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ACSR Aluminium Conductors Steel Reinforced LTI LB
ADB Asian Development Bank T UT BSEERIT
AIDS Acquired Immune Deficiency Syndrome % RMA0 95 AN T it
AIS Air Insulated Switchgear ZE St B PAZE
APDCL Assam Power Distribution Company Limited 7 oY AMNECE A
AREP Alternative Renewable Energy Policy B TR L X — B
ASP Ancillary Service Provider Ty T ) = AR ER
ATF Aviation Turbine Fuel fZe % — e e
AWS Automatic Weather Stations H B85S BT
B/C Benefit by Cost i, a2 A b
BEA Bhutan Electricity Authority LT
BHSL Bhutan Hydro Service Limited 7 — 5 KT — B At
BHU Basic Health Unit N—yJ « LA 2=y |
BLI Birdlife International [ B SR NGO
BOOT Build, Own, Operate and Transfer Rk, PTA L MERFE L T A HER IR
BPC Bhutan Power Corporation 7 — 5 BN
BPSO Bhutan Power System Operator T—H v RERE
BRPL BSES Rajdhani Power Limited 7V — Ol ES T
BSHDP Bhutan Sustainable Hydropower Development Policy | 7' — % L /K JJBAFS B 5
BTN Bhutanese Ngultrum TR =2V H
BYPL BSES Yamuna Power Limited 7 U —DEES
CAD Computer Aided Design oL — X R
CB Circuit Breaker L 2 Mres
CBS Center for Bhutan Studies 7 — % Hf5E - GNH it v & —
CDM Clean Development Mechanism Y —VBRA =X N
CEA Central Electricity Authority A v RpRFEST
CEA Cumulative Environmental Assessment —ﬁa 2 B ST
CER Certified Emission Reductions SO TEHEH I
CERC Central Electricity Regulatory Commission A v RPRENHHEZEES
CMIP Coupled Model Intercomparison Project fEeET MEARE T2 Y 2 7 b
C.N.P Centennial National Park HEET SN
CNRRUB College of Natural Resources Royal University of T—H U RIRETR TS KT
Bhutan
CO2 Carbon Dioxide TR E
COD Commercial Operation Date JEERBR IR H
C/P Counterparts B —N— |k
CSO Civil Society Organization R AL R
DEM Digital Elevation Model F i = %7‘ JL
DEEP Discovery of Efficient Electricity Price A ROBIHERAR—H2 LA
I JE R
DETP Domestic Electricity Tariff Policy WELEHEBUR
DFR Draft Final Report RIT7hKeTZyrAFe LR—F
DGPC Druk Green Power Corporation 7 X EE B
DHI Druk Holding and Investments Limited — 2 CEREERE ST
DHMS Department of Hydro Met Services 7k7]fp =1
DHPC Dagachhu Hydro Power Corporation Limited KA F 2 KB
DHPS Department of Hydropower & Power Systems KA - EIFRMSF
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Abbreviation Word s

DHS Department of Human Settlement TR

DOA Department of Agriculture RER

DOC Department of Culture SV

DOE Department of Energy TRV X — )

DoFPS Department of Forests & Park Services PRk - A

DOP Department of Power CWANG)

DOR Department of Roads B R

DRE Department of Renewable Energies AR XL X — )

DSM Deviation Settlement Mechanism BITARA T ¥ 2 — L BT A
T =X

DSR Debt Service Ratio BB IR R

DYT Dzongkhag Yargay Tshogdu BERIREER

EDP Economic Development Policy 75 BRFE BUR

EIA Environmental Impact Assessment BRI R B

EL Elevation &

EN Endangered Species D St P EL R

ENTSO-E European Network of Transmission System Operators | BN EEREEAZT R > hT—2

for Electricity

EUCE Expected Unit Cost of Electricity PG A

EV Electric Vehicle X H B

FC Foreign Currency NE

FIT Feed-in Tariff ] A A A% )

FR Final Report 77 A F I LIR— kK

FRL Full Reservoir (Water) Level 5 R ZK AL

FS Feasibility Study FEAT AT REMEFR A

FYP Five Year Plan 5 M

GAO Gewog Administrative Officer HXATEE

GCM Global Climate Model BERKBEET L

GDP Gross Domestic Product WA PE

G-G Government to Government BUN 3 BUNS

GHG Greenhouse Gases IRERN R AT A

GHS Greater Himalaya Series TL—H—b~<TYHk

GIS Gas Insulated Switchgear A ki BE PR S B

GIS Geographic Information System HIBRIEH > AT A

GLOF Glacial Lake Outburst Flood SEREIS VS

GNH Gross National Happiness B sE1

GNHC Gross National Happiness Commission |G e e = R

GOI Government of India A ¥ FEF

GSHAP Global Seismic Hazard Assessment Program R RN — REHE 7 1 77 A

GSI Geological Survey of India A v NHUE AT

GSW Galvanized Steel Wire Hfifh A > X HiR

GYT Gewog Yargay Tshogchung XM E RS

HDD Hard Disc Drive IN=RT 4R RIGAT

HDD Hydropower Development Division K SIBHFRER

HDMP Hydropower Development Master Plan KA~ A E —FF

HIV Human Immunodeficiency Virus bt MREARRET A LA

HKH- Hindu Kush Himalayan Hydrological Cycle Observing | £ > R —+7 v a2 b< T ¥KX

HYCOS System BRI 2T A

HM Hydro-Mechanical KT TR
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Abbreviation Word s

HPP Hydropower Plant KI1FET

HT High Tension T

HV High Voltage i E

IBA Important Bird and Biodiversity Area B & AW R S e
ICIMOD International Centre for Integrated Mountain B a lmB e v 7 —

Development

ICR Inception Report A8 Fvar - LAR—F

IDC Interest during Construction R T

IEA International Energy Agency PR L — BB

IEE Initial Environmental Examination B ER 5L EAM

IEX Indian Energy Exchange A v R X —H5| it

IG Inter Governmental BRI

IHT Industrial High Tension T¥EAETE

T Indian Institute of Technology 4 FTRRE

IKL Isokeraunic Level ERE R R

INDC Intended Nationally Determined Contribution ESLIESE =S

INR Indian Rupee A R)LE—

IPCC Intergovernmental Panel on Climate Change SAEZENZ B A B SR r

IPP Independent Power Producer ST EFES

IS Indian Standard AV RAZ U HZ—R

ITMO Internationally Transferred Mitigation Outcomes BRAVIC RS S L D AR AN OfE F

ITR Interim Report AT UL LIR— ]

TUCN International Union for Conservation of Nature [E B B SR PR A

Jcc Joint Coordination Committee & [ =

JDWNRH Jigme Dorji Wangchuck National Referral Hospital T A RN T T T 2 7 ENAR
rIEbE

JICA Japan International Cooperation Agency B B H A

1A% Joint Venture HRFE

KHyE Kholongchhu Hydro Energy Limited au T o vKIPFEES

KT Kakhtang Thrust Kakhtang 78 L [#7)E

LB Left Bank I

LC Local Currency NE

LHS Lesser Himalayan Series Lyt —b<T Y

LILO Line-in-Line-out T 5| TiAH

LPG Liquefied Petroleum Gas AT A

LS Lower Stage B

LV Low Voltage R

MBT Main Boundary Thrust F 52l g

MCA Multi Criteria Analysis % U T

MCM Million Cubic Meter BN A— R L

MCT Main Central Thrust = e f L T

MePDCL Meghalaya Power Distribution Corporation Limited AT 7 ¥ INBLE L

MHEP Mangdechhu Hydro Electric Project Y VAP EY A

MOAF Ministry of Agriculture and Forests RERMNE

MOE Ministry of Environment (in Japan) BRI (HA)

MOEA Ministry of Economic Affairs REA

MOF Ministry of Finance MHA

MODSIM (Name of Software) V7 M U= T 4

MOWHS Ministry of Works and Human Settlement N - EEE
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Abbreviation Word s

MP Master Plan TAE =TT

MSEDCL Mabharashtra State Electricity Distribution Company VT Va2 TN EST

Limited

MTI Ministry of Trade and Industry HEE¥ER

MV Medium Voltage HE

NAPA National Adaptation Programmes of Action [ S8 S T Eh F

NBC National Biodiversity Center EFREMZHEEE 2 —

NCHM National Center for Hydrology and Meteorology EFKXL - "R ¥ —

NDC Nationally Determined Contribution PO S

NEC National Environment Commission FEREZES

NGO Non Governmental Organization FHEBUT AR

NHPC National Hydroelectric Power Corporation A~ RAKRIIFEENT

NKRA National Key Result Areas BEEE e S

NLC National Land Commission ExtHEES

NLCS National Land Commission Secretariat EZ LM EESFER

NLDC National Load Despatch Centre A R AT

N.P National Park RVR/NTH]

NPPF National Pension and Provident Fund of Bhutan T — & CNEFEBREN RS

NPV Net Present Value 1E R B AT B

NSB National Statistics Bureau E F et

NTFP Non-Timber Forest Product HEARMMED

NTGMP National Transmission Grid Master Plan EREERFE~YAZ—T T

NVVN NTPC Vidyut Vyapar Nigam Limited A v ROEEG| &4t

ODA Official Development Assistance BUR B3 2 Eh

OoJT On the Job Training SEHN I

OLR Over Load Relay ATk FE AR

O&M Operation and Maintenance RS HERRE B

OPGW Optical Ground Wire T 7 A N E LTS HR

ORC Outreach Clinic TN —=F T )=v7

(0N Operation System ERY 7 by =2TO—FE

PA Paris Agreement S U BE

PAVA Property Assessment and Valuation Agency & PERH A E T

PC Personal Computer =

PCD Planning and Coordination Division AR EES S

PDA Project Development Agreement PR ANk Y

PFI Private Finance Initiative &4 206 ) L 7o A AR

PG Power Grid B

PGCIL Power Grid Corporation of India Limited A v FEEEXESH

PH Powerhouse JEREAT

PHCB Population and Housing Census of Bhutan [E #H AT

PHEP Punatsangchhu Hydro Electric Project T TFauRET 0TI b

PHPA Punatsangchhu Hydroelectric Project Authority TFY o FauRET TS B
EE S

PIU Project Implementation Unit a7 NEITHER

PLF Plant Load Factor BiiES

PMU Project Management Unit TaY =y NEEREE

PoC Point of Connection 3 A

POSOCO Power System Operation Corporation Limited w1 RGE

PPA Power Purchase Agreement LA ES D)
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Abbreviation Word s

PPP Public Private Partnership B R

PS Pooling Station EEFT

P/S Power Station BT

PSIF Private Sector Investment Finance SRR

PSMP Power System Master Plan EIRMTAZ =TT~

PSS/E Power System Simulator for Engineering (Name of RALARATIH Y 7 M4

software)

PV Photovoltaics t EE

Q&A Question and Answer BRULE

QGIS (Name of Software) GIS V7 4

QR Quarterly Report DU = H e o 3

RB Right Bank i+

RBL Riverbed Level R &

RCP Representative Concentration Pathways REHYIR R

R&D Record of Discussions s gk

RDD Research & Development Department TFST B %0

REAP Rural Economy Advanced Programme GRS T 1 7T A

REMP Renewable Energy Master Plan BAMRERZRANLNVE—vRAF—TF
Ve

RERAR Renewable Energy Resource Assessment Report A AT R 0L X — IR R

RES Renewable Energy Source FHAEFRE= 1L X —J|

RGOB Royal Government of Bhutan 7 — & HF

RICB (Name of substation) BT

RLDC Regional Load Despatch Centre Hl S EFE ST

RMA Royal Monetary Authority EERYA Ea‘ BUT

RMAB Royal Monetary Authority of Bhutan 7 — % ESI BT

RoE Return on Equity H & AF 2 2R

RoR Run-of-River TEAVIAF T

ROW Right of Way AR HE

RRAS Reserves Regulation Ancillary Services Ty T ) ——E AP
Hll

RSPN Royal Society for the Protection of Nature ENLHARRE S

SC Shunt Capacitor DT Y

SEA Strategic Environmental Assessment RIS ) B 85 5 2B AT

ShC Shunt Capacitor ST

SHM Stake Holder Meeting AT — 7 RIVE —

SHPP Small Hydropower Plant /NIK I E T

ShR Shunt Reactor DY T v

SJIVN SJVN Limited A v ROFERLE

SNR Strict Nature Reserve BEIE B R PRE X

SP Strategic Partnership BRI HY N— b —

SPC Special Purpose Company el B B9t

SPV Special Purpose Vehicle Rl B SR

STD South Tibetan Detachment Ty NTHyF AL b

SWAT (Name of Software) AVEYE

TAS Near-Surface Air Temperature Hi1 55 T KU

TB Tuberculosis ik

TBD To be determined RIE

TCD Transmission Construction Department EE R

XX1v
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Abbreviation Word s

TD Transmission Department BB

TDR Tariff Determination Regulation B E HLA

TF Transformer PR

TF Task Force BAY T H—2A

TG Turbine Generator H— B R

THDC THDC India A ROFREESFE

THyE Tangsibji Hydro Energy Ltd. B 7 VK FEESA

T/L Transmission Line KRR

TOR Terms of Reference LI

TPDDL Tata Power Delhi Distribution Limited 7V —oOfESE

TPSD Transmission & Power System Division LB SRR

TSS Tethyan Sedimentary Series T F AHERS A

TWL Tail Water Level KA

UK United Kingdom e

UK Upper Karnali (Name of Project) T =T F

UN United Nations SRy

UNDP United Nations Development Programme | B A B 3 5

UNESCO United Nations Educational, Scientific and Cultural [E B#ES 2B B S RS
Organization

USD United States Dollar KE v

US EIA United States Energy Information Administration K kL — R

UWICER Ugyen Wangchuck Institute for Conservation and U=l e T UF a7 B ER
Environmental Research =y A

WB West Bengal 7= A MRUH L

WBPDCL West Bengal Power Development Corporation Limited | 7 = 2 F X H /LM 5 B4

WBSEDCL | West Bengal State Electricity Distribution Company U= A MU VN S AL
Limited

WEO World Energy Outlook RO X — @ L

WG Working Group J—X T« T—

W. S Wildlife Sanctuary B AR AR X

WWF World Wide Fund for Nature LEENERNT T

XXV
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1. EHx

7 =5 CEOEFMBIL, KIBEEOFEEBUNLEBENAICLY X2 6N THEY | TFEITRR
HEAD 3~4 E 2 5O TWD 1, AR IIIE 30GW LA E EHEE STV DA, 2017 FRERTOIKI
BT OBRMAREITA 1.6GW TH Y | AEAKTI DK 5% EE-oTnD, 7—X VBUFIE, k
FROMRDUCEEA, T8 11 L7 4E3HE (20132018 4F) | OFF T, KRB O & 5E
MosRt) ZEET 77T A ENEMT, KIPEERTE BAREBORICE T TWD

BIfE, #/i~ A% —77 2 (Power System Master Plans : PSMP, 2004 43 A {Emk) (25,
10,000MW DK S5 EFEZ A FEDOIHRIC L D ED TV D23, PSMP 2SUET E 4172 2003 424
RE & \Ki-%%ﬁ@%%%LM%A®77?Xﬁ&£éht: LTz, BREALSEEICE
(ZBOLRE U 7o IR E OB, JEIAIE & OB R, SN - BREDSRESELL T
WHTeH, B b EESE 272 PSMP OMGET BB O L /o> T b, 72, PSMP % EPE
T 5T — X URREE KT - EBIIRFR  (Department of Hydropower & Power Systems : DHPS)
DEBEDOZAITIN U7 PSMP O RE LB L OEH &, T A E 2 72 @G 7 PSMP SR &I
DLRENINREM T 5720, FROREBIL S BHE L > T\ D,

COXIBRUT, 7—=Z2 VBUF LY | BF ORI (FLE & ORFERE) 2 E 272, 2040
fFE T PSMP KGO DHPS OREIRIKICEET 2 T/ )~ AZ =75 2040 SKET 0¥ =7
F AR, TRTmY2s b W), ) BEFFINT,

2. HH

— X VEE S~ AZ—TF 2 2040 (PSMP2040) O EATET AL L HIC, KR E &
NZFERFEE OF - B2 PSMP EEREH0fb 2 X5 Z L2 AL 45,

3. BT ERER

Ak, BEIL. BNOBENFE~OMGEZHNE LTHRE L, EHFEOHIMITHER LT,
BB O A KT 5, TORRIZ, FExZlx L BT HREORIRICE DR, T XTOFHE
BRANLEW CTLEMRE N ZMET 22 L2 BIEL., SEEROEBHMESCRAMELZ B E L CTEIR
R A R ET D,

—J. T DGETIE BICA  REERLTEY, ERAFRE~OMEELID A4 R
D ED I N L le> T D, £lo, KNERFPEETHY . @K IIT 30GW 2L EH D
(2018 4F: 8 HBIE COBHFEIT 1.6GW) LIHEINTND & & BIT, BT X RRLWTZH |
DOEFRE B L Ta A MO TEMERD 5, 77— VBIFIZ, ADNZENOEELRERTHY |
IKIIFEEFOBFIL, MIEFROF R FED—D LALEMIT TV D

12017 - S Hist
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ZOXINRT =2 DO EER L. RO BEIRAER S BAR & R IIEIE 100%%4 K TF
Wi L, B/ MP & LTI, E%f£7kjji§/ﬁ@7\]<7‘/‘/’\7/l/"j’/l) MERETLEE DI
BRI SCEN 2 ET H Z L A B L THEE1T O,

1) AT NtA FOFHEGE

BT SENAN LR DBREIZ S 7z - TR, KRR E N EEROA DR FEO—DLEZEZ TS
ZEND, BRFEICENTHSOBRBENLEEND, L LN, AREICK O L, RFEER

OFHIIZMZ T, 7ry=r7 bOY 275, BRBRECHSREICS 2 288, HUskB ¥ o
A Yy N L&k ZHEAIZEHE L T, ﬁ%%u%ﬁmﬁé RT v VA N &SR
%S IEMESHT (MCA) FiklE, PSMP2004 ([2BWTHEH L, Z0% bl EA 2% L < i
LTCETWD, AFREICBWTIE, BIEFA L T DMl UED 2 42 MEE L, DHPS 213U
D& T 5 BRE L gD b FHIEE R EADIT ZRET D,

2) BREE~DERE
AT~ A2 =TT (MP) DIERTH U | AR I 2 BIRAIEREE 7 & 2 X > | (SEA)
W, EBIEFEOF M « IS E 525 2 L5 B ERI G LT HRETEA A B
Thbd, 20D, MP ZRET HEMICIBN T, MCA FiEZHWT, BFMEZT Tl BE
HZ S HCEUE LT, KR T v v VLS OB EEEIEN 2 ET 5, MCA FIETHEAT
LM HRCEA DT R OIMCA FEIC KXV EONTERT v v A FOBRERIEIC
WU, BME, RETEREE, ERORBENSOBRZBEX TEEL TV ZERRET
BHY, SHM X° SEA # 27 F— LB\ TH SN E & I EHE I KR35,

4. BAHTETH

T RFESINE, 2018 FFFEAHT 39IMW TH DY, 2030 (114 . power Data 2017, DHPS)
FEAZIE 808MW (THIMNT % LAHE LT\ 5, FHET]
BT, 2016 FEFEHE T 2,328GWh T 528, 2030 4Ei
1% 5,317GWh (IZHIN9- 5 L AE L TH Y, 2030 4%
TO 12 FHOMORZ, FFHE) 71%& A TH
%o AFAREIL, 2018 FIEE TIL 66.6% TH o723,
Lt 2 IZHIIN L, 2030 121X 75.1%12 72 5 B D L 4R

ELTND,
ZOFTEOMNL, — AR FTEEOBEINIINA T,
Punatsangchhu 7K /)3 #E /T & Mangdechhu 7K /)38 &P (Hi3# : Power Data 2018, DHPS)
@@%ﬁﬁ‘aﬁﬁ“ HOETEEZ TIEL TWD LEMM ]
BUSBEERIMAAE < HE LTS X1 BARETH
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5. PSMP2040 R EIZB I} B ARG

1)  ESN~DOBHRE
A ¥ RICBT 2BHEOE TG UL, FET 5 L Rs. 40kWhRRETH D, A > FITEBITD
BHEBI D% X, KIBEENOBIEEINTODENTH Y, REHIE O LRIt TER LT
W ZENREZXOND, BEHIRGUIEOT T, BEEDOEDLEGZ 70%E L, 51 30 MG
F1.0%TEATDHERET D L. 30 FROFEI G EHEIT 12%RE EH35, 2F0. 30
$W®¥W@ﬁW%ﬂAi Rs. 4.5/kWh BREEIZ/2 5 DO EBESIL, T—F DKM DE
Z Offikg TR TE UL, A > RENOMOER & ECHEADAETH D, ZNHDOHRE
%EL\4/bIW B2 LERE (Rs.0.3/kWh FRE) ZELGIWT, 7 —F U OKIJFEER
D 9 BESAIIET D EIZ OV T, Nu. 4.2kWh ODIRARNE SN DO E L THEET D,

2 TrvZU—¥—brROERf

A ¥ RITHBT 2 FERE & ENTSO-E 181 5 FREICES W TRE L 72 flifEl L, A > RizksiT 53
RAMEAS Rs. 1.7/kWh #2£ | ENTSO-E (255 1F 2 FERIEA Rs.33kWh BETH Y | RERENDH D,
A v RIZBIT 2 FEREIE. 15 SUNOER P> D & LIEEEZRDTND D TH D, K
&, BHEALOIHNERARETH V. A v RIZBIT 2 FEHEE L bRV iifE it ch s, =
DEEEE L, KFEICBWTHEAT LT v T ) —— b 2EHOMIEIX, ENTSO-E (281
% FEREME TH 5 Nu. 3.3/kWh (Rs.3.3/kWh) &5,

(3) Firm power OfiifE

Firm power Ol Z 34T 32 J77E & L Cid, —MKAIIZIX, Firm power 238819 % & 1 4F P {43
AIREZR BRI DI D72, Z D3 KT DBRB AV IERD Z LN TELRE L THREL T
W5, 7= —EHTRD L, KO ERVIEND ZENTEODRITEI RN, A F
ZEBEERR TR D &, KITOBRB AV IERD Z LN TELHRITEHDLEEZOND,

7' — % &, Firmpower 2N AUT, ZDOENOEEENEIML THA > K25 Ol

AT D Z L <G FEE L 72 D &\ O L ARIE T OAMECE N O FFE 2 &Rk L TIRGET 2
T LiC kY| M OMHERLEPREGE OTEMALR EOMRPIFTEHLEZATND, ZRHD A
Uy MIEMEALT D52 ENREEL W=D, A > FIZBWTK IO EREY IERD Z ENTE 5%
ReLTHHET %,

Firm power 23017~ D AMifE 1L, EHEOELRE & LT, Nu. 9,775kW TrEAli3 %,

@) IHER R &

AMPIZEW T, ¥ 2PN ORTORFHETIE, HERFRE L L THZFED 10%ii &4 it T
L TRABHEERD SETREEEZTM L TV DA, BARMNRH3EICBE L TiE, EIA I
BT, AROWJFEEN HID Z &I K DAERERA~OREL TN L, SN0 L ~LOfE
R EZ IR T LERH D,




T4 E WAL =TT 2040 KET V= b

Z7 AT LAR— R

nxﬁl?h(fb‘i@"“%
T —& CEIZEBT DK IR DR
T 54% & 7260“@/‘575)
Ty AR O 728
ﬂﬁﬂ%ﬁ%*ﬁﬂm
27K TS D Bk LS

®)

RE LT,

MO IR M EZ RO -, 2 2 Tk, Z ORISR S TIE
BEAARILFE CMEE L,
O EA AR S L, km? 4720 ORGHR R Z ROERGHiE s Lz,

BRERLRNZ & &L, TR F RS

6. KART v ¥ VH#R ORI

PLEDRT v v VLS O R S, 3%
o, EBEHEIZ, TATH 155 HS,
36.9GW, B4HWhT%5 DO L Bk
BT 6 M, HEME RS 13 HUR, HEH
1ﬁ%Mqu@2mmm%%<& 116 HisS,
224GW L 725,

S HIT, Z o, Fkil, FEET. BUK A4
TR PN IS E LT 5 His i 44 i1,
8.6GW &V, F7o, ZEOERBIERN LI L
7o HHIRAY 3 H, 02GW H D, T Ot
R, BAEPIEFICEHE LW EEX LN, 2D
DOHIE AR & 69 ML, 13.6GW, 59.5TWh &
5,

HAE O S TlE 45%~50%705—H
i, SO A TE 591

100%

ZR—DOBEA AR T

(2T L HitdkE A 2 SR O UL, il B ARG HIE K B 2

WA ERI%, BEE% D Chhukha ZEFEFT Tl 63%. Tala 3EAT
X TH D, 2T, KITKRT

RIETLZ & &L,

n+%w€‘j§ HEHIZ

T O IEIC DWW TIE

Sk ELZL
VILEAX

TR 50%D &

90% |
80%
70%
60%
50%
40%
30%
20%
10%
0% Installed Design E
nstalle esign Energy
site NO. Capacity (MW) (GWh)
Existing 6 1,606 7,957
B Earmarked 13 12,510 46,612
<25MW 20 381 1,671
M Many relocations 3 202 884
H Protected area 44 8,575 37,560
M Longlist Sites 69 13,614 59,461
Total 155 | 36,888 | 154,145 |

(I : JICA FRA)

X 2 BTy LR ORNER
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7. BT VRO

1) KT v VHLE ORI

Z7 AT LAR— R

RT 2o VHUROFHIIE, DUFIORTBEETA Y U —= 0 V2 i 5,

BT v LSO

v

MR 7 U —= 7« LUF O M & RS

cBEICBHBIZET LTV D BIRFEENILELTND)
« 25SMW R OIS (AR RV X — R D)

v

EOWHHIA 7 V—=2 7 LIF OIS Z R

* B ODERBENLE L 70 5 Hius
c T ARTO IR —R 2 P PRFEHIRPITALE 2 #R

v

—RA 7 V== 7 (SEMESHTEE 1 2H)
HLL TR

v

CWRAZ V== 7 (BEHESHTER I A E)
LA OAR DL 2 Sk (4R oD G 8 0 A REA 2 2 )

v

BAFE M SEIARLICHE » TRAZE R DR E
REARETE, KR —ERELZEE

X 3 27 V—=2TDhk

R
155

PSRt R/ I S
116

=S/ I G N
69

TIgo YR
37

20-30

a—hkMIURARR
18

(H 8« JICA WA

— AT V== 1%, BIRERIEM MRS DS W EE LE B E LCHEMT 5, HlLE
P K VIS 572, BIHIORM A PIFEICKM T 2 Z LIXTE R, 2O, ZREAESHT
HH DEEARIZIIN L CHBrcE 25HA & L, MEOAEX R CE 20T F IOV CIEEHb
ERET D, 0. CRAZ V== 70, S OB I X0 RILA#ER L 9 2 TR
T 57280, ZEMESHEE IFHHOFEMRNABE CEHA L T5, v, —RAZ U —=

