilized

proper
rcd as
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picnic spot as appropriate. Rehabilitation of the land and re-vegetating of the disturbed land will be the part of the

civil works which will be specified in the specification.

(ii) Potential landslide and soil erosion

All possible and active landslide areas, including landslide triggered from excavation works will be identified, and

treated as it will affect the project structures and shorten their life. Budget for such landslide prevention and

control will be in-built in the project structures.

(iii) Degradation of air and water quality and increase in noise level

(a) Air qualitY

In order to mitigate the possible change in air quality, the following mitigation measures will be implemented:

. Water spraying will be carried out in all gravel and earthen roads at least two times a day during dry

period of 4 months (February -May) in one year'

. All vehicles belonging to the project i.e. consultants, owner, contractors, vendors will comply with the

na1onal emission stindards and regular (monthly) check-up for maintenance of all vehicles will be

carried out every 3000 km;

. Use of breathing mask by the construction workers in the dust-prone areas such as crushing plant,

batching plant, r6ck drilling areas etc. will be made compulsory; and Maintenance of air quality is a part of
project ictivity and use of-personal protective equipment (PPE) will be made compulsory for construction

workers as a part of occupational health and safety (OHS) measure'

(b) Water qualitY and solid wastes

In order to provide safe drinking water and to maintain water quality, the following activities will be implemented:

Water supplies to work camps for human use will be disinfected through the process of filtration and chlorination.

Water,thus,supp|iedwi||meetNationa|DrinkingWaterQua|ityStandards(NDWQS)'2005.

All discharges from the batching plant and other sources will be collected in the settling ponds and provide

biological treatment before discharging into the stream or other water source.

All solid wastes generated in the project, in particular labour work and labour camps, wilt be recycled to the extent

oossible and biodeqradable wast,es will be disposed of safely in the ditch to make cornpost. In the case of night

soit ano bio degradlble wastes, a biogas plant will be constructed and energy will be supplied to the canteen-

Maintenance of air quality and water quality is a part of construction cost.

(c) Noise level

Although noise levelincrease has been evaluated as insignificant, several equipments in operation will have high

noise level and the project will make effort to reduce noise level during its construction period.
. Use of explosives will be limited to the extent possible;
. The construction area will be fenced by thick plywood;
. Ear gears will be provided to the consiruction workers in the noise-prone areas such as blasting for hard

rock excavation,
. Noise producing engines such as air compressors will be fitted with noise reducing equipment; and

. All vehicles plfing-in the construction area will be maintained regularly as per the manufacturer's

recommendations and drivers will be instructed not to use 'pressure horn'.

Bringing the noise level to the acceptable level and minimize its impact on human beings is a part of construction

cost.

(iv) Stockpiling of construction materials

Stockpiling of construction materials and spoil disposal will be carried out in leased or rented land and/or with the

consent from the land owner. The economic loss and the physical inconvenience will be negotiated and

compensated. This provision will be made in the contract agreement. Cost implication for this mitigation measure

is part of construction cost.

(v) Muck/ spoil disPosal

The required land for the spoil disposal will be taken on lease at suitable location and following activities will be

complied with:

d'-ff#
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The spoil will not be disposed in the stream and it will be safely deposited in the designated area away
from water bodies such as drinking water source. This area will be reclaimed using bio-engineering
treatments and made appropriate for gardening and picnic spot,
Construction of drainage ditch will be connected up to the permanent water bodies. To safely discharge
the high intensity rainfall, the size of the ditch will not be less than 2ft. wide and 1.5 ft. deep all around the
area;
The leased area will be properly leveled and reclaimed for reuse and restored to original shape as far as
possible and support will be made available for its other use. e.g. garden,
Generated spoil and/or muck will be used as back fill material as far as possible. For this, if required,
spoil disposal will be stored safely. Water will be sprinkled on stored spoil and covered by plastic sheet
for reuse.

To minimize the impacts generated from stockpiling of construction materials and disposal of spoil is a part of the
construction cost.

(vi) Operation of borrow areas/quarry sites

The quarry sites will be taken on lease and following precautionary measures will be taken:

. Retaining structures will be constructed if necessary while taking out the construction materials;

. Masonry wall will be constructed to maintain the aesthetic beauty from the main arcess road;

. Use of gelatin quantity will be minimized to the e(ent possible to lower slope instability and explosion
noise from blasting;

. Preferably less than 45" slope will be maintained at the quarry sites, and

. Both vertical and horizontal drains will be constructed to drain water where required.

The construction materials will be e{racted guidelines set by the Government of Nepal.

The cost for rehabilitation of quarry site is already a part of the construction cost.

(vii) Change in fiver morphology 
.

The activities within the river bed'such as construCtion of headworks, extraction of river bed materials etc. Will
have some impact on river morphology. Et'raction of the river bed material if any will be planned in such a way
that river morphology does not change after the removal of the materials. Similarly the construction of the barrage
will be flanned in a way so that concentrated florru or the diverted flow does not make bank erosion as such. The
construction debris from the demolition of the coffer dam will be planned and disposed off at the designated
locations. As it is related to planning, no budget wil! be required for mitigating this impact.

(viii) Effect on springs along Tunnel Alignment

Though it has not been foreseen at present, if any impac{ is occuned during the construction stage it will have to
compensated or mitigated under the provisional sum.

(ax) Leakage of oil, grease and other liquid materials

The effective mitigation for this impact is to construct double wall of concrete to regulate leakage of oil, grease
and othei toxic liquids around the oil and grease holding structure. Since this is a part of the project activity, no
separate fund has been allocated for this purpose.

(x) lmpact on local infrastructures

All the affected infrastructures will be relocated or compensated at the market value. Estimated cost fOr the
relocation of the affected infrastructure is presented in Table 8.1 .
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Table 8-1. Relocation Cost of the Affected Infrastructures

Categories
Unit

Sindhuli Ramechap
Total Rate in Nrs AmountQuantity(

No.)
Qua ntaty(

No.)
Road

BP Highway KM 2.3 2.30 't 4,671 , 1 61 .00 33.743.670.30

Local rural roads Km 1.59 1.59 700,000.00 1,1 11,250.00

Suspension bridges no 2 1.00 3.00 10,000,000.00 30.000.000.00

Dharan Chatra Road Km 0.8 0.80 14,67'1 ,161.00 11.736.928.80

Transmission line/Pole KM 1.27 1.27 2,000,000.00 2,540,000.00

A/ell no 12.OO 15.00 50.000.00 750,000.00

lnigation Canal m 794.00 794.OO 3,500.00 2.779.000.00

Solar

Solar 1 1.00 1.00 20.000.000.00 20,000,000.00

Solar 2 no 1 1.00 2.00 150,000.00 300,000.00

Maintenance of the
existinq road for 5 years

Km 8.5 6.50 15.00 1,000,000.00 15,000,000.00

Relocation of the no 1 1.OO
cremation place

5,000,000.00 5,000,000.00

Total 122,960,849.10

*puTphouseistemporaryUsesonocostisinc|uded

Source: Field survey and Disrict Rate

The building cost is not included in this section.

(xi) Loss of top soils

The top soil estimated quantity of 263490 m3 will be stored and reused.:Assuming Rs 50O.00 per m3 of as tfe
management of top soil including transportation, the required cost for the management of top soil would be Rs

131 ,745,000.00

(xti) Pressure on social sector facilities

The project will make own provision of required health and sanitation facilities including water, waste

management for the construction camps. ProMsions of these facilities are within the construction cost-

(xiii) Scarp dumping

Haphazard scrap dumping will be strictly prohibited. Scrap will be reused to the extent possible. Rest will be

disposed of safeiy or metal scrap will be stored and sold. Safe disposal of the construction wastes is one of good

construction practice.

(xiv) Seismicity

The structural design of the infrastructures has adequately considered possible impact of seismicity on structures

in the project area.

8.2.1.2 Operation Staae

After construction, the projed enters into operation and maintenance stage and electricity is regularly generated

from the powerhouse. During this stage, the following mitigation measures will be implemented to mitigate the

adverse impacts.

(i) Change in hydrology and sedimentation

Sediment flushing will be carried out as per the operation plan. No separate cost is required.

(ii) Decrease in water volume due to diversion in Sunkoshi River

B"
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water quality and river morphology are insignificant and necessary precautionary measures will be taken, as and
when required.

{iii) lncrease in water volume in Marin Khola

Adverse impacts related to bank cutting and erosion, change in river morphology, and scouring etc. from high
discharge of water from tailrace in Marin Khola will be addressed throug h the effective implementation of the Flood
Protection Plan of Marin Khola. The following paragraphs inform highlights of the Flood protection plan.

The Project has carried out detailed study for the Preparation of Flood Protection Plan of Marin Khola. The mapping
of the affected area was carried out by the Drone Survey and verified by the walk through along the Marin Khola.
Based on this detailed study a flood protection plan has been prepared. lt proposed structural protection measures
based on the simulation of flood both without levee and with levee conditions. Most of the existing agricultural land
will be protected through 34 km long dikes along the banks of Marin Khola on both sides at prioriiy locations. A
total of 1B spurs have been proposed for protection of infrastructures and adjacent agricultural land by controlling
bank erosion. Sixteen drain outlets have been proposed in the newly proposed dikei to let the drainige water to
pass safely to river.

The flood map without levee for 50 year return period flood is presented in Figure 8-1 and. the flood map with levee
for 50 years return period is presented in Figure 8-2.
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Figure 8-2: Flood map for flood with 50 years return period with levee.

The locations for proposed dikes were selected based on limiting the expanse of flood and protection of erosionand inundation of agricultural land. The dikes have been propoieo to piotect most of the agricultur"r i"noJ.,erosion and inundation in combination with protection of oihei areas with spurs. Most of thelxisting 
"gri"uriui"iland will be protected through 34 km long dikes along the banks of the Marin Khola on both sides at pri;;itylocations.

The total cost of the flood protection work is NRs. 810,584,191.27 including contingencies and VAT for thestructures proposed which are irrigation intakes, spurs and dikes. v - -"'r-"

The study concluded that:

' The proposed structural measures will be to protect the adjacent land and property during high flood incombination with water diverted from sunkoshi River to Marin Khola
' onlY the structural measures for flood protection cannot be successful unless proper management of theconstruction works is done for which it is recommended to mobitize the community from the beginning ofimplementation to operation and maintenance or tne itiuctures through Users, Associations,
' In addition to structural measures, non-structural measures such as awareness raising, capacitydevelopment, early warning system, coordination of various implementation alencies with coordinatedaction on master plan etc. are needed.

3:;::,g,':::fg:::::::9lgrotecjig.n 1v1ilr lng yse of roca|varieties of protective

Figure 8-1: Flood map for flood with 50 years return period without levee.
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. Spurs - mainly to prevent erosion to protect infrastructures or adjacent lands to facilitate local

sedimentation ano' pusn the main river current away from the banks'

(iv) Tunnet-induced impact on water source

Drainage flow in the tunnel will be dealt in the construction phase itself. lt is expected that geological condition of

the area and use of TBM in tunnel construction will reduce this impact'

(v) Leakage of oil, grease and other chemicals

Leakage of the oil, grease and other chemicals will not be an issue in the operation of powerhouse. lt will be

properly taken take in the operational plan.

(vi) Downstream dePosition

The flushing of the sediments will be carried out during the high flow period so that the sediment is flushed away

along with flow.

(vii) Scouring of river bed and river bank erosion from tailrace outlet

As mentioned above l# g.2.L 2 (iii)], this significant impact will be reduced through the effective implementation of

the Preparation of Flood Protection Plan of Marin Khola.

(viii) SlopeinstabilitY

The retaining structure such as stone masonry rip rap of 2.0 m is proposed along the critical part of the periphery

of the reservoir for the protection of the cultivated land and settlement. Total length of 16-25 km of the boulder

pitching (equivalent to 48,750m3) would be required. Assuming the cost per m3 of boulder @ of Rs 3435'00'

estimaied cost for this measure would be Rs 167,602'500.00.

(ix) Noise and vibration in powerhouse area

Staffs and workers in powerhouse will be provided with ear plug regularly to reduce 'hearing ability'from high noise

level from turbines and other equipment. Alternatively, enclosure rnay be considered for high noise generating

equipment.

8.2.2 Biological Environment

8.2.2.1 ConstructionStaae

(i) Use of government land for proiect facil'ties

As per the Government policy, the proponent has to replace the land that has been used for the infrastructures

development. In case the land cannot be replaced, the Proponent has to pay cash compensation for buying the

land elsewhere which is applicable for the Government projects also.

With this in perspective, loss of the forest area in this project for infrastructure development is the permanent loss

which will be compensated.