VO A R LB IZ DWW, G fEst & T 5,
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Q) ZEHESHT (Multi Criteria Analysis: MCA) D FEARE B
WA V== F . TRAY Y — = J T MCA B L CER LT, Rk AZ Y —=
TV L2 R H B XL T O@ Y Th b,

F1 ZRRZV—=VFIER L2 ESTER

No. Criteria Sub-criteria Weights

1.1 Hydrological quality 30%

1.2 Geological risk 50%

1.3 . GLOF risk 5%

1.4 cchnical Sedimentation risk 5% 0% 409
1.5 Site accessibility 5%

1.6 Transmission line risk 5%

2.1  Economic Economic efficiency 50%

3.1 Land Acquisition 25%

3.2 Impacton Social ~ Resettlement and Asset Loss 25% 50%

3.3 environment Living and Livelihood 20%

34 Cultural Heritage 30%

4.1 Located in protected areas 35%

4.2 Loss of primary forest 30% 40%
43 Impact on Natural Loss of wet land 10%

4.4 Environment Loss of endangered species 10% 50%

4.5 Fish migration 5%

4.6 Access road / dam site erosion 5%

4.7 Impact on Landscape 5%

5.1  Social Improved access to socioeconomic benefits 50% 100% 20%
5.2 Development Employment and potential of income opportunities 50%

(Hih : JICA FHAERH)

FHE B IZ R X< 3 ODHEAIT/HITTWD,
(a) By - #RUF

Bty - BRF ez GO T, Fuy=r MR ORFEEZ M T 5, #2%F (Economic) (22T
EERMOEDATm Yy N LHEE EEERE L i Sh 2 REE I EL RISHIT 5
2, LHE%, BEBENE, WEMERE R EOBUHIZZ < OAMFEEZZATEY, TOLHE Y 2
JIZDONWT, e & BBV AR OB 2B E 2 THINEHE (Technical) THHliT 5,

(b)y BREE

RERT T =7 FEHEL TO<EGEITIE, BFRBIC X 2B L) 5 IMET 2 2 &R0
BV, BRI K D EEDRREWGAITIE, BAR~ORIFICEVHEZEO LD EWIEE S5 %24
L EELTHEND, 207, BEHBIZOWTIE, KIBREEZED S 5 X TOREE
K% BAREREE I, HESBREEHR N ORHE L, PREZER DR A B EITERET 5,

(c) thBAX%

FiFsiE L CTh D7 — & ATBW T, KBRS © Ttk E S B 2 IR S 530 1 b #ifr
TED, ZOXIRIF, HE L TOMBRNRMEREEZD ZELAEETH D, BIHRE
IZhizoTE, ZOX I RN EETHET S Z L bEERERTH Y | BIZIZLE D BRI 720 R &
L CRHid %,




TS U BN AL—T T 2040 FET Y= s b
Ty AT LER—

FR3IEHOERRSIFIL, EAS—A L LTiR, TH - 8RiF) & TE8REE) 255 25 L.
THAN « #8395 ) 1 40%. [BRER) :40%., [HEEBE%E) 120%E L7z, fHMioxR 7o =7 M
KRB E EE ST, BREFERICHEVNVEHINDT 7 RAE %%%i%@&%%a@é

FHEBEIZBT D88 E, FRElRT L 212 1~5 @ 5 BefECRMiiT 2, FHIE 12 L 2 3k
DIENZ [EIRES 25 7o 6D i EE b U 72 38R 2 B S8 b3 2 BUE b AR EE 2R I B IV T,
B D B2 BARBY D572 SREIC L W RBLT D,

¥, HWEEIHE 2OV T, $¥%Eﬁ#m% CEEISFRSO BV DA, IR 0 45
L, EN—2oDHEHETH 0 AR H -T2, TXTO 0 SZ BT 5 X 9 il %2 2w
FICFLE L, 0 SR OD[EEEDS A HEZ ﬁ@#ﬁo#hi\%ﬁ®ﬁﬁM%£mﬁéo

£ 2 FAERKROFEMTE

A7 BV A —fEH VT
5 FHEHICHRIRE REE AR |
4 BRREE =3 M 75 B
3 2/ D R I {737 B
2 EXNAS A Al S0 B
! AL ol AR B
0 --- --- FHEA PR N X R

(Hih : JICA FHA)

(3)  Short list #iSDFEE

MCA ZH LT —KRAZ U —=2 71280 69 Hif% 37 MK VAL E T L=, b
D 3T HFIZOWTHMRAE L EH L., RAZ UV —= 7B HiHiifE R &2 E 2 . Short
list #isi & LT 18 i A ®E LT,

INHOHBIZOWTIE, BREREE, (LA REICKT 2B EN D < RIFEMER T H ik
_ﬂﬁﬂ%%ﬂéﬁﬁk%z%ﬁétb BERITBAFE LTV 2 ENEE LUy,
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8.

EIR R E
A MP THIH U7- S O BREFE R A LL T IoRT,

£ 3 AMP THIH L - FEH R OBRFEFER

Installed | Annual Construction cost (million Nu) . .

SL # Name of Project | Capacity | Energy Power Unit cost | Unit cost
(MW) (GWh) plant T/L Total (Nuw/kW) | (Nu/kWh)
2031-35 | A-8 | Dorokha 550 2,407 46,103 4,341 50,444 91,717 21.0
C-10 | Chamkharchhu-II 414 1,814 34,377 4,251 38,628 93,303 213
P-30 | Pinsa 153 672 8,947 1,596 10,543 68,911 15.7

Total 1,117 4,893 89,427 10,188 99,615
2036-40 | A-5 | Tingma 783 3,428 37,491 5,307 42,798 54,659 12.5
M-6 | Jongthang 227 995 22,878 2,913 25,791 113,617 25.9
G-14 | Uzorong 840 3,678 78,776 5,298 84,074 100,088 22.9

Total 1,850 8,101 139,145 13,518 152,663
2041-50 | P-17 | Tseykha 215 943 21,463 2,340 23,803 110,712 25.2
P-26 | Thasa 706 3,094 79,615 2,852 82,467 116,809 26.7
P-29 | Kago 58 255 5,116 988 6,104 105,239 239
P-34 | Darachhu 89 389 8,650 1,427 10,077 113,225 25.9
P-35 | Dagachhu-IT 71 311 7,276 1,250 8,526 120,087 27.4
M-11 | Wangdigang 502 2,200 49,895 2,877 52,772 105,124 24.0
M-17 | Buli 69 302 6,070 1,010 7,080 102,609 23.4
C-7 | Chamkharchhu-IV 451 1,974 37,916 4,416 42,332 93,863 21.4
K-13 | Minjey 673 2,948 81,444 5,941 87,385 129,844 29.6
G-10 | Gamrichhu-2 108 471 10,552 1,778 12,330 114,168 26.2
G-11 | Gamrichhu-1 150 656 13,642 1,739 15,381 102,541 23.4
N-1 | N.A. Kangpara (G) 71 312 6,134 1,814 7,948 111,939 25.5

Total 3,163 13,855 327,773 28,432 356,205

All Total 6,130 26,849 556,345 52,139 608,484

T R TR IIA MP ICIB W TR L2 THERFE Y v b2 M L CHE LIRS TH S,
(i - JICA F:H)

MCA (2 X A RET ORGSR, BIFREIEE I mU 3 Sz 2V T,

T v T AN, 2031 D 2035 B3 T S,

TP E W A R O BHFE ) &
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9. R~ ARE—FSTF
FREOEIFBIRGFIEZ B £ 2 T, RMOFERE (2050 42) (ZLLTO#EY TH 5,

(HYEE : JICA FHA)
X 4 ZRHEORFREE (2050 )

2035 AELIBE T, 18 HLR O EEIREFERR TN % T, Punatsangchhu-I~Bunakha, Malbase~Birpara
D 220kV EEHRO 2 [EFALBA LTI/ %, £72. Yangbari~Rangia [f? 400kV £EH (Quad)
(21— 4EFRTIFEARREL, 30— b 6 H#EABLEITRD,

10. BRFEMEB T

Pinsa HUSDBIRZET /L E LT, BEED G-G AF—L %I U, R — &5 %Z7EH L7- ODA

HES, RITESZH W PPP 72 &, Ehi iU L B a47 -7,
FNENOERHRICHONTHF ¥ v a7 m—TllZiTV, 7—% VB e ke LR K
OMXAZHERH L7z, EIBIR 10% 2 HOC IO OBEMMBEFEH L, i L-b 0% T#
R, FEio, HEERBAAARE 3 EREE L7 E . RUYMERERIEIZ OV T 6% DAY X7
TV T A& FLANLTESG A O S O CREET B,
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K 4 BMBEITRER (7 —F VBUFOISHED LK)

Funding Total Cash Flow of RGoB (Net Present Value)
NPV (2026-2061) Refq“"eme“t _ PSIF and ODA loan for
@ 10% DR (BTN million) or R.GOB Base Case 3 Year Construction Delay RGoB.(+ 6.0% (_exchange
During risk premium)
Construction NPV NPV Difference NPV Difference
1-1: G-G (RGoB 100%) None 10,236 7,410 -2,826 -28%
1-2: G-G (JV Case: RGoB 50%) None 5,118 3,705 -1,413 -28% - - -
2: ODA 2,065 11,756 8,208 -3,549 -30% 9,101 -2,655 -23%
3: PPP 2,065 7,558 5,479 -2,079 -28% 6,375 -1,183 -16%
4-1: IPP (Energy Royalty 12 ~ 18%) None 3,568 2,738 -831 -23% - - -
4-2: IPP (Arun Il case) None 8,609 6,662 -1,947 -23%
4-3: IPP (UK case) None 7,974 6,022 -1,952 -24%

(Hih : JICA FRAH)

ODA A F— AIZHIT HBUFINZIE 11,756 million Nu. & 72 V) | K —IZ K DiEiFEo @O i
FHERML, &b BERERTHTD, NEERME L2572, 20V A7 & RIANVTERER
1% 9,101 million Nu. & TIK F9 %, IPP A% — A%, HESR EOBUFACAMSNELS | B4R
FEOBALTT X TREFEFNDA D 2, HIHHRE RO 7 — 2 BURHAl o £ 08 = B o
WERENEL RN Z LM TH D, &Y b Royalty IUAIZHNIZ Free Energy (21.8%) 75
DA% FEZTED PP AF—L2 D7 — AT, 77— VBUFINEE 8,609 million Nu. & 72 V) |
G-G AF— A LI L CEIUT ERE RETIE RN,

11. 77vavrrovr¢u—Rvyr/

Lk, KMP O TWIZHZD, HET 5 EMHESNDIHEICONT, Y HIr_ExT 7
varrorvikun— Ry TERETD,
(1) R R Feasibility Study

(2) Off-taker & &4 Y — A DEIR/L

(a) A FORBIEHL—/LDIE LV BE

(b) Off-taker (N7 T T o, R/8—)LFE) LD
(c) HREEMROTRL

() FPERERELZEGE A XL BRMEE D FERHE

(a) TERWARZ B £ 2 7oL R DO HEE

(b)y T2 roOET, BORICAE LR E BRI ER G O
(c) ITBEREE~DFEIRGEI I T 7ok R i 0O H R

(d)  Thimphu mHPAHERS OIF R 5K

(e)  Yangbari PS OEk{iaxat

4 AMBER (Capacity Building)

10
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FB1E F  E

11 REOER

7 — 4 VEOEFMBUL, KNBEOFERNLIEEMNAIZLY XA 65N TEY, EFIT
%%Mﬁ@ywﬁ%ﬁwfvfﬁ TR SIIE30GWEL B EHEE SV TV 523, 20174FKf T
DKIIFEEFTORMAREITNTL6GW TH Y | tEAK I DOKIS%IZE EESTND, 7T—F B
Wi\hﬂ®%ﬁL%# (BB L AR5 HE (2013-20184E) | OH T, [KTJFEERFED
et &l Omib) Z2EHE T w7 T A ENET . KB & BEARFBORIZE T T
AN

BITE, #8 )1~ A% —77 > (Power System Master Plans : PSMP, 200443 H {Epk) (ZHD X
10,000MW DK J1 3B A2 A REOIRIZ I D HED TV D P, PSMPAEET S 417220034
WD, KL - KRBIAHCEBHA~DT 7 B 2ANSEFESNZZ LI, BRELSE
B ZEE L - TR E OBV, JELE & ORIERE, SNBEM - BRENSKRE
SEELTWDETD, OB EME X T-PSMPOWETNEE OB L /e > T D, F7-,
PSMP#% BB 5 7 — & R EH K IR E - )% # /R (Department of Hydropower & Power
Systems : DHPS) DEREIDZALIZE U7ZPSMPO RE LB L OHEH &, Zh 2B E 2 7250
72PSMPIREIZBET 28I REHI TH S 728, FRORENFELL 2B Ee->Tnd,

ZOXIRRWT, 77— VBUF LY | B ORI (JBLE & ORHOERE) ZHE 272,
20404 £ TOPSMPELET & 'DHPS D HREJ158(LICRI 35 THE /I~ A X —7 5 L 20405 E 7' 1
vz b (LR, [RKTavxzs b W, ) BEFEFINE,

A7V r ME, ERROT—4% VEBFO IS E | PSMP2040DREE XET H L &
12, DHPSERE O - RHIRZRPSMPRERE I Ok 2 X5 = & % BT,

B, REASEEICEAL, A7 v =7 NI [HE %ﬁ%%%FﬁA%ﬁﬁ4F74/J
(20104F4 A FR) ([CHBIF 2B L2 KT LT Wy Z— (K73 E, # o, ki) o9 bk
MR b OIS T 5720, B 72V —AIEIND,
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1.2 REDOHEH

T — R EBSAE—TF 2 2040 (PSMP2040) OFREE LT TH L L BT, KSIFKE - B
NZFERFEE 0T « W72 PSMP SREREH Ok 2 X5 Z L2 AL T 5,

1.3 XFSHuR
7= VEE T ERESR LT D,

1.4  FFEOEmEE

7 — % R4 (Ministry of Economic Affairs : MoEA) 7K /138 - %)%%K (Department of
Hydropower & Power Systems : DHPS)
ek, TR EST - B L7 D,
T )T (BEA: Bhutan Electricity Authority)
7 /)%t (BPC: Bhutan Power Corporation)
st (DGPC: Druk Green Power Corporation)
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(1) EER#IERE (Gross National Happiness: GNH)

7 —2 VEUNIE, ERKRIEEE (Gross National Happiness) % [EF B OREA T EF L LTI C
B, Z0bIE 4 2OHE 9 DO RAAL b, ZDO55H, 3 DO (Sustainable socio-
economic development, Preservation and promotion of culture, Environmental conservation) & 5 -2
KA A > (1. Living standards, 2. Education, 3. Health, 4. Environment, 9. Cultural resilience and
promotion) NAFHEIZIB W TEMAT RIS TH Y . BILE DHPS 237K ) HS &2 7R3 2 BRI B H
LTWDIEHE & LTHRMIZZET 6TV D, KIRT o v VR 25l 2 BRI 3 50
HELT, ZNHOHEE RAAS VEBETHILEBNETHD,

4 Pillars 9 Domains

1.Living standards

Good Governance

2.Education
3.Health

Sustainable Socio-economic .
Development i

5.Community Vitality
Preservation and Promotion of
Culture
7.Psychological well-being

8.Good Governance

Environmental Conservation

B KPR ol X, BUE DHPS 23K LS & T 2 BICEHEH L CWAIHEE L LTHEITF LN TN S,

(4t : JICA A )
X] 2-1 Gross National Happiness (D14:5%H 7

(2) Bhutan 2020: A Vision for Peace, Prosperity and Happiness

1999 4 4 A2 E &= E#M Y 2 »” Bhutan 2020: A Vision for Peace, Prosperity and Happiness”

(BLF. Vision 2020) 13, 7 —% ETHO CORE SN RIIEZEE T, BRI EHEIZ D0
T 5 #HFRHEICRBWTHI &R E I RSN D —T7, B2 F —MOBESEENEZR BIE~DET)
B D16, #ETe_E FEMECHEOE SO OWTEMNZRBENRMIE L DEZ Z/RLTWND,

Vision 2020 (2B W CKAFEIL, SHEBRMTLHEE (Txms ) ay ALy vLl—~A K
AU NE) | FEBR. EEEEA MO TN, =vTHiE, DNTEBIOFNTE, #
WA THFEMNMEDH D7 #— & LTHRY EIF6NTWD, KABRICOWTIE, B,
400MW 23BEICHEEM) L. 1,200MW 28 i « BEEREEPEICH o722 L2026 BEfFD Hydropower
Development Master Plan (1990-2010 4F) (ZJ&-3% | 2012 4K (55 10 Ik 5 » F3HEI O RAEAE) £T
IZ 2,000MW, 2017 4ER (55 11 K 5 » SR ORAEAE) £ TIZ 2,500MW 2B CRR%ET 5 2 &
EYANAF—=rE LTRIT TS, BUE, REIRHIEY a2 COREEFIED LTV,
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(3) EZxES5 W4FE (Five Year Plan: FYP)

TR UETIE, A2 FOHERFLZFE LT 1961 £L0 5 pEFEARESNTEY, &
BEEOEFFHE EAESIT DTS, 89Kk S BAEFE (2002-200734F) TiE, 5 BEFHTH
9%, #5 10 ¥k 5 AAEFHE (2008-2012 4F) (23T, 2011 4FFEIC 81 D GDP i E=RIE 11.77%*
EIERLTWD, SHIZ, 8 11K S DHFHE (2013—2018 4F) 2BV TH, 2018 FFEE TIC
GDP X— AT 9~10%D @ EREHFRZ HIZ L LTBIFT0a, WIRoEZE 5 ZAEFEICE D
T, BWRHEZ B BRI, #2242 R E L O ORFEREZMT 22 EE L, iz, E
%WA@§<%Wﬁbfnékﬁﬁmﬁ%%wﬁﬁmib\4VF~@$ﬁﬁM%#k#ékk

. HAFEALAHEE L TE 2 &0, BRFERREZ LA TERBREESL D & EFEEK LOE
ﬁﬁ%iﬁbfégﬁ& %45 T\ EER 5, & 12K 5 WAEGHE (2018-2023 4F) 1%, i
TEENRET L, 7—X VERFONE E GNHC OATF S —7 4 > 72T 20184 12 H 7 HIZH&E
iz, o3, 8 12 R 5 AFEFTE ORI, 2018 4F 11 A 1 HA 5 2023410 A 31 HETTHh 5,
B2 R 5 HAERIETIL, 4 EFTOKNFEEFTOFENTEISNTEY . ZIUT Lo TKDFEER
B2 1,606MW 705 4,664MW ~Efb S & LTW5D, KIFEEIL, 16 OFEF F K FER

(NKRA: National Key Result Areas) @ 9 5, ##Z4E{t (Economic diversification) & /K& JfE i~
(Water security) @ 2 fEIRICEH#AT 5 EALESIT HN TV D

(4) Economic Development Policy 2016 (EDP 2016)

2016 4 6 HIZRE S 417z, EDP2016 1%, 2020 4% TIZ 100%7 H EAIFRRFE FEIER 97.5% b D
WEMKEDOER ZREHREOBE L LTRIT, =X — L¥ HY, B, #¥E, d
BB, GEEE, ER. R EE, KEEESE, JEFICRAEV OB AMEEL TWD, Blko—o L
L. 7 Fivelewels” DIEEZ 2T CTH Y, Fivelewels &1, TOEIENART vy LB L OS
BB DBLUR D b PR RS EALE ST bhvle, K, B FNL¥EBLOVNTE, #
KB IOLED 5 v 7 ¥ —%RT,

KNFEEX, 7= VEICE > TEHFRAD 19.1%% 5D 5 RKOPER E /> THEY (2014-
2015 4F) | R ATREZR IR H N2 EER T 2 720 OB I 2 EE IR LML E ST b Cnd, =
DL D R RBEOR BT DALEMIT 235, 2020 4% TIZHRIE TS 5,000MW OBEXE % k4
LX98NTHELTEHY, EblL, 7—F VEPHRHIRE 22K RBEOHRMSA L 70D 2 &
b HIEIZHET TV D

(5) Z2E®RABAZEFHE (Project for Formulation of Comprehensive Development Plan Project for
Bhutan 2030)
2016 49 1 30 B, JICA tERGF=HEEZBXOM T, Hilitp )7 vy =2 b T2EREFHE
FHE 2030 KET Y =7 b ONH EF IR DA ELE (R/D: Record of Discussions) ~D &4,
D, BN EEEILLAVD L & TIThiL,

SUARIER L7272, 2002 4FEED 2007 FEE TO 6 F Lo T D,
* Guidelines For Preparation of the Eleventh Five-Year Plan (2013-2018), GNHC, MoEA Webpage
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T—H CETE, BA BT ONT AORIN T B A BT CBITSBOR 4 LD TV
L0, IEITEFEE AL LT, EEORESCEEH ORI LY . B LEEICAE S 2w
Thimphu RC[EFRZEHED & 5 Paro & W o 7o H i HTE~DO NOBBEINEE L oo T b, TD72, &
R CIE, BB E TR L, IR OIERCAIY — EADHNWFERER A ON S0 L H
WAt RO RREN S E 2o T D, — T, BEIINOEENRIEER T — X EIZBNT
X, W WTHORERN <, HFEEOKRE &5&AW%#%¢LTméo;@ii
REZE LIV D N A AR O ARLENAE S BIEZ Rk L T < 7212l 2E b~L O el fER) 72 B
FEHENRMLIE L IR TN 5,

Zo7aves T, 7 VEIZBW T, 2030 & BREEIR & T 5 ER A B G E & R
ETHZEICED, BHEMIFMONRT 20 BVGHEMERE S, GNH Mg Rfbans 2 &
WCHHTHZEEHMELTEY, 201741 A0S 201945 A HOMME LT, Yuy=s
MRS, T aY ey NOIREITIE, FHERGHIROBURAR, BIRFRE ST 23 F2h S 4,
BUEIIBHH Y a o LRI Z5E L. 2EBAHIEHEOREEEMTOILTWD, B,
7 X —RHINIRE SN DRSO 20N, KIFEE, JL3E. BE. NEBEE R AR ATRE
OB BENEENLTND

7~&/l@£gﬁif%émﬁ%ﬁ%ﬁmb FMNRTE L WA — VELAERIIBITT 5
ZliX, FRERTRERBAR E RIS ZKIET A b O ThH D, T —F UETIE, EREE s -0
fhdt 7 % — Ll LT CO, DPEHEN S, D72, A Lk AT A8 L
T, BERAKNCLLDFEERLFM Lz N — U BEYEE S 2T LOBALER H B HOE K&
ERELTCNWND, £70, BFEHEV EROT-O, REKTEAT — a > OEE ST, EVEAME
HEOO— Ry 7RI NTND,

22 TRAX—BE

(1) Power System Master Plan 2004 (PSMP2004)

PSMP2004 |, / VU = —O&EE&HEIIZ XL Y Norconsult AS 735K iE L 7= Water Resources
Management Plan and Update of the Power System Master Plan, Bhutan ®—#Cdh ¥ . 44 (Ministerial
Order) & LTRESINTND,

(2) Bhutan Sustainable Hydropower Development Policy 2008 (BSHDP 2008)

2008 4= 6 H 26 HIZB4 (Government Order) & L CH 4172, BSHDP 2008 ®F 72 HAYIZ
KRIFEBERFRFIZ L VBIFONALZHEKR « LT 52 L THY, TRETDOA L RED 2 » [EEUF
il DL [FIBH% &7 /L (Inter Governmental=IG €7 /L) IZI 2T, REEE L EDOT-E&FE - B3
BT NVOERIZ KV KD ERET D Z L12dh 2, BIRRIT S TORVR, 2001 4EFEITER
49 RICHE STz, REZACHETHBORICHY T2 b0 L& X 54, BOOT (Build, Own,
Operate and Transfer) #487E L7 BJEBUR  (Private Finance Initiative : PFI) % H.0 IR S AU TW
%o EDP 2016 T/RENTWVD LI, BUE, SEIEESED SN TWSH25,  (BSHDP 2008 Tid
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Bk ST %) IPP (100% EFEEA) ZBEILL, PPP R EICEVEICEZ 7Y 27 h~DB
HAaX0@dL Itz L Th D,
(3) National Transmission Grid Master Plan for Bhutan 2012 NTGMP 2012)

NTGMP 2012 (%, 2012 4 4 A 24 > K ® Central Electricity Authority (CEA) (2 X Y 1ER% S 41,
44 (Ministerial Order) & L TH4 4TV 5, PSMP 2003 TiX, Vision 2020 (273> T 2022 4F
ECTORFBEEL LT 4GW BEZEIT TR, 20k, 2006 40K L FRIBFHFICEET 25 A1
v FEDWEZE (Framework Agreement) 72 &2 LV | 2020 42 F TIZ 10GW DK JIBA%E & EHL 9
L ENEFAEL ol 9 LIZEIRBIE A RO L I E - TR T 2 FHd 5 44
ERELTCWNZZ ED, 2009412 HIZ 7 —# VBUIZCEA Z =2 L4 k& LT NTGMP
EAERT 22 L LIebDTH D, BAMIZIEL, 2020 FFE TO 10GW OEIFBAFEF G - 72
FAEEAH R, 3B KON 2030 4EE TIZ 24GW OB AIRERT v v ¥ VBT 5 Z & 24E
L7 R R N R SN TV D, ZNE TOFENEIL L TND Z iz, BliEEHF O
FHENCEIENAFAE L TS Z LB E 2 T, RWIGHETdH 5 NTGMP 2018 BNAFEIER S 4172,
NTGMP 2018 Tli&, 2020 42> 5 2040 4FF TO 5 4FEWH, 3 L O 2040 FLLUFE O 2EIRBAFEE
] 2 AR U 7 R G B 23 R S AU TV D

(4) Domestic Electricity Tariff Policy 2016 (DETP 2016)

DETP 2016 (% 2016 £F 3 A IZRE S, BS (Government Order) & L THEA I TS,
EWNESEHRREDOEAT $HE LT, JEE - *xE - BERHeIZRUEINE )73 (Cost plus model) (T
FOVEETLHI L L LTERY, FAMIIE, HiE - HEFFEEL (0&M) . A - EaaER,
B, FFRRATE ] - BEBL. EHBRARBLIOCENEAERGENLI DL LTWD, ThbDH
B EOM, Royalty Energy, ME(EE 4 (Grant) , fiB1&EOWMMIEA L THEARNRE 2 VR
INTWD, o, BHEBEDOEARY A 7 V% 3FELEDTND,

(5) Tariff Determination Regulation 2016 (TDR 2016)

TDR 2016 /X, DETP2016 ({2325 X, BEA (2L D RE S 41, 2016 4 4 A 12Kl 4 (Regulatory
Order) & L THESIN TS, TDR2016 1%, ENDOIEE - £7E - BliE L OROEM FEITHE
A&, B AL L PPA IZ L2 JEEITEHSNTH Y . DETP 2016 (Z7E D & L7 7
BEFEHZAIY | BERMREERSGEZRT L & HIC, FERICLIBERFEO TR X ICONT
EDHTND,