The compensatory nreasures for the loss of the forest area are
. Replacement of the lost land or equivalent cash compensation
. Compensatory plantation for the lost vegetation of size > 10 cm dbh

This loss is inevitable as it is a part of site clearance. This direct and significant impact could neither be prevented

nor corrected, and hence, will be compensated. As the Directives with standard for the Use of National Forest for

the National Priority Project 2076, the project will have to provide the land compensation for the loss of forest land -
and compensatory plantation for the loss of vegetation. Annex 1 of the Directives also presents the rate of
compensation for the different categories of the forest land. The required compensation cost for the use of the
government land is presented in Table 8.2 A.

#fxe
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C;lp'g;6

Final Repoft 7-7



Environmental /mpacf Assessment Study of
Sunkoshi Marin Diversion Multipurpose Project (28.62 MW) ENHANCEMENT AND MITIGATION MEASURES

:

1

I

j

l

1

I
I

j

j

I,

Table-8-2A: Estimate for the Compensation of the Government Land

Tvpe of land Area in ha Rate/ha in Nrs Amount in Nrs
F_o1gqt 

-

_C-o_p-_11u.1,it-y-For*e.!t_"

Bush

^$iye--r.-,c-.ourp_
Sand bar

41.48

........?.t+

-1-1:5

-5,o.:6.7
L82.63

.1.200,00O.0-O

.!t29-O,O_W_ng.
11150-OOO:OO

1f 99-01O-O-O:-O9

1,OOO,O00.OO

5137-61099:O0.

.. .499o{_o_o__q:oo-

13r-2_25IOOO_:OO

.9_of-z-gro-g-9,;o0_
192,630,000.O0

Total 252.68 255,991,0OO.00

The required cost for 252.68 ha of land would be Rs 255,981,000.00

Total loss of trees and pole size vegetation is 2355. Considering 1 :10 compensatory plantation for the loss required
number of plantation sampling would be 23550 nos. and considering 1600 plants/ ha, the required area for the
plantation would be 14.72ha.In addition, plantation willbe carried out in the area temporarily acquired (2.04ha.).
Hence the planation will be carried out in 16.76 ha in total. The project will seek the assistance of the forest and
soil conservation office in the district in carrying out the compensatory plantation, preferably with selection of
appropriate plant species.

Cost for the Compensatorv Plahtation

Cost of planting including plantation management could be divided into four phases.

For plantation in 16.76 ha

' Phase l. Plantation including - site clearance, digging pits, planting seedling with seedling cost plus Barbed
wire fencing costs - NRs. 100,000/ha

r Phase ll. Watchman to protect plantation NRs. 18,000 lhalyear up to 5 year minimum
Phase lll. Casualty beating/replacement of dead plants (25o/o oftotal planted) cost 35 laborlhalye:ar up to
5 years minimum

. Phase lV. Weeding/soilworks cost 35 labor/ha/year up to 5 years minimum

The plantation area will be maintained for 5 years. The cost of compensatory plantation in 16.76 ha is presented in
Table-8.2. The required cost for the compensatory plantation in 16.76 ha is NRs 10,55g,g00.00

Table-8-3: Estimate for the compensatory plantation forArea 16.76 ha

Plantation Area

Description of Works Rate in NR Unit Amount in NRs Remarks
Phase l: Plantation 100,000 Pgl__l-a_,_.., __." _.

Perlh;alyeal

L-gpo,_11!!_a{- e-ar

Labour/halyear

1.,9J6:-o-o-0.-

31016-:80O

?,-s-3-3,.9-o,o--

2,933,000

Forifre peiioil6i5-**-
Years
Foi the-peiioo-of 5-
Years, cost of Labour
Rs 1oOO/manday

Phase ll: Heralu Cost
Pnase lll: Cbsuaty
beating. replacement of dead
plants
is65s;iV: -Wedilindi;oiT

works

36,000

?E

?4

Total 10,558,800
Source: Field Survey and District Rate

The cost is for the estimation purpose only. .

(ii) Firewood collection

The project will be operating labour camp. Kerosene and LPG will be used for cooking purpose.
(iii) Increased pressure on surrounding forests
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The. project will procure required forest products for the project activities from the authorized
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eloa,sej in firewood and timber collection. strict supervision wiil be in pta
ac-tivities. in forests, including NTFPs collection, if any. lf anybody is found quiltvr l
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(iv) lmpact on endangered and protected species and their habitats

Felling of' use regulated' plant species, as a part of site clearance, is inevitable. Any form of collection of the

endangered and threatened species of flora and fauna will be strictly prohibited and if occurred, will be immediately

reported to the forestry organization.

(v) lmpact of temporary diversion of river on aquatic life

The fishing, if any, will be strictly prohibited in the diversion channel.

(vi) Disturbance to the aquatic habitat during construction stage

Fishing by DC current and fish poisoning will be punishable activities and will be strictly prohibited. lf such event

occurred, the project will inform the Government for necessary action.

(vii) Reduction of grazing and forest lands

The flood plains and the river banks are grazing land for the local community. These areas will be inundated.

Though the compensatory plantation has been proposed for the loss of such areas, but they may not be accessible
for the affected seftlements. The project will provide fodder species for plantation to provide nutritious food for
livestock and to improve livelihood of the local people.

8.2.2.2 OperationStaqe

(i) Disturbance to aquatic life

As the project will be constructing barrage across the river, there will be a barrier for the movement of the aquatic
life. The project will be releasing minimum of '18.6m3/s discharge in the river as the environmental release for the -
maintenance of the aquatic life in the river. This quantity of the discharge would be good enough to maintain the
minimum aquatic life in the river.

a) Barrier Effect

Being the barrier 12m high, the Project will release about 100000 fingerlings of the local specie fish in the inundation

?1"?-gf Slnkosi River: for at,least! y_ears after tfgloiitri:liT-:!^!ie barrage. Cost of stocking would be Rs
10;000,000.00 per year. Total cost for 5 years would Rs 50,000.000.00

b) Water diversion

The project will be diverting only 67 m 3/s of water which is 77 % of the flow in the driest month March. '

(ii) lmpact on the fishes of Marin Khola

lncrease in amount of water in the Marin Khola from tailrace onwards will reduce temperature and increase fish
production. lf necessary, local fingerlings will be added to increase fish production and improve the livelihood of
the localcommunities.

8.2.3 Socio-economicandCultural Environment

8.2.3.1 Construction Staae

(i) Loss of farmland, other Category of lands and agricultural products

Compensation will be provided for all lost assets, including all types of land. Replacement values of the lands which -reflect real market rates will be used to determine the prices of land and to estimate the compensation amount.
This will be decided by the Compensation Fixation Committee that would be formed under the legal provision. A
reasonable rate has been used for compensation estimation. Table 8-3 presents the suggested rate for the land
located in different places. Estimated cost for compensation of the private land located af the different locations is
presented in Table 8-4. The compensation rate will be the market value at the time of land acquisition.

+raia{s\
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SI Location District Rate Market Rate Suesested Rate
Ramechap

L Hathitar 400.ooo.oo 1,400,ooo.oo 800,@o.oo
Hath tar 500,ooo.oo
Seleehat 300.ooo.oo aoo.ooo.oo aoo.ooo.oo

A Simladi 150.OOO.OO 500.ooo.oo 500.@o.oo
5 Puchighat 200,ooo.oo Tso.ooo.oo 700.ooo.oo
tl Raisaun 150.OOO.OO @o.ooo.oo 500.ooo.oo
7 Masantar l- 400.ooo.oo 1.400.ooo.oo 1.OOO.OOO.OO

8 Khosai 1 150.OOO.OO 600.ooo.oo soo.ooo.oo
9 Khosai 2 150,OOO.OO 500.ooo.oo soo,@o.oo

L0 Khalle ri 150,OOO.Oo @o.ooo.oo 500,ooo.oo
Sindhuli

Sitalpati 1- kha 300.ooo.oo 1.@O.OOO.OO 1_.OOO.OOO.OO

Sitalpati 2 ga 3@.OOO.OO 1,600,ooo.oo L,OOO,@O.OO

Sitaloati 9 ka 3@.mo.oo 1_.600.ooo.oo 1.OOO.OOO.OO

Sital pati 9 eha 300.ooo.oo 1.600.ooo.oo r_.ooo.ooo.oo
Powehouse 300.ooo.oo 1,@O,OOO.OO 1,OOO.OOO.OO

Table 8-4: Proposed rates for the private land

Source: Field survey and District Rate

TableS-S: Estimate for Land Compensation

Location Area Total Area Rate in Nrs Amount in NRs

I n udation Area/Headworks inm2 in Ropani
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,o

-
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!gtt!ta1,l ,

H?tlite!?
p"glegfat,
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ni1o"""
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5!tg"l t
[.!_r9-9aiz
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19316il:06
34,199.09
94,758.30
zie,qoo.ez

44,938.46
22,5qe 68

76,09i:q8
19,3:24.41

24,552.U

180.16

361,00

67.22

186.26

63 69

88.33

M.36
149:56

37:g:g

8.26

800,ooo-oo
50o,qoo:90
qqq,ggq,Qq

soo,qgq:ry
70o,ggq:0o

soo,gqq:oo

1,gqojmq.oo

5qq,-qpp.w
5oo,qqq,P
500,000.00

LM!+27-,g.5O.OO

]sQr5O0,O26,O0
s1,Z79r875."qg

93,130,943.m
4,s..8"T:9_,!_.@,

214,1691998:OO

y,3e!L4O_:ffi
74!77-8,7.L2:W_

t--8,,99?!.rp:w
24,731,176.n

IJ'

^oY' .Y, R
o=><au

Sitalpati 1 kha

sllalpati 2 sa
sllglpatie ka

Sitalpati 9 gha

66,961.86
13,839.20

15,O13.41

69,107.97

73L.62

27.20.
29.5L

135.84

1,000,000.00
1,0oo,ooo.0o

1f ryO,fqqql0o
1.000.000.00

T31.,623,746.@

27,2O3.,958:OO

29,?TL!L-!.7.W

L35.U2.253.OO

Powerhouse
Mashantar, Kamala Mai
Municipality 89.629.44 L76.L8 1.000.000.00 176,180,331.00
Total 1_.727.20 L,222,913,636.OO

Source: Field survey and District Rate

The Land Acquisition Ac{ obliges the proponent to provide compensation for one time equivalent to total value of
annual production of crops from the land to be acquired. Based on current prices of different crops total
compensation cost for crops are estimated at Rs.7,123,442. Detail breakdowns are shown in Table 8.5. For the
purpose of estimate the deregistered land of Hattitar 2 also has been considered for the compensation. lt would
need special decision of the Government for paying the compensation to such land
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Table 8-6: Estimation of the AnnualCrop Loss

Headworks Area in ha
Total

Production
Yeild/ ha in

Mt
Area in
ha

Total
Productio
ninMt Value in NRs

Headworks/lnundati
on
Paddy 5.U 17.5 3.28 32.63 L06.95 2,459,788.27

Wheat 2.62 5.5 2.'to 15.99 33.6L 1,OO8,360.41

Maize 11.74 25.83 2.20 46.1 8 101.50 2,438,436.60

Millet 0.53 0.60 1.10 2.O8 2-29 59,628.Ls

Pulse 0.70 o.75 0.82 2.75 2.26 270,958.38

Vegetable o.87 14.20 12.50 0.05 4.O'l zffi,733.45

Powerhouse
Paddy 3.36 8.53 2.v 6.74 17.12 393.860.93

Wheat 1.83 3.O2 1.65 3.68 6.O7 182.060.99

Maize 0.71 1.49 2.10 2.17 4.57 1@,614.93
Total 7.L23,442.72

Source: Field survey and District Rate

The experience of the other projects showed that male members of the family tend to spend money in
unproductive means, Hence it is recommended that the compensation money be paid through the nearest

commercial bank in the knoivledge of the senior female member of the family.

The project will provide counseling service to PAFs for the effective utilization of the compensation money. For

this, the project will develop and implement necessary activities such as counseling during the construction

stage. The project will allocate Rs,300,000.00 for counseling services

Land that will be acquired fortemporary use will be either leased or: rented in market price, through negotiation.

(ii) Demolition of Permanent and Temporary Structures as a part of Site Glearance

(a) Affected houseslsheds

Each and every affected structure will be compensated at the market rate. A complete list of the affected

house/shed is presented in Annex 3.2. Based on the plinth areas value of the house and shed are estimated. The

total of compensation cost for the house and other structures is estimated to be NRs. 106,501,128.53. Detail of

the individual house including the measurement is presented in Annex 11 and summarized in Table 8.6 and

Table 8.7.

Table 8-6: Estimated cost for the affected buildings at the Inundation Area

s.no Description
Total in
sindhuli

Total in
Ramechap Total Total in sqf Rate oersq Total amount

1 House c 22 24.ffi 34.ffi.22 25c(. 86.720.v4.*
2 Shed 15 r.9.oo 5,793.56 130( 7.531.630.00

3 Senerator house 1. 3.OO r.262.24 60( 757.343.70

Total amount 95,fi)9,518.07

Source: Field survey and District Rate
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Table 8-7. Estimated cost for the affected buildinqs at the Powerhouse Site

5.no Description
Total in
si ndhul i Total in s Rate per Total amount

1_ House 20 3.930.47 2500 9,826;L75.n
z Shed 18 L.28'J..tO 1300 L,66i5,435-45

Total amount LL,49L,6LO.6

Source: Field survey and District Rate

(b) Gost for the Transportation Facilities

Apart from the compensation, house owners will be allowed to take away reusable materials of the demolished
structures. Rs.20,000.00 for a single storied house and Rs 30,000.00 for double storied and more will be
provided as the transportation facilities. Total transportation facilities for 31 single storey and 13 double storey
builds are estimated to be Rs.1,010,000.00

(c) Hardship and Displacement Cost

Similarly a monthly hardship and displacement cost (rental) of Rs.10,000.00 per household per month will be
provided to each household for 6 months period. Total hardship and displacement cost for 44 houses is
estimated to be Rs. 2,640,000.00

(d) Infrastructures

The affected road will be relocated at the project cost. Estimated cost forr affected roads is presented in Table
8.1 0.

Table 8-8: Reconstruction cost for the affected roads

s.no Discription Leneth in km Rate / km Total
B.P hiehwav 2.3 L4.67L.76L.5C 33.743.67L.45

2 Rural Road 1_.59 700;0@.00 1,11_L,250,00

Total u,854.,921.45

(e) Transmission Line

Affected length of the transmission line of 1.27 km will be relocated. Estimated cost for the relocations is NRs
2,539,840.00

(0 Affected wells

All 15 affected wells will be compensated to the developer. An amount of Rs 750,000.00 has been allocated for
the compensation of the wells.

(g) Solar Panel

Two small solar panels one each at Sindhuli District and Ramechap District will be compensated at the cost of Rs
100,000.00 each whereas the large solar used for the lifting the water for the purpose of drinking water supply
will be relocated at the convenient location. lt was reported that the estimated cost of the project NRs 24 crores.
The solar panels and submersible pumps could be reused. But the well development, reservoir, pump house and
other related structures will have to rebuild. An amount of Rs 2.00 crore has been budgeted for the relocation of
the well and pump house. Total compensation for the solar panels is estimated to be NRs 20,300,000.00

(aai) Occupationalheafthandsafety

All construction workers and staffs will be covered with accident insurance. ln order to minimize the unwanted
accidents and possible effects of dust and gaseous emission to construction workers, the project will ensure
adequate PPE and safety measures such as helmets, masks, air plugs, road signs, warning signals etc. To
minimize effects of dust to local people provision of water spraying will be made two
reason.

during the dry
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The wor6orce will be made aware of the likely occurrence of accidents during construction works and teach them

precautionary measures to be taken for avoiding such accidents. Safety measures for the local people around the

area will also be carefully dealt with. The safety measures and cost for accident insurance will be included under

the construction cost of the project during the preparation of the detail design. Construction yards and premises

willbe wellfenced.

(iv) Pressure on social service facilities

The project will make own arrangement of water supply, health and sanitation facilities which will the part of the

construction cost. The project will be using the existing roads during the construction period. lt will be the

responsibility of the contractor to maintain the existing roads during the construction period. This provision will be

included in the contractor's contract agreement.

(v) Law and order

In case of malpractices and disturbances by the construction workers and staffs, local authority will be informed

and requested to impose restrictions. Late night operation of hotels, restaurant and bars will be regulated.

Regular surveillance will be made.

In order to encourage discipline among the workers, a cash prize of Rs. 25,000.00 per person will be awarded to

five diligent and disciplined workers every year. With the construction period of 5 years, Rs. 625,000.00 has been

allocated for this purpose.

(vi) Gender and Vulnerable GrouP

Weekly working hour.s will be fixed to the construction workers so that they could help women in household

works, shopping of essential consumer goods and other works. The project will make effort to maintain gender

balance during the employment and will not employ any child for construction works. Project will give priority to

vulnerable groups while providing employment in the project activities. The project will make necessary

anangemeni for general health check:up of spouse and children of workers employed by the project during

construction period.

(vii) Gash Flow

on for the lost assets,Significant amount of cash flow is expected in the project area due to cash compensati
payment for leased or rented facilities, and salaries and remunerations. The project will run an awareness

programs to inform the local people on the:effective and timely use of the nedy available cash and prioritizing

needs. They will also be made aware of the investment opportunities likely to be generated due to the project and

also encouiage them to exploit opportunities for long-term income sources. lt will be the part of counseling

service to PAFs.

(viii) Historica!, Religious and Archeological sites

The execution of project activities will not disturb any archaeological and/or religious sites of the project affected

areas rural municipality's

(ix) Social-GulturalandReligiousPractices

Outside workers will be kept in the separate labor camps. Counseling service will be provided to the outside

workers regularty for the harmony with the local community

8.2.3.2 Operation Staqe

(i) Wrthdrawal of economic activities and employment opportunities

(ii) The project proposed to carry out the counseling servic'es to the PAFs for the effective use of the cash

received from the project. Few PAFs and skilled people may also be employed. lmpacts related to

recession of local economy may be revived from fish release and fishing.

In order to compensate the loss of agricultural products due to loss of agricultural land, use of improved variety

seeds and lechlol!.llpJ co1lld be practiced in the agricultural land. Local people may revive agriculture practices

,+;;;;.$"1a



Environmental /mpacf Assessment Study of
Sunkoshi Marin Diversion Multipurpose Project (28.62 MW\ ENHANCEMENT AND MITIGATION MEASURES

and the project will provide necessary skill development training to PAFs and local people on demand basis from
the allocated budget for public awareness.

(iii) Possible flooding of lands due to increase in flow in the Marin Khola

The project has prepared a master plan for Marin Khola training works. Flood protection plan has been prepared
based on the hydraulic simulation of flood. Most of the existing agricultural land will be protected through 34 km
long dikes along the banks of Marin Khola on both sides at priority locations. Construction of | 18 spurs and 16
drain outlets will help to reduce impacts from floods. Existing FMISs will be rehabilitated. Total cost has been
estimated at NRS 810,584,191 .27.The project will support in the construction of suspension bridges across the
Marin Khola at the different locations.

(iv) Possible flooding of lands and houses due to sudden release of water downstream

The water from the barrage will be released as per the planned schedule. Local people will made aware on
possible impacts of sudden release of water in Sunkoshi River.

(v) lmpact on cremation sites

As the cremation site will be inundated, the project will develop the site in consultation with the local people
above or on the side or below the inundation area. Necessary budget will be a part of project administration.
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9 ENVIRONMENTAL MANAGEMENT PLAN (EMP)

The Environmental Management Plan (EMP) is an important component of the EIA report and will be an integral

part of SMDMP to set out the procedural framework to ensure the implementation of mitigation measures,

monitoring and auditing requirements. The plan specifies the environmental responsibilities of all parties involved

in the pro.iect, and detail enviionmental management requirements for the project during the pre'construction,

construction and operation phases. The plan also specifies the coordination mechanism with various line

agencies, project participants and schedule. The monitoring component likewise defines the monitoring

mlechanism, reporting etc. Similarly impact audit define the auditing parameters and responsibility.

The project proponent will be responsible for the implementation of the EMP. The plan will apply adaptive

management to accommodate changes in project design. The POSDCORB approach is being .followed to-

prepaie EMP for this report (Uprety, 2003; MoEST, 2006 and DoED, 2001). lt focuses on the inclusion of
ptanning, organization, staffing, directives, co-ordination, reporting and budgeting. WithLn this broad framework,

ine totto:*inj'sections describe to address 5Ws (what, why/how, where, when and who) for the implementation of
benefit augirentation and mitigation.measures, environmental monitoring and auditing works. The EMP will be

updated during the detail design to cover the likely changes in project design, likely changes in policy and

regulatory mechanism and stakeholder concerns.

Furthermore. EMP refers to the documentation pertaining to the project management, monitoring and

examination of the implementation of the mitigation measures and verification of the predicted impacts during EIA
process and project cycle. EMP becomes an important management tool to ensure the proper project

implementation oi tne mitigation measures for minimizing the adverse impacts and maimizing the beneficial

impacts.

EMp is prepared for effective impiementation of proposed augmentation and mitigation rneasures, monitoring

anO auOitingifor assessing- the effectiveness of mitigation measures and the institutional anangement for the

implementation of the EMP.

9.1 OBJECTIVES OT EMP

The EMP is an environmental operation manual for use by management and staff employed on the project, and

will serve as an informative document to regulatory authorities such as, Ministry of Foresl and Envi|onment

(MoFE) and Ministry of Energy, Water Resourles and lrrigation (MoEl /Rl). The EMP has five primary objeclives

and they are:

a.

b.

c.

A

e.

define environmental management principles and guidelines for the design, construction and operation of
the project
OescriOe mitigation measures that shall be implemented to avoid or mitigate adverse environmenlal

impacts 
-k tn ensr rre the imolerr teasures andformulate environment management framework to ensure the implementation of mitigation n

monitoring programs
establishment of supeMsion, monitoring, auditing and reporting framework
establish the roles and responsibilities of all parties involved in project environmental man

The EMP has been prepared for the Sunkoshi Marin Diversion Multipurpose Project (SMDMP) to set out

environmental management requirements and to develop procedures to ensure that all mitigation measures and

monitoring requirem6nts specified in this EIA study report will be carried out in subsequent stages of project

development. This plan covers structures of the Environmental and Social Management Unit (ESMU) of the
projeci Management Office (PMO) and main roles and responsibilities of the parties involved in all phases of
project viz., pre-construction, construction and operation.

9.2 STATUTORYREQUIREUEUT

been best utilized to prepare

Final Repoft
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9.3 EITvIROUTUENTAL PERMIT AND APPROVAL

The overall responsibility of environmental management of Sunkoshi Marin Diversion Multipurpose Project
(SMDMP) is of Project Management Office (PMO). Key stakeholders including the project, to be involved for
project environmental management in hierarchal order is listed beloru:

. Ministry of Forests and Environment, (MoFE)

. Ministry of Energy, Water Resources and lrrigation (MoEWRl)

. Department of Water Resources and lrrigation

. Department of Forests and Soil Conservation

. Rastrapati Chure Terai Madhesh Conservation Committee (RCTMCC)

. Division forest and soil conservation office and its sector offices and posts

. Construction contractor (CC)

. EIA experts

. Supervising engineers (SE)

. The Proponent and its line offices

. Sunkoshi Rural Municipality, Khadadevi Rural Municipality, Kamalamai Municipality and Manthali
Municipality

. Non-government organizations, community-based organizati ons

The roles and responsibilities of the key stakeholders have been described in the Table 9-1.

n-,ffi^e
Final Repott s.du#l;".



cf)

P
6

&
o
ii

!)

o
oo
o
F

F

q)
a
o

.9
(c

0)
E
0)

E
(5
ao

6_

'tr
(L

'a
(E

6

c

c
.o
f

U'

oo
o)
.E

c)

f

I
c
o
-c
3

:o(u6
(I'

OE<o

0)o
(E
-c
o"

.F
(tt

c)

o
(U
q,

E
oiE

(E

C'

ut

'tr

q,
a
(lt

c
Fo

o

o
o

I.JJ

E
o

(It

c)

aE
(lt

o

,F

oc
o
o
0)

E

o
dl

a
(l)
a
(o

.F
(t
o

c
o
c
.o

o

o
c).=

o

0)
-c
3

o
o

a
0.)a

c
.F
C,

o
o
c
C'

,=
o
l
a

o
o).=
o
0)

0)

=
(I'

o

a
c)o
(6E
c
'a
(E

o

(E

.o
f
ac
o
{J'-
c)

C
0)

=
c
(I'
o

=
o

(o

uJ

'-

c

E
o
(lt

o
Io
(Il

o
c)a
E

c
.o
(I'
q)

c
o
C

'r=()

oc
o
0).=
f,

I
c
{l)

=
c
(I'
a

c
.F

f
a
C
o

O

'-
o

6
vap96:"=E(g
o-oo(E
<5
I.U O
oo

'--
o- o-

c)
@

E

c
_o
o
f

o
oo
o
o
()
m

a
c)a
E
c
.o
G'

c)

o
G
c
.E
ol
a
Co
o)c'-
fo

oooo

c
'a
(0

c)

C

.9
o

oc

'C

a

o
c)(t
oE
c
E

(,
o

(g

.F

f,
oc
o
C')c'tr

o

(!)
o
(E

_c
o.
c

=o
l

o
oo
o,
.E

c

N;
c)

llJ

C
.E
-go-
Eo

=o
oc
o

oE
o
E
tr)

E

=0)

o

c
.F
$
iD

o
o
a
(s
c)

=a

(l,

o
o
C

(r)

;

o
.9
==
o
o
oo

tn
6'
ot

ol
OI
tl
-l

6
o

o
6c

'tl,'t
o

(I)

c,
o-
6
(u

t
o)

;
0)

l(I'l>
tv

lol-lo
tii

ol>l'6

C
(E

a
c,o

c
'=
(U.
OJ

o

(I'

.o

a
oo
o)
'=

o
o
9o
9.9Li

d6EAx.>

ox
9-

3ql.o El> trto xleY

ololGI

-!

al
ol

o)1

{I.,

c
(t'
E

E
c)
o_
ct
q)

q)
o)
_6
o
o)
o
;i

o
olc
!f(t
ts
c
q)

E

.=

0)

f
o

o
af

$

o-
o-
(It
6
=
'-

[!