(6) Bhutan Energy Data Directory 2015

Bhutan Energy Data Directory 2015 CTi, i@ 7 U A L hREHL TV Ao T, v ¥—
MOT7Tu—FI2k v, =xF—fig =3 F—fFE £ LT 2030 £ TOZRLF—IN
XEnhrLTnd, 22T, FEPBHO X —FH LG 2 L LTRL THWD 729,
SEIE LTV b DODOKREE, B, BEEWR EOFAERRTRLF—DRT oy Vb BES
AU T %, Department of Renewable Energy (DRE) %, 7 ¥ 7 BHFEERIT DiE = 7§ 2 Energy +
Partnership Program @D ¢, & T, /L7 = —BUN OB EE % 5 1F Energy Data Directory 2005 % 5
Bl
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(7) Rural Electrification Master Plan 2005
Rural Electrification Master Plan 2005 X JICA OXHEIZ LY AARATENRELZH DT, A5
mmmmmmwﬂka%AéMTmaJmA?iKMPK%dmf%ﬁ%M%ﬁLﬁét
. BRI EMZFIRE (2007-2008 47) | [HUFEAERE) (HEESH ) - 2007-2012 4) |
Fﬁﬁﬁm%@7m/:7h(7:~x1 7x—A 1) | (2008-2014 %) ZFhiL T\ 5,

(8) Alternative Renewable Energy Policy 2013 (AREP 2013)
AREP 2013 i%, BSHDP 2008 (27~ X417~ Renewable Energy Policy (Z5% L. 2013 4F 4 HIZE 4
(Government Order) & L THSIN TS, AREP2013 O EFE A ARBIZILL T & EhTwb
B N7 (Stand-alone) 1T AT A
B BAERS AT A
B RSV RE VAT A
B AR BT A 7Yy RISE DA THREHUE.
ik\m%E&f®mmﬁ%%<ﬁiﬂ%i%w¥~®%%aﬁkLf@ﬁ<k%mMWk
EDTND, WNiRE
(%$ﬁ75~)k%t JB )« R F < A 4 SMW
(R NX =% 7 X —) NAF~ A« KB & 3MW F12Y4
(st 7 % —) A% 1,000kL (110GWh #HY) B X ORHED 20%, FAED 10%% A
MR T2 28 ThDH, 2o, 25MW LLFOKIICET 5% A 1 =X A BEA (X
% [E AT AS B EE (Feed-in Tariff : FIT) OflER EIZHOWTED HL TV 5D,

(9) Renewable Energy Master Plan 2016 (REMP 2016)

REMP 2016 {3 3> AREP 2013 1280\ T 3 ELINICIERR T2 2 & LHRE &N THE Y . ADB O
XHRIZ LY FA 7 @ Fichtner |2 & Y Renewable Energy Resource Assessment Report (RERAR) & &
HETERS L. 2016 10 HIZAREN TS, RERAR Tl HAERE= R/ F—DHGHRAT
> ¥ ¥ /L (Theoretical Potential) . BHIEAJHERT > T ¥ /L (Restricted Development Potential) & T
HENEDoT-EETHY | 5%, BRFEMART 2 ¥/ (Economic Potential) 33 &2 O FH 7] 6E
7 ¥ % /L (Useable Potential) £ CTORHlIZ i+ 2 LR B D, KIRT v MBI L TiE
EJINZONT 2km T EICHEAEL REZFG L, BimA T v v 2RI L, RS L OR%E
HRO B 2 RWT ¥ VEBRWTHIEFRERT v v/l & LT D,

(10) Renewable Energy Resource Assessment Report
2M6$10ﬂ’*%LkﬁéTﬁi*w?~@§ﬁ%ﬂﬁbkVf~Ff%é 7 —& CEE
fmkjji%{ﬁ%fﬁ%ﬁ Lfb\ét&b [ (= P D BRI ijt%%%fowkjﬁ%%ﬁ)}_mf%é Lol
{ﬁ%ﬁﬁ%ﬂéa‘? \ZIRAF L7, B8EE I EPIR & IRET 2K FETIE. FHIZE
%x@%%#izw#~?%1)74—L®Jx7&Lf@fﬁ#éo_®%E:ﬁ@?ét
RBUEIK T )56 BT OBAFENNE & WAT LT, ZARIREIR S AT L& ?6M%ﬁ%é&bfbé
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ARUR— T, 7—=F CEPAETLHKI%EE Q5MW LLT) | BREE. KEOEIEE. K2
MGG, A A~ AEEDORT v v ViHEIZ DWW TE AL LTV 5,

(11) Hydropower Development Strategy Report
T =5 CBUNIE. KB ORRIE Z a5 72012, 2017 4 5 AICKNEBREND BT,
Hydropower Development Strategy Report (3, #iFtiti ka2 LAR— L LTE DD TH D, 77—
FUENZIE RENTZRBER LR 00, BERKNDEREIFESNATEY, 4% 65D
KARFEDPHFFS N TND, L LRB S REWLZOKDBSEIE, ERRFEINMES 7 1Y =
7 N OEE, K= A INE‘ B OFBEICER LT\ D, ZOX IR T, S%hoKIB%RE
BEEAOIZHED TN T2l 77— CEIT f%*ﬁ%%®u%ﬁﬁﬂf/kﬁﬂ/777/z

*N—w%®HLl®ﬁﬁm% A N E DK OGS, 77— VEDEE 40 F£RTIC
T DRI THARE Z EREET O REFHEDGTHINATND

23 zxNX—kIF— -BhHEI F—

T=H EOTRLF—t 7 X —OITBHRER ., EEARRMMEE, £ L TENLROMEkOKE
Z ISR T 5, 2002 4F 6 H & CTl, HEFOE S EFEE (Ministry of Trade and Industry) F O
71)7) (Department of Power) &1t 7 ¥ —ICBT 52 TOMB ALY LT zns, 2001 FET)
EORIE 23T T, BAEERITREE U, EHROMEE - %ENL 3 Sleaflshn, BUR -
FHENT 221X =k VX —J5 (Department of Energy) . 5HC7E 2313 Bhutan Power Corporation Limited

(BPC) | FEAF# O BiH]I% Bhutan Electricity Authority (BEA) I[ZZNE NI &R’ ND Z & Lo
77 BEEFEICOWVTL, (40 BET o Chhukha, Basochhu 3 & O Kurichhu @ 3 > D3 ERT
FENENAHAL S AVTWZ23, 2008 4F 1 HIZ, Bk S 4L/ F IR T3 £ Druk Green Power
Corporation Limited (DGPC) ZWZIX &7z, LA TFIZBAMRIEEE ORIz DWW Tk~ 5,

231 {TEHERS

(1) Ministry of Economic Affiers (MoEA): #2%&%
MOEA [FT= /N F—t 7 ¥ — « &7 7 —pHERTTH Y . fFRFRREIE 2001 £E LI
0. LT OMERRB K OMEEI 2 52 it T %,
) EREEICETLIEABOR, AFER X OERIEORE
i) AT AR O KR
i)  BHEIRER L OE IS ICE T 2 EAARBUR DR
iv) HAZ~v—HP—bERBIOFEEFICHT LEEICHET HBOROE
v)  ARBEHIHT 2T XX —I LOENOBFEIEED 72D DBUR D252
vi) T4 U AEOKT
vii) BEA OFHEFHHEI X TR OKR
vill) BN MEICB T 5 BOR D%
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ix) BEA OfTEIELEL - HLHI O AR
x) RS AT 2BORDOILE
xi) FEEMHES (licensee) |Zxt3 2 FHEFMIC LT L1 - KFNZBIT 25k AT D
5
xil) 2001 FFEEINEICHIE S T2 OMATE DFAT
MoEA (21X, B5 (Trade) . FEX (Industry) 72 EBUE 8 DOWRMNENLTNDN, ZD D
% DHPS 3 L O'DRE 23 &E I TE A Y45 5,

(a) Department of Hydropower & Power Systems (DHPS)
DHPS (%, KJFEEICHET 2BOR, B AT LG, K17mY =y hOKE - HEDOHE
i, A (BHesgifds KO PPA B4:) | RERIE, K7 vy = FOBERE, K%
BB LOEN VAT A 2iRE MBS T HBUERE TH 5. K 2-2 12 DHPS ORRGRH 2~

(Hi#t : DHPS Webpage)

X 2-2 DHPS DO#HRREH]

(b) Department of Renewable Energies (DRE)

DRE (X, #i5&@ k, MR X =/~ 7 vk 25MW LLF) | FEIERB DO BA T RE~ 11
¥F—&H WEBLOURZET) OBREICHONWT, BRFHEEIARLEZ 2 ELEET D,
DRE (X F 72, EEMEEIUHE (feed-in tariff) OFEE - H#ORE LY T 5,
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(2) Bhutan Electricity Authority (BEA)

2001 FEFEINEICHAD & 2002 4 7 HICE/HIHIT (Bhutan Electricity Authority: BEA) 723X Z
S 47z, BEA DEE - BHIFIT OV TIE 2001 FEEIEDH 7 RNGH 17 RICBEISNLTEY,
FREENL, LTO4HATH D,

B EE s X =D - e - EHEEICET DA - R - RERORER JOEM

B BREEORIB LOFmE - EWNEHeOMiBIet L ORREIIHRIORE - Fii

B A RAORITE IO

BB BEEER O FE e BT 5 AL T O SR E B K OVENE

BSHDP 2008 Tit, 71 ¥ =7 MHEHRIL, 2001 FEINEDOBEIZHE - T, BEA DA X
OHET A X (J272L, 500kW KD b D ZfR<) BT 52 L &SN TEBY, 72, 2001
EEBINETEIA B AOEHHME LT, W 2E5L 30FE2 BN s3T5

(3) Ministry of Agriculture and Forests (MoAF): BE&RME
MOoAF [T, RINEIR & ke D foii 728 #Ha HEg & LT 1985 TR S N7z, 2009 2T Hi
7- AL ClX, Ministry of Forests 23 B L CUW 2 ZRARERPY 23454 S 41, Ministry of Agriculture
and Forests (MoAF) Pt TIZ Department of Forests and Park Services (DoFPS) M. Sz, 7 —
2 VEOERRRRBEORERFFRIT. EH10 51.44% % 50 5 BRREROFETH D, RiX
%, FEICENLAE (National Park) | BFAEAMRGEX (Wildlife Sanctuary) | &4 IE H ZRPREE X (Strict
Nature Reserve) . ZE#)[AIEE (Biological Corridor) @ 4 2D /17 Y —IZ/3F B, tRiEXAND V' —
=70 2013 VB 4172 Zonation Guideline TE® HAL TV 5, it #HY —=2 ZBERM

b i, REX OB OFEIEEI MTDOIL TV D,

(4) Ministry of Finance (MoF): B{#48
MoF (37K /IBAFE DREFT . KM fEB~DRBET =2 ) 7 L FLREICRLRNE DI
FRAEZAT > T D, *HMEHIL. RMAB 23414 f&#51% Department of Debt 231235, GDP @
FHEITEARAMIZ BED ML REIERE L7 PRI S &SV T %, Hydropower Debt (372 27 =
7 b BEROERMENHER SN DRV BN T ERBSIEE 2 < o7 1Y =2 M3 GDP
=R 35% 728 EFR & 72> T %, Debt Service Ratio 1375 /i H D 40% 723 EIRE & 72> T 5,

(5) National Environment Commission (NEC)

The National Environment Commission (EL T NEC) 1%, 7 — & NIBIT A BREICET T XTD
BEEICKHLT 5 2 L 2 RZBT BN TV D, NEC 1&, BAEMNREIZE 2 5% ’iﬂ%ﬁ*ﬁﬁ“é e
BT, RIREIROBE U722 FH 238 U CTHRfE ATREZRBAFE 22 R T~ 5 7212, R« AFEPC 4B
IR FOHEERI EE 2 BT 2 Z L 2 A& LB TH D, £7o. fii»F‘aeEJ LTV 5 ER
[ O FHEERS T EH-OMHI B D & ¥ 72 NEC D EELRFH TH D,

5 National Biodiversity Strategies and Action Plan (2014)
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(6) Gross National Happiness Commission (GNHC)

2007 4, 7 — % 2l H @ Gross National Happiness (GNH) OA& (2345 % | Planning Commission
1% Gross National Happiness Commission (GNHC) & 2iff S 4172, GNHC (%, EZFDOHE & 133X T
7= VEROFERICHELG LRTTR R0 E L, IROEAZ EKEE LTND,

BRI OFHeE rTRE 2R R B SIS A SR E T D

B 5 UFERBIOERMGHEZEET L L & BICALRBERERET D

B GNH OJFHIZ I K OEBRI KR OGO b & Gl & BEROFTLE 2D 2 & 2k

FET D

W7 L ZIZHnREREZEB L, A TR ZMHRT D

BhERE T VAN —DIzd D8, B, 7'v 77 AOFEMA R, (e, %S5
Jrgt, Bl v 7T AR REICEHME L. T — RNy 7 2R T 5 L L B ICRIE
HEZH#HLD

B 12 WEZRE I FEHE (2018-2023) (3 2018 L OJEITA FES N TERY . BIELRESR
F o THEEENFERM STV D,

232 BEIFXEBEEEA

— X U EOFEIREREET L. [EH R ESFE Druk Green Power Corporation Limited (DGPC)
& .ﬁ EALEE 23 #1 Bhutan Power Corporation Limited (BPC) Td Y, With& % 2007 4 11 HIT%
NS T EA SRR S 4L Druk Holding and Investments Limited (DHI) 23 2 /F L T\ 5,

(1) Bhutan Power Corporation Ltd. (BPC)

BPC (&, 2001 FFBINHEICESSE NI X —dUEICL D, 2002 4F 7 Al S, EhLE
B LOE AR OM SMW LU T O/NUIEE (IR DB 0T 4 —8 L) | &%U’\ﬁﬁﬁﬁ
ZHEERM L LT 5, BPC OUURIEIEIIFEBINA & B EHIEH ) O OUHIZ & D kLB
DHBED LD 2AETH Y, FEEICLDMAFTSIZERE <R,

(2) Druk Green Power Corporation Ltd. (DGPC)

DGPC (X, 7 —% “BUNA 100%FTA 3 %K 3BT OERE BT, £RETD 3 HDK
J1%§ ¥4, Chhukha Hydro Power Corporation Limited, Kurichhu Hydro Power Corporation Limited
¥ L O Basochhu Hydro Power Corporation Limited Z W A0f4 2T 2008 /£ 1 H 1 BIZE LS
i,

DGPC 37 — 4 VB 100%FTH 2 EAT (ERLO 3 JEEPTOM, Tala EFEFT) OMEHE
HLOfh, BFNSOHRICEY PPP-JV 7u Y=y NEESHEAHESE L TR, EiEho
Dagachhu Z & T DO F3E24E DHPC (59%) | &% H @ Nikachhu 7’1 ¥ = 7 kO FHESH THyE

(100%) KO Kholongechhu 7'mt ¥ = 7 b D34t KHyE (50%) % F&fth& LTHA LTV
%, F72. 2014 49 HIZiX, 1A Alstom Hydro Holding f1: & O&Fp TK I FEEMIRD A T A
£>ft Bhutan Hydro Service Limited (BHSL) Z g% L. 51% DAL RA L TV D
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(3) Dagachhu Hydro Power Corporation Limited (DHPC)
DHPC |X, 7 —% VEWOERW /) (PPP) 7 v Y=/ hTH% Dagachhu /K )7 vy =2 bd
FHEDHT, DGPC 28 59%. National Pension and Provident Fund of Bhutan (NPPF) 73 15%., 1 &
RO R &K F2EE Tata Power Company 23 26% DR ZRA T 5,

4 AhFuv=rs bEEXK

ZOMDEREFES L LT, BSHDP2008 (ZHESWTTF ey =y NHF « EiO7=0 _&jé
D HERI R EFEE (Special Purpose Vehicle: SPV) 238 %, ZiL6 SPV (214 BEA X 0 &%

T UARFEBINTWD IENEIT BREETVIZE D B2 A > RBUF & @ Inter Governmental
T E D T — X VEFEEES 32OV T Authority, DD TV EF VS0 & 5 FEEIT
2000 I E S iz A FES <Rt (limited company) T® 5,

24 Bk —OBMBROKE

(1) BEREFEMH

7 EBAL O, mﬁ%$%®%%%kkk%M4m (CEMT D70, 2001 47 HIZTEIIE)
DWIENT DI, ZOFEIEC . ERFEOMMBCEN FE M S v, ek, EHBERDEK
ERE MG 2 Efi L TV E S F%é Ministry of Trade and Industry (MTI) % /] /& Department
of Power (DOP) 73, 2002 47 A2/ &4, = R/VF —J5j Department of Energy (DOE) . T X
JL % —JT Bhutan Energy Authority (BEA) I3 X V7 — % i JJZA %t Bhutan Power Corporation (BPC)
D 3 DOFAREDBINZERNL S, FERAK IR EITIIAH LS T,

DOE (%, =¥ —t 7 7 —OBRRE, {FHOFERL LOMEzHY 45 L bz, #E
(bRt OFEfE, BT OBBAKNRET 0> =7 NORRZMEY Lz, BEA X, BB TH
0. =X NDDLFEET AU AORITPEBREEHSI /2 E 2 MY LT D

2011 4F 12 HIZ MTI 23#%%% Ministry of Economic Affairs (MoEA) (2720 2011 E 12 HiZ
MoEA @ Department of Energy (DOE) 73, 3 -D>D#Hfk (/K71 « B )R HEEE: Department of Hydropower
& Power System (DHPS) . FFAR[RET /L F—J5): Department of Renewable Energy (DRE) | 7/K/)
JE B:A#5750: Department of Hydro-Met Services (DHMS) ) (Z/#lS 7z, HifE, DHMS (% National
Centre for Hydrogy and Meteorogy (NCHM) & L THNZ L TV 5,
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Z7 AT LAR— R

7 — & VEERFEEH ORE S A LIRS,
BEA MoEA MoF
Bhutan Electricity Authority Ministry of Economic Affairs Ministry of Finance
® FE[LED T A AFAT s 2 A
o EXEEDER D?gsa?epmm?f DRE: Department of
o WM BB EED R E *Power Syatems | Renewable Encrgy |
® A RHET R LF—
® K FEHER LOE SL{
NRGORNBIE - <
LI (C A=V 4h N)) DOT: Department of
it
NCHM: National Center for THEE L 1l )
Hydrology and Meteorology
o M DR RIEER
® KT —X Dt KO HFIE oA
® NETHSFIDH 5
5l DfEtE "4
l DHI
L} Druk Holding & Investments
PHPA-T& I DGPC BPC
(Punatsangchu Hydroelectric Druk Green Power Corporation Bhutan Power Corporation
Project Authority)
o ST OMIGHER B ¢ IZBBEORN. EE.
MHPA | | o ¢ FroBEh#itHA AP
(Mangdechhu Hydroelectric ® T DAY (BPC~) [ ] /J‘7kj7’?°?‘ A :‘TZJV% ade
Project Authority) = st 5y ﬁﬁﬁ!%’lﬁ@ @ﬁﬂ
o JREIE DT OER . B

=

Y e

Public Sector

Pro_]ects DHPC (sp\o

CPSUs: Central
=

Understandings

O

ther Shareholders ]

(Hi8h : MoEA, BPC Webpage D& & ¥ JICA FHA1EAL)

X 2-3 7—% VEOEBEXREEMKS

(2) BARBOER. EE., HESFEEOKFSHE

'ﬂf”?‘
FE R

KT EITOE

@%‘Q\

N RN RS
TEHR, HERFEHRIL9 X T DGPC & O DGPC 23 H

FHEIX, DHPS 233K E L CW DM, KITFEE
BT HREBRFEEDERL, 5
TR, HERFEPLILI T BPC NEfE L T\ 5,

AT DOERR .

Ve )
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FI3E RI—TTUOHREE HE

341 Bfi~RHZ—FSF
3.1.1 Hydropower Development Master Plan 1990-2010

7 — 5 CRAIOEIBFEFE L, 1993 4EIC UNDP & /v = —BUNOXEIZ LY /v =—
@ Norconsult AS 733K i L 7= Hydropower Development Master Plan 1990-2010 (LA, HDMP) T,
T VB OEFFIG LT, T OBE R O FTREIEIC DWW T - MRS
7212 20 AR DK SIBAFEEHE A2 K E LT b DO Th D, HDMP Tid, YRFOMED TR 5 L7z A
WOT, UTFO7a—TCTHENED LN,

B kAT L OV RIS DAL BRGNS L 91 O T v v VR & R E
R B L OB E IS 2R RIC LV 33 oA PR 2 A
RED 33 HIARIZ OWC BB A A I U, K220 RS, i - HUEDIRIL 2 4R
25 HRIZ DWW CHERSER B A B L, HiJy - B & - BIREHEZEH

3.1.2 PSMP 2004

PSMP 2004 Tli&, K& - KIIERPE S o2 dbh o722 L #HE 2, HDMP THE S 4172 91
DRT v VHIED 9 Binh, 7 U FS, FS 72 EREICIROBHFE A 7 — VICHE A TV Tz MR A BR <
78 IS HOWTHIHNA 7 U —= 0 7 %470 20 HRITHR VA ATE 5 2 TS FHESHT (Multi Criteria
Analysis : MCA) (ZX D, 2007 7 fHF %2 FEL T\5,

# 3-1 PSMP2004 (2B APHAR I UV —=F

Sereening Cut-off point Criteria No. _Of
stage Remained
(Pipeline projects had been removed in advance) 78
Ist Price index Projects in price range above three times the cheapest 47
were removed.
2nd River flow Price indices were updated according to new (increased) 47
mean river flow
3rd Price index Repetition of 1 screening using new price indices 47
4th Installed capacity Removal of less than 150MW projects 20
5th Project location Information of project location with respect to National 20
Parks/Protected Areas
6th River flow Update of river flow based on the hydrological analyses 20
7th Transmission lines | Additional cost of transmission lines and appurtenant 20
equipment
8th River basin (+) Multiple (cascade) development 20

(-) Interference with existing projects

3-1
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9th Project location Projects interfering with existing projects, located inside 20
a Protected Area/Corridor or 40% costlier than the
cheapest were left out.

(Hi# : PSMP 2004 % 312 JICA JF&EMER)

2O LTESN 20 HIEICHOWT, BLFIZRT MCA %3 U C RIS SCNEN AT 1) 23 5506 < 1u
77,

% 32 PSMP 2004 (281} 5 MCA OFAHIEE B L OEAfTT

No. Criteria Sub-criteria Weights
1 Improved access 22% 3.30%
2 Rural electrification 17% 2.55%
3 Employment benefits 10% 1.50%
4 g Social Fishery potential 3% 50% 0.45%
5| E Tourism 8% 1.20%
]

6| 2 Balanced regional development 40% 6.00%
-- _UE Sub-total 100% 30% | 15.00%
7|1 § Intrusion into protected areas 35% 5.25%
8 % Loss of primary forest 40% 6.00%
a . Dewatering impacts 10% 1.50%

Environmental ; 50%
10 Access road erosion 10% 1.50%
11 Fish mitigation 5% 0.75%
-- Sub-total 100% 15.00%
12 Hydrological quality 22% 6.16%
13 Geological risk 25% 7.00%
14| Dam cost risk 15% 4.20%
15| § , GLOF risk 6% 1.68%

& | Technical ; . 40%
16| S Site accessibility 10% 2.80%
17 -Ué Transmission line risk 18% 70% 5.04%
18 TC: Reservoir sedimentation 4% ° 1.12%
—-| 2 Sub-total 100% 28.00%

<

19 ;.3 Size of project 0% 0.00%
20 . Economic merit 80% 33.60%

Economic : - 60%
21 Financeablity 20% 8.40%
-- Sub-total 100% 42.00%
Overall 100.0%

(Hi#h : PSMP 2004 % A2 JICA JH2 HI1ER)

MCA 1%, Rt TREZR /K DB 218 U T, A2 OFESREIEAEZ ST 5 &0 ) 27 E 1
DOHFTHEASINTE TS, FHEE L, Hax RER TR Y NEBRBIT 57010, SR FF
PEERD SRR B L2 52570 7 MR HEFIHECE 5, & 32 [ S E OHIZIE,
AT LN TIERVWS O, £72, NRICE > TTEENE T TT ey FOREEZRE L
TLEIBDOREENTND, LML, ZAMNREEND T 0y =7 N OBRNEN AT 2170,
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ROFFAT =V _RE T a7 Mt T 2R TETH D, BT ETHR~ND XD
AR Z —HAE L9 2 CEIELMH L TV 5,

BAENEN AT S 4172 20 #AiA 5| Vision 2020 C7k S U72BA%E HAE A &BUC, A7 7 HiAi 4 2022
FETICHBTREELE T 027 e UTBEERGH 2 M L, ZHUSKhi U 72 kB R
& HHET, 2022 FETORAFEFEI & LT\ D, % 3-3 (2 PSMP 2004 O 5 — b U A hZIR
T, TNETOKRAMBIZIZODOT a2 —FJ X M- THD 5 TIH Y | Punatsangchhu 1,
Mangdechhu, Punatsangchhu II 35 & TY Nikachhu @ 4 7’1 =7 F3 2018 4 8 A BIEER T ThH

2o
# 3-3 PSMP2004 D a—FU R |
S1 ] . Gross Head Capacity Energy EUCE*
Project Name River

No (m) MW) (GWh) (US¢/kWh)
1 | Punatsangchhu I Punatsangchhu 286 1,000 4,770 2.86
2 | Mangdechhu Mangdechhu 719 670 2,909 3.23
3 | Punatsangchhu II Punatsangchhu 267 990 4,667 2.97
4 | Chamkharchhu I Chamkharchhu 527 670 3,207 2.97
5 | Chamkharchhu II Chamkharchhu 487 570 2,713 2.48
6 | Kholongchhu Kholongchhu 378 485 2,209 2.64
7 | Amochhu Amochhu 288 500 2,210 3.62

* Expected Unit Cost of Electricity
(H 84 : PSMP 2004 % 502 JICA FRAFI1ERL)
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31.3 EZREEME~RAZ—7F > (National Transmission Grid Master Plan ;: NTGMP)

BUEDO M E L, FAMIZIE DHPS & A > KO Central Electricity Authority (CEA) 23 2012 4F
B CTIRE LT= 2030 £ COEFEEEM~ A ¥ —7 7 (National Transmission Grid Master
Plan : NTGMP) (Z{h> TW5, ZOFHHEIL, L FDEZFIZESWTER SN b D TH D,

B KSBEEFOES) DR A » FITEET D,

B [HNRHEOMEILEX D,

DHPS /% NTGMP Z# L EZIG U CRIELL TWD, EARMRE X FiX, 7 —% VT 5 o
Pooling Station (PS) Z & L., KIIDEINIW -7 PSIZEN L, ZI0nbA v REAMIZIEE
T5HATHY ., TOHFRITEF L2, PS OHFTC PS £ TOREE/L— MO RE L Z2E L
TW5, E£72, DHPS (%, ZivE TOEAbSr GEEFTOELFAMAIF DN &) 2k AT
B LYE¥% CEA O /12457203 BB 25 L, 2018 4F 6 H1ZH LU NTGMP 2018 % {Exk L 7=,
NTGMP 2018 (278 AL TV 5 2030 FIZH8 1) 5 MG 4 LU N ISR,

7 2019 4E 3 A HITE

Name of Power station Install.id Commet:.rcial Name of Power station Install.ed Comme.rcial
[Exisiing) C?IS/?\;})Y Opir;;(m (|Undér construction) C?I\Pf\?\};y operea;trlon
y
1. | Chhukha 336 1986-88 1. | Punatsangchhu-I 1,200 2023
2 | Kurichhu 60 2001 2 | Punatsangchhu-II 1,020 2022
3 | Basochhu-I 24 2002 3 | Mangdechhu 720 2019
4 | Basochhu-II 40 2004 4 | Nikachhu 118 2021
5 | Tala 1,020 |  2006-07 5 | Kholongchhu 600 2023
6 | Dagachhu 126 2015 Total 3,658
Total 1,606
1
L]
1
1
1
]

(High : NTGMP 2018 IZ JICA FAEIEF)
3-1 2030 FEITRIT DR FEEEIX




3.2 By ~&HmEE

3.21

ML G,

BHEJ & BB

BFENRBI~ AR =TT 2R ETHEIC
INBOIEBIFBAWS

T—s E BV AS—T T 2040 FET V=2 b

Z7 AT LAR— R

FLUFIORSRRE B ICEE T 2 B ER N H D, L

kL— N4 7 OBfRIZ

RLLOLHY, EOHEBICHNZ

BLNE, BEOBRRL T R F—RF R EORKFELEE L TRET 2,
B RRME (TR OO BRI

B SEEE GFPAT 2FEMEHs D RER R, e s &R L)
B T AF X UT o (S ORENE,

B EREAEAEE (BHRSHS 2 & OBREER A S AL

FREEELX T, T—F T

(1) BUROEBEIFRERL
2017 BT 5

IR Z LU TR T,

fik

btn Uil D22

EME)
I 2N R T AP &)

BT D HFET S ERER L R L7,

* 3-4 2017 FEITBIT B BEER

Installed capacity (MW) Electricity generation (GWh)
Hydropower 1,606.0 99.0% 7,717.2 99.8%
Small hydro 8.1 0.5% 11.2 0.1%
Diesel generator 8.0 0.5% 0.3 0.0%
Wind power 0.6 0.0% 1.1 0.0%
Total 1,622.7 100.0% 7,729.8 100.0%
(H8h : Power data 2017)
T—F LBV T, S DRNREHORT v v MY | BEHRE LD & BT

1% 99.0%.