3
0,

o

(ltl':'.
6
Er

6
C
o
(tr

o

o
o
c
(s
(E
o

o
c)

o

'6
.o

(D

c
(It
'6

0)

rl)E

a
q)
o

o

a
c)

c)
.c.

c
E(lt
(It

0)

c
(u

o)
.E

ttt
(s
o
E

o,
'6t

0.,

-li.=fi

l=Ptxc?tx9

I orc
l* 0)
Lo6l(,)o)t(/)iEl{o

ol
0)lPI
ol

6, 1

c.)'or 
l

c

o
q)
o_. >\oo)
_o
:o." d)

-:z c
o\u
=oazco
oo
()E
od)g'6
o- o,

oe
€gOOo-(I'o..

EE
f,o

EO

}Eof't .bOo
E.C

a
(I'
o)
6l

E(I'
a
0,

o

fit
o
o)

o

'F

.o
=c
0)

.;
q)
co

d_
oE

.9
aa

vt
E

E)o

ao

E

=o

a
{D

o)

.;
0)c

0)E

.aaa

c
CJ

.a
o

(!
o

(lt

UJll-
o

Eo
o.
0.,

s
IJJ

o
0.)

E
E
o

=.c)

o
-c=;
-

'i6

'r=

(It

OJ

l!
0,

C'

6C
'==
o)x(s'-
a.2
coo0)
=o6oth
vq=

6o:(oE

oE

Fs
=,(ll6'P

-I;6()=
E0)

}F.oY
d>MA

o)

a
E

o

o)
'-
o
=co
Eac
A.Y

o
3(uo o.)'t.>
o-ti

c)
.F

€9
6€
g',' q
.=E

PEc'-
PE

.g.s
{D l:
FAJ
os';x
o;

o9
-;
(t'X
O6

dc
$
E

.c
ct
aJ
a

c
(('

_0)

E

.!
c
c
(lt

;
0)
E
q)

.E

o)o
C

'=

d!c
c)

(s

c
'a
o)o
o
o).o-

d_

6;>;
9;

a;

E;-
.e==

E QE
o o;
o 9d
o:j
EYO
9oc
h' o.o
< f l
ur 6t;
'5 -oq<6
u= dra u.=*,,9xFo

d Pe
dJ=c

*55di oo

^- ,i'i:

c
.E
(s
(l,

C
(\t

C

oco

o
0)

E

o_

o

(l'
oE
E
0)

(It
aa
c)

0,

0)

f

o

[rJ

3

(E

RoXE6b

h,
oF.06
.EF
6d
-C.9o
tdo
E6
33
FEF(/,
-C

ca
efl
oo
v)oEo(E
o-6
o Ct)

o)o-EZ-o
(Ev
-Cg

a5
lv
PE
t.u (I'

a
o(It
o_

E

tt
QJ

f(h
(o
0)
E
6
o
Ec

c
c)
ol
.c

oo
0.)

o)
-c
oo:
()
0)

o
o
'tr
o
C

.E
o
o

C'
c
.F
(t

(u

E
.E

.E

o'6'

;c
q)

E
d)

;
;
c
(It

.9
o
.9
6

=

o
f,oc
ul

3
.q
0)

E
(5
o.
-o

G
t

0)

0)(J

(lt

6
o
o-
!c
(0

c'-
o

=oC {I)

?o
tc)U:F(u
ctt

o0)
+coo_oho#hoc
'=Fs=F=
O5

=
o
(I'

c.;
o
Ea

o....
Eo
c.) .

q.)

o

q)
o_
o
(I'

E=o0)E_'>
b9
_E
9o
;o)
F9pb
AEou)

-E
g6"
o-fi
C-
bPOd

(tl

o
(I'

.F
(l'
{l)

o
E

E
oo
(I'

E

0)
o.
o
G'

ot
.c
o
=c.ooh

EE
OJtrg-a
9o

=3rii Q):'t6g
.0e

=ocooU)(JT

o)

o
o!

@
.ftJ?.%t9) -i 

o 
-,.1 

{

t
=oo
E.

=ul F

K

cF
P.9-€/)
E qE
O-.! o

(/)c)
:

C

zo "'di'.dr1. 6G*' N v

(tt

o)E
o
o)v
(E
(t
o-
o
(t
.o
=E'6
c
o
u,
0)

T'c
(It
a
o)
o(v
J

I
o)
o)

F

l

I

=Lull_l

o

u)

q)

q)

q

s

s
q)

Q

UJ



o
E
(l,

oo
(l,

F

!c

c
.E
o

E-

o>,
69o(I':(,)
oy
I'FoO X

(U.:6? P,cY -?o
.o 6 =ts
-Y' =6i p=
c€ =.sHO (seo
E! gb
€b €poE oFdr< cod

(,

E
o
c)

c
(tt

o

0)oo
-c

.F
o
Fa
oo
o,
C'-
f

-q
o)
c,
E

o
tt
o

c
.E

o
oo
h

'tr

:
_g
lo
{D
t

0.,
-c

o
a
-c
c
E
oo
c

o)

(It

:og
C'

.9.9
9i2
Ee9F,
oo(.) g
g1.o
.=o
l-E6
+'oio
d()-a
oo.

q)
o
E

,E

l
oc
oo
O!c'-

-ga

t

o)o
(It
-c
C
'F
(J

oco(,

.c
f,E

o

oa

.a

o

o)
'-

:ou

q)
o
(5

.E
o
:f,

o
()
o)
'-
:o
.>
_g

o)
0)il

0,6
(6

c
.9
o

(t

oo

'-
t
lC
--
-g

q)

c,o

C
.o
(u

0)oo
o
tg
0)

6
.=
LL

c)
v,
IUE
c
E
(u

0,
Eo
o_

E
Eoo
o-o
o-

0
L

aoo
G

E
.9

o

(lt
c
Eo
Eo
o

c

o

o
0)o
(It
-c

-
,F
$
0)
o-o
E
($
C.
.9

ocoo

.E

c]

oa(t

C
.q
ts
0.)

'i
fo

c
'a

c)
o_

c

.o
o

ac

c',
.c

c).=
f
ct
0',

c)

3
9a;g

(It

{€

c)a
E

c
.E
(tr

c.,

o
c
.E
o
J

ac
o

.E
J
E>
(6

0)
tr

rif
I

O)

o
,9

='6
o
o.oq,
L

!t
(E

og
ot

E8Pg
9SE>.

IE:

E*(s9
sp
.ts,, g
bo€
F'FEEoO
P.'F
Eo
ar5

sag e
F * 7.
d.g E.q

frE c€69 oFc.Y
E g .o6

€g =eE
€.c +be a A;o
Fi € .bR; Eg;u hp';P v6
EEp,€E
sEfrEE

-998
.0bEo- y

35so o->
c:0)os
*o'Y_C (U
fv=

EE Eo>-()E
bro -
-FP.=* osC
€PE
E 

==I€tO+oou)9E F.EEi
odtE
F P'o

= 0.)

EsE
Ldt.(En-
; .va

F: X
698()a

gEfrs
=nEEH - 6r"0l
8865
s a eF'6aa*'; {r'5 X

e=eH
Ld 3d E

96(si:
_Eoo
Eo

EPt.g

ct E.
j13

a8
j
(I'=
o}:
lp

o- 0)

OOUr
EOO
Pa€5-.(o
!? FoP= O

ErE
oaC
o'9 b
-Et
=(,o_ooL O_O_o(,,oEsh
E= orotgc
koo

=FAo-E >tr:E.=Y(E
b 

=E(ro
o)

5 sg
E b',=oox
>E6

o
(.)
o

E
0)E

.N

E

E

@

tt)

E
c,

c,

v
.0,

lt

(l,
o.
6o
c

F()
(I'
0)

oo

o
!
lt,

(l,
(!)

0)p
o
o-

ol
Ioi

PI
6

=
o
C
(g

:Eo
J
6

o'6-
o.
o

o
too-k
c., .lgLIJ

or9
.= {l)

.YO
CA
9crE-C

EeF}:c)
-E'tbE
>oceot
p9
(trOqo_
!DO
(L o-

EEoc,
-FF= O

HE g
6- R
tiO C)

.EE :
o

Ee .E
<E E
IJJ(D 6(I)-#

eH $
.qgE ri

'g.E €PF P.

9.6 :
3P g

9.- e

e= €
c- !

€€ E
i= o)vi IEE 8
2.=z d
..-oE
U9H(s
iESs
A"E FE

9g
ob8

8,P
(l).!
O(E

=E>g
=FhE ,(/)H
E !t,
FB

=O,ctcolll U,r-5
EF8
=E9
E SEgfi5
6'* ()

E HI> pE
69 P
=o-b EP
EE 6
F8gi ";6
'ii tD o
:g E
{- F'(EE6E
E eP
e:9 g.YL-

E &=
e;"0

c)
o

o
'-
o(I'
j
.o

c
(s

oo.
rl)

|.ll

'15

.0)

o
ID

o
o(!
o
q)

=a(t'
c,
E

.9d69.9,-
tr0)
rPb';
tr>gdqo
50

o)
'=
0)olz

Eo0,o()
EF

EF(EE
c,

qo
c)c
E(E

E
o.9cc(t'll).cE
3 {l)oo
iI.r

a
E
fo(I'
o
E

c
.E
qt
.s)
-e.
E

(I'
c.
q,
Ec
o.=

OJ

o
.E

E
.!u
=
(l)
o-
0.
c
Ets
3
o
0)
0)
'6,
c
c)
o)

:.4

0)

gl

-o
E
.e
o
d)oo
o
.o
(.)
r{t
c)

o
0)

O

o
q)

E
_q
o.
E

Eoo
c,

ul
c)

;
0)

.E

o
E
o
(6
IA
0)

o
E
o
o
(It

6o
o
o

.e(t

ll)

(L

O
c,,d

-c

c
0)c

o
o-

.ooo(I'

Ec
(It

C
c)

o
o-o

c)

o

o-I(l'
E
{t)
E

6h!l'E!J(5

,,q:F.!2 ;i
B=o-

coc
o-o
o-
0)

_o
E
{)
.N
(I'

o

.=g

o
u,o
0)
(!
3
(u

'a
!

oc
o
.q

;
.aao

=c
J

E
o

o
o)
(l'
(D

Lo
(u

o
-c

o)

o
o

c,

o
oco
o
0)

o)Jo
o't

C
EO
(I'(s
-.N.o=o-^o=<E

g

l
(I'
(tr
oo
o.o
a
0)

;
LL
o

,42(t
6

o
0
(t)

E

o
o,
c
fit

.E
G
o
o
E
C
(I'
E
-o
(J
f,

ocoo
o
q.,
'6-

o
oEo
c)

o)c
oo
-€C
o*
FY
: 0.,

3=
9g
-YO

{Dc
11)oc
o(J
oE
:
(o

-o
ato
'6
C.6

o
(l'

a
.o
=
o(I'
o
o.6-

0,c.

.c

o
c,

6c
(lt

(t
-c
o
o
tu

(l,

o
c,j
(!
tt,

E-

5."fi
'E.lE;0)ax(o

E-f 3

o5
U)

bfll P()tuc
i-l

E8E E f; 5
Po.-q F E F

k uE' E E'sr E= E

a'gE gs5frHe

5q'E.= (/l

:38o (Lr.=

orc
o(/)l!

c
o;fo
.: (E
6-CCoo(JO

zo (o N @ o) 3 ff +n*t

I

I

I

^lo-l

=iutl

it .b
ls.F
L*e

=J
Fz
t!
=zo
E

uJ

ol
nl
ol>lt-I

>l

ol

U):

o\'b:

u)

q)

q
o

o
(E

s
o
c)

p

tlJ



O)

F
d

&
6
.s
lt_

o
3
c)

o
(l,

F

oo
(!

F'
(E

0)
E
0,

E
(5
oo

o_

'-
(L

c
'a

c)

E
o

Fo

U'

o

'-
Jo

tt
0)a
GE

o
0)o
o

F
;i

C
(tt

.F

5
o
oo
o)
.E

o

I

I

I

I

I

I

I

I

I

I

I

o, Iol(ul

o_l
-lol
!ol6l
"lo)l

f,lol

c
F
f,

0)

g
C
o
(J

F
6

{J
o)c

o
=f
o

o
3

(It

o

0)

0)

c
0)c
3

-(n-0)(o3
E

Uto.(l'c
.o

E!o

CE.98
o-
=5*aE^

aooc
o-6

a
C)6
(I'

c
.o

0)

o
c
(I'
c
.F
o
f

a
o()

.=
f

6
f
o)q)
E

c)6
..c

C
E(lt

E
c)
o_

=(lt
6

o-
o

'=
(L

(l'
C
.o
o

o
oo
o
.E

o

ooo
C'

o_
c
F
a)

a
c)a(,
-c

C.;
0)

Ec
G'
c
.E

f
o

o

'-
o

a
c)a
(It
.c.

=
o

(s
c
.o

o

o
o.:
0,

0)

3
'll
c
(It

o

.c
J

E
0).!
f,

c
c,

3

EEd0--(5
E

U'o-
.E

-o !o

cL

=66 F,,

.1 6oci8

.==v=
a

xoEO'=

a.=-5
F>
;i

O)o9
C(6E

a-(o6
'p

E6o
Gtq0)oa

(5
eTE

E(u-o-6
9E h
=5Xx.: ;iY6-
e F9o-E6

tf/,l
lc
l0)

IE
lF

I 18llE
I l(!
I to
la l0
l:=t=l5lr!
I (' l;iI c lxI I l;I d loI o td)

lplSI E IP
I o t0)IOrtl<

ldlr;

olol
vl

I
Iorl
I

al.=l
I

6lclol
9l

I
I

ol,6
6(lt

(E

{l)

o
o-o

q)
-c

o

l(6

lc)

IF€
l--
lnr Yt:>

t>*

0)c
o

o

oo
N'=
G

o

;::
.uo
c
o
c
3

c
.9

c

rltrl
()l

Iol
I

EI(l)l
(5l
FI
ol
(Dl
(lt
E

:c.o

o
o-
c)

o
tt
o

I6
lo
lo)

la
Ilo
t>

l-lro :I c.!z
t'.(E
l- .N
l.'/) 

=I oZ.
l€E

I

E
(E

o

lv
ldtc)

t'-
IuJ
IrLlo
l>
t6
l'u,tot<

!lol
Iol

FI

olol
ol>l'6, .l, '|E'Iclo. 

I

ol
(trl

Iol
6-l
'-l

o
.bo

o
o

| .0)

tht-
loto

| {l)

lo)

Io I

IpE
lco
lb9It6t; slo;
l(6

.o(5 I7€ |

=Llo: I

E'> |3fi I

=o I
IPe I

BtE IoF I

Er I

I

!rc IUOJ I

b_-0

Etr
I"
.c.6
2,t
U3
.Eo
to(ttlo

t= -E

lE ts s
lEsEl:.Pllg (') Y
t*9?o-
IEFE
lEa9
l#sE
Itr()(I'
lo(Ec
l l.L ,E tlJ

ol
{Dl(Jl
olol

I

(ol
I>l

.t
-l0rl
d, l

C'
E
0)
(E

l,
.0)€.2a
oc(E C.'

ij=otroF
aB
9E-6

l>;i

lFs
l(5u
l(,)o)tco
Lbx
IPO
t!.9;
t!:

150)l8f
I r.! i;

olol
ql

c)

c
{Dc

o
o_

.aooo

(lt

c
c)c

O

a
o
(6
E

lo)
l- -
tn=
ldrllt

ls Pl.:? nlat

Eiol

0,

-o

o)
.N
(E

6
o)

=
lo
ao
c)

0
(tr;(t

l(Ut-
la
lo
lo
I <-r
t=

l'-
la
lalat<

-l

=l
o

(lt
o
0
0)

(\t

oE

.=

o
C

-o-

o

o
o

.F
a
o)
o,
l
a

t>
IY

lP .e
1(I'(6l* .N
1.9 xla;
t<E
I

LIol
Ial, I

(trl
-l

olol
orl>l
o)l
-(,
cl
(o

c
.o
o
(l)

o
c
(o

,E
(.)

F
ac

o
{)'6-

tt
6
g,t-

lqp
tul
lco
l: d)t->l3r{to x
t> Flo;
le5

oo I

I-c.a Io(E Iolo! I?c I

I

E-u Iglo 
I

Fa i

6e lo.adslE6
oo
6f,=
;,,oi.4 e-'E Atr99
-(tr(EE ,.= -c
9.rd
gEE
gog
.o(UF

=-F5e:
F 9m3iE
& agEptrg6E
lslB
lhH a
lsEe
lgt E

lE 8-bto';to.
l< a.E

0)c
d()

o
c)E

i"
ID
.E
(It

'6
E

(!
o'
P-e>c'{= O
8.9
.tj'E
otr
Ydaro

-Eo*!
co'-o
hE
E<
1!;i6:
BFc-(tr(,
!(It
- lt,

oP
15allaxte !q
lur 6

q,

o
o,5(!
al,

eEi=^o,;6 E>}=EE;
- 

(ll ftt- c c

*:S,35E S

#::?eeo'o

a
6

E

8bp. .rEF,4\
z
U'

'r+i -; ,6'., TrAiqr.6 {,6
>

I

I

l
I

I

o.I

=luti
z,i
<lJI
o-l
FIzl
uJI

=lr.u lo
z

=J
F
=ur

=zou
z
ut

o

:
q

{)

q)

G

o
q)

ut

d'T1



Environmental /mpacf Assessment Study of
Sunkoshi Marin Diversion Multipupose Project (28.62 MV.l\ ENVIRONMENTAL MANAGEMENT PLAN (EMP)

9.4 PRO.IECT EruVIROruNNENTAL MANAGEMENT FRAMEWORK

As per Environment Protection Rules, environmental management of the project is the responsibility of the
proponent. For the project, the proponent's PMO has the responsibility of Project's Environmental Management.
To ensure that the EIA recommended mitigation and monitoring actions are duly implemented, monitored,
analyzed and disseminated to the stakeholders for feedback and improvement, the PMO will establish a separate
Environmental and Social Management Unit (ESMU) of its own. The proposed ESMU has four major roles to
play. Firstly, it will implement and administer land and property acquisition, and compensation to project affected
families or parties. Secondly, it will implement and administer the program in the project affected areas. Thirdly, it
will disseminate information to the project's stakeholders and co-ordinate with the different line agencies. Lastly, it
will monitorthe environmental and social measures and its performance as per EMP.

The ESMU will be managed by the consultants with experience in environmental monitoring of the projects in the
past. The project ESMU shall be established at least six months before project's civil construction award. This
Unit shall function directly under the Project Manager and will have a responsibility to co-ordinate with the
project's Supervising Consultant.

9.5 Et.IvIROUUENT ENHANCEMENT AND MITIGATION PLAN

EnMronmental management actions to be undertaken and to be adopted for the realization of environmental
enhancement and environmental mitigation during construction and operation phases are presented in Chapter
8. This plan includes impact-based description of enhancemenUmitigation action required, individual
responsibility, national standard and guidelines, timing of action, individual or agency responsible and tentative
financial requirements. Environmental enhancement and mitigation plan will actions to enhance beneficial
impacts and mitigate adverse impacts, along with organization responsible for implementation of measures.

9.6 EI.IvIRot.IueNT MANAGEMENT DURING CONSTRUCTION AND OPERATION

9.6.1 Environmental Management and Execution Plan

The contractor is responsible for preparation of the site specific plans as stipulated in the EMP and its
subsequent obligations under each plan. The plans will be inclusive in a broader Environmental Management and
Execution Plan (EMEP) of contractor to be submitted by the contractor to the client.

The project management will include the above provisions in the contract documentation as a priority clause for
compliance. The EMEP shall be approved prior to the implementation of contractor's mitigation obligations or as
per deadline highlighted in the contract documentation.

The plans to be submitted by the contrador within EMEP include:

Permits and approvals plan
Compensation management plan
Project i nformation management plan
Pollution abatement plan
Erosion abatement and mucUspoil management plan
Construction camps and traffic management plan
Terrestrial ecosystem management plan
Aquatic ecosystem management plan
Public health and occupational safety management plan
Rehabi litation/reinstatement management pl an
Emergency management plan
Disaster Risk Management Plan
Decommissioning plan of temporary facilities

The implementation modality of above plans shall be clearly mentioned by the contractor in the EMEP. The
implementation modality shall include the organizational structure of the EMEP implementers, timeframe,
methods, monitori ng and reporting mechanisms.

a) Permits and approvals plan

The objective of permits and approvals is to comply with the government legislative
cordial relationships with the project stakeholders. There are a number of legislative

and to keep
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a

t
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prior permits and approvals from the concerned government agencies to commence the works; Besides, some
activities would require general consensus of the project area communities or individuals for smooth operation of
certain activities of construction and operation. ln these cases, project management will obtain prior permits and

approvals or consensus of the affected communities and general public before the start of activities. The permits

and approval or consensus required for the project are presented in Table 9-2.

Table 9-2: Permit and aPProval Plan

All approvals and permits will be procured at least a week before the slart of Pre-construction and construction
works by the responsible stakeholders as listed in Table 9-2. The permits and approval will be documented and

recorded at the EMSU at the site.

b) Compensation management plan

Prior to site clearance, compensation should be provided to the land and property owner. The proponent will
prepare a detail plan related io providing compensation of lost resources (crop land, forests, infrastructures,
soeial service facilities etc.) for smooth functioning of the compensation mechanism. Compensation of roads,

bridges, transmission lines, irrigation canals, wells, and solar panels will be induded in agreement with

cpntractor. \A/hile cornpensatory plantation or case compensation for land and property acquisition should be

dealt directly by the proponent.

c) Project information management plan

Project Management Office (PMO) has the responsibility.of overall Project's Management. The PMO will

estiOtisn a seiarate ESMU of its own. ESMU shall be responsible for maintenance oJ records by acquisition frorn

the contractoi and proponent, dissemination of information to the project stakeholders and co-ordinate with the

different line agencies. A Public Information Center (PlC) will be established within the project office premise to

maintain necessary records that could be of public interest.

d) Pollution abatement plan

The objective of the pollution abatement plan is to avoid or minimize the pollution streams (gaseous, liquid, solid

and acoustic) from the project activities during pre-construction, construction and operation phase of the project,

both preventive and remedial measures will be implemented by the project. The preventive measure focus on
prevehting pollution streams whereas the remedial measures will focus on the measures to minimize the effects

of pollution through end of the pipe treatment technologies. A number of measures have been li$ed in the
mitigation measures in Chapter 8 for air, water, land, and noise pollution. Table 9 3 highlights key features of the
pollution abatement plan.

The contractor will prepare mitigation measures-based and site-specific pollution abatement plan incorporating
the provisions listed above and in the mitigation section of Chapter 9.-lttit plan will be submitted to the
supervising engineers for a prior approval of a concemed environmental officer before the project construction
starts. The approved pollution abatement plan of the contractor will be documented and placed in the public

information center at the site office as a reference document.

e) Erosion abatement and muck/ spoil management plan

The SMDMP development works involves a number of activities that directly interact with the existing landform.
The objective of this plan is to minimize the landform instabilities and reduce soil erosion and landslides to the
extent possible. The second objective is to conserve the top soil, the lifeline for any vegetative productivity. The

SN Required permits and approvals Authority Timeline in project
lifecvcle

Responsibility

a EIA aooroval MoFE Pre-construction Proponent

3 Tree felling in Community forest MoFE, DFO and
CFUGs

Pre-conslruction Proponent

4 Tree fellinq in Private forest Land owner Pre-constructbn Proponent

Permanent land acouisition Chief District Officer Pre-construction Proponent

6 Temporary land acquisition Land owner Pre-conslruction ProDonent

7 Entry and works on private land and
orooenv

Land owner Construction Proponent

key plan are presented in the Table 9 4.
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The contractor will prepare a spoil disposal plan and topsoil saving and reuse plan in the designated areas
provided by the project management at least a month before the actual excavation works and will take approval
from the project environmental officer. The spoil disposal and top soil saving plan will incorporate the minimum
provisions as stipulated in the mitigation section ln Chapter 8. This document will be placed in the project
information Centre as a reference document.
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Environmental /mpact Assessment Study of
Sunkoshi Main Diversion Multiputpose Project (28.62 MW) ENVIRONMENTAL MANAGEMENT PLAN (EMP}

0 Construction camps and traffic management plan

Transportation of construction equipment and accessories and establishment of various camps for engineers,
contractors, workers, storage yards, and mechanical yards are the first activities of the inception phase of
SMDMP. The construction preparation activities at the site have a lasting consequence both environmentally and
socially. Therefore, planning for traffic management (on site and along the road corridor) and management of
construction camps and storage facilities (fuel and hazardous materials) are crucial for the overall EMP. A proper
and sensible planning at this stage will avoid likely environmental and social adverse consequences in the future.
The highlights of construction camps and Traffic management plan are presented in the Table 9-5.

g) Terrestrial ecosystem management plan

The objective is to en$rre that the terrestrial resources such as forestdvegetation, and wildlife of the project site
and surroundings will not face adverse impact due to the project implementation. However, project efforts will
help to safeguard ecosystem and enhance its goods and services. The activities of the terrestrial ecosystem

management plan are presented in Table that follows.