B 28%IXENDFE

WHEE LT B8,

FEEE )R TIX 99.8% N KHLDO/K I EIHICL VSTV D, BEEREIED D
RO IIA 2 RiZltH LT,
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Q) BHEEAFRET RV —D3ERM
2016 4 10 H |Z DRE 23ERk L 7= Renewable Energy Master Plan (27~ & U C V25 S FE FF AL AT RE—

FAF—D AR &L FITRET,

(Hi# : Renewable Energy Master Plan, October 2016, DRE)
X 3-2 FFEEAERRET X —ORERM

KB K D FEE T O R EIFAMNA Nu. 2.0/kWh FREE L g4 25 & X TOFEERE= RV
XF—OFRERMIT 2 520 BIT72>THY | KD ERLS & SHELRIZR> TS,

BAMRT XL =ML, S%IET LTS b EBESNDIN, LTI RT LI RT—F
DOHBEDOFFLBRET D &L < OFEEITHFRFTE R0,

N Aiﬁi&hem%%fﬁmﬁ#ﬁzyﬁw:&:mzf BRAAHFE D FIEH 1
%< . KL KGN R E ATRE ARG R A FE T 12D 7e vy, E 72, B E R

H Tk o T3 H H 7 kﬂﬁ@ﬂ%éﬁf\@/ﬁﬂﬂﬁ EVED BV, BEEY D RBIRFEA~D
EE L—7 by ) BREZLNDD, ANAR 70 TARETHY, @EEY
DO HZTUTELL 720,

&) EEMFEALINEMTHY , 7 L— FOEXEHIRIC L D, BEEFENRKE W
FEBRMEARE TE 2, (K 500kW F2E) £-EEAEWT Y 7 Tl
BROEEMES, FIUEETHHELNLZRAX =R 5720, RFH

(L & 720 D HLS A D 720,
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NRAF<A  FHEOL IIEERITIRE SN TN D0, EHRMEFEO 10%M5RE XEER IS
FFREe = U TIZTHE 4L, (R LA FEHE L oo, FOFAZEOMELE L
THEALTWD, ZNHOEEMIT, MTROBN TEERS EIFEAEHD
WIER STV D, RERIEDIT, FFEICBODTZRLF KR E L THL
HHIhTW?

() kIIFERE O ERM

7 — & 2 CIEAER 100,000 b URRED AR EZFEH L TWD N, AHSSKART A1X, HENIZE
PIE7e < . AIHRIREHI T R TA > R 6 O AIIRIE L TV D, AR ERE Ol A FEhE 2 LL T
R,

(Hi8% : DoT, MoEA $2{It& kL& HEiZ JICA FRAMVERK)

B 3-3 [bABE oA ERE
Diesel & Petrol D A EILBERIN L T 5, flik% %, Petrol 7% Nu. 50// F££ . Diesel 73 Nu. 45/1
BRETHD,
kI3 EFAR L LC, Diesel BEHRFEHET H2HAICB T 2B EZRET L LU TFTO@ED
s,

# 3-5 Diesel EEHEOREE

HH fi
Diesel oil DFEEE: 38.2 MJ/I
Diesel ¥& & 23 i D E\h == 44%
Diesel oil OAffits Nu. 45/1
Diesel F& & sk D REHE Nu. 9.6/kWh

(Hih : JICA FHERH)

KDFEEBRAHEO 7 A MIRBIE 7207 TH Nu. 9.6/kWh & 72 0 KB K )58 BT O 8 /AT
EHET D LIERITHN LI TH D,
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(4) BT EFEER

Ak, FEHNL, BNOBENFEE~OMGEZHNE LTHRE L, EHFEOHIMITHER LT,
HHURE OB Z T 5, TOBIC, Fix ke L BT 2 FEORRICAE DT, TXTOHE
R~ ER TR B 2G5 2 k%EhL/%ﬁ%ﬁ®$%$%ﬁﬁi%%ﬁbf CER)
W Z R ET D,

—F, T—=HF U DEAETIE, BRICA UV FEHRLTEY, ENFRE~OMBELY LA R
DOEIHED T N% L oo TWD, Tlo KNEFRNEE TH Y | ajEkAK 11T 306W UL EH 5 (2018
8 HBIECOBREIX 1.6GW) EHEESNTND EEBHIT, BRI A FRR WD, OB
L Ca X NETEMNERD D, 7 —F VEBUFIE, KINZERNOEERERTHY . KI5

BATOBRIX, NEESOE R TEO—2 LEMT TER Y, BHAERE L CORFEICEN
T L, E DK IR OB RO ST D, £2, 7 —% 2 TlE, BEICEERO MR 3
ry 99%S DS ELFEARR D B OGN ATREIZ 22 > TR Y | /INFIK R KBEIC & v B RHE T
BIHRE & S5 L 72 1 AU e 22 WS T B EEARR OO SRR 3 R IS U VR IS P S AL i
72 EO—EOHIKIZRE S TN D

Zo X oIz, EREL, .%“@m%ﬂﬁ ZHRWT, SRBITHHELL EoKT) DS DD
NOHETHD, ZOXIRT =2 OR ML BR L, FEROBIMEA S BUK & RERIZ
1%%%¢ﬁﬁ(%MW)ui®mﬁfi#&5:kkb\%ﬁMP&LTi\E%ﬁmﬁgﬁ@
AT YA NERIET DL L bIC, HBERIAMARETHZ L2 B L THRFE1T 9,

3.2.2 BARELIELH S ORE S #

1) AT VA FOFMmGE
BT SR NAN LR DB E 2 & 7z - TR, KTIBAR ENEEROA N2 FEO—DLEZEZ TS

ZEDD, BFEICENT-MAORBNEEND, LLAeND, AREICBW T, RiFtm
OFHEICINAZ T, ey =27 O U A5, BARRECHSEREEICE 2 2%, kB m o
AV M EEZEWNHM LT, BEIENZRET D, BT vy A N &L EIZEEG T
%L FEMESHT (MCA) Fikld, PSMP2003 IZHBWTHEH L, Z0% & il A4S 2 L i
LTCETWD, AFREICBWTIE, BIEFA L T DMl UED 242 MEE L, DHPS 213 U
D& T BRE L gD b FHIEEREADIT EZHRET D,

(2) BEE~DOEE

AT~ A2 =TT (MP) DI TH U | AR IS 2 BIRAIEREE 7 & 2 X > | (SEA)
WX, (BB EFEOFE - A E 525 2 L2/ D Eritla xR e TH8RET A A B
Thbd, 2D, MP ZRET HEMEIZHBWT, AIRLICR L7 MCA FiEAZ HWT, BRFHER
FCA L BRETEIC S T ICEUE LT, KR T v LR o BRRE LA 2 R BT 5, MCA
FETHAT 25HMEE A SCEA ST KO MCA FEICL DV BONTEERT v X v A S OR%

6 ELEVENTH FIVE YEAR PLAN, 2013-2018 Final Report (https://rtm.gnhc.gov.bt/wp-content/uploads/2019/01/Terminal-
Report_11FYP_GNHC.pdf, P73)
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BERNENLIZ DWW TR, HFR, BREITBHER . ERORFZENDLOBERZHE X TEEL TS
ZEDBRETHY, SHM X° SEA X A7 F—AZBWTH S BERZIIMEIZEHEI KT 5,

AFEOEREZHE Z T, WORAT v 7 & LTL, BRIAN O @O HLSIZOWT FS i % 5
ML, FEERBE (BUK& L, KE, JEEFT. BIPART. EEMRR L) OMESHBZME L T, B
HAMD TN, — A, EBIHLS OB ICH T2 > TiE, FEEPIARTICERBE BTN 2 S h L
THME, REATEHERME, BERORXENOOERZEE X CTHHHAEEL TWD, LiLan
O BRECR RN I O BEFE CIIBEIZ R E RFHRZEORMA DR o TS Z & Al—KFR
IZBIT 2R BOFMMN K SN2 N2 R EFOMERH D, D7D, FS JHEZIFMHE L .
B ONALESC M 2 T E T D RTO BB W T, RBEREE L&D T SEA ZFEi L, &Y
F. BRIEATERER, ERONREZT»D OB A ETER L, LEIZIG U TIESCHALD FLE L % FEhi
TRETHD,

(3) AFREOXRERS
BERR 6 FEFEAT (1,606MW) 13 H & L0 BEIZBAZR O FE 238 L TV D LA T OIS IZ DUV THE,
RIEDOR BN SR D,

z 3-6 KFEORMBENOLERAT HHR

No. Project River District Capacity (MW) NT((:}(;/I%;I) 18
1 | Punatsangchhu I Punatsangchhu | Wangdue Phodrang 1,200 2021 - 2025
2 |Mangdechhu Mangdechhu Trongsa 720 2018 - 2020
3 | Punatsangchhu II Punatsangchhu | Wangdue Phodrang 1,020 2018 - 2020
4 |Bunakha Wangchhu Chhukha 180 2031 - 2035

Sankosh Reservoir 2,500 2026 - 2030
5 Punatsangchhu  |Dagana

Sankosh RD 85 2026 - 2030
6 | Chamkharchhu I Mangdechhu Zhemgang 770 2031 - 2035
7 | Kuri-Gongri Drangmechhu Mongar 2,640 2031 - 2035
8 | Kholongchhu Drangmechhu Trashi Yangtse 600 2021 - 2025
9 | Wangchhu Wangchhu Chhukha 570 2031 - 2035
10 | Amochhu Amochhu Samtse 540 |2040 and beyond
11 |Nikachhu Nikachhu Trongsa 118 2018 - 2020

Nyera Amari | . 112 2026 - 2030
12 X Nyera Amari Samdrup Jongkhar

Nyera Amari 11 292 2026 - 2030
13 | Dorjilung Kurichhu Mongar 1,125 2026 - 2030

Total 12,472

(Hi#h : DHPS & D Wik xS £ %2 T JICA FAERIER)

3.23  KAFEERBAFEEHE OWRE ST E

2018 4F 6 HIZHE S 7= NTGMP 2018 (£ 3-6 ) 12K D L., 2035 FF Tid, AFHE ORI
MBERANT DA OB EED S Z LI L TE Y BFE L L TIL 5 /T 2,000MW~4,000MW
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FRE L LTWD, FitoBisitm s
ARRITIL 2036 FFLUE & 72 %,
KABRBIIEOEERETHY | EFMBUCE 2 5 BITIEFICKRE WV, 2017 FOEETIE,

IKITBHFEIAE 5 &1L GDP HT 80%FRE TH D, Z D K 5 IR BHHITEZMEL & IR B

BIERA D 0 | AKIJFEEFTBAFEFHE ORE I T, AKIIBAFEIT L 5 ERMBA~DRE L 5731
LT D,

BT DL, RFBOXR L 72 5 HUS O ERE ARFE X
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HA4E BAFETH

BfE, 7 — &/lWT%ﬁbk%ﬁm\7%5VEWT@%%K@%% (ke S, RN
T D5 EITNEA » FIZEEL TWD, 4%, KOBREPEDRIZHE > TZOMmIFmED . B
WHEELTE, BRNOFEORR LT, A FaT U & LIzES~DE S IR5ED v hett % i £
ATAHEAEETH D,

41 T—HVERNOBATETH
411 BABENT A

(1) BABEOHR
[EPNOES %iﬁ&bf 20174E2 A (XZF) | 20174E5 H (FF) | 201748 A (H%)
20175 11 A (KZ) I2R 1T 245 H TR EE%ER () 2 U FIORT,

(Hi8% : Quarterly Report, BPSO)

X 4-1 FHEHOBHEEOEEERZ

BHEEOEY—71%, FRIFEAY T 2EZEAL THDEN, IBRICBWTHEEDK FIX
U,
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() BATETH

— AT, EBFERRIIENOENEEEMEIEA L EHNE LTHET 720, HNO
BAFETHNL, BN MP ZRET OEOHFICHERT —~Thd, LNLBRNRLT—ZZ
BOWTHE, BEICA  FEERALTEY | ENTRE~OBEL Y A RO EO 134 <
o TND, £lo, 7—X VBINIE, KINXENOERERER TH Y | KIFEEF ORI, 5+
BERORNRFEO—DLAEMITTIHY, S%MHEINIFENICLVEEINTZEL
EANTFE~OMIGITINZ T, 4 FEIILD LT EMEEICHE T SN2 bDEEX NS, 2
DEIRT—F O A2 BEET S &, ENOFEEREIE, H ETHLEEREDNENNITT
Hb, ZDH, KMPIZEBWTIL, EWNOEFEEAE L DHPS 23K E L7 B4 H L, fEo
ZBHEIZHOW TRl 212 & E D,

ERNOBTFETWZ LLFITRT,

(Hi#4 : Power Data 2018, DHPS)
42 BATETH

RRFBESIL, 2018 FFEHET 399MW T 543, 2030 4EITIE SOSMW (ZHIIId 5 S AHE L T
%o FHEIIEIL, 2018 4FFEHET 2,328GWh Th DA%, 2030 4F1Z1% 5,317GWh [ZHIN$ % & 48
ELTEY, 2030 FFE TO 12 FFHOMHORIL, FHHE) 7.1% & RIAAL TV D, FAMFEL, 2018
FEFEHE TIX 66.6% Cd o 7203 A Bk 2 IZHIIN L 2030 2121 75.1%12 72 5 H O L HE L TV 5,

ZOTEDOMNL, — AR FFZE O % T, Punatsangchhu 7k7‘3%\éeﬁ)ﬁk Mangdechhu 7K
F13E BT DOIEIRBABIC BB TEREZ FE L TWD 4 23Fro TEMMICBIT 2 E NN K &
<FHHLTWD

BIRE S CIIA OB I N D7 1 FE2BLIZENMEN TE VD, KB THOFEK

X DB EOEREZEZTCND, L LAERDL, XAETHHBIRENRET DX 512D

ELVEZBLEENOREMB N ATRE L 725720, BMMICHHEEOEMREZED, HiedHE
BN IR T 5,

T 10 DFEOFTFEEDOIENNIRDIL % LIS~

7 Jigmeling in Sarpang (733 acres), Dhamdum in Samtse (349.06 acres), Bondeyma in Mongar (110.34 acres), and Motanga
in Samdrup Jongkhar (145.52 acres).
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# 41 BEHEEEE

(BT : GWh)
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Grrc;:zth
LV 214 227 248 284 318 333 351 369 396 415 439 7.5%
LV Bulk 45 47 55 56 60 69 67 60 65 67 72 4.7%
MYV Industries 80 89 108 110 124 111 91 102 111 114 122 4.3%
HV Industries 741 | 1,008 | 1,159 | 1,171 | 1,267 | 1,328 | 1,495 | 1,526 | 1,437 | 1,590 | 1,696 8.6%
Total energy sales 1,080 | 1,372 | 1,571 1,620 | 1,770 | 1,841 | 2,005 | 2,057 | 2,009 | 2,186 | 2,328 8.0%
(Hi 8t : Power Data, BPC)
2008 FED D 2018 4E £ T 10 FERI D ONEN 8.0% Tho7-Z b a&EZ2 H & 5%, 2030 FEF

TEAEIZ

B2 71%0OMORT, BBl @Y4 L~ LvEE2 65, LR

MNH, 2013 005 2018 2 TO 5 EMOMORIT 48% TH Y . ITDOMHE\IZFE 25 & 2030
IZRoTWAEEZ BND, ZOERBEHELZERIEL-D
i, BERFEEO 70%LL EA2 5D TWARKAOFE (HV Industries) OHEIICHIFFT 5 & ZANRK

Eif@%

I3 TR 722 E LS

%< Atk KITBAFEDLERE ;#OTK DOHHS DML TS Z & 2B L, K TS0
HENT K D HHITHE DGR A B HED TN Z L3R b b,

Q) BHERNT VA
2017 A2 BT 54 A OENEFFE & MG 11 OBIfRZ UL NIRRT,

(Hi8f : Annual Report 2017, BPSO)
X 43 FAOENEBENTE LM/ OBERK
IKADBAETNT 2 AITHRARE 20 | G IDRRKR LD TH, 8 ADIED 20%RETH 5,

. BIFREORKEIZIEA BT ETHY, 2 A, 3 AlZBWTiE, BHEENRKE
5D EENOHEAETITZT TIERZ E R . A 2 RS OEATES LTV 5
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7 =2 CENOEITEE LK IFEERT O RARBEHG TRE RO BIR 2 LU IZR T,

(H 4 : Power Data 2018, DHPS)

X 4-4 BHEELAKNIBEFTOKEME FTREEDREMFR

T = H ATBT DM OKEIT, —REINTITAF (F) ICEF (WF) O 20%LL FIE T
DT, AZFEIIIAKRIIEEFOUIE N B RIBITIR T T2, AFICBWTHREE AR ) %
Firm power & FEATE Y | 1 FEHMEFCHAGGAIRER I WD Z &2 b,

AT DR RENTEE LA FOKIFEEIHKEEES) (Firm power) DR Z LD & | 2007
$UMhmmﬁ(% MG T) 199MW) OFERRBIAAIZ X 0 | 2012 4F 2 A & TII KD EF O
N T HEFFCBNTHHIBINFEE EBlo Tz, Loy LR 5, Tala /K OEHLB A
DBER & 2K BB N 2L e o lzizh, B — 7 FEOHENICE> T, 2012 FELIBEAFEOMLG
NBRRTEHEICR->TETEY A Rro0E AL V> TV, Z O, 2019
#E1Z13 Mangdechhu 7K /1 (&Z4EE 71 OOMW) OIEIEBHAGIC LV R S b D L RiAEh, £
D%, 2022 -0 Punatsangchhu 11 /K /) (4 Z={E457) 164AMW) OERRBHAGIZ LV | £FTHRE R
MG IRERFAET H L O 1T D EHfFFEN TV D,

WEBNEEFEEEOBBRTRD & 2007 LI, WICRERENRFEINFEAEL, +%“
T4 v RIZEH LT 5, 2018 D IR TR L & | FHITREE /) &1% 2,328GWh Th-7-D
%L, FEEEEIL 6,960GWh TH Y | FEEED 65.8%% 1 > FITHIH L TW\WD o;@@m
X, 2019 FEDARRICIE & HICHHE & 72 0 | HIEERDS 80% % i35,
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(4) FEHEC R
2016 FFIZH T HIEBLE R AL, LLFIRTHEY TH Y | L1%RE L IEFITIRVKETH 5, 15
BLEER A2 I LIZHOLT 2 EICLD, KVEZOENZIBEICEET S Z EREEE R D03,
BB L, KL EOBRERHR NI L 700 | B A MIHEE LT, HoEsn A0&ENRS
BNV, BRFRITIER VY,

£ 42 FEEr X

Input (GWh) loss (GWh) loss rate (%)
Low, Middle Voltage 614.1 42.6 6.9%
High Voltage 1,440.3 2.9 0.2%
Disco 2,054.4 45.5 2.2%
Purchase from Genco 2,084.7
Wheeling 5,779.3
Transco 7,864.0 44.0 0.6%
Total 7,864.0 89.5 1.1%

(Hi8l : Power Data 2017, BPC % 542 JICA A AMERL)
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412 T RILF—NFUR

FARRE= R /LX —RIL, 2016 4|2 Bhutan Energy Data Directory 2015 Z3F&E L CT\5, Z D
FT, 204 FFICBITHZRNLF—NRF U ZEZBHELTWD, ZOFRELEZUTITRT,

Generation/

Production Export
(905.6) (468.9)
(HNZ:KTOE)
|:> Electricity
(445.3)
Electricity
(616.2)
Supply Consumption
(650.2) (650.2)
Electricity . )
(180.1) Residential
(213.4)
Coal (55.0) | >
Coal
(97.6) Commercial
(73.6)
o ma Diesel, etc. |:>
(234.4) o
Import Industry
(220.9) (242.0)
Real (8.0t Biomass
(234.4)
Diesel, etc. Transport
(146.8) (121.2)

7 : Diesel, etc.l21%. Petrol, Kerosene, LPG % &7 ¢,
Commercial |Z 1% Others & 70,
HERS FFIZEErR) BZbo=H, ArIBEbiRy,

(Hi# : Bhutan Energy Data Directory 2015 % & (2G2S [ 1ERR)
X 45 TFRAE—NRTL 2 (2014 4F)

EAN2EOT VX —EFER (905.6KTOE) ONRE KD & BN 68%., /A A~ AN 26%
THY, N A AT TRTEANRICEDI TWD 2, EIIIREED 12%% [E/MI @ LT
%, AEFEE (6502 KTOE) DN, 34%TAIZ L 0 B> T\ 5,

FMEEDF T 2030 FE TOTRAXT—=NRT U RALELT2o00DYF U FEFRLTNDHD,
% ® 9 5, Energy Efficient Scenario % LA FIZ/R~T,
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(Hi# : Bhutan Energy Data Directory 2015)

X 4-6 FFRDOTRNFXF—,NF 2 (Energy Efficient Scenario)

Energy Efficient Scenario (ZBW T, 5%, ENLT <KLV XA F—THLE~DT 7 |k
DES, 2030 FITITEII DR 61% & RIEITHIMNT 22—, A A~ A3 = 7 D3
MF B EREISN TS, ZOMMIE. SBOBMERICL > THLEEEZ T 528, EV OEA
PERITIMZ T, KNFEEHCTHRELIZBHEZIEH L COKFEL2RIEL, TOKFL= LT —JHE
L TR G ORBME I KDk, =¥ = X b— a3 U2 X 5468, THOBR, MERE.
FHERSE) THEMRT 2 Z LR FRRIC AN, —R=R X —ICB T D KNBEEOLRIIZIHITEE
HEMESIND,
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42 A FOEBHHEE
421 HERKE

2018 4F 3 H 31 RIZIIT D HERMEMA 2 UL FIRd, BIRRIHEED 5T7%NARKIITH 2D
DS KBS BT < /KT« SA A~ AFEE IR EOFAARET X LX — (RES) OIS 20%%
THMM L C&TWD, AREREOZEIITIE U T, BRI BB ATGER K S0 Ak F 170 &
DOFERIEERIL 20%TH 5,

£ 43 RERBEEK

(A7 : GW)
Region Coal Gas Diesel T}{,eol;r;al Nuclear Hydro RES Total

Northern 52.9 5.8 0.0 58.7 1.6 19.8 12.9 93.0
Western 70.6 10.8 0.0 81.4 1.8 7.4 20.4 111.1
Southern 45.8 6.5 0.8 53.0 33 11.8 34.4 102.5
Eastern 27.3 0.1 0.0 27.4 0.0 4.9 1.0 33.4
North-East 0.5 1.7 0.1 2.3 0.0 1.3 0.3 4.0
ALL INDIA 197.2 249 0.8 222.9 6.8 453 69.0 344.0

57% 7% 0% 65% 2% 13% 20% 100%

(Hi 8t : Monthly Report 2018.03, CEA)

2011 5725 2018 FF £ TORERMEOHER L LI NIRRT, 20 7 FH TR EITA 2 5
IZHIINL CTHY . ARKIIOBRMEE DK 2 5T L TV D, A FTRET R /L F — O &I,
ABICHEIMLTRBY . BRI OBRHEEINNEE TH D5, — 5T, AR ) ZEE A ]
REZRExfi UK+ AKT)) OMERERITRAITE T L TE TS,

(Hi#h . CEA Web site 7 — % % $£1Z JICA FAERITER)
X 47 BEREEOWHD
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WA, BERRET R VX —OBFIC I Z AL TE Y | 2018 423 AR T 69GW Dixfi %, 2022
EE TIT 175GW, 2030 4FE TIZ 480GW [ZHIRCTRIEI CTH 5, —F . ARKINZOWTITHIERE

BREOLOERNT, YiE, FHOERITIER L22WTETh D, BERa R OEMICHED
V7 — AR R ORI ZE AL C, RIEAEZINT 5 2 & TRHSAREE B 2 T 5,

422 EIR5IDERE

A2 RO 14/ (2017 44 H~2018 43 HDOAEE) OFEEHEIL1,308TWh THD, ZDH
BRI 719%, FHAFETRLE =1L 8% TH 5, EIIHIL. I 90%ITEMEHITH DM, 7%V
DI 10%I1E 3 » AL FOEBKTH 5,

(1) EBHRE
TR CB T 2Bk 1L, AFLICE D IRE L TWD, FECESMIE, BFE, TOFEICKHE
ERBEEIM OFTEICH T HMAEE L HET D, TOEEIIX L, BEFEFIIETE L AL E
DM Z R L CAFLIZSINT 5, Ix bRV EAM 28R L2 R EFEE DO AFLOBE N ERE S i,
T FHEL DIER LIZ B DWW TEIE S & R F A W CRIEZR R S b,
BAEOEE)OBG Mlikg L, BESIIC I Y KRE SR D03, Rs. 3.5~45kWh RETH D L
EIND,

WBSEDCL: West Bengal State Electricity Distribution Company Limited, BRPL: BSES Rajdhani Power Limited,
BYPL: BSES Yamuna Power Limited, TPDDL: Tata Power Delhi Distribution Limited,
MSEDCL: Maharashtra State Electricity Distribution Company Limited, APDCL: Assam Power Distribution Company Limited