The contractor will be made contractually responsible for provisioning local employment, supply of kerosene and
LPG at the labor camps, for prohibiting the use of local NTFP and wildlife and its product within the camp etc.
The PMO will ensure that the above provisions are adequately covered in the bid documents. The ESMU will be
responsible for drawing tenestrial resource management, particularly the public awareness and compensatory
afforestation, based on the wider consultation with the local communities and concerned government line
agencies.

h) Aquatic ecosystem management plan

One of the key impacts of proposed hydropower project will be on the aquatic ecology of the Sunkoshi River and
Marin Khola. Though the impacts of the river diversion cannot be completely avoided, however, it could be
minimized to the extent possible by implementing the activities listed in Table 9-7 as a part of the aquatic
ecosystem management plan in the project life cycle.

i) Public health and occupational safety management plan :

The project devetopment site is in the rural setting (even the affected wards of Manthali Municipality and
Kamalamai Municipality) are thinly populated and the population is not e:rposed to high pollution loads of diverse
types. This increased pottution, in an infrastructure deficient area, becomes the primary cause of public health
degradation. Apart from this, people from different places and with different diseases come in the area as project
workers or economic opportunity seekers. They may also act as carriers of the communicable diseases which are
otherwise alien to the local population of the project area.

As the construction work is associated with diverse types of risk prone activities. The workers involved in the
construction works are exposed to these occupational risks. Sickness, injuries, and even fatal accidents cannot
be ruled out. The increased traffic of construction vehicles and assmiated fugitive dust and noise are yet another
source of direct imperative health effects, even fatal to both the projed area people and occupational workers.
Taking the above mentioned probabilities into consideration, a site.specific plan on public health and
occupational safety has been developed to minimize the risk on public health and construction related occupation
of the workers. Table 99 highlights the key features of the Plan.

j) Rehabilitation and reinstatement management plan

The primary objective of the plan is to rehabilitate the affected land area, facilities, construction sites, mucUspoil
disposal sites, quarry sites, storage and mechanical yards, temporary camp sites, solid and liquid waste storage
and treatment sites etc. once the construction works and its utility for the construction period is over in the
designated site. This activity is envisaged to clean up the pollution created by the construction activities on land,
water and air and help to restore the general aesthetic of the area similar to pre.construction period. The key
highlights of the plan are presented in Table 9-9.

The rehabilitation plan with the outlined provisions will be prepared by the contractor including the provisions
listed in the mitigation section in Chapter 8 and agreement with the private parties by the contractor at least a
year before the closure of the construction works. The environmental officer will review and approve the
document with needed changes. This document will be placed in the public information center as a reference
document for monitoring.

Final Repoft
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Environmental /mpacf Assessment Study of
Sunkoshi Marin Diversion Mulfrpurpose Prolect (28.62 MW) ENVTRONMENTAL MANAGEMENT PL,AN (EMP)

k) Emergency management plan

The emergency management will be prepared to handle unforeseen events during emergency operations is

presented in Table 9-10. This emergency management plan highlights some key features of the emergency
preparedness in the event of such unforeseen events.

Table 9.10: Emergency Management Plan

S.No Activities Schedule Location Responsibilities

1 Provision of sirens to inform the
people of the emergencies (fire
hazards, blasting operations,
chemical hazard, traffic
accidents, earthquake etc.) and
drill ooerations.

Construction Access roads. intakes.
headrace, tunnel, adit,
powerhouse, etc.

Contractor

z A system will be developed for
warning or informing people
before sudden release of water
downstream like siren.
Awareness program will be
conducted to educate local
people about the importance of
siren warning system,
possibilities of accidents and
other oossible i moacts.

Construction Intake, penstock alignment,
ad it, powerhouse, muck and
spoil disposal sites, nearby
settlements, etc.

Contractor

? Siren network will be established
in the dewatered zone and will
be blown for 5 minutes
continuously by the project staff
and repeat if necessary as
warning alarm before the release
of water from the dam for
maintenance

Construction
and Post
Construction

lntake, penstock ali gnment,
ad it. Powerhouse, muck and
spoil disposal sites, nearby
settlements, etc.

Contractor

4 Provision of stabilizing
equipment and facilities to the
injured before he could be
moved to the nearest hospital
with qood facilities.

Construction Intake, penstock alignment,
ad it, powerhouse, muck and
spoil disposal sites, etc.

Contractor

l) Disaster management Plan

Table $1't presents disaster risk management plan forthe projects

Table 9.11: Disaster Risk Management Plan

S.No Activities Schedule Location Resoonsibilities
I Formulation of Disaster Risk

Reduction and coping team in
oroiect

Construction Access roads. headwork ad
it portals, penstock area,
powerhouse. tailrace

Contractor

2 ldentification of Disaster prone
areas such as landslide hazard
zone, river flood plain areas, etc.

Construction Access roads, head,
working including, camps,
storage area, powerhouse.
muck and spoildisposal
sites etc.

Contractor

3 Regular maintenance of project
components along the flood plain.

. adh&-

Post-
Construction

head works including
penstock alignment,
powerhouse, muck and
sooil disposal sites etc.

Contractor

4 P rotecti on 
- 
m easu res.&fihif \S Construction head works includinq Contractor

bh'* rtffiFinal Repoft 9-1 I
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Environmental lmpacf Assessrnent Study of
Sunkoshi Marin Diversion Multipurpose Project (28.62 MW) ENVIRONMENTAL MANAGEME NT PLAN (EMP}

landslide prone areas and areas
with risk of floods and soil erosion.

penstock alignment,
powerhouse, muck and
spoil disoosal sites etc.

5 Engineering techniques like
bioengineering, gabion wall s,
retaining walls, drainage
manaqements

Construction head works including,
camps, storage area,
powerhouse, muck and
spoil disoosal sites etc.

Contractor

6 Alarming and training to task group
will be given to cope with disasters
and emergency

Post-
Construction

head works including
penstock alignment,
powerhouse, muck and
spoil disposal sites, nearby
settlements. etc.

Contractor

7 Occupational Health Safety and
Environmental Safety will be made
strict for the implementation

Construction Access roads, head works
including camps, storage
area, powerhouse, muck
and sooil disoosal sites etc.

Contractor

m) Decommissioning plan of temporary facilities

Table 9-12 presents the decommissioning plan of temporary facilities of the projects

Table 9.1 2: Decommissioning plan of temporary facilities

S.No Activities Schedule Location Responsibilities
1
I Rehabilitation of the excavated

slopes of the construction areas
using appropriate bio-engineering
measuredenri chment plantation
/veqetative cover

Post-
Construction

Access roads, headwork
adit portals, penstock area,
powerhouse, tailrace

uonractor

2 Rehabilitation of the drainage
networks as to the requirement
(sorne area might need
strengthening while in some it
might have to demolished
completely to give the land and
drainaqe to natural condition)

Post-
Construction

Access roads, headworks,
camps, storage area,
powerhouse, muck and
spoil disposal sites etc.

Contractor

3 Demolition of all unnecessary
structures, their foundations and
clean up and reclaim the sites to
pre-construc{ion phase

Post-
Construction

Temporary residential
camps, storage yards,
mechanical yards, batching
plant, aggregate crushers.
aggregate washing plants,
waste water treatment sites
ofTunnel Roads

Contractor

4 Rehabilitation of the muck disposal
site with proper drainage facility,
leveling and compaction as per
approved plan_ Use of the saved
top soil on the top of the muck
sites to develop the land in an
usable land for plantation
qarden/oicnic spot

POSt.
Construction

Muck deposal site Contractor

q Rehabilitation of the quarry area in
such a way that puddles and
deoressions are not left out

Post-
Construction

Quarry area Contractor

6 Handover of the leased land sites
to the respective owner and get a
certificate of handover

Post-
Construction

Quany Area/Labor camps ffi
k,

t*jJ*.&'S
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Environmental /mpacf Assessment Study of
Sunkostri Marn diversion nZufrpurpose Frqect (28.62 MW) ENVIRONMENTAL MANAGEMENT PLAN (EMP)

9.7 ORCAHZRTION AND STAFFING

The details of the organizational chart with necessary human resources are presented in Figure 9.1 The
proponent will be responsible for the implementation of mitigation measures and monitoring plan. The proponent

will'establish a separate Environmental and Social Management Unit (ESMU) as an integral part of the project to
ensure the proper implementation of mitigation measures and monitoring. The study team recornmends an

internal audit study shall be carried out by the proponent in order to examine the actual environmental impacts,

accuracy of predictions and effectiveness of environmental impact mitigation, enhancement measures and

functioning of monitoring mechanisms. The proponent will implement environment protection measures itself or

through thi involvement of the contractors, and its supervision will be done by supervising consultant. The ESMU

willfoius on compliance monitoring, record keeping and providing technical inputs to the contractors. The ESMU

will also prepare a report on the impact monitoring. The proponent will conduct environmental monitoring through

its ESMU or may hire an independent monitoring team for impact monitoring.

Project Site Office

Staff
. Environmentalist / Team Leader
. EnvironmentalEngineer
. Communicationspecialist/Sociologist. EcologisVForester/Aquaticspecialist
. Socio-economist. Three Support staff (physical; biological and socio-economic

aspecls)

Proiect Desiqn Project lmplementation
Team

F(7ure 9-1 : Organogram of EIA Study of Upper Marshyangdi "A" (UM-O) Hydro-electric Project

9.8 DIRECTIVES AND COORDINATION

In order to ensure proper implementation of EMPs and carrying out environmental monitoring, MoFE may give

some directives as required by the ESMU. Further the project may coordinate with project affected

Municipatity/Rural Municipatity, DFO, NGOs and related stakeholders as necessary during the implementation of
proleci. gesiOes, above meniioned stakeholders committee, the project will form Local Coordination Committee

io io.ordinate and ensure proper implementation of the project in the project affected area.

9.9 REPORTING AND BUDGET FOR IMPLEMENTATION OF EMP

The effectiveness of EIA study relies particularly on the implementation of EMP. Further, the implementation of
EMp direcfly depends upon the adequate budget allocated for mitigation/ enhancement measures, environmental

monitoring and environmental auditing. The estimated EMP cost is included in the project cost so that the
proponen[ can make an early plan for separating the budget during the implementation phase. Summary of the

cost of mitigation a pensatory measures is presented in Table 9. 1 1

Final Repoft
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Environmental /mpacf Assessrnent Study of
"Sunkoshl Mann Diversion Mulfrpurpose Prolecf (28.62 MW) ENVIRONMENTAL MANAGEMENT PLAN (EMP)

The proponent will make necessry arrangement to circulate the EMP implementation report annually and will
ensure that all project related stakeholders receive it. In addition, the proponent will also explore avenues to
make such report public.
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Environmental /mpacf Assessment Study of
Sunkoshi Marin Diversion Multipurpose Project (28.62MW) ENVIRONMENTAL MANAGEMET'ql!4ll Gfvlfl

Tabte 9-"t 1: Summary of Environmental Benefits Augmentation, Mitigation and Compensation Cost

Mitiqation Measures Method Amount in Nrs

P re- C o n strugfr-on S fages
Compensation Cost

Land compensation
Crop compensation
Compensation to the building strcutures

Trans portation faci I ities

Hardship allowance

C,ompensation lo go\ernment land

Compensatory plantation

Pay cash
Pay cash
Pay cash

1.222,913,636
7.123,442

106,501,129
1,010,000
2,640,000

255,981,000
10,558,800

Total Compensation Cost during pre construction stage 1,606,728,007

Colstruction Stage
eeigrits Augmgntation uiasires

Income generation training and
Enhancement in Technical Skills and
Know-how to 532 people

O.75 oh of the project cost to the
Community Support Programme of the
project affected area for the entire project
period which is equivalent to Rs 346.454
million..

Income generating training in modem techniques
of cash crop and livestock productions and in
enterprise derelopment activities
ConstruCiion skills training programs in
specialized area such as electro-mechanical
works of hydropower, road slope stabilization,
spoil handling etc.
Project will provide Rs 10,000,000.00 per year
in health, education, sanitation and
inftastructure sector for the period of 5 years.
Balance amount will be proMsioned for the
operation phase.

50.oo0.ooo

47.880.000

Benefit Augumentation Cost (Construction 97,880,000

Mitigation Measures
Relaeation and reconstruction of the
affected structures due inudation

Management of top soit
Stope protection vwrks in the inudation
atea

Flood protection vwrks in Main Khota

Counselling to PAFs

Law and order

tvtangemeni ot2os+go m 3:oiiop soit :

Total length 16.25 km of the boulderpitching
(equiralent to 48750 m 3 )

122.%O,849
131,745,000

167,602,500

810,584,'191

300,000

625,000

Mitigation Cost during construction 1.233,817,540

Mlt !.9_at ! on Me a s u res d u ri ng o pe rat ! o n

Com munity support programme
Re/ease of fingeding in Sunkoshi River
for 5 years

Community supp6rt progiamme witt be
continued with budget of Rs 296.45. crore
release lOO,OOO fingerlings per year for 5 years
period

296,454,740

50,000,000

M itigation Cost during construction 346,454,740

Total Compensation and Mitigation Cosl 3,284,880,287
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10 ENVIRONMENTAL MONITORING AND AUDITING

Environmental monitoring is an integral part of the EIA report and/or EMP. lt is carried out to confirm the
compliance and effec{iveness of the proposed benefits augmentation and adverse impact mitigation measures.
There are three types of monitoring namely baseline, compliance and impact monitoring. Baseline monitoring will
not be required as the project intends to be starting the construction as early as possible. However the project will
update the key basic data such as land to be acquired for the permanent and temporary acquisitions, along with
ownership certificate, before the construction of the project. lt will also make detailed inventory of the trees to be
removed during the site clearance. This sub-section focuses on the compliance and impact monitoring. The
impact monitoring will be carried out during and after the construction stage to evaluate the effectiveness of the
proposed environment protection measures (EPMs). The project proponent will allocate adequate budget for
carrying out allthe proposed monitoring activities.

The project will elaborate the plan to monitor the compliance through its ESMU within the project. The proponent
will seek technical assistance, if required, from the MoE\A/Rl and DoWRl. In order to guide and supervise the
compliance monitoring and an inter-ministerial monitoring team has been proposed. This monitoring team will
comprise of the representatives each from MoEWRl, MoFE, DoWRI and the project. This team will make
necessary site visit to oversee the compliance. Required budget for this monitoring team has been included in the
monitoring budget.

10.1 MONIORING PARAMETERS

The monitoring parameters have been linked with the above EPMs. The following parameters will be monitored
during the pre.tonstruction, construction and operational stages of the project in accordance with the background
of environmental i nformation.

Monitoring of number of jobs created and PAFs and local people employed, skill training to PAFs, change in

commodity prices, and nature and quality of community support programmes will be carried out during the
construction stage. During the operational stage, number of job provided to PAFs/local people, total amount of
revenue chanelled to the local governments, fish farming in inundation area and livelihood improvement, inter-
basin and inter-Province benefits and impacts along with coordination will be monitored through the ESMU to
better understand the implementation of measure to optimize beneficial impacts and their: effectiveness.

For adverse impacts mitigation, following parameters will be taken into consideration for compliance and impact
monitoring.

a) Physical Environment

During the construction stage, the project will monitor the air quality, noise level and water quality of the project

area at regular intervals particularly in the construction areas. The air pollutants and noise level from the crusher
will also be monitored. Similarly, quantity of muck extrac{ed and disposed; amount of aggregates crushed and
used, frequency of water sprinkling, total quantity of spoils (disposal materials) and their disposal, spoil bank
reclamation activities, locations of natural slope disturbance, implementation of slope protection measures,
provision for adequate drainage facility such as side drains will be monitored to know the compliance and
effectiveness of the EPMs. Furthermore, the monitoring parameters such as the frequency of vehicle
maintenance, water spraying on service roads; number of safety gears provided to the construction workers
including mask, helmet, glove and ear plugs; establishment of sirens and other safety measures such as road
sign boards at the road bends and no horn signs at settlements will also be monitored at regular intervals.

During the operational stage, slope failures, impact from decrease of water volume in Sunkoshi River and more
water in Marin Khola, bed scouring, erosion and bank cutting in Marin Khola, and noise and vibration in
powerhouse will be monitored.

b) Biological Environment

The project Wil!.monitor the actual number of felled trees (species-wise) and quantity of forest products and
numbers of tea:stalls and,restaurants which use forest firewood and/or type of fuel used as energy source in the
project area vibinity,and
surrounding forests, ahd
focus on fish populaiion

workers. The ESMU will monitor forest products inundated, pressure on
and 'use regulated' species, Fish and aquatic life monitoring will
long-distance migratory fish species, release of fingerlings in the

Final Report
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inundation area, and downstream fish species, fishing activities of the local people and construction workers and
their dependents if any, amount of fish collection and sales within the project area.

During the operational stage, impact on aquatic life in the flow reduced zone in Sunkoshi River (up to 35 km), fish
production in high volume of water in Marin Khola, number and type of fish species and average production of
fish will be the key parameters for the monitoring.

c) Socio-economic and Cultural Environment

During the pre-construction stage, the prqiect will monitor the rate and amount of compensation paid for acquired
or damaged houses, land or other properties. The project will also record the use of received compensation if
possible, number of counseling trainings and income generating activities during the construction stage. The
project will monitor the number of construction workers in particular the PAFs and the local people according to
the type of work, number of women employed, number of outside laborers and their dependents and will record
the salaries or daily wages. The pro.ject will also monitor the number and type of tea stalls nearby the project
area, health and sanitation facilities in the work camps and labor camps. Similarly, the project will monitor in-
migration and out-migration in the project area. Frequency and types of illness of the construction workers and
cases of construction-related respiratory diseases, type and number of accident, availability of first-aid and
emergency services and awareness of the workers and roadside people on occupational health and safety will
also be monitored. Furthermore, the project will monitor the events of social disharmony and related disputes,
occupational safety, and change in price of commodities within the project area during the construction stage.
The project will also monitor the award given to the best and disciplined workers.

After the completion of the project, the proponent will monitor the impact produced by the project, in particular,

the socio.economic status of PAFs water use in the downstream and impact of flood or more water in the Marin
Khola.

10.2 MONITORING LOCATIONS, SCXEOULES AND RESPONSIBIL]TIES

During the project construction and operation stages, two types of monitoring - compliance and imoact
monitorinq-- will be conducted; including the implementation status of all EPMs. Key baseline.data will be updated
pr:ior to the construction stage which will be qonsidered as the baselihe,monitorino. The compliance monitoring
provides information on the status of project's performance on complying with the implementation of EPMs. Much
focus will be given on impacl monitoring in order to know the effectiveness on EPMs on improving the
environmental condition, and making the project environment-friendly. Monitoring will be canied out at different
locations during the pre-construction, construction and operational stages. In order to know the level of
compliance and effectiveness of the EPMs, the monitoring parameters, indicators, location of monitoring, method
of monitoring and responsible agencies have been identified for updating baseline data, compliance monitoring
and impact monitoring and presented in Table 10.1, to Table 10.4 respectively.. The environmental monitoring
wilt be done by the Environmental and Social Management Unit. A study on the impact of the project on the
PAFs has been proposed towards the end of the construction phase. The purpose of this study is to assess the
socio-economic status and changes in the life style of PAFs.

Table 10-lUpdating of Baseline Data

ffi*n'i$

Parameters lndicators Method Location Schedule

Prc-construction stage

Phvsical Environment
River hydrology Flow rates of river Sunkoshi

River and Marin Khola
Discharge
measurement

Between the weir and
tailrace outlet of DK-4.

Before the
construction

Possible drying of
springs above tunnel
alionment

Flow rates of the Springs after
blasting activities

Discharge
measurement

Along Tunnel
Alignment

During
Construclion

Water quality Temperature, pH, turbidity,
TSS, DSS, hardness, Nacl,
Pb, oil, grease, coli form, DO,
BOD, COD, P, S, chlorophyll,
etc.

Sample
collection and
laboratory testing

Headworks site,
powerhouse site,
water bodies near
camp site, Mud</spoil
disposal site, and
labour camps

Before the
construction

i4r'.{1
r6t'Final Repod

Fr#i *as#



Environmental /mpacf Assessment Study of
Sunkoshl Marin Diversion Muftipurpose Project (28.62 MW) ENVIRONMENTAL MONITORING AND AUDITING

Parameters lnd icators Method Location Schedule

Air qualrty Total suspended solid
particulates, SOz' COz ' NOz
PM 10' etc.

Inspection and
measurement

ln and around
construction sites and
along the access road
/ oroiect road

Before the
construction

Bioloqical Environment
Separate presentation of
loss of poles and trees

Enumeration of poles and
trees separately

Marking the trees
and poles before
feelino

Project site Before the
construction

Fisheries SLe and type of fish
population, identification of
spawning area

Fish sampling
and discussion
with local
fishermen.

Headworks site its
downstream in

Sunkoshi river and d/s
of the powerhouse site
in Marin Khola

Before the
construction

Socr'o-econo mic and C ultural Environment
Land, Houses and other
structures

Confirmation of PAFs Survey with
personal contacl-

Project site and
concerned wards of
Rural Municipalitys
and Municioalitv

Before the
construction

lmpacts on Settlements
above the Tunnel
Alignment.

lmoacUcracks on houses
above the tunnel alignment
due to basting activities

Survey with
personal contact
or settlement
communitv

Along tunnel
alignment (Protect
site)

During
Construction

Table 10-2: Compliance Monitoring during Pre-construction Stage

Parameters Indicators Schedule Method Aqency(s) to be Consulted
lmplementation of EIA
recommendations

Inclusion of EPMs in the
design and tender
document

During approval
of project
implementation

Assistance to
tender
document
preparation and
detaibd design.

Design consultant

Allocation of adequate
budget for implementation
of EMPs

During approval Review on
hr rdnol

Design review consultant

Construction logistics Set up labor camp by the
contractors, procurement
and storage of materials
and arrangement for
construction activities

Beginning of
construction as
per schedule

Site visit and
confirmation

Contractor

Incorporation of
environmental
consideration from the
tender document into
contracto/s proposed
work ol6n

lnclusion
environmental
consideration in
contractors work Dlan

of

the

During approvai Revbw of
proposed work
plan and
budget

Des(7n review consultant

Land and other property Land/property acquisition
process

During the
discussion with
the local people
and the projecl
manaoemenl

At the time of
land/property
acquisition

Compensation Fixation
Committee

Rate of compensation for
land and property

Once File record,
inquiry

Proponent/Compensation
Fixation Gommittee

Table'10-3: Compliance Monitoring during Construction Stage

Parameters lndicators Location Schedule/
freouencv

Method

Phvsical Environment
Slope Quantity of disposat

materials
Project site Once a week Inspection of Truck

movement record
Spoil bank reclamation Site specific Once a year

(pre-monsoon)
Observation

R
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Parameters lndicators Location Schedule/
frequencv

Method

Slope protection measure Hill slope cutting
on proiect site

After rainy
season

Field observation

Drainage facility Project site As and when
needed

Observation,
measurement

Water quality Temperature, pH,
turbidity, TSS, DS,
hardness, chloride,
sodium, oil, grease
coliform, DO, BOD, P, S,
chloroohvll. etc.

At headpond, in
between
headpond and
powerhouse and
downstream of
oowerhouse

Once in a
month

Water sampling and
testing and comparison
to ambient standards

Air quality TSP Proiect site Once a month HVAS/HACH DREL

PMro Proiect site Once a month HVAS

S0z Proiect site Once a month HVAS/HACH DREL

NOx Proiect site Once a month HVAS/HACH DREL
Noise level (dBA) Proiect site Once a month Audiometer
Water sprinkling Project site At least twice in

a day during
dry season

Observation, inquiry

Vehicle maintenance Work camp 1 in 6 months Record inspection

Biol ooic al E nv i ronme nt
Fisheries Fishing activities by work

force and their families
SunkoshiRiver
and Marin Khola

Once in a year Observation and
enquirv

Forest and Vegetation Actual number of trees
felled

ln the projecl
area and its
vicinity by the
oroiect activities

Before
constructaon
works

Site visit. Inquiry ano
record inspection

Use of kerosene or
LPG/month

Work €mp Twice a year Record, inquiry

Socio economy and Cuftural Enviionment
Water supply/sanitation in
the project area

Health : ahd sanitation
facilities in camo(s)

Project site Twice a year Site visit

No. of labor frcrce using
oublic drinkinq water tap

Settlernent area Twice a year Inquiry

Public heafth First-aid and emergenoy
services'

Project site Twice a year Observation

Number and type of safety
equipment such as mask,
helmet, glove and ear
oluos (PPE)

Project site Once a year Record inspection,
inquiry and observation

I nform ation d isseminatio n,
safetv and no hom siqns

settlements,
road bends

1 in 6 months Observation, inquiry,
record inspection

Economy Compensat'on for land
and property

Project site Once Record

Note: HVAS = High Volume Air Sampler, Envirotech, India, Model APM 441

HACH DREL 2OOOruSA Spctrophotometer (calibrated in NBSM) for spectrophotometric analysis, SOz absorber is

tetrachloromercurate solution, aiilow rate is 2 L/nin, and running time will be 24 hrs and OHAUSNSA Model AS 120

weighing balance will be used. For NOx, absorber will be 0.1N NAOH with sodium arsenite, with airtlow rate of 1.5 Umin, and
running time of 24 hrs. Nose level will be measures by Audiometer, Lutron, Model 5L4010 which is calibrated in factory.