(Hi#h : DEEP

B 4-8 HELESHEORPIZKFEH AR
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2) ARy bw—4 v b
ARy h~—2 v PO L, FERESOEIC L Y KE LS LT 5, ARy h~—4 v MBI %
Ehi LTS IEX 2T 5 2015 06 2017 4ED 3 HMEIT 7= 5 Bs Mg ORI A2 LA F 121,

Note: N2 1Z7 U —fiz & e ik, Bl 1 X2/ b & ifi% & el
(Hi#h - TEX Web site D5 — # % #£(2 JICA FHA1EAL)

X 49 IEX (2} 5EE Ml DRIT

2017 FEOHS Mg 1L, 2016 -, 2015 4 & b3~ 5 & &5 THEIMEMICH v . N2, E1 36T, 4R
SEH)T Rs. 3.0KkWh FRETH S, NEITITY T O E— 7 BT E L 7 AED 3 DD, #2512
VX EIREDEA XA H L7V,
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423 T VI V—¥—EX

A2 FTIE, EEFEELOREFES O BEORKEZ R D &L i, VT VZ A LD
FaNT U AEROEDLA BT 4 7 H 25 0L LT, Deviation Settlement Mechanism (DSM)
ZEMALTWD, £, 7o 7V —H—ERZHONTIL, 2016 4 5 H2>5H RRAS (Reserves
Regulation Ancillary Services) DiEH Z 45D TN 5,

(1) BRBERIEOBR
2017 54 H~2018 43 A D 1 FERIZEBIT DA v KB DR EGHEE I 4G 2 UL F IR,

£ 44 24V NRBEOEEEREEE

B JE 5y AR R FERE (10 BE)
499Hz LA F 49.9 — 50.05 50.05Hz LA | SN /N LY
10.55% 76.24% 13.21% 50.32Hz 49.62Hz 49.98Hz

(H#h : POSOCO D Web A )

KA E e/ Mz R D & 1 FEM OB EIFEREIL, X TE04Hz NI A-TEY . FEFIC
EWREOB AR ERT WD,

(2) DSM %iE U 7= BAhiRs
(a) —fxFEES
HEFEH (FETRD VX =% | BREFEEIL. 15 5EOFEE & EFHEO 257
(Zhis U Tk 4 MUlsha B B ITIC 3L 5 BN & 5, BN 0 EYERUIIL, 15 /3D
BIRREIZ L0 2o T Y, BAEENMES DI > THMNRE < 725 L 9 IZREIN T
%o BIZIE SEREIEEDS 50.00~49.99Hz D545 121%, Rs. 1.9884/kWh T V) | 49.70Hz LL T D
BA 12T, Rs. 8.2404/kWh TH 5,
P E LAY 50.10~49.70Hz DGEITIE, FHEMED 12%LIN £ 7213 150MW LA O i & T
HIVUX, HEHEDOSIANNIANETH D, FEIFE S 50.10~49.70Hz OFEITIE, FHHEIfED
12%LL £ T 150MW LLE O &3 & - 72355 OB AL T 0@ Y Th 5,

F 4-5 GEBIEHEO

HEED 1,250MW LT Y 1,250MW LAk JEE S U
DA O i B DA D i B M4 BT
FHHEED 12%48 T 15%LAHN 150MW #8 T 200MW LA FEVEHIT D 20%
FHHEE D 15%48 T 20%LLHN 200MW # T 250MW LN FEHEHAT O 40%
FHEME D 20%iH 250MW i# FEMEHAT D 100%

(Hi#h : CERC ® Web Y1 )
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LosU7edd s, SEHEBEY 50.10Hz DL EOBAIZBIT 2 ENWFOMWD5EH LEY To
WRENDLE M ORI ALY 49.70Hz LA T OSGEIZHBIT 2 EWFomeE s & Ly F
DI EANDLZAEITIT, BBLEO T2 Dvb B3, W2 5 WERH 5, 8

(b) AR R/ F—

BT — (ANFEEE KEEHEE) (2O T BLFIRT R IZHlor—nic
o TW5,

B & KGR EEEER L S FEEDERT D 15 /\Pm.fr A E B A 3R U7
BN b D, REOFBEEDFE SN L2551, LU ORI TR 2
B & L THIE DSM 7 — L i & Fs S 5 i c s | éﬂé

# 4-6 BUBEOHM (BAEFRBRZRXLVX—DEFE)

N FHEMEZOGE FEWD OBGE

@Eﬂj %)(;L;ﬁ S ik DSM T Y | (i DSM 7 — L T S
Hobh B L) 5 R ML)

15% LN % 5y I B e i

15%88  25%LAN

FIE HAT D 90%

FIEEMD 110%

25%8  35%LAN

FIE HAL O 80%

FIEEAMD 120%

35%A

FIE HAL D 70%

FIEEAMD 130%

(Hi8 : CERC @ Web %1 1)

SFY | PR 15%LLNDOEAITIE. RFAT 4 MEL 72V, R 15% % BimT 5
L BBEOBEISITL L TRI AT A BREELND, 20D, BAWRED XL —FHEE DR
BEOTVIEEZEDDLZENKROLND,

(3) Tv¥7Y—#—EZX (RRAS)
RRAS /%, NLDC, RLDC #i#E 3 % POSOCO (Power System Operation Corporation Limited :
B DEESFE PGCIL (Power Grid Corporation of India Limited) D54 7-24h) ICX VEH ST
Wb,
(a) RRAS OL—)1
TrvZ ) == R mA F— (ASP) 12
ﬁ'\ 15 /\?&@Wﬁﬁﬁf“b%%%fﬁ“é
G LT N T U ADRENRIAENLHEIT, ASP L LTHLNALHRD B
7o 3¢ Fﬁ LT, BEEO LTS E LI TTRSZ2HTbOTH D, TOBRICHESZHT
JEFE LA ASP N FAMNZHRR LA IZE DWW THERR L 72 A U v b A —F—I2 L D, 2F Y kT
A2 M BRICE, MO WIRICHIEMOEs 2 L, FIFfRESE2 TR, MEom
WIELZ Db o Fa5 & T,
ETHES & I L7 BRICIE, ASPICH LT, [EEHE + A8 +EIE 2R (Markup) 725344
bivd, 2018 4 3 HBIEO® EZFEIL Rs. 0.5kWh TH D, —JF., FIFHESEEM LB

STV o3EaE, A, BT, Li)

8 SERJJE BN 50.10Hz LA OSSO @Bk Bl L, 50.01~50.00Hz DA D, Rs. 1.7800/kWh 23 H i
éo
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IZ. ASP |Z DSM 77— LiZxt LT, ZEIE D 75% YT 284882 RATHINENHSH, OF
DIEELZWDO LTI L2k, B LIREEIRDLIEHED 25% a5ttt LTEZD Z
Lz B,

(b) RRAS D3RI
2016 £ 5 HH 5 2018 4 3 H £ T?D RRAS OEMIRM A LL FITRT,

(Hi#h : POSOCO @ Web A FDF — & % HAZ JICA FAEERK)
X 4-10 RRAS OEARDL

ZOMMICBIT D EHRRE RS &, A v RRIET, RIFHESAEE 276GWHh/A - (1 e 24
720 384MW) | NPT 23GWHhA (1 K720 32MW) Th Y, EiIFHEao NIk
W% o7,

i A OFR 5 9 & & AR O BAR A LA R ISR T,

(H#L : POSOCO ® Web A F DF — % % HiZ JICA FAEMER)

X 4-11 fEH ORSEME L EH o R
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EFREAOGEICIE, BEEE ELRBHEOGFIEOZ VIR T ZH L Tt finHE
MR < 2o TL A EFHEANS EF LT HHANIZH 5, FHHMIE, #@IERFHEGED
TRs.46kWhEEETHD, —FH., TTESOLEIZIE, ZEEOEWIRICIESZHL TW 7

W, HEEERENEL o TL B EEHHEMIZ TR L CWEMICH D, 2 E) 8 HAfhix,
Rs.2.2/kWh 2ETH 5,
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4.3 HEEERZEE 2 2B SIRFED FTEE
431 EIRGERER

KDIBAFEN - THAET 2E/E, LSRR ZECEIRT D Z LIk v AR
SN, BEIRTAREEOFREFIEL LU TIIRT,

)1

. BN E-flow
RZEDR K (FIZE D 7K
REZ R <)
ITHEENC B ENFEEICHKE

EE3(EE-¢

(Hih : JICA FHA)
X 4-12 BEIIRGEFREEROFEGE
(1) E-flow

NBREEHERF D72 | BARM B R 2 F R 5, Z O IR ER/KEZ B S FICEEME T
D7, BIHCIFEBRTE R, 1270, X2 XNOBEFTH LB FIZHEHDHL5EITIE,
E-flow 53 b EBNCEMATRE TH 5, £7o, HEOE FIIZIVNT, MR EHT O FHHE Rk
MRS LW DAL, B A MR R & XA 72 72, B-flow 23 DO BURIZIAE TH
Do

E-flow O&IE, AT R L OGE T3 EHRO EIA 2BV CHERFT BB K HITED 10% TR
HHENTND Z EEBFEL T, WIIRREE (RO O 10%IHYT58ET5, 72
B.7TH.8H. 9 HITMINRENIEF 1L < | BEFTORKEHKEL B2 | FEICHEHT
ZPUTHRAK L FIRICHE LT\ D, ZDKEN Bflow IS T2EED HZ Vo), BERE
DWW LT,

—RAY V== ZIBWTE, W)IERERESE LT, 2 AP REE#HA LZn, kA
7)== BN TE, 12 A~3 A0 4 A0 EZHEH L CTRgt Lz,

AMPIZBWTIL, ¥ AR DT ORFEHA T, MEFiEE L THED 10%i &2 T
L CRAEBHEEZRD SETREEZTM L TV D8, BARMZ2EEERICE L TIE, EIAIZ
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BT, KROWIFREN SIS Z &I L DERER~OREZFHE L, AN L~UL O
FHREZ T LERD 5,

(2) MFEDOHK
FZEIC T, FEEATO A KR EOFEN Bl S T < 5 RN &V, Z DA,
A BRI BP7K ATRE R S AN 72 1T A UE | BRI K &L EOKITR B KB Z 8 S IS EE T
TAZHOEE & 5 2/, 7035, FAERT O KK EZ I S EhuX, WEORKEIFTHED L,
WRFE FTREHE ) RITHINT 525, £ Do aaR = A M AMEINT 2,

() HZHEEH, EEr X
JEHEE S B O —HIE, FEEIT OEEHERH LB R EHTHE S, EERO R R 8280
HEEND,

4) BEiciE
ENOFTEIMAS L7 ORR T, ESMZTEET 5, ES~DFeEIR, EAMIZIET—HA
RENO L —F—IZ7EL, 4~ REHND b L—F—F, RR—=LRoNR I TF 2l 80l
BEE A~ b & O CRBIRLEZIRET D,

432 EHN~DENRRE

KIFEEFTCHE LI B, EEMICEN~OEIRFZICE S D, K I)FEERT ORI -
T Firm power 28I 4T, 1 28 L THAG FIRERFEEEEMT 5720, TDOHENOE
TENEIMLTHA > R DDA D 2 & 2R FTRE L 72 5,

(1) BEOCEEE
7= CENICEBT D EEMEE LT IZRT, High Voltage (66kV LI E) LISMIE OB 403
A5 TED, MR EZVEEIZ> TS,

# 47 T—E2LOEHIEE

. Demand charge Energy charge Total
Tariff Structure (Nu./kVA/mofth) (Nf.}/lkWh)g (Nu./kWh)
LV LV Block-I (Rural) 0 — 100 kWh -- 0 0
LV Block-I (Others) 0 — 100 kWh -- 1.28 1.28
LV Block-II (All) >100 — 300 kWh -- 2.68 2.68
LV Block-III (All) >300 kWh -- 3.53 3.53
Low Voltage (LV) Bulk -- 4.02 4.02
MV Medium Voltage (MV) 300 2.16 2.93
HV High Voltage (HV) 262 1.59 2.26
¥ 19 July 2018 to 30™ June 2019
Total IZAM D JJZE % 90%, fFH DAMEE 60%& L C, Demand charge 57 % kWh 2472 1) o HLAf |2 5

(H#l : BPC D Web site D7 — # % 512 JICA FHEFHAMERK)
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MV & OVHV (28 TIE, Energy charge D SCFAWVMIANZ T, Demand charge O SCFAW DI ZE &
70 b, BfiDIIEE 90%, FH OEM#EE 60% & L T, Demand charge 7% kWh %72 V) O Hiffj 12
BHE9 5 & MV Tl Nu. 0.77kWh, HV TlE Nu. 0.67/kWh [ZF2 35,

2%, DGPC 75 BPC ~DHIFE ] OFHEIE Nu. 1.59/kWh T %,

(2) EWNEGEEAR & KO FBERFH B ORI

ENOFTEAER L TRIET D Z &I &V | JEHORESRSCEPNREE OIG b7 £ ORI R HIRF
TEDLIV RO RERDRIT EHEFREZ MG TELH2 200 A FEADOKEER AR L—
L —DFEE N RENZ /2 5720 ESAIRTET D L0 bESRREMA L 78 d 2 & Th D, AIET
/< L7z DGPC 7% BPC (ZHz58 L TV 2 /K )38 E AT O e Bl X, BEA 23#FERUl2~ & F ) L TR
AILTETHY . A FA~DORFEHEM LY 2 <> T D,

KADOFTFERPERUC THONHZE 2 DEIE, TR0 RBEP R TE D5 2 &, AR
(CLBERMEI DN Z S FICAD Z & #@%}%w@@#ﬁu\ &L BT OREPRFTREZR 2 & |
K, B HAREDFREIA NPLNT & BIESFIEBHEND D Z L EOFMEERER
(WL CTIRE L TV D, FFIC ﬂaﬁ%(ﬁ%ﬁ'lmf‘ﬂ% BT, BIEHERZE T & A S
Lo TL B,

I EOBESAIC I DE IR E LU FICRT,

# 4-8 EHOEBESIIIRIT HEIEE

. Demand charge | Energy charge Total
Tariff Structure (Rs/AVA/month) | (RsAW) | (Rs/kWh)
Assam HT-II Industries above 150 kVA Opt-I 180 7.2 7.62
HT-II Industries above 150 kVA Opt-11 300 6.5 7.19
Meghalaya | Industrial High Tension (IHT) 200 6.5 7.01
WB Industries (132kV) 384 7.09 8.08

7E : Assam M @ Demand charge @ B 1E(Rs./kW/month)
Total [X A D)%% 90%, fEH DAMHEE 60% & LT, Demand charge 5% kWh 2472 1) o Bl |2 45

(Hi# : APDCL. MePDCL. WBPDCL @ Web site D5 — & % H\Z JICA FHAFERR)

b ZMEE L, Meghalaya /N Rs. 7.01/kWh TH Y | 7' —% > OEIIEHEITE O E S
(BT DB L I U COERICLEWEAT CTH 5, IR TR 5 L 512, B~ IRFE Al &
[FAHD Nu. 4.2/kWh TIRGE L 72 & L TH, BAZHER O K NTRERFIZ & o THok I8y 7 ik
Th b,

9 Rs.& Nu.O#E L — MIZMTH D,
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433 EHN~DEHRE

A2 RICBITDB(EOB IS EMKIL. 422 TRLEZX9I1IZ, EMEKS T Rs. 3.5~4.5/kWh
R, 2Ry MBI TRs. 3.0kWhRETH 5,

(1) A ¥ RRE~OEERedE
ES~DFEEIT, EARITIET B A > FRHTIC

T BT, A ROZBM DR
(PoC : Point of Connection) % X$h 9 BN H 5,

# 49 T—HUDOREENA  FORKICERT HHEE D PoC

Paisa/kWh
Jul-Sep Oct-Dec | Jan-Mar | Apr-Jun | Average
PoC Slab Rate 20.79 13.13 7.08 16.77 14.44
Reliability Support Charges Rate 3.79 3.37 3.60 3.74 3.63
Total 24.58 16.50 10.68 20.51 18.07

2017457 A~20184E 6 A D 1 ERI D
(8t : CERC @ Web YA DT —# % F|Z JICA FHAEMERR)

Fro. ES~DFEEIX, EARMIZIEA  FERNO M L—F—IZET 5720, b L—F—{Txt

L CTHEHWFERL 2 30 5 BN B 5, B O FEEHET, NVVN Of]TlX 7 Paiss/kWh Th 5,
W EEbhE 5 e, BT 25 Paisa/kWh DS LEEZ /2 5,

(2) BIEIHEORRTH & EANTEE~DIRKTE rIaE A
[EIBRAY 72 #%E8 T d 5 IEA (International Energy Agency) (%, WEO2017 (World Energy Outlook

2017) IZBWT, 3 20O F Y FIZDOVT 2040 4E £ TORREHMERE DO FHIZIT> TW\Wb, DT
Bl % DL ISR d,

# 4-10 WEO2017 (2331F 3 BREHMEE# T3

- - Sustainable
Real term (USD2016) 2016 New Policies Current Policies Development
2025 2040 2025 2040 2025 2040
Crude oil (USD/barrel) 41 83 111 97 136 72 64
Natural gas (USD/MBtu) 7.0 10.3 10.6 10.8 11.5 8.6 9.0
Steam coal (USD/tonne) 80 87 91 90 101 78 77

1 : Natural gas |3 Japan [A]1F, Steam coal /& Coastal China [f]1} (Hi#1 : WEO2017, IEA)

New Policies A ETHEMZRYEN T AHH 2L (P U A JiR A 3.5°0)
Current Policies KERENEFHEVIAE 2 (RIE LR 6°C)

Sustainable Development 2100 4F\Z35 1) B &R A& FEZEHmRE & i L C 2°CLLINICIN 2. 5,

H 3 U 4 Th D New Policies Scenario Tld, X TORRELD 2040 421X FZE A T 2016

FAitg L0 b BRI LBEL TS, RN ATER 1LT%RE., AR TEZR 0.5%FE Off
¥ EH 2 RIAA TWA,
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AV RIZBT 2BUEOE IS IS IX, FHET 5 & Rs. 40kWhFEETH D, 1 > RITBITS
BHEG I DO% 1T, KIEENPOHBINTWDIEHATH Y BEMEK O EFICE->TER LT
WS ZENEZBND, BEHRGUEREOF T, BEHE O HD %G % 70%E L, 41% 30 FHFE
F1.0%TEATDERET D L. 30 FROFEEI G EHIT 12%RE EHT5, 2F0. 30
ERI DO ETE G EH4E, Rs. 4.5/kWh FREICARD LD EHESH, 7—X L OKRINEDE
NHZ Ofikg THRETE IR, A NKENOMOER & MEIHANAETHH, ZNHDAE
EBL, A FEMNIZBT 20858 (Rs.0.3/kWh F2E) #7413 IWT, 7 —Z DK IEER
D 9 BESAIRFET DOV T, Nu. 42kWh ODIRARELNDL D E LTHEHET D,

(3) N TIFTTVa~DOFEEMK

2016 4RI JICA MFEM L7277 T T v 28 MP REIZB WL, BN TR L TV HHEA
£SO LNG Z IR 32 K O ERAM & 0 HL2WMlikE ThiuX, BN L0EIHAZ
EBETHIEIZL TS, B HEE LCid, 2017 5T, 5.6 Tk/kWh (Nu. 4.6/kWh F2
FEIZFH0) Th D,

4.4 Firm power DHifE

Firm power (X, 1 FHMEFCTHAFRFRER I TH Y . W EN R H DR 72D 2 AlIZBW
TH 90% DR THAGFRER NN EER L TWD, 7 —HF L OWJIITIX, —Bic, W&
2 HiZie b7 <20 | SEHRITITREITR ALK ED 10~20%RE K T2, MiLIAZR
KDOTETIE, IR ESE O F EREHTHII & 72 D72, Firm power (3K H 10D 10%F2
2725, —J7, FAEEM-SCHT KM 2 BT 3 2 K 01E, HUSHT O 727K % W B 70 e T L B SE L 4 A
LCHETHIEIZEY, Firmpower ZHEMEE25 2 ENAEETH D,

(1) Firm power OfiifE

Firm power Ol Z 5492 575 & LTk, —MAIIZIX, Firmpower 23195 & 1 A fikha
AIREZR BRI DI D72 Z D KT DB AV LD Z LN TELRE L THREL T
Wo, 72 —EHTRD &, KO EMROIERD Z LN TEDRITEIBRVDB, A F
ZEiBEEAR TR D &, KTOBRB AV IERD Z LN TELHRITEH DL EEZOND,

T =5 T, ENOENTFENSHEML TH, ZHUTRA 9 721 O Firm power 23R T& TV
& EERIITAEOMEE T TIEENOHEBENRTET, A FRLOENHAITEHDL 5
R0, ZOBET, A 2 FIZBWTHHHEIAARE LTV DHEEITIE, A & R D ORA M
FFCET, e AR T, —HE Ol 2 58 H A AEE SR I LR LR WFHERREET D
AIREMEDY & 5, Firm power 23T 4UX, Z DO ENOEFTFESEML TH A > b OfgiA
WZHED Z e RN AIRE L 70D L WV ) =X L X — DL RRER OMEN IR TE 5, £/,
NOFTEEER L TIRITET 2D 2 &1L 0 | JEHOERSCENRE ORI L7 EOENHIFF T

100,82 Nu./Tk. THi
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By THNEDAY y MIBEALT A ZENHELWTD, 42 RIZBWTKNOBIEERR Y IER5
ZEMTEBHHRLE L CRHMET 5,
BHZE Ok 0 FE~%F 5 &9 5 k) DFE T & UL FIZRT,

# 4-11 BAROBR Y EKR LT 5:kF) (Firm power OAEFEAT )

Combined cycle (gas, oil-fired)
Construction cost 1,108 USD/kW
O&M cost 10.10 USD/kW/year
Life time 20 years
Annual expense 9,775 Nu./kW/year!!

(H{# : Assumptions to the Annual Energy Outlook 2018, U.S. EIA % 3 ZJICAFH 2 H1ERL)

Firm power 23013 2 AMfEIL, EFEOMELE E LT, Nu. 9,775kW CTREMT 5,
(2) Firm power DEEF 14
AR LR AR 2 7 72 72 W AVIA B EOK S DOGE TR, 2 AIZB W TS 90% DR Tl mae
I EN RN SN DM TH D, —F, Bl &2 BT T 2K 0%, IkKEEDOKR
XELBEBNFHEORZIEEZBE LT, LLFIORTHIECHEM TR EZ NS5,
(a) HIHEH
1 HOW, 8 Wiz v — 7 IflHr, 16 iz 4 7 v — 27 Rt & L, 47 v — 7 RRiE o
D% & — I REEH D 80% & 72 5 K I v — 7 I O M Z#8ins w5,
(b) A
1VEBON, S B A¥H, 2 BEZIKRE & L, KB OYEH T2 H ORI 80% & 7
DEIITEROM I EINSE 5,
(c) Z=fifHIE A
MZRICIT 2 72K Z 12 A~4 AD 5 A CTHWEICHERT 5,

(3) TIOFEBERTIZIIT D Firm power O

TR CRT A 2 R L CL IR EDN D W o R &2 N S CElsd 5 &, Tt
DIEBEATITIB T I IR EAEINT 572, Firm power O¥IMAWIFRFTE 5,

FNARAZ S HYTENRHENE SN TWA Y 7 Th, {1JI|OFEFRHEIL 3m/s F2E T
%, DEVD ., FpE 10km FEE TH Y | 50km FEEEHEN TV 5 & B3t TRt L7zKi, 5 Bt
FERkE L CRET 22 8D, 20k, AMEN TE— 7 R I iR 422 < L CERR
L%, 50km FIEOIFEFTICIBVTIEL, B — 7 KefIHITIT 72 & 22 W ERERIZ 38 TR i 23 1
M+25Z Licsb, 2F0 ., HEEMS CTHIIL 72 Firm power X 50km Rt O3 &P TlX, Firm
power OHINTIHIFFCE 2\, ZORAB[E L, HREM 2 CHIIN L 72 Firm power [ XE FtlZfAr
BETL2REROHTHENT 260 L Lic, —F, HEEASCFEHMEMNICL VI L Firm

1 Nu. 69.7/USD THE, TR 20 4, &8 10% & U TEET 5 L EARBIREIE, 11.746%272 %5, Annual
expense DFIE L, (1,108 x 0.11746 + 10.1) x 69.7 = 9,775 Nu./kW/year & 72%,
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power L, EDHD 9 HIZ IO EITIZEIET 5720, TIOFETIZI T % Firm power O
AR CTE 5,

Firm power OAINHIFFC X 2R HEAT & LT, BERFEEFTITM A T, NTGMP 2018 (23T
2035 FE TR S ND PEDOHKE LT 5, (& 3-63H)
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45 7T v 7Y —Y—ERBEHOAHE

Ty T U —H—E A, JEREEEE (—k, Ik, jﬁ)\%%ﬁﬁ(?ﬁﬁ)\ﬁﬁ%
OB, EERREMRE, 7T v 7 A - e ERB D, AREZICBONTUL, ZhbD
2B, JEREGHEE & SRR ORI HOWTHER T D,

451 —RRIV—=7IZBTBH3HFN

423 CTRLIEEDIC, Ty T U —P—EADAEIZ OV TIE, Rs. 0.5/kWh LA Eixdh 5 &5 %
b, BIRFRTIL, A2 FIZEBWTKID XS IZHRWIRENARERT v T U —H— 1 RI|TH
FTHHHIMENL L TWRW, 4%IE, 7oy T Y == XORMENRAREREAFEE (P—E X
TaAZ) PR T D AFUmRE A2, EFRAIEZVIEC, FHRaEEWIEC—e 2
O ISR B - LItk D, OFD . 7/y7)~#~tx®ﬁ@i\%mﬂmﬁﬁﬁy
TV =l EEED IO R HERE 2 RO & OBFIT/R D, Z DT, BRI TRARR 2 H
MizHET D2 TR L,

PR A FTE T AKAOBFEICE Y, Ty T )= — A REOMEIIZ L HH EEZ DN
DN IRBEATRER BN H EV ZL NI L AV ROV AT AZBWTEDOHENRZERLTH Y |
e EAMEDS RIAD RN & BRI M ORENE LN LR EE2BE LT, —RAZ U —
=V T OEFAETEICBNTE, 7Ty 7 Y —— b R REOMIEITEE L2,

452 _—RARZV—=vTZBTHN

—RAY V== 70, BARERIEM MRS DOSLWNEE LEAME LTHEBEL TS
W, FFRITRLELS T, Try T —h— b 2B EOMEITERE L TRy, —F, kA
U —= U 7B W T, JHEMZ BT A 9 5 K ) OE Z @ 1E IRl 5 720, —EDRED FIZ
T v )= — R RBEOMEE EE Lz, 72k, WAIVARRFEEITICH T, 2%
THEODOMMPRNTD, Ty T ) —h—E R 3T 0,

() 77V —P—r 2o MmE
(@) A ¥ FOHHIZHIT 2 ERE
A v ROTFTET 2 FEREIL, 423 HR L@ . BIFRESO5E O ML, Rs.
4.6/kWh L, TS OBA O HAMIL, Rs. 22/kWh F2ETh -7z, EITFHESICEIT 5
IR IR A Y ) Rs. 2.9kWh BNEENTEY, REE L TRE LR DMEE S E R L
%% LT T ) = RBEERS O NFEIE, Rs. L7AKWhRBETH -7, =, FiF
B D HEAMON, 75%2HY4 3544613 DSM 7 —/L (MUs#a BT 12k L TREAT
6M%¢%D FEERCT 2T ) =P — B AR G SN FIZE T, Rs. 0.55/kWh FREE Th -
Tzo ZHHOFIREIL, FEERICHIBHRETT N OISR GGG FRETHY, T v T
V=Y —ERAZRMET 572012, HHE L THRHEL TV LT T, stz & o,

4-22



T—RVEH B AZ =TT U200 RKET Y = b
T AFI e LR— K

(b) ENTSO-E 28} 5 FhEE
Eh = \%\ [EDEEE 2 A ME,ENTSO-E 234E5F L, “ENTSO-E Overview of transmission tariffs
in Europe” WO WMEEEZBFEARLTCND, 2096, FHELEITIUVT, System service &
FhiS 2 7= D DAtk DHERE 2 LU R IR,

(H{# : ENTSO-E Overview of transmission tariffs in Europe % F:\Z JICAFR A& [ /ERK)
4-13 F—nu XK FHIZEIT D System service tariff OHERS

Z OfEIE, % FE @ System Operator 73, HIE D System % ZEMNIIEHL T 5 72 DI B RRE
EEZBND, EIZE>THRA TH LA, FHMITIE Euro 2.5MWh (Rs. 200/MWh'2) FREETH
2o

Systemserv1ce OHFNTIE, EEEGEE (—R. 2k ZR) | Tt (P71« W,

EIREE, EEMRRMEREE, 7T v 7 A — EREENTEY, BEREGRE & T e gRe 72
T & BET 2 OIXEE LV, System service tariff @ 50%1 38 WEGHEE & sy & L CEHA
T5E. WiiEE L CRNERREIL Rs. 100MWh ThH 5, DF V. RIEOEKIEE RENIC
%a‘ét 2, FEE IMWh %729 | Rs. 100 DRRENRVLETH L, RE T%EE’J@Q‘%%@%@“
DTDITIE, TRED 3%RE YT 2 BB ) TRz E) PuEERD, 2
YN H¥EZ§5ZnH*kAE73®fﬂﬁ1ﬁi Rs. 3,333/ MWh (Rs.3.3/kWh) TH2HELEZXBND,

() AFEICBWTHEHT LT T U —H— b 2O MfE
EFED 2 oDFB X FITFESOTRE LMEIX, 1 > N2 2 FEAEEAS Rs. 1.7/kWh F2EE
ENTSO-E (23317 5 A&l Rs. 33/kWh FRETH Y . KREREND D, A NIZBIT 5 FHHEE
X, 15 RO EP 5 < D & LIERIGE RO TWHHDTH Y | JEEFE (—k) b
Pl ICEL S T DL E ATV, K, MR OISR FEETH D . 1 > NiZEiT
5 FEREE L0 b EVIEZIRIE T RECTH D, 7 —F DKL, ENTSO-E TROTWDHT

12 1 Euro = 80 Rs. THa%
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T —H—EREFERED—EANEMAETHY ., KAEIZBWTHEHAT? 77U —
— B AR OMIEIZ. ENTSO-E (281 5 FEHEME TH 5 Nu. 3.3/kWh (Rs. 3.3/kWh) &9 %,

Q) TrvI Y —h—bREHOFREE

T YT Y= — RO, BRI, RO AR DR L ZBRIC, B8
M ETIIFREHTN O OG22 T THAOEZZ(LSEDL L O T, RO EEMEIZRNIL,
MBS DHEITRV, 207D, O RELE LT, 15 2REO M 2 % WRIT
EORENONIT T ) = —EADRMITARETH 5,

7T ) = — R Z T DI5EITIR RFEOJEIREA B S ML L 7255 Tl 2 T
AW L THRIBEARVRIBIZ L TR MERH V| FRC, RHEREIK TR T 5k
FHRAICHA T, HhEED ST TEEREL T DILERD D,

(a) MZEICBITDRMETRE R
MZEOHFTHEHIZ 7 H~9 HiE, WINRENIEFICE <. BETOHEKEHKEL Lot
W BN BT DAV, ZORNZ, 7o v 7 )= —EX0#fHE T 57201
A ZERD S TEEST L &, BEEOWBA & 700 RFEIEClE W), 7ov 7Y —
P B2 DRI TR L7220,

(b) HFEIZBIT DR TREE
FEZEDOHCHERC 2 A, WINREARIKE 720 . Z OfitfE% BIZ LT Firm power 2R 1 L
TW5, 2 Hov—7 kKefidricid, ENREA~OME A BT 5@ & L C Firm power TOH
NTHEELTEY, ERLWEHNIATMETH L, Z0D, 77 )= —EX0RMT
Fhii L7pv, 72720, A7 — 7 BRI IZRB W CUE. Firm power O 80%FEE D H ) CifEifis L €
WA, 7T U ——EAORMIIFRETH 0 | HIHE(LATEEMRIL, Firm power @ +20%
LT 5%,

(c) TOMOZEHITI T D IAEATRER
FOMDOEICBNTIZ, Ty TV ——t 20T LZE2oNn5, 7oy I U —
P—ERAORPEET S 7o DITIE, A EERFETEMIEDIMLERDH Y | DR EFT iRl
BT 2 'ENENT D, HEVRMTHAEELSED & FEAT T O &3 SR
fbL., FRICEET HHER~OREENREIND, ZOREBE L, HAOEATEREIL, & A
DRMRER KT DO E20% T 5, 7ok, B RIS EFEN /a2t 263 5855121, Rt~
DEBEEEZBEST DUNERZRNOT, HAZAEERIZ,. &HORRERKRE IO £40% & T 5,

(d) FRIFEHLrTERE
LREERIET D EUTOL Y125,
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#F 412 Ty ) —P—CROEMEAEER

Month Season Available Available volume
hours

January Dry season 744 | 20% of Firm power
February Dry season 512 | 20% of Firm power
March Dry season 744 | 20% of Firm power
April Other season 720 | 20% of Available power
May Other season 744 | 20% of Available power
June Other season 720 | 20% of Available power
July Rainy season 0 | Not available

August Rainy season 0 | Not available
September Rainy season 0 | Not available

October Other season 744 | 20% of Available power
November Other season 720 | 20% of Available power
December Dry season 744 | 20% of Firm power

BEZHRA A (CO2) PrHEAIBOAMHE

(Hi#h : JICA FHARH)

KAFEEFTE, HERFIZ CO, 2R BESERWEEFATHD, DD, 7—ZiZBn
TARIBEERZRIEL, A FIZREBTDHZLIZED, A2 FIZBWT CO e EAHIT 5 Z
EFREL 72D,

CO, Baseline Database for the Indian Power Sector, CEA (2016) (ZX 5 &, 4> KOE &7 #—IC
BT D 2016 0D COy HEHIRIFHALIE, FARKIIDHENENZD, 0.82 t-CO./MWh TH 2, A
Y RTIE, SBBERMET XL T —DORBELRET 5578 THY | Z OFEAIIRA TR LT
WS HDEBEENTWND,

BIRFAUCA » RIZBWT CO HEHEZIERICIG| L T D ~—7 v MIZe< | Bl TOR|
ik 2 HEE T2 2 L IFEE LW 2, AFEICB O TR, ZOffifE %48 (Benefit) & L CIFREEL
TUNZRUN,
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FBEE vAFI—TTFTUEEVEIRN

51 REEKRROHFE
51.1  KIJHSHH SRR

7= EFE, KEL 5 5O EEGE (Amochhu, Wangchhu, Punatsangchhu, Mangdechhu,
Drangmechhu) &< DNO/NAUZ 3T b D, RES)~AZ—7F 12BN TL, 25MW UL E
DHR~FIKIFHEZRICT D2 b, KRR Ot GeHm & LT, 5-1 177k
0. S OOEEFIKICHIZ T 3 >D/Nitik (Akiachuk, Nyera Amari, Jomori) % x5t & 3%,

(H{H#4 : National Atlas of River Basins and Water Infrastructure in Bhutan, ADB, March 2016)

B 5-1 7—F EOFRRK

5.1.2  ZHIROF)HERTHRTE B O VIR E

(1) Amochhu gk
Amochhu |, Machu & L CEIHLHH[ETF Xy FHIAEXO Shudu Tsenpa [LZ L E L, 7)1
HERTIRGE D7 — % & A » ROESEE TR 150km Th Y | _EFEM 60km EIZF <> b EIRX
WNZIAL, Z D% 7T —% L F Xy FEIRRKOESICH > T 1km it D, & B2 iJINET —
4 . HaaDzongkhag (FJAREEE 2200m) (ZA %, 7 —4 U EWNTIX Amochhu & WO AFRTH Y |
A ¥ RENEN TV T Toorsa WO AFRTH 5,
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72 UENO EFHE 1/3 TIE)IAER 1220 & 288 TH D DI2xk LT, Fitik 1/3 Tl
JIAJBL 1:80 & ELEHIRESCNM 72 D,

Amochhu O¥flkiEifEIL, 9 3,927km?> TH Y | Z D H HFJ 1,605km? [ LT EENTH 5,

Amochhu e O] FEWTIRI X 2 X 5-2 (2, 72300 1 HGElr & sistskimfg o BIfR & X 5-3 129,

(H L : JICA FH#AM)
5-2  Amochhu FE3RD )1 HGERTE X

(Hi#h : JICA FHARH)
X 5-3 Amochhu {iis o {0 | HEWTHE X & SRk g o BEf%
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(2) Wangchhu JiEi
Wangchhu (%, 7 —% > —FEOESEINLE T2 Jomolhari [ (& 7,326m) ZJFRiteE L, 7 —

S —A 2 FEEETH 170km OERZ AT 5, EHtEE) 40km £ TIZR)IAEL 1:20 2 2 5
AAEZ T 28, 40km~100km O] (FEE 2,500m~1,800m D) 1%, DAL 1:120 & L
AR AR, WIS 110km AL TIHUK A FHENZE 2 1:40 B2 DR ARLZ R~
Wangchhu OJikiaifE X, 7 — % > — A > REH THI 4,643km> OJilkiifE & 72 5.,
Wangchhu 38001 ERTE X 2 (X 5-4 (2, 7200 el & ki i o BIfR 2 11 5-5 12”7,

(H 8« JICA WA )

5-4 Wangchhu ik DR 1 W X

(Hi#h : JICA FHARH)

B4 5-5 Wangchhu Hiekod 3371 #EWTE B & Fiuiskmm g o Btk
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(3) Punatsangchhu s
Punatsangchhu (%, JEOH[EE OEGEMEZFRKRE L, 7 —% > —A > FES £ THI 230km D
EEEZAT S, 25K 70km F TII)IAEL 1:20~25 22 524 %2 /77923, 80km~
110km O OFEE 1,200m U0 TIFFEHZRW)N AR Z 7~ S 52, 110km~140km Df#IE 1:50
BREOCRARZRT, ILIZT—Z A FEBEIZHIT CRAR L 725,
Punatsangchhu Otk miffiL, Phochhu & Mochhu AT 5 Z &2 X - T, WIREEN K
2,400km? 7> 5 AR AL T 4,800km? ([ZHEIN L, 7 —# > & A v K& OESEAUT TIEK 9,747km? Ot

SR L 22D,
Punatsangchhu FiRtsc D] HERTHI A 2 [ 5-6 (2, F 7= 1HEWT & i fE OB 2 X 5-7 127
R

(Hidh : JICA FH#E)
X 5-6 Punatsangchhu itk w1 HERTHE X
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(gt JICA FRAR)
X 5-7 Punatsangchhu Fit3sk o 33701 #EWTE X & FEiskmfE o BAtR

(4) Mangdechhu JiEi5g
Mangdechhu |, 7 — % »[E T ElED LI Gangkhar Puensum (B2 7,570m) % & {e4E 5 7,000m

MOFEEDOEEEZRFERE L, 77— VEOIRZFR RSB ERNL, 7T —% > — A > FEKEIZL T
Manaschhu & G3it9™ % £ THY 180km DIER Z A4 5, P> HAY 70km {F ULl A ELZEALAAS
B DD, ) 1:40 O BNE ) AR 2 7~ T,

Mangdechhu i3k @z K3)1| T d % Chamkharchhu 13, 12 &%) 270m ¢ Mangdechhu D7 =24
W9 %, Mangdechhu )11 XV & B AE T, ) 1:33 O ABLZRT,

Chamkharchhu 23 &% 2 LIZ L - T, HIKIEAEAH 3,800km? 225 6,800km? [ZHIN L |
Manaschhu A7t s CIE s m A 13560 7,300km? & 72 5,

Mangdechhu } U8 Chamkharchhu e3sk O] 1FEWT IR 2 X 5-8 MOV 5-9 12, F 7)1t &
TR OBR 2 5-10 KO 5-11 1287
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(HHH : JICA RS
X 5-8 Mangdechhu Jis DRl [HEWTHE X

(M8 : JICA FHAR])
X 5-9 Chamkharchhu Fis D)) HEHT HE X
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Uiy

(HHH @ JICA
B 5-10 Mangdechhu i35k > =37 )| HEWTER & Bk o A%

A )

Tl

(HHH : JICA RS
X 5-11 Chamkharchhu Fiigkod =17 1 [FERTE X & FRllkm A o B4R

(5) Drangmechhu Jit3% (Manas Ji35)
Drangmechhu (Manas) (%, 7 —# VEREKOFITH Y . Z OFiIKIZIE Kurichhu & Gongri D
2 KA & %, Kurichhu & Gongri AR IZHEICIRIEZ 3 L, [HZE )T 5, Kurichhu &
Gongri & DAYt & Y FiiEAS Drangmechhu & 72 %, Kurichhu O EFE D 60%., 5 & X Gongri
DOPIRAFED 64%03 7 — 4 [ENTH 5, Drangmechhu (% Manas & L THEI S L5 FEHk iRy
Z AL, BEEA) 150m D4 R T Mangdechhu & Gt L. £ DA Rt 9km TA » FEINIZE
%o 7 — 2 L ENTOFLER) I AEITA 1:180 EFEWVVARL T 525, KERJINTBAR & 72 5,
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Drangmechhu O itis fifElE Kurichhu & Gongri DA i T 22,000km?, & 5 (2 Mangdechhu & @
BYEATTHY 30,000km? & 72 2,

Drangmechhu {itfs (Manas jfifk) O)JIHERTH 2 [ 5-12 12, %72 Manaschhu & Kurichhu @
) 1EWT & Rim B O BfR 2 X 5-13 XU 5-14 1R,

(Hi#h : JICA FHARH)

5-12 Drangmechhu Jitigk O 1§87 i X

Manas River Profile

uli

(Hidh : JICA

X 5-13 Manas Fie3sk o> 337 e E X & Him g o R

A )

Tl
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(Hih : JICA FHAERH)

X 5-14 Kurichhu JiE38oD =300 1 HEWTE X & pieiskmfE o BEf%

(6) Aiechhu J3%, Nyera Amari JE3®. Jomori il

Aiechhu 1%, 7' — %  [EFREFEROFZE R 3,000m $k O ILETR AW & LA > RESEE T 50km
DIER % HT % /Nitsk Td 5, I ABL 1:40 TH Y A > FEBEE COFRIRHEFE LA 830km?
Thd,

Nyera Amari |Z, [FIEEIC T — % » EHEHOMEE 4,000m #O [UEHSEZIRRE L, 1 > REREE
TK 110km DIERZH T 2/NEKTh 5, FERJIAR 1:30 TH Y A > FEBEH Cofitikib
FEI3K 1,100km2 TH 5,

Jomori 1%, [FERIC T —% U EBEOMER 4,000m O LHEHBERTE L, A > FEBEE TR
70km DIERZH T 5/NREITH 5, SFEIAEL 1:20~25 TH Y | A > RESEH CO Wi
1349 720km> TH 5,

Aiechhu ik, Nyera Amari Jitdi, Jomori Jittsk & #VE FLOIIHERHE XIEE] 5-15, 5-16,
5-1712R8 T BV THD,
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Aiechhu River Profile

(H 8« JICA W)

X 5-15 Aiechhu {Eis D) #ERTHE X

— Nyera Amari

(Hidh : JICA FH#E)
5-16 Nyera Amari Fitig D) e X
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(H8h : JICA FHAER)
X 5-17 Jomori HiEIg DR 1 FEWTE X
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513 BERMHIR

W~V AKX —T T (PSMP-2004) Tlx, 7—HF L OMKNET ¥y VEREREETH
30,000MW, 447 78T 120,000 GWh EHEE LT, Zhid, 2R T v vd H 6 10MW
L EOFAVAZZ 70 i, Ak 6 HUEANEE Zdv, 2D 5 6 25MW LU 75 DHPS O Gl
HThDH, ZNHOHEDL TR R L~V TORENMTONA TN DN, BEREEDO S Didh
ToThbd, —FH, BEBIEFOMAIL 6 BEHRTHY, ZORMAEREIL 1,6060MW ICEL TWD,
¥ 5-18 12 2018 WA B HT S A7 K S F M HLR DAL E K 2 7”9,

(K8t : DHPS)

X 5-18 AKARMHSNER (2018 FRFR)
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5.2 MEHE

7 =2 OHEICE L TiE, <D AGansser (2 L HHIUEX (1983) BIASH LTS (X
5-19 Z2l) . A REDBMRBIERE D2k, A~ FBUF GSI (Geological survey of India) @
Bhargava (Z X 2 HIUE (1995) REMEND L5170 £ DA v FEHEBFE MR O LA — b
DR E RS, HEFmM, AL mrm [P ; (A-B) « 358, (C-D)] BL O LBz ZnZ
NI 520, X 521 1o,

(Hii: A Gansser, ( 1983)% 312 JICA FH4H A3 FRAE)

5-19 A.Gansser (1983)I2 L 57— % v OHUEEEX
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(Hi8% : Bhargava, 1995)

[ 5-20 Bhargava (2 X 57 —% » OME - L O X
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(HHi#i: Bhargava (1995)% J12 JICA FHE M 23 HREE)

X 5-21 Bhargava il X% 7 —& v OHEXEER X OWERN (FLEI)

PN S TR TN A2 Siwalik ERE LEIES 5 10) 1%, H LOMmICAET 5, HEallyg
. L7- Baxa BHEOW SO RBEIX, BEREOL v —b~ T Y (LHS)D dFAMK~~L
LR OHERAE D FICIRYIAE N TWS, kit BSnEFRERD 7L —2— <~ ¥
(GHS) & | B B RA 2 Y AT @ AR AHER S IR O A S 1 XRWVBkE TR A L2 T F A4
A (TSSHTHEDIL D,

Bhargava I L 57— & VISP X r 2R 5-1 10T, AL REiX, 2 < o5adb~ERt
T O EWE TS T D, S I, B RIS X > CEWHIEA VW HE O RIS E
AEND T L TIHRITHMERME L e o TV D,

FH 2 W O < OEAIIEBEE AR I S RE RGN H Y | 1T A EOREERIED
R T Rk O HEZ R VRS I A2 T TV D,
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# 51 T—XFr - b~vIYOHREFERE

FFAY I g Wes, HoE, YV ha, WE, AlReE KILEE
----- e
Thimphu & FgkeE, X7 ~524 b, ARSI ORI RS
----- Thimphu & _EWifE -
Jaishidanda J& E e B s OREEM A 2 B0 A BRER-V 7 v q-+54
B

————— Jaishidanda 5 _LKrJ& -----
Shumar J& a—Y 7 A N, THEERIORIRA-ZR 7, Barsong AJKA,
THEE TRV O DLE A RS O RS S B A B A Te

----- Shumar 7 FBrfE ----—

Diuri & HALT I HEA N, FRE, a—Y7 A b
————— REELT - — RS -
Baxa JEiE WiREAEa—Y 74§, AKE, Ka<A K, a—Y 7 A b,

oS, MibCa, THCS, MEMERIBED ~L i Setikhola &
----- Baxa f# EWifE -

Damuda #f JE#¥ WE, Vv hE, BA, RE
----- S8 7 Tl ) p—
Siwalik J&# Wia, v ha, Bia, Kt s
_____ 7 B -
Bk 7wy a v W, s, T b, kit

(H{# : The Bhutan Himalaya: a geological Acount by Bhargava, 1995 % J£IZ JICA FR#& [ 23 fR4E)

—J7. Long L2011 DEHF OHE KN 7 — X o THEbIIED TV D, YHEXKIZI, #BEOH
R EEREZFRAENICEZ OO TS, X 522, X 5-23 12T X512, el R H o
FERIT, MOTEROHER L VRSB LT, £-EMRTH D,

T =5 OMERIT 4 DO FEIMEIERE T TR S v, dbMERNT 21 BT ICEE L T
Do MEEME R TIE (2 Hdb~) | 1. Siwalik EEENA SR H8H oV 7 e~ T7 PH, 2. R
EROEHREEZ FERETH Ly —b~vTYH, 3. e~ T YAREENORL 7L —F—t
< TYH,. T LT 4 TTFAHBEENORDT T AL~ T Y ThD, Y7 e~TYHE L vy —
b~ 7Y ORI EENE EFEMBT) Th 5, EHAE EFE MCDIX, LyY—b~7F
Me b —F—e~T7YHOMICH L. HFT Ny hT X vF A NSTDs, IEME) 1L, 7L —%—
b IV H LT TF AT VHORICH D,

1. Siwalik JEHECHERR SN D HEE —f D ~ 7 Y HE

Siwalik JEREIX, &S - 0 - T80 3 HE THERK S D, Zaub i, WIEAJE D >k
{EATHA 7 VTIER SO T, THNLAEFRB IO - A L ITHEE & ESICmnWREIC
HL< 720 Fe EATERIE I35 b HLURLC. B FEbE TR bR TH 5,

2. F& L THFREAEROEHE S THESNL Ly h—E~ T Y i
Ly —k~7-ViHrd, Paro 2/&. Daling-Shumar J&#%, Baxa fE#f, Jaishidanda )&, Diuri
B, %L T Gondwana "7 &L g TR IND,
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Paro BEIL, BEBRRAER S & ZOOERHEMEERIERAFE TH D, e & AaKEHY
TR - KRB - B - -V m AT A-E A B A B A TR EOmERR A 2 HER S B LUV
IRE ST S LD,

Daling-Shumar JE#EIX, L v —t ~ 7 VHEOMOHEIImEHIZHOM L, MCT T/ L—&—
b~ T VT 5, BRIROBESS & THCS TR S v, ERAED MCT fHnfid 5, T
6 Daling-Shumar JERED EECIX, AKAEDPHCRES 29, Baxa JE#EIX, Daling-Shumar J&
FEOFE(REENNTIL TAL) 180T 5 1% E EA70> Baxa JEREIE, &V OIELZ Pangsari 22 & | Manas
28, % LT Phuentsholing )& TIN5,

Pangsari 2%, F-EEEDOEIRE & KA, £ L THI~PRLOWERE OS2 5 < Ik
D, ETAIZEVIBAED TR TR S LD,

Manas S2E1E, MK MHAERY) 2 F: 80 T 2RI E 2 & b THCa g 28l T ~2)E
J& o R~HRL - & ZAICK VEYEOESE BT 5,

Phuentsholing SAJ& (X, HE~TEEDOANCE % 1F 5 MBS & TGS, HE - M~drkz
DEAE, £ LT7 U —2RIKEEI S THE SN D,

Diuri 21, F~KED, MHEEEO AL LR TH D) ¥ AT I 74 A4 M BT
2

Gondwana 7 & 3 %, B - Killcs Ll~TREEOAIKE LV Mak JOM HEE, £
LU CHICIRE & D bl - RAHE - ABICETIE TSNS,

3. BMENTYRAMENORD L —F—Eb~ T i

JL—Z—b =7V HEE OIS IS, DFE D MCT £V E{7 T Kakhtang 18 I
WiB(KT) ® FLE722 FiE, KT O L Th D L TH D, midld, Paro BEZH, A4
TS S A RS C, WL DR OME Y b o, BEIX. I/~ H A NEERK
& A HRUEE TR S L, i - RS - BEE - BLOURELA, 2L THEittoEaE
fEEICBEASND,

4. TFAHEREEFCTHR SN T T AL~ 7Y

TFALYTYHOEAIE, ZL—F—b~TYHDOLEIIY 73— ABOIRETRIFEN
TWo, TFAbEIYHOER MOEAIL, B - Hi - YV Ma - iba - BROESEE
75 CHERL S 41D Chekha RJEIZxf b s, Zubix, 77U 7THk% O Maneting 2O T
Moa & G aREICEDbN TS, AKE - BE - AR IO KA - BEE - e -
B ELOTHEE 22 ERFRAFEGE MRG0T ) OE A3 & L ECHDMT Ny h 72 v F A
> b (STDh)®D EiZi#~> T\ 5,

B iR —o 7T, fil 2T 558 OBLSMRIEORFRAENIA & IXMEBIRIC, HUZ T FICHC 248, (i
AL LD
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(HH# : http://www.pitt.edu/~nmcg/Long_etal 2011 JOM Bhutan Map 1-500k.pdf#search=%27long+et+al%2C+bhutan%27)

5-22 Longftt (2011) XX A&HFOT—% » OHEX
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(Hi 88 : http://www.pitt.edu/~nmcq/Long_etal 2011 JOM Bhutan Map 1-500k.pdf#search=%27long+et+al%2C+bhutan%27)

B 5-23 Longfl (2011) [T X AEFDOT—F L OHER (ALAFI)
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# 52 T—HUDOHEHETLBH—&E

(Hi# : JICA Survey Team compiled from Long et al., 2011)
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5.3 JKIUHEAT

5.3.1 K& - KXEEIOIE

(a) XBEEEOINE
7 — 4% “[ETlX, National Center for Hydrology and Meteorology (NCHM) 723, 4&E DK - &
LB LT — 2 E A FEM LT 5, NCHM 13, W&, KR, A BEESEL K57 —
Z & WS 2 Class A BUAIFTZ 20 2P, W& - XUR - WBE DA Z G2 Class C BLHIFTZ 69
DETRA LT %, £ OMIZ, 2010 20 B FF 63 2P B #h5GBLHIFT (Automatic Weather Station)
TREMBIN 2 T2 LT %, NCHM 25T A3 2 NEBLHIFTONER 2 X 5-24 (TRT,
FHAIEX, NCHM MREA T % Class A 33 X O Class C BIHIFT O &7 — % % DHPS #%H T3 H
L72, % L7z Class A 33 O Class C BRI O EE L OFERNE £ 5-3 BLOFE 54 TR
ER

Legend
T™7 Sub_Basin

NCHM Meteorological station
@ AWS

@ Class A .I "
# ClassC

Punatéén__ chhi

i

@ -
i ®

= = e. . A

e

Dra.r‘wgmeéhhu
L Y

&

7/"-_ . AL
% ™ &
e Y 1
y g e ¥
AN §
T il ™ g

PN e e

(Hi#h : NCHM)
X 5-24 REHHFTVER
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% 5-3 Class A NEBHIFTEEFEERN

Class A Meteorological Station

SI. No. |Station Name Latitude Longitude |Altitude Status 2185|8128 |Q8|8(3[([8|8|5|3|8|8|x|V¥|2(X|vje|rx
m $18|2|8|28|S|S|S|S|S|8|8|8|8|8|R|R|R[R|R|8|]|R
1 |Bhur 26.907N|  90.434E 377| In function m
2 |chamknar 2754N|  90.755E 2470| In function “
3 |Dagana 27.071N|  89.884 E 1531 In function “ - w
4 |Damphu 27Nl 90.122E 1520] In function “
5 |Deothang 2685N| 91.467E 861| In function “ | “ |
6 |casa 279N] 89716 E 2760|  In function | | | | | | | - | - | - - -
7 |Hea 27.403N|  89.262E 2764| In function “ -
8  |Kanglung 27.271N|  91.522E 2005|  In function w
9 |Mongar 27.279N]  91.238E 1597| *In function “
10 |Paro 27.383N 89.42E 2406| I function “ _
11 |Pemagatshel 27.02N|  91.424E 1723] In function m -
12 |Phuntsholing 2685N| 89.389E 280| In function “ - | | |
13 [Punakha 27582N|  89.866 E 1236] In function m
14 |Sipsu 27.009N| 88.878 E 423 In function “ -
15 |Simtokha 27.438N|  89.675E 2310 In function “
16 |Tangmachu 27505N] 91197 E 1750]  In function | | | | | | | | | M | - -
17 |Trashiyangtse 276N 915E 1855| In function “
18 |Trongsa 27.502N] 90505 E 2120] I function M m
19 |Wangdue 27.487N|  80.901 E 1180| In function “
20 |zhemgang 27216 N|  90.655 E 1862| In function “

- Data Complete (No missing data) % Data Partially Complete (Including missing data) No Data

(H 8t : NCHM)
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# 5-4 Class C WEBHIFTEEFEERN

lgass C Meteorological Station
SI. No. |Station Name Latitude Longitude Altitude Status [-3 S s
(m) 2|2
1 Airong 26.901 N| 91.508 E| 1305 Closed in 2014
2 [Ausho 27.442N] 91176 ] 800) Running
3 Begana 27.573 N| 89.643 E| 2520} Running
4 |Betikna 275N  89.416E[ 2660 Running
5 Bidung 27.368 N| 91.661 E| 1815 Running
6 |[Biizam 27.52N|  90.456E[ 1840 Running
7 Buli 27.166 N| 90.816 E| 1780 Running
8 [Bumdeling 27.664N] 91592 1939 Running
9 Chapcha 27.2N| 89.55 E| 2450} Running
10 |Chenary 27.321N  91.534 830) Running
1" Chendebji 27.508 N| 90.276 E| 2660} Running
12 |Chhukha 27.066N] 89.566E|  1380) Running
13 Daifam 26.89 N| 92.108 E| 280} Running
14 |Damij 27.626N|  80.737 j Running
15 Dechenling 26.916 N| 91.233 E| 1000 Running
16 |Degala 27.028N|  90.851 ] o75] Running
17 Doksum 27.435 N| 91.577 E| 950} Closed in 2013
18 |Drujeygang 26.075N]  90.042E]  1140] Running
19 Drukgyel 27.5N| 89.333 E| 2547} Running
20 Dungkar 27.823 N| 91.197 E| 2010} Running
21 [Dungmain 26.962N] 91338 1268 Running
22 Gaselo 27.418 N| 89.888 E| 1960 Running
23 [Gedu 26.906N|  89.526E|  1980] Running
24 Gidakom 27.38 N| 89.575 E| 2210} Running
25 |Gunitsawa 27611\ s0.287E]  2840] Running
26 Gyetsa 27.502 N| 90.736 E| 2630} Running
27 |Kamichu 272711\ 90.026 710) Running
28 Kerabari 26.764 N| 89.92 E| 170 Running
29 [Knaling 27.206N] 91592 2070] Running
30 Kuengarabten 27.406 N| 90.518 E| 1780 Closed in 2010
31 |Langthel 27.366N]  90.907E] 1150 Running
32 Laya 28.059 N| 90.174 E| 3800} Running
33 |Lhamoizingkha 26.72N| 89855 E 110] Running
34 Lingmethang 27.264 N| 91.166 E| 700} Running
35 |Lingshi p j j Closed
36 Malbase 26.864 N| 89.452 E| 403 Running
37 |Mendrelgang 26953N] 90135 1460) Running
38 MoEA 27.471 N| 89.637 E| 2380} Functioning
39 |Nanglam 26.85N| 91266 E 550) Running
40 Nobding 27.548 N| 90.153 E| 2600} Closed in 2012
41 |Panbang 26.85N| 90966 E 220) Running
42 Pelela 27.534 N| 90.203 E| 3480} Running
43 Phobjikha 27.455 N| 90.174 E| 2860} Running
44 [Radni 27.361N]  91.694E  1540] Running
45 Sakteng 27.404 N| 91.928 E| 2953) Running
46 |Samdingkha 27705\ 0114 1299 Running
47 |samtengang 27.55 N 90 | 1960 Running
48 [samtse NE 269N 891 430 Running i_
49 [sarpang 26.89N|  90.269 330 Running i
50 |[Shelgana 27583\  89.862E]  1680) Running
51 Sherichu 27.355 N| 91.413 E] 705) Running
52 Shingkhar 27.166N]  90.946E|  1280] Running
53 Sumpa 27.133 N 90.95 E| 1380 Running
54 |Sunkosh 27.017N]  90.071 ] 410 Running
55 Surey 27.017 N| 90.537 E| 1060 Running E
56 |Tala 688N 8o57E[ 1745 Closed
57 Tashithang 27.03 N| 90.05 E| 1270 Running | |
58 |Tendr 27.133N]  88.866E]  1000] Running
59 |Tinlaygang 27.522N|  89.805 1920 Running
60 |Thragom 27435\ o1643E]  2100) Running
61 Thrimshing 27.133 N 91.633 E| 1350 Running
62 |Thsenkhara 27475\ o1572E]  1940] Running
63 Tsirangtoe 27.061 N| 90.098 E| 1480 Running | |
64 |ura 27.474N]  90.907E]  3090] Running
65 'Wamrong 27.136 N| 91.588 E| 2180} Running E:
66 |vadi 27.266N] 91374 1580] Running
67 |Vabilaptsa 27.125N]  90.703 | 850) Running
68 Yotongla 27.575 N| 90.588 E| 3530} Running
69 |Yurung 27.019N]  91.343E 1435] Running | | | i

- Data Complete (No missing data) % Data Partially Complete (Including missing data) No Data

(Hi#h : NCHM)
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(b) KITEEOILE

NCHM (%, F72/KRIZEEE S 4L TV 5 Principal it &8IHIPT 16 HFT & Secondary it &AL HIFT
13 EPTICIR VT, IKAL « P - ilE T e K ORI Z 32 L T\ 5, £/, 2012 4F
|2 UNDP O& 4 K 0 Fffi S A7z E IS TEIGHE (NAPA-ID  TiX, 32 22Fro> B BiKAC8LHI
FIS 7 — 2 NCRRE STz,

Z DAl HKH-HYCOS (The Hindu Kush Himalayan Hydrological Cycle Observing System) T
IX. ICIMOD 237 4 7 v REUNESIZ LY, BoKEERBOI DO PEROFTELHIE L
T2 KNI % 2 TRk iE LT B,

A A C NCHM 23T A 9~ 2 /KAL « W BHIAT ONLE R 2 [ 5-25 12R7,

(K8 : NCHM)

5-25 WEBNFTNEX

AL, NCHM 23M%&4A 3 5 Principal 33 X O" Secondary it E&LHIFT O i &5 — & % DHPS #%
HCZE L7, ZHE LSBT OMEERIOFERNZR 5-5 BLOER 5-6 IT7-7,
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# 5-5 Principal i 28 HIFTEEEERT

Imal River Gauging Stations
SI. Basin |Station Name Catchment Name Latitude Longitude Altitude Catchment Status HEHEBEEREEBEREEEEEBEBEREEBEREBEEEEEREEEEE
No.  No: (m) Area (km?) (R|R(2R2 |22 2|2 |2 |RIR|R|R|R|R[R|R|R|R|R|R|R[R|R|R[R|RIR
1 1121 |Doyagang Amochhu 26.887 N| 89.335 E| 253 3650 In function
2 1280 |L 27.447 N 89.658 E 2,280 663 In function
3 1249 [Damchhu/Tamchu Wangchhu 27.25N 89.525 E| 2,019 2,520 In function
4 1332 |Kerabari Punatsangchhu 26.771 N| 89.923 E| 145 10,355 In function
5 1330 |Sunkosh/Turitar Punatsangchhu 27.012N 90.072 E 324 8,593 In function
6 1349 g P 27.463 N| 89.9 E| 1,204 6,271 In function
7 1370 |Yebesa Mocchu/Punatsangchhu 27.634 N| 89.815 E| 1,255 2,320 In function
8 1458 |Bjizam Mangdechhu 27.524 N 90.455 E 1,921 1,390] In function
9 1418 |Tingtibi Mangdechhu 27.145N| 90.692 E| 546 3,322 In function
10 1549 [Kurjey Chamkharchhu 27.594 N| 90.726 E| 2,625 1,350 In function
" 1560 Cl 27.282N 90.931 E 1,465 2,728 In function
12 | 1620 |Kurizampa Kurichhu 27.274N 91193 E 559 8,600 In function
13 1712 |Panbang Kurichhu 26.852 N| 90.96 E 133 20,925 In function
14 | 1652 |Sumpa Kurichhu 27.589 N 91.492 E 1,178 7,270 In function
15 | 1767 |Muktrap Kholong Chhu 27.589 N 91.492 E 1,691 905 In function
16 1740 |Uzorong Drangmechhu 27.259 N| 91.413 E| 573 8,560 In function

- Data Complete (No missing data) % Data Partially Complete (Including missing data) No Data

# 5-6 Secondary Jii BB HIFTEEHEIERIL

(H 8t : NCHM)

- Data Complete (No missing data) %-’//J Data Partially Complete (Including missing data) No Data

(High . NCHM)

5.3.2 FRILHBRIERD 72 D DO ELEE DO HH

7T =2 VEIT, AL O b~ T ILIRHIAR N B B E O DR o FEBIM T E T, @iz
RELVES EMNOHIZIZ L > TRIEARE S BER 2 EPHESND, 18V, KNIRT v
ND—RAZ V—= 7 TlE, EEpfE Bt i, Fiiko 3 Sl s®L, &
53 /Ibfﬁf%ﬂ%ﬂ{m/ﬂﬂjﬂﬁ%)ﬂ‘_\ﬁ—é e L7,

MR ZAER T 2 72O RT 27 —Z oML, MEMHICHEERT — 2% L 73?%)71&)(
30£ﬁ$£fb@ﬁé7ﬁ>tﬁiﬂé UL, B, BUETE D i > TOWRWIGEe, B TE 57
ZDIRN IR EOBE T 30 FIT 2 RN 2 e 03 %2 H D, 1 IRA Y Y —=2 7 HOFILHIERO/E
FTCIE, DAFICHEL T, MEEOMM2RET 52 L L L,

B T —HXSEDEN Principal BUIFT A ESLTH 2 L
B REEIEAE L T —Z O ERR/NRIZR D Z &
B BTS2 CREE I AA—L TS &
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[Secondary River Gauging Stations
S [Station Name Basin Name Latitide |Longitude |Altitude (m) | Catchment Status elxnlelelelslalelzlelelslalelalslalzlzlelelslalalslalalalzTelelslalelelsl ol 2 e e R R
No. Area (km?) RURZRRZRIZRIRIZRIZIZIRIZIRIZIRIRIRIRIRIRIRIRRIRR RR|RRRR R RR R [RIR R [R
1 |Dorokha Amochu 27.013N| 89.223E 479 3055 In function
2 [chukha Wangchhu 27.056 N| 89.566E 1376) 3573 In function
3 g R - 2220 1101 Closed
4 |Paro Bondey Wangchhu 27.389 N 89.433E 2225 1284|  In function
5 Hacht 9 27.37N 89.204E 2700 2320 In function
6 |o P 27.04N 89.92E| 929) 671 In function
7 27.641N] 89.865E 1271 2310[  n function
8 |Dakpaichu Mangdechhu 27.15N 90.691E 562) 580| I function
9 |o P E - 1290) 2296|  Closed
10 |Autsho Kurichhu 27.438 N 91.173E 850) 8547 In function
11 |Lhuentse(Sumpa)  JKurichhu 27.658 N| 91.21E] 1178 611  In function
12 |Li 27.258 N| 91.183E 562) 320 I function
13 |Sherichu Drangmechhu 27.254 N 91.41E] 573 437 In function




T—RVEH B AZ =TT U200 RKET Y = b
T AFI e LR— K

B I0FLUEHAZ L
1991 #-~2017 4 F T Principal it EBHIFT O DOHERS & X 5-26 127~

(i : NCHM)
X 5-26 Principal JEEBHIFTOEDOHERS
B X OFFEFRIRILE LV . 2006 4ELAFE O Principal i &BLHIFTEII 2RO 7HILLEE 720 | £
FKCRICBURET M © . F 72, 2006 & i & RO BRAAE & 4T, 10 2L OB A ek S
Do PEV, WRIHIFRER D 72 O R E R OBRAEAIL, 2006 & L, 2017 FEOTFT—Z %, —H#iL
ZEEL TR, 2016 4EF TE Lz, ko T, iEEEOBIMIL 2006 4E7°5 2016 42 £ T
D11FEEE LT,

53.3 &R - KCEROKRIE

WET — X LHET — A DENTNOEEEE X TN~ A —T THGiET 5, XTIV~ Al —
7. 2 OB OFEBR N E IR IR EE 7 ay Lz 75 7T, —OBIRIFTIZAT S 0
BTALDE U B & BAEBRERT CET 5, £, AP R I LT A2HENOEEICIE. b
S NDOBLAFT OB SN EMIIZZEL L TWA Z R HERI SN D, ~ A — 7 DOl %Z FRIZR
7,

(Hi#t : T K. Searcy and C.H. Hardison, “Manual of Hydrology; Part 1. General Surface-Water Techniques,
Double-Mass Curves,” U.S. Department of the Interior 1960.)

X 5-27 X TN~<RH—TH
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AR ClE, DHPS 7 5% L7~ NCHM O &E « fi®T — ¥ DA 2L FOEETH 7V
v AH—TIT X KEE LTz,
Class A lNEBIHIFTIZ, 22 To Class A NEBLIFTOF — & & g4 5,

Class C NEBHIFTIZ. &2 T?D Class A WEBNFTT —# & k15,

V) Class C I EBHIFTIF Lo I rho e, )
Principal it & BLHIFTIEZ. 4T Principal it @& HIFTT — % & b3 5,
Secondary Jit EBLHIFTIX, [F—3 X OBEEET 2 KR D Principal it EBHRIFTT — & & kg

ERAR

(7= aE DK

W, fET — 1%, Class A (2B L CIEKAERIN Z<#ENTH D Z &, ClassC 1%, KR %
TETHEBRIMEENFHE T RWEIFTNZ N2 En b, %3 i &80 FTE oM X

D FIEIC L0 RPER e LIT — X &t

FEIC W,

HT N AN =T\ K DBREEDOFERZ LT OFRITIRT,
# 5-7 Class A REZHIFTT — 7 Rk R

Class A Meteorological Stations

SI. No. Station Name Latitude Longitude Altitude Data Consistency (Assessed by Double Mass

(m) Curve)

1 Bhur 26.907 N 90434 E 377 Good

2 Chamkhar 27.54N 90.755 E 2470 Good

3 Dagana 27.071N 89.884 E 1531 Poor (Greatly deviating)

4 Damphu 27N 90.122 E 1520 Good

5 Deothang 26.85 N 91.467 E 861 Good

6 Gasa 279N 89.716 E 2760 Fair (Some shifts are observed)

7 Haa 27.403 N 89.262 E 2764 Good

8 Kanglung 27.271N 91.522 E 2005 Good

9 Mongar 27.279 N 91.238E 1597 Fair (Some shifts are observed)

10 Paro 27.383 N 89.42E 2406 Fair (Some shifts are observed)

11 Pemagatshel 27.02N 91.424 E 1723 Good

12 Phuntsholing 26.85N 89.389 E 280 Poor (Greatly deviating)

13 Punakha 27.582 N 89.866 E 1236 Fair (Some shifts are observed)

14 Sipsu 27.009 N 88.878 E 423 Good

15 Simtokha 27.438 N 89.675 E 2310 Good

16 Tangmachu 27.595N 91.197 E 1750 Good

17 Trashiyangtse 276N 915E 1855 Good

18 Trongsa 27.502 N 90.505 E 2120 Fair (Some shifts are observed)

19 Wangdue 27.487 N 89.901E 1180 Good

20 Zhemgang 27.216 N 90.655 E 1862 Good

Note: “shifts” is parallel displacement from a trend of cumulative value, “deviation” is displacement of cumulative

value but it is not parallell displacement.

5-27
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# 5-8 Class C REBHIFTT —#RitEER  (1/2)

Class C Meteorological Station

SI. No. Station Name Latitude Longitude Altitude DMC Assessment
(m)
1 Airong 26.901 N 91.508 E 1305 Fair (Some shifts are observed)
2 Autsho 27.442 N 91.176 E 800 Good
3 Begana 27.573 N 89.643 E 2520 Good
4 Betikha 27.25N 89.416 E 2660 Good
5 Bidung 27.368 N 91.661 E 1815 Poor (Greatly deviating)
6 Bjizam 27.52N 90.456 E 1840 Good
7 Buli 27.166 N 90.816 E 1780 Poor (Greatly deviating)
8 Bumdelling 27.664 N 91.592 E 1933 Good
9 Chapcha 272N 89.55E 2450 Good
10 Chenary 27.321N 91.534 E 830 Good
11 Chendebji 27.508 N 90.276 E 2660 Poor (Greatly deviating)
12 Chhukha 27.066 N 89.566 E 1380 Fair (Some shifts are observed)
13 Daifam 26.89 N 92.108 E 280 Fair (Deviation of DMC is observed)
14 Damji 27.826 N 89.737 E - Poor (Greatly deviating)
15 Dechenling 26.916 N 91.233 E 1000 Good
16 Degala 27.028 N 90.851 E 975 Fair (Deviation of DMC is observed)
17 Doksum 27.435N 91.577E 950 Fair (Some shifts and deviation are observed)
18 Drujeygang 26975 N 90.042 E 1140 Good
19 Drukgyel 275N 89.333 E 2547 Fair (Some shifts and deviation are observed)
20 Dungkar 27.823 N 91.197 E 2010 Fair (Some shifts and deviation are observed)
21 Dungmain 26.982 N 91.338 E 1265 Fair (Some shifts and deviation are observed)
22 Gaselo 27.418 N 89.888 E 1960 Good
23 Gedu 26.906 N 89.526 E 1980 Good
24 Gidakom 27.38N 89.575 E 2210 Good
25 Gunitsawa 27.611N 89.287 E 2840 Good
26 Gyetsa 27.502 N 90.736 E 2630 Good
27 Kamichu 27271 N 90.026 E 710 Poor (Greatly deviating)
28 Kerabari 26.764 N 8992 E 170 Good
29 Khaling 27.206 N 91.592 E 2070 Poor (Greatly deviating)
30 Kuengarabten 27.406 N 90.518 E 1780 Good

(H L« JICA FH#AM)
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# 59 Class C REBHFTT —F RitEER  (2/2)

Class C Meteorological Station
SI. No. Station Name Latitude Longitude Altitude | Data Consistency (Assessed by Double Mass Curve)
(m)

31 Langthel 27.366 N 90.907 E 1150 Fair (Some shifts and deviation are observed)
32 Laya 28.059 N 90.174 E 3800 Fair (Deviation of DMC is observed)
33 Lhamoizingkha 26.72N 89.855 E 110 Good
34 Lingmethang 27.264 N 91.166 E 700 Good
35 Lingshi - - - Poor (Greatly deviating)
36 Malbase 26.864 N 89.452 E 403 Fair (Deviation of DMC is observed)
37 Mendrelgang 26.953 N 90.135E 1460 Poor (Greatly deviating)
38 MoEA 27.471N 89.637E 2380 Good
39 Nanglam 26.85N 91.266 E 550 Fair (Some shifts are observed)
40 Nobding 27.548 N 90.153 E 2600 Good
41 Panbang 26.85N 90.966 E 220 Good
42 Pelela 27.534N 90.203 E 3480 Good
43 Phobjikha 27.455N 90.174 E 2860 Good
44 Radhi 27.361N 91.694 E 1540 Fair (Deviation of DMC is observed)
45 Sakteng 27.404 N 91.928 E 2953 Poor (Greatly deviating)
46 Samdingkha 27.705N 90.114 E 1295 Fair (Some shifts are observed)
47 Samtengang 27.55N 90 E 1960 Good
48 Samtse NIE 269N 89.1E 430 Good
49 Sarpang 26.89 N 90.269 E 330 Good
50 Shelgana 27.583 N 89.862 E 1680 Fair (Some shifts are observed)
51 Sherichu 27.355N 91413 E 705 Good
52 Shingkhar 27.166 N 90.946 E 1280 Fair (Deviation of DMC is observed)
53 Sumpa 27.133N 9095 E 1380 Good
54 Sunkosh 27.017 N 90.071E 410 Good
55 Surey 27.017 N 90.537 E 1060 Fair (Deviation of DMC is observed)
56 Tala 26.88 N 89.57 E 1745 Fair (Some shifts are observed)
57 Tashithang 27.03N 90.05 E 1270 Poor (Greatly deviating)
58 Tendru 27.133N 88.866 E 1000 Good
59 Thinlaygang 27.522N 89.805 E 1920 Good
60 Thragom 27.435N 91.643 E 2100 Fair (Deviation of DMC is observed)
61 Thrimshing 27.133N 91.633 E 1350 Fair (Deviation of DMC is observed)
62 Thsenkharla 27.475N 91.572 E 1940 Fair (Deviation of DMC is observed)
63 Tsirangtoe 27.061 N 90.098 E 1480 Fair (Some shifts are observed)
64 Ura 27.474 N 90.907 E 3090 Good
65 Wamrong 27.136 N 91.588 E 2180 Fair (Some shifts are observed)
66 Yadi 27.266 N 91374 E 1580 Good
67 Yabilaptsa 27.125N 90.703 E 850 Fair (Deviation of DMC is observed)
68 Yotongla 27.575N 90.588 E 3530 Fair (Deviation of DMC is observed)
69 Yurung 27.019N 91.343E 1435 Good

(Hi#h : JICA FHARH)
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% 5-10 Principal I BBHIFTT — ¥ BRI R

Class A Meteorological Stations

SI. No. Station Name Latitude Longitude Altitude Data Consistency (Assessed by Double Mass

(m) Curve)

1 Bhur 26.907 N 90434 E 377 Good

2 Chamkhar 27.54 N 90.755 E 2470 Good

3 Dagana 27.071N 89.884 E 1531 Poor (Greatly deviating)

4 Damphu 27N 90.122 E 1520 Good

5 Deothang 26.85N 91.467 E 861 Good

6 Gasa 279N 89.716 E 2760 Fair (Some shifts are observed)

7 Haa 27.403 N 89.262 E 2764 Good

8 Kanglung 27.271N 91522 E 2005 Good

9 Mongar 27.279N 91.238E 1597 Fair (Some shifts are observed)

10 Paro 27.383 N 89.42 E 2406 Fair (Some shifts are observed)

11 Pemagatshel 27.02N 91424 E 1723 Good

12 Phuntsholing 26.85 N 89.389E 280 Poor (Greatly deviating)

13 Punakha 27.582 N 89.866 E 1236 Fair (Some shifts are observed)

14 Sipsu 27.009 N 88.878 E 423 Good

15 Simtokha 27.438 N 89.675E 2310 Good

16 Tangmachu 27.595N 91.197 E 1750 Good

17 Trashiyangtse 27.6 N 915E 1855 Good

18 Trongsa 27.502 N 90.505 E 2120 Fair (Some shifts are observed)

19 Wangdue 27.487 N 89.901E 1180 Good

20 Zhemgang 27.216 N 90.655 E 1862 Good

(Hidh : JICA FHA)

F 5-11 Secondary MEBHEIFTT — ¥ RIEFE R

Secondary River Gauging Stations

SI. No. |Station Name Basin Name Altitude (m) Catchment Data Consistency (Assessed by Double
Area (kmz ) Mass Curve)
1 |Dorokha Amochu 479 3055 Good
2 Chukha Wangchhu 1376 3573 Good
3 Paro(closed) Wangchhu 2220 1101 Good
4 Paro Bondey Wangchhu 2225 1284| (Data too short for DMC assessment)
5 Haa/Hachhu Wangchhu 2700 2320 Fair to Poor
6 Dagachu(closed) Punatsangchhu 929 671| (Data too shortfor DMC assessment)
7 Samdingkha Punatsangchhu 1271 2310/ (Data too short for DMC assessment)
8 Dakpaichu Mangdechhu 562 580 Fair to Poor
9 Dokarna(closed) Punatsangchhu 1290 2296 Fair
10 |Autsho Kurichhu 850 8547 Good
11 |Lhuentse(Khoma) Kurichhu 1178 611 Good
12 |Lingmethang Kurichhu 562 320 Good
13 |Sherichu Drangmechhu 573 437 Good
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5.3.4 XHEEEIOHE

2006 2> 2016 4= Principal it &N, 2 BIFREE OB CTXRM| & 72> T b, 4 Principal
mEBHFTOT — &2 KR Z TEROFEA TR,
% 5-12 Principal it 2818 /R HIHAM

Principal River g Stations
SI. Basin |Station Name Catchment Name Latitude Longitude Altitude Catchment P I - - = Rl B S O - S
No. |No: (m) Areatkm?) |R [R|S|R|R[IJI|IR|R[R|QX|K|R
1 | 1121 |Doyagang Amochhu 26.88666667 (89.335 253 3650 - _
2 | 1280 |Lungtenphu Wangchhu 27.44719001 |89.65804205 2280 sssw
3 | 1249 |Damchhu/Tamchu Wangchhu 27.25010785 |89.52495641 2019 2520“
4 | 1332 |Kerabari Punatsangchhu 26.77083738 |89.9229915 145 10355| | | “
5 | 1330 |Sunkosh/Turitar Punatsangchhu 27.01205839 |90.07235046 324 8593_ - . _
6 | 1349 |Wangdue/Wangdirapids |Punatsangchhu 27.46315758 |89.90003256 1204 6271“
7 | 1370 |Yebesa Mocchu/Punatsangchhu |27.63363296 |89.81478272 1255 2320_ _
8 | 1458 |Bjizam Mangdechhu 27.50438789 |90.4549457 1921 1390_ #
9 | 1418 [Tingtibi Mangdechhu 27.14460292 |90.69230578 546 3322“
10 | 1549 |Kurjey Chamkharchhu 27.59422127 |90.72603661 2625 1350“
11 | 1560 |Shingkhar/Bemethang | Chamkharchhu 27.2821858  |90.93133475 1465 2,7za| | | | _ |
12 | 1620 |Kurizampa Kurichhu 27.27390754 |91.19347442 550 8600“
13 | 1712 |Panbang Kurichhu 26.85182008 |20.96033593 133 20025 | | | _
14 | 1652 |Sumpa Kurichhu 27.58887357 |91.49217654 1178 - _
15 | 1767 |Muktrap Kholong Chhu 27.58887357 |91.49217654 1691 905“
16 | 1740 |Uzorong Drangmechhu 27.2586643  |91.41294357 573 8560_ | _ |

(Hi#h : JICA FHAR)

KBS A F~==27 V)
UTFD 6 >OFEEZZETTND

(JICA. 2011)

PRI mFE LRI K B Tk

IRV, REWIMOT —2H#HEEH1EE LT

WEICL D2 EALZERE Ltk mab iR ic L5 5k

HIKPrE ORI £ 2 ik

WMHET VA S ik (X7 ET/UA)
P & NEOHEBIC L 5 HE

DDk

B TFIEOME AR 2R 5-13 12~ T,
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# 5-13 REEEIOHEEFHEOREE & 85

(i . TAKRABRFE T A R~==7 /L] JICA,2011)

— R A7 V== 7 D7D O PLEMER D 72 8D O K B B HEE Tl Principal it S 8LHIFT
OF—FRALOMBEREN (F 5-14 2fR) Z L OEBINFTOMBEIC L2 FEE2BRAT S,

FERIIZ X B mOHEE Tk, L TFTORICEE LT,

B KA A F~=a7 /v OBELY ., WEBRFTEE Lo, MHEEHRE 0.7 LA
FoBWETT — % R AT 5,

B REBHETO KHIRTEIE. &b EVHEBREEFOBIFTO 7T — 2 b Mi7E L T <, b
L. &b @V HBRE OB T — % S KM L TV D 5E1E, 2 F B ICEHEBIRE E FF
SBPFTT — X BT 5,

B RS DMEENET S MEAHEET 2RO EBIFT OFiEam Bt iX, [KBE%E AT
A R~=== 7] IZHEV, 0.333 5 3.0 DFiH &5,

Principal Jiii =BT OFERERE A % 5-14 /9, 7. Principal it @ HIFT O /KO HfE

haF 5151 T, £ 5-15 THE, mAELZ 0333 205 3.0 OFEFAS & 72 0 | fHsEomE M e
L D& EDENLTRT,
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Correlation Coefficient

3 5-14 Principal 7R E&LHIFTHH B4R

River Basin— |[Amochhu Wangchhu Punatsangchhu Mangdechhu Chamkharchhu Kurichhu Drangmechhu

Sta. Name Amochu Tamchu Lungtenphu|Wangdue Yebesa Kerabari Sunkosh Bjizam Tingtibi Shingkhar _|Kurjey Sumpa Panbang Kurizam Uzorong Muktirap
Amochu 0.831 0.873 0.868 0.877 0.887 0.873 0.900 0.675 0.860 0.776 0.843 0.837

Tamchu 0.831 0.872 0.874 0.896 0.803 0.905 0.800 0.740
Lungtenphu 0.868 0.885 0.754
Wangdue 0.873 0.886 0.982 0.964 0.922 0.837 0.916 0.956 0.937

Yebesa 0.868 0.872 0.982 0.958 0.919 0.818 0.946 0.877
Kerabari 0877 0.943 0.869 0.938| 0.905 0.893

Sunkosh 0.887 0.964 0.930 0.882 0.924 0.924 0.919

Bjizam 0.873 0.874 0.868 0.958 0.818 0.970 0.902
Tingtibi 0.900 0.896 0.922 0919 0.930 . 0.840

Shingkhar 0.675 0.803 0.837 0.818 0.818 0.790

Kurjey 0.860 0.905 0.885 0.946 0.970 0.921

Sumpa 0.776 0.800 0.916 0.869 0.882 0.840

Panbang ‘I 0.938 0.924

Kurizam 0.843 0.95<e| 0.905 0.924 0913

Uzorong 0.837 0.937 0.893 0919 0.894

Muktirap 0.740 0.754 [ 0877 0.902 0.861

Note: Blank cell indicates that the area ratio is over 3.0 or less than 0.33. The colored cells indicate the
correlation value is less than 0.7 therefore it is eliminated from furher study.

# 5-15 Principal it E8LHIFTE AR EAE L
|Ratio of CatchmentArea . . . |

(Hi#h : JICA FHARH)

Sta. Name Amochu |Tamchu |LungtenpliWangdue |Yebesa |[Kerabari |Sunkosh |Bjizam  |Tingtibi |Shingkhar|Kurjey |Sumpa |Panbang |Kurizam |Uzorong [Muktirap |
C.Etr:zr;a 3650 2520 663 6271 2320 10355 8593 1390 3322 2728 1350 7270 20925 8600 8560 905
Amochu 3650 0.182 1.718 0.636 2.837 2.354 0.381 0.910 0.747 0.370 1.992 5.733 2.356 2.345 0.248
Tamchu 2520 1.448 2.488 0.921 4.109 3.410 0.552 1.318 1.083 0.536 2.885 8.304 3.413 3.397 0.359
Lungtenphu 663 5505
Wangdue 6271 0582
Yebesa 2320 1573
Kerabari 10355 0.352
Sunkosh 8593 0.425
Bjizam 1390 2626
Tingtibi 3322 1.099
Shingkhar 2728 1.338
Kurjey 1350 2.704
Sumpa 7270 0.502
Panbang 20925 0.174
Kurizam 8600 0.424
Uzorong 8560 0.426
Muktirap 905 4033

|

(High : JICA AR

# 5-1612, MHBREDO T X TR, TUX TR, MBEREORKLEWVHOR 1
LD, T—HOMEICEAT HEIRROMRE (y=ax+bDadb) &K 5-17 L& 5-18 1T

R

Ranking of Correlation Coefficient
River Basin— [Amochhu Wangchhu

# 5-16 Principal 5t E&BHIFTHE BIFRBUBEAL
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(Hi#h : JICA FHARH)
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aof Y=aX+b

% 5-17 Principal MEBHFTEIFNAEL (y=ax+b D a)

River Basin— |Amochhu Wangchhu Punatsangchhu Mangdechhu Chamkharchhu Kurichhu Drangmechhu
Tamchu |Lungtenyh_u Wangdue Yebesa Kerabari Sunkosh Bjizam Tingtibi Shingkhar _|Kurjey Sumpa Panbang Kurizam Uzorong Muktirap
Amochu 1.362 0.527 2.163 1.614 0279 0.653 - 0.240 0718 - 1172 1177 -
Tamchu 2.016 3.364 1.310 - - 0.691 1.578 1.098 0614 1.891 - - - 0.644
Lungtenphu - - —| - = - 1.962 - - 1.727 - - - - 1.887
Wangdue 0.560 0.234 - 1.141 - 0.428 0.269 - 0542 - 0.853 0.820 -
Yebesa 1.430 0.580 - 0.504 1.099 0.685 0427 - - - - 0511
Kerabari 0.355 - - 0.596 - - - - 0.323 1.754 0.502 0.499 -
Sunkosh 0.488 - - 0.814 - 0.371 - - 0427 2.523 0.691 0.710
Bjizam 2.732 1.104 0.384 - 1.819|
Tingtibi 1.240 0.508 - 1.986 0.7@
Shingkhar - 0.588 - 2.599 0.977
Kurjey 3.082 1.333 0.453 - 2.097
Sumpa 0.838 0.338 = 1.549 -
Panbang - - - - -
Kurizam 0.607 - - 1.071 -
Uzorong 0.596 - - 1.071 - 1.597 1.189
Muktirap - 0.851 0.302 - 1.504 - - 0815 - 0672 - - -
(4t : JICA A )
F 5-18 Principal i EBHFTEIEREI T (y=ax+b D b)
bofY=aX+bh
River Basin— |[Amochhu Wangchhu Punatsangchhu Mangdechhu Chamkharchhu Kurichhu Drangmechhu
I X =Y Tamchu |Lungtenm Wangdue Yebesa Kerabari Sunkosh Bjizam Tingtibi Shingkhar _[Kurjey Sumpa Panbang Kurizam Uzorong Muktirap
Amochu 6.534 - 61.722 18.112 83.461 83.498 13.363 22.645 - 11.535 49.658 - 71.181 97.312 -
Tamchu 73.957 23.625 - - 16.242 30.932 19.738 12.379 48.868 - - - 20.887
Lungtenphu - - 18.562 - - 14.821 - - - - 21.811
Wangdue 5.395 -3.700 24.432 - 7.932 9.798 - 13.302 = 18.866 51.5684 -
Yebesa 15.083 1.001 - - 6.129 15.504 16.297 5.677 - - - - 7.633
Kerabari 8.676 - - 23530 - - - - - 25913 -27.168 40.267 68.005 -
Sunkosh -5.143 - - 0.182 - 1.562 - - 15.171] -113.042 19.573 42.851 -
Bjizam 3.008 -3.385 -2.085 - -2.569 - - 6.121 11.401 1.359 - - - - 2218
Tingtibi 4.018 -3.210 - 27.056 4299 - 43.077 X . 26.082
Shingkhar - 11.001 - 63.450 18.392 = = 14.038
Kurjey 8.147 -5.030 -2.134 - -1.065 - = 1.948
Sumpa 24.975 6.579 - 25.772 - 48.297 49.596
Panbang - —| —| - - 63.647 85.833
Kurizam 6.592 - - 5133 - 16.558 27.894
Uzorong -9.617 - -l -20.967 -] -19.239 1.458
Muktirap - 10.842 2498 - 12.557 - - 9.113 - -
(8 - JICA FAARD)
53.5 ARBIUEFHIHE
7 5-19 12 2006 4F7~ 5 2017 4F-0D4% Principal it s&BUHIFT O H S & 4 7537, 2006 4272 5 2017
Nl =7 QI 3 HI| == fren N - )
EOFREERD > H, KT — XL 534 HOBVHE LD TH D,
# 5-19 Principal {REBHETH EHFHE (2006 2> 5 2017 HF T)
River Basin Station Name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Amochhu Amochu 45.3 40.1 43.4 76.7 134.7 242.5 443.1 376.1 319.1 159.5 87.1 59.1
Tamchu 193 163 15.9 19.5 38.6 734 161.2 171.0 126.4 69.5 38.1 25.7
Wangchhu
Lungtenphu 5.2 4.3 4.0 5.6 14.7 27.1 52.6 57.2 45.8 23.6 11.2 6.9
Wangdue 75.4 65.7 72.2 113.8 212.8 421.8 743.1 715.1 565.2 269.5 146.0 99.6
Yebesa 24.5 22.5 26.4 39.7 75.8 160.2 278.6 274.1 216.2 99.1 49.5 32.6
Punatsangchhu .
Kerabari 128.3 110.1 110.5 152.8 275.1 592.4 1,128.1 1,096.0 911.2 481.6 253.4 169.2
Sunkosh 109.2 93.3 95.8 139.2 254.2 488.1 851.0 843.6 699.4 362.2 208.7 146.8
Bjizam 15.1 13.4 16.0 27.6 50.1 91.0 154.5 145.3 113.1 56.1 29.1 19.5
Mangdechhu : .
Tingtibi 41.6 36.9 38.7 57.8 100.0 175.7 323.7 302.9 258.3 138.9 73.5 49.1
Chamkharchhu Shmg@ar 29.5 25.8 28.7 42.6 73.3 106.8 223.1 213.9 157.7 78.9 45.6 34.6
Kurjey 13.0 11.7 13.1 22.5 41.4 72.6 128.8 128.6 98.0 52.1 26.4 16.9
Sumpa 43.2 41.6 58.2 82.2 141.9 281.0 463.7 405.5 302.9 142.0 77.1 54.3
Kurichhu Panbang 134.1 118.0 163.8 370.5 652.8 | 1,1204 1.889.9] 1,6145| 1357.1 626.2 310.0 191.8
Kurizam 67.6 64.3 83.0 129.8 225.8 431.3 669.7 609.7 483.2 237.5 125.1 86.1
Uzorong 86.0 79.6 98.7 185.3 302.9 432.0 653.6 587.7 498.9 263.4 153.7 110.4
Drangmechhu -
Muktirap 12.7 12.1 19.1 39.7 67.4 109.2 156.4 131.1 109.1 51.7 25.6 17.3
(HHH - JICA F:H)
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Principal Jift SEBLHIFTD 2006 47> 5 2017 4E O & & PR RO R M A2 % 5-19
(27,

# 5-20 Principal EZHIFTOELHRER L OEERZE (2006 £20>5 2017 £ET)

River Basin Station Name Ave3r age Standard 13)eV1at10n
(m°/s) (m°/s)

Amochhu Amochu 169.8 34.5
Tamchu 65.0 10.1

Wangchhu Lungtenphu 21.6 2.1
Wangdue 293.3 19.7

Yebesa 108.9 11.3
Punatsangchhu Kerabari 4532 38.7
Sunkosh 359.5 45.7

Bjizam 61.2 4.8
Mangdechhu Tingtibi 133.8 18.7
Shingkhar 88.9 14.4

Chamkharchhu Kurjey 554 40
Sumpa 175.4 17.8

Kurichhu Panbang 716.5 65.1
Kurizam 269.2 13.7
Uzorong 289.1 22.8

Drangmechhu Muktirap 62.9 6.5

(Hih : JICA FHA)

5.3.6 ILHBROIER

(1) FinehiR CSRT 2 mESNPT
Tk A B, R, FRRICE L. 2SN ORI TR 2 BT D, &
W CERT DM BB £ 521 1[I,

® 521 WRLHFR TSR S HEBRPT

Basin Name Upper | Middle Lower
Amochhu Dorokha Amochhu
Wangchhu Lungtenphu Tamchu Chukha
Punatsangchhu Wangdue Sunkosh Kerabari
Mangdechhu Bjizam Tingtibi
Chamkharchhu Kurjey Shingkhar

Kurichhu Sumpa Autsho Kurizampa
Drangmechhu Muktirap Uzorong Panbang

(Hidh : JICA FHERH)

PRI AR X FEAAIIZ Principal i &BMFTOT — & Z 5, 43E L7=3itikiZ Principal it 248
HFT AL L 722055013, Secondary Wi EBUAIFT O 7 — % Z AW 5, 7272 L. Secondary it i}
Frix, ¥ 7N~ AD—T 5 CF — X ODEGUEDPHERINTZLOERAT 5,

(2) AWk OFEIL AR
R CHERR U 72 S ik o FR i Hh R 2 X 5-28 1ZR T,
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Amochhu Basin Wangchhu Basin
Punatsangchhu Basin Mangdechhu Basin
Chamkharchhu Basin Kurichhu Basin

Drangmechhu Basin

(Hi#h : JICA FHARH)

X 5-28 FEFIRKILHER (—RAIZ V—=V7H)

5-36



TS U BN AL—T T 2040 FET Y= s b
Ty AT LER—

TER S TR R HIRD Z ENF 2 D,
LY RVTIN 1 73l /i VN SN A% A Gl = 3 E A [
BN E S By, . FRROMAR ORI K E 22213780, DF 0, Riftkie T
T CERm AT H 2038, WO O T ITRERETRNEEZZI DN D,
B Drangmechhu §fii?> Muktirap BLHIFT O WS HIER D R — D & D & L A~NRR DR 5

5-28 |\Z/r 9 L%V . Drangmechhu it > Muktirap T O it o AR X [F]— ik o Hr ik,
TUIROFRGLEAR & LR N R0 | JRHERZ W, XTI~ A =TI L o> ThEES 7
Muktirap BLIFT O K SCERFOBEE M RIBEIT 22 < | BUl—= Z —ITERT 2 rlagthidEy, 2o X
D TRAERIE. 1990 4F-1R1Z NORAD/UNDP D& 4 THJiti L 7= Power System Master Plan T 78 S 41
TH Y . Muktirap BURIFTITEE O LR EMUOF & e~ @V R 2R LTV 5, BUTET OBLHI
IRHICBLIN T vE, BLAEER 2 & EMRICEHIIL TW O 20 BIfl CHERIISLETH D, Ll
Muktirap BT CHUN S U7 R IE, MBI L2V ATREMEILE < . DHPS THZD & 5 IZF8
ENTVWDER, ERHERSZ OO TE, FHOEETH S,

Ex LRt L TR, #HE - HUBESCRENSRF OIS 2 5115, Muktirap BT 23
A1 % Kholongchhu JI|D EjiiiE, &~ 7 VILUARIZEWS DO IR BEFH O LOTE EE TR
7228 3,000m T < BV MW INZ L A~PRIN O IRZEDS K E WRHED & 5, #E - HUERIZ
EZONDHHEME LTEL, REREREICL > TH AR LT < 2o TWAHEEMERH 5,
Flo, DX RHMERIFIZ Lo TRFMICENREE VT < MENRSZWEOHENEZ b
05, UL THHELNDIFEWMBR LN TWDT, Bl R CHRKIFAHATH 5,

53.7 REHLREDORE

7 — & CENZ BT AR MR OFBEFI 21X, BERX ® Chhukha 83T TlL 63%. Tala R T
IX 54% & 72> TV DAY, BIIED FHEHILE Tl 45%~50% 01— CTh 5, £ Z T KR T v ¥
NHSFHH O 72 O121E, FHR OIS TE 5 X ) IRl — O HFHFETEHETL 2 & & L, &
R 2 —1 50% &% E LT,

FK T HS OBUKH IR T 2 ka2 R oruE, IR AKEEZFHRE TED L 91
TR O CRF  E A RO, 2 2Tk, Z O RS S TR R O IR I2 oW T
BELBWZ L L L, ERMEAHEERERAEIFACESE L, FTRICRT & B0 iR
FIHERD 50%0 & & OFi Rz RFHREE L, km2 4720 O REZ RORGHLRELE Lz,

T
OB
i bcef
a f d FEREREE - —2008T 5y
IR abcd
e
b C

B
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ZORERIT, £ 522187 LBV, 728, Aiechhu, Nyera Amari, Jomori Jitik(iZ- >V CTik, #l
T — 2 DA B D WITBLHREEE MR 2D . FIRI O G E 2 e U T L7,

—MREIIZIE, BRI B D TIRICAT IR EHEN AT 2 A dH 5, Lo,
Amochhu & Kurichhu (2B U CITFIZ FIROFBFREEM L TWD, T, BERNOSIRNE
B LT LD D, Amochhu |3 Rt D Z M B Z RIHEL 35720, FROTHE
Wi R & 7o TV D EARE S D, F72, Kurichhu (X, EFRIESIEH (TR & O D 72 W il ©
BHTD, THIATIZEBNENZ 2D . ZAUEW R E S I o imicd 5,

K 5-22 FURBIERETILHE

River Basin Location Designed Unit Reference Stations
Discharge (m*/s/km?) (Catchment Area)
Amochhu Upstream 0.06717 Dorokha (3055 km?)
Downstream 0.07479 Amochhu (3650 km?)
Upstream 0.04593 Lungtenphu (663 km?)
Wangchhu Middle stream 0.03807 Tamchu (2520 km?)
Downstream 0.03870 Chukha (3573 km?)
Upstream 0.07380 Wangdue (6271 km?)
Punatsangchhu Middle stream 0.06950 Sunkosh (8593 km?)
Downstream 0.06892 Kerabari (10355 km?)
Upstream 0.07085 Bjizam (1390 km?)
Mangdechhu Downstream 0.06530 Tingtibi (3322km?)
Upstream 0.06282 Kurjey (1350 km?)
Chamkharchhu Downstream 0.05164 Shingkhar (2728 km?)
Upstream 0.03824 Sumpa (7270km?)
Kurichhu Middle stream 0.04274 Autsho (8547km?)
Downstream 0.05138 Kurizampa (8600 km?)
Upstream 0.11157 Muktirap (905km?)
Drangmechhu Middle stream 0.06041 Uzorong (8560 km?)
Downstream 0.05320 Panbang (20925 km?)
Aiechhu, 0.07487 Panbng-Uzorong-Kurizampa
Nyera Amari (1821 km?)
Jomori 0.06170 Tingtibi-Bizam
(2090 km?)

(Hi#h : JICA FHARH)

14 Nyera Amari & Maochhu Jt3#(Z -2V CTld, Dragnmechhu A D Y fiE D720 Jomori FRilIZ DTl
Mangdechhu Fiitik® 2 SOBRFTOFMET — & % A, [FRRICIRILHAR 2 (B L7z ECHES FE Lz,
FEEE T, 2 DOBRAFTOMEDZENT~A T AL DEEITERr (0) & LTz,
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5.3.8 REHBOK TR

~ AR =TT Bl CIT BRI ISR O SHEAIXRAR 2 HUS D b D &2 BB ITRBRINIZIRD 5,
W T, AN — FOa X M 2R D Z LA BAMIZ, BEIr 7 U X FHEIZONT
REHoKEEEZ 7 ) — =R XV EHL TS (2 X MEREX v MOEAAALTH D)

Q=46-C . A(0.894470048)

Q _ C . A(A—O.OS)

0= BRUAE (m's")
C= HI{RL

A= SKER (km®)

Q= RRPKHiIE (f's™)
C= Hugf%¥ (A MP TiX 100 Z£H)
A= HKERE (mile®)

RO I 1T D UK FERT D Creager A RO T-Fm L & LT “Creager and flood wave

diffusion Victor M. Ponce August 20135” 3% 5, Z ®H1? 5 i The Creager Curve T, C DfEIE,
30=C=10012H V. 100 BEAMELFTHL THY . ZhESHIT 100 Z8H L,
ek, BAEBIRMOWAKFEEIZ DUV T Pre-FS 7213 FS Be BB W TN ST 2 LB &

Do

# 523 18 AEMR DU R ETHIME

Project ' Catchment Area at Creager Coefficient Estimated Flood
Project Name Intake Site . Discharge at Intake
Code > of the Basin 3.1
(km?) (m’s™)
A-8 Dorokha 2,602 100 10,985
C-10  |Chamkharchhu-II 2,525 100 10,844
P-30  [Pinsa 427 100 4,636
A-5 Tingma 2,252 100 10,319
M-6 Jongthang 1,298 100 8,050
G-14  |Uzorong 10,164 100 18,813
P-17  [Tseykha 2,205 100 10,225
P-26  |Thasa 6,892 100 16,286
P-29  [Kago 250 100 3,464
P-34  [Darachhu 220 100 3,223
P-35 Dagachhu-II 593 100 5,497
M-11 |Wangdigang 2,490 100 10,779
M-17 |Buli 216 100 3,190
C-7 Chamkharchhu-IV 2,080 100 9,966
K-13  |Minjey 8,926 100 17,942
G-10 Gamrichhu-2 416 100 4,572
G-11  |Gamrichhu-1 573 100 5,401
N-1 N.A. Kangpara (G) 146 100 2,540

15 http://ponce.sdsu.edu/creager_and_flood wave_diffusion.html
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HWRARDOEH

National Center for Hydrology and Meteorology (NCHM) 7 — % > @ FE[JINZ 36U CTERlERD &
ZBIAIL T\ 5, BUHFER S | fiiib &P & D 30% & L THEE L T\ 5, TRIEE & OB
HZ, BEO K% < | BERBUIE DT> TV D D1 2011 405 2014 R L 725, AFHET
(X, 2011 05 2014 FEOBPGERN G AW O BALFUREAL Y 72V OFElER) & fRiithd O & FHE
(LLHERD R10) AR Uiz, fEREZRTRITRT,

#£ 524 2011 NS 2014 EOEYHHEDE

5.3.9

Name of the Station River Basin Name Catchment Area Yiﬁ’gciggnsjifgzr/l;gr)

Kurjey Chamkarchhu 1350 56
Kurizampa Kurichhu 8600 552
Mangdechhu Mangdechhu 1390 153
Sankosh Punatsangchhu 8050 965

Yebesa Punatsangchhu 2320 437
Wandurapids Punatsangchhu 6271 516

* Average of the record from year 2011 to 2014
(Hi#t : NCHM, JICA %)

FHOKFT O LLHERD B, EROBHHAN SR BENS D 2SI 5 2 & & Lic, FHDKATIC
U T HERD B 2 IR

# 525 FHHAFOHRHEDEOEIVIEY

Sediment
SL , Catchment Altitude Catchment Specific Reference
No. Sigiog ere Name (m) Area (km?) Yield Station
(ton/km?)
Principal River Gauging Stations
1 | Doyagang Amochhu 253 3,650 516 Wandurapids
2 | Lungtenphu Wangchhu 2280 663 516 Wandurapids
3 | Damchhu/Tamchu Wangchhu 2019 2,520 516 Wandurapids
4 | Kerabari Punatsangchhu 145 10,355 964.75 Sankosh
5 | Sunkosh/Turitar Punatsangchhu 324 8,593 964.75 Sankosh
6 | Wangdue/Wangdirapids | Punatsangchhu 1204 6,271 516 Wandurapids
7 | Yebesa Punatsangchhu 1255 2,320 437.25 Yebesa
8 | Bjizam Mangdechhu 1921 1,390 152.5 Mangdechhu
9 | Tingtibi Mangdechhu 546 3,322 152.5 Mangdechhu
10 | Kurjey Chamkharchhu 2625 1,350 56 Kurjey
11 | Shingkhar/Bemethang Chamkharchhu 1465 2,728 56 Kurjey
12 | Kurizampa Kurichhu 559 8,600 551.75 Kurizampa
13 | Panbang Drangmechhu 133 20,925 551.75 Kurizampa
14 | Sumpa Kurichhu 1178 7,270 551.75 Kurizampa
15 | Muktrap Drangmechhu 1691 905 551.75 Kurizampa
16 | Uzorong Drangmechhu 573 8,560 551.75 Kurizampa
Secondary River Gauging Stations
1 | Dorokha Amochhu 479 3055 516 Wandurapids
2 | Chukha/Chimakoti Wangchhu 1376 3573 516 Wandurapids
3 | Paro(closed) Wangchhu 2220 1101 516 Wandurapids

16 LEHERD RO AL 1T (m¥/km?) TH DN, 7—F U TIEMBkimEY 7= OFERE (ton/km?) TE=X VU 7 LT
L=, FEAMAZHWSZ & & LT,
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Sediment
SL , Catchment Altitude Catchment Specific Reference
No. Sigiog ere Name (m) Area (km?) Yield Station
(ton/km?)
10 | Autsho Kurichhu 850 8547 551.75 Kurizampa
11 | Lhuentse(Khoma) Kurichhu 1178 611 551.75 Kurizampa
12 | Lingmethang Kurichhu 562 320 551.75 Kurizampa
13 | Sherichu Dngmechhu 573 437 551.75 Kurizampa

Heh U 2 7 OFHI Tl FRT 2 v VHLE N2 T 2 KT O LHERD & TR 4 5.
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54 KAOBBFROBRIEE
541 KH7FaP=xr hazxhF—FDINE

KR T v vV A FOLEEOREREIL, X LOREMEAR CRICEMTRET LI EAL
HE LT UEANTRIES LD K IIESHEE O LEEIZKIIESND,
R T HEREAY v FOIERDO T2 DICARTEIC TUE