Table 104: lmpact Monitoring during Gonstruction Stage

",5JF:X#

Parameters lndicators Location Schedule/
frequency

Method

Phvsical Environment
Slopes Condition of project area

slooes and muck fill site
Project site Once in 2 year I nsoectio n/Observation

Spoil disposal site Functioning of compaction
and drainaoe facilities

Disposal site Once in 3 year Observation and
studv. if nec€ssary

Bi ol oqical Envi ronme nt gi&t.8:a
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Parameters lndicators Location Schedule/
frequency

Method

Fisheries Fishing and local fish in
market

Local market and
camo srte

Once in two
vear

Enquiry and
observation

Forest products

Use of forest products by
workers and Proiect

Project site Once in two
vears

lnterview and use
record

Numbers of tea stalls and
restaurant, and type of
enerqv used

Project site Oncea year Inquiry, record
inspection

Socio-econom i c E nv i ro n me nt
Public health No. of workers affected

from local diseases
Camp ()ne a year Inquiry, information

materials

Frequency of illness of the
construction workers

Project site Twice a year Health record

Cases of respiratory
diseases

Project site Thrice a year Inquiry, flle record

Type and number of
accident

Project site Once a year File record

Economy Effectiveness of skill
development training

Prolect area Once in a year Inquiry/ Observation

Number of construction
workers emoloved

Project site Once a year Record, inquiry and
observation

Percentage of local
construction laborers

Project site Once a year Record, inquiry and
ohservalion

Number of women
emoloved

Project site Once a year Record, inquiry and
observation

No. of outside laborers
and their deoendents

Project site Once a year Record, inquiry and
observation

Loss of agri- products and
business

Project site Once a year Inquiry

lmoact on socio-economic
condition of SFAFs and
PAFs

Prolect area At the end of
construction
oeriod

Study

Infrastructure lmpact on local
infrastructures

Project area Once in a year Inquiryl Obsewation

Table 1G5: lmpact Monitoring during Operation and Maintenance Stage

10.3 ENVIRoNMENTAL AUDITING

An audit implies some kind of testing and verification process. lt will be carried out for those parameters, which
auditing will compare monitoring results with information generated duringare most significant. An

h\ -'q9-4+X-} 
^=tgrq q-t l +'r

Pararheters lndicators Location scneoule Method
Phvsical Environment
Slopes Condition of the sooil

filled banks
Project site Iwice a year I nsoection/Observation

Effectiveness of slope
orotection measures

Project site Twice a year I nspectio n/Observation

Effectiveness of drainage
facilities

Project site Twice a year I nspection/Observation

lmoact of reduced flow Sunkoshi River fwice a year Observation
lmpact of increased flow From

powerhouse to
downstream in
Marin Khola

Twice a year Observation

Noise level
Number of staff affected
or loosing hearing ability

Powerhouse Twice a year Enquiry

Biolooical Environment
Fisheries Fish population from

release of fingerlings
Fish migration
downstream

Inundation area,

Sunkoshi River

March and
September

Observation, sampling
and enquiry

Final Repott
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the pre-project period. lt helps to evaluate the accuracy of EIA predictions by relating actual impacts with
predicted impacts. Audit will help to understand the effectiveness of mitigation measures and understand where
actual impacts have exceeded norms. Although not a mandatory and legal requirement, an internal audit study
shall be carried out by the proponent in order to examine the actual environmental impacts, accuracy of
predictions, effectiveness of impact mitigation and enhancement measures and functioning of monitoring
mechanisms. As per the legal provision (EPR, 1997), MoFE is responsible to carry out environmental audit study
after two years of commencement of project. For this, data and information of internal audit would be very much
useful.

Taking into consideration the objectives, nature and location of the project, and impacts evaluated and mitigation
measures proposed, project impact auditing is proposed to carry out for the following selected indicators, this
impact auditing will help to examine environmental changes arising out of project implementation. The detail of
environmental auditing indicators and methods is given belour Table ',|0.6.

Final Repott 4i#.*:"
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10.4 REPoRTTNG ReoutRerueNr

The ESMU of SMDMP will prepare necessary reports; particularly the environment performance reports and
submits to the project management and concerned agencies. The report will also be made available to the local
public to ensure the process transparent. The ESMU will prepare and disseminate monitoring report twice a year

during the construction stage, and annually during the operation stage. This report will include information on the
implementation status of the EPMs and monitoring results including compliance status. The ESMU will also
prepare impact monitoring report on the third year of the construction stage and will circulate to the concerned
organizations. The ESMU will also prepare internal audit report and may provide the report as per the request of
concerned organization. lt will also assist the MoFE to prepare environmental audit report for legal purpose.

10.5 BUDGET FOR ENVIRONMENTAL MONffORING

The environmental monitoring as one of the project activities will be carried out through ESMU, to be located at
the Project Management Office. All environmental monitoring works of the proponent will be performed from this
ESMU. The estimated cost for ESMU operation is presented in Table 10.7.

10.6 BUDGET FOR ENVIRONMENTAL AUDIING

As per the EPR, Environmental Auditing is the responsibility of the MoFE. This study has identified the auditing
parameters and indicative input as well as the cost for auditing Table 10.8. As the commitment on the
environment safeguard, the Proponent has provisioned for environmental cost in the Project.

10.7 TOTAL ENVIRONMENTAL AND SOCIAL COST

Table 10-7 : Estimated Cost for Environmental and Social Management Unit

Environm enta I Coord inator/Team Leader
Environ m ental Monitorin g Offi cer

S ubs iste nce/hou s ing

High Volume Sampler

Water QualityAnalysis
OfFce Establishment

Com puter and other offi ce equipm ent

ortation Facilities Including Operation

ration of Motorbikes
4 WD Jeep r,ehicles hire including PoL

Facilitation Cost for i half yearly

t Monitoring at the end of the Construction

lmpact monitoring during operation st
Total cost of

bur-#'t.%tFinal Repoi
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S. No. Item Unit Quantity Rate Amount

1 Personal Cost

Environm entalist

Hydropower Engineer

Eco!ogisUForester

Fishery Specialist

.. C9.mmynicalion SpecialisVsociologist

Socio-economist

1

I

4

1

1

1

3

4

2

2

2

2

3

2

LS
L.S

300,000

250,000

200,000

200,000

200,000

200,000

1,200,000

500,000
400,000

1-OO,OOO

40o:009

600,ooo

2

3

Support Staff

rlgl!- f9r{iem
Vehicles and Logistic

50,o99 Jooro09

179,o99
100.000

4 Office supplies and Consumable L.S 100,000

5 Report Production L.S 50,000

Sub-Total 4,025,000

Contingencies 150h 330,000

@and-total 4,35s,000

Table 10-8: Indicative cost for Environmental Auditing

Tabb 10-9: Summary of the Cost

SN Item/ Description Total cost (NRs.l

1

2

3

Toql prgject gost

-cg.P9l-:"!g"l-cosl. - . :

8enefit augumentation meas'ures ans Mitigation measures
,.,-.,.,.,,,",--.^.-,. : -..:,,..-...:..,..--..-..... .- :,. : . ..'.. .'.
Com m unity support programm e

Environmental monitoring

Environmental fuiditing

46,193,965,321

1,606,728p07'"''":-.-'*'..---
'1,331,697,54O

4

5

346,450,000'." :- _ -':^-:"'_
53,180,000

6 4,355;000

Total 49,536,375,868

10.8 COST BENEFIT ANALYSIS OF THE PROJECT

The financial analysis of the SMDMP has been carried out to ascertain the financial viability of the scheme. The
technical feasibility of the scheme has been established through study carried out on the technical aspects.

Financial evaluation uses the real term monetary values of the cost and benefits and is inclusive of taxes,
transfers, duties and es€lation. The financial evaluation concerns with the developer of the prciect and its impact
on its accounts. Hence, ftom the perspective of a private developer, financial evaluation is the most important
aspect of the project to determine whether to finance it or not.

\Mrerever possible, the financial analysis has been canied out based on known information. Where flnancial
parameters are not known they have been estimated by extrapolation from knorrn data or reasonable
assumptions have been made. These assumptions are, on the whole, conservative estimates and figures
considered to be realistic and standard for analysis of this nature.

The financial analysis consists of a cash flow during the project life, a financial evaluation, which suggests the
Net Present Value (NPV), a Benefit Cost (B/C) ratio and the lnternal Rate of Return (lRR) on project and equi$.

10.8.1 Assumptions

A financial analysis has been canied out based on following assumptions:

. Capital cost for projecl is NRs.46,193;965,321.00 with installed capacity 28

Final Repoft

MW



Environmental /rnpacf Assessment Study of
Sunkoshi Marln Diversion Mulf,;pu@ose Prqecf (28.62 MW)ENVIRONMENTAL MONITORING AND AUDITING

. The project is expected to be completed within 5 years after commencing construction

. Project life is 35 years

. Annual operation and maintenance cost is estimated at 1.25% of the capital cost

. Average interest rate and discount rate are assumed 8% fixed

. Loan payment period will be 12 years from the time of generation and

. Tax and royalty has been allocated as per current electricity act

Table 10-10: Result of financial analysis

SN Economic indicator Value
1 Total Proiect cost NRs. 46. 1 93,965,321 .00

2 B/C ratio 1.94

3 IRR in proiect percentaqe 17.O5

4 NPV NRs. 55,095,220,000.00

Based on this analysis, cosfbenefit ratio is 1.94 with 17.06 percent of the internal rate of return. Hence, the
project is financially beneficial and viable.

10.9 PUBLrc GRIEVANCE REDRESS MANAGEMENT PLAN

The project will establish grievance redress mechanism to allcnry the projed affected persons and community to
appeal against any disagreeable decisions, practices and activities arising from compensation for land and
assets, technical and general project-related disputes. The ESMU will be responsible for redressing general
public grievance. Grievance recording register will be established at the SMDMP site offices and all grievances,
filed orally or in writing, will be registered. At local level, a Grievance Redress Committee (GRC) will be formed
with involvement of Environment and Social fficer and representatives from Concern Committee (CC), if any,

Rural Municipality and Contractor in advance in order to address the grievances of local people. The central
project tevel GRC will comprise of Project Manager, Chief District Officer (CDO) and Chairman of the Concern
Committee. The CDO and the Chairman of CG will be the independent members of this Committee. lt witl look
after the grievances that cannot be resolved af the site by ESMU or locat level GRC.

t'
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11 CONCLUSTONS

The project will inundate 312ha of different categories of land due to the construction of barrage and will have
significant impacts on the private property and insignificant impact on public property. People have positive

response for the project even by the affected people and communities. Cash compensation for the acquisition of
land, property and crops, relocation and reconstruction has been proposed for the project-affected people and
structures.

The project will generate 250.594 GWh of annual average energy, out of which 125.004 GWh would be
generated in dry season and wet season energy would be 125.691 GWh. The project would be main means of
providing irrigation water to '122,000.00 in five districts of Province 2 in terai. In the present conte{ when the
country is facing food decifit and impoiting the food-grains, year-round irrigation facilities to the available
cultivated land is the need of the country.

The hydropower cpmponent of the SMDMP is the secondary benefit of the project, Though the cost per MW is
estimated to NRs 1,614,044,910.00, the detailed feasibility study of the project has concluded that the overall
project is economically viable with EIRR of 17.04 % and B/C ration of 1.94. The Govemment of Nepal has
declared the project as one of the national priority projects.

Taking into consideration the nature of project, its location, people's positive response, evaluated environmental
impacts and practical mitigation measures, including existing policies and laws on water resources utilization and
the environment, this project is recommended for implementation on environmental ground. No further
environmental study will be required for project clearance and implement the project. The proponent commits to
implement appropriate mitigation measures for all unforeseen environmental impacts identified, if any, dur.ing the
construction and operational stages of this prpject to make the project environment-friendly and sustainable as
well.

6*:.Tl"a
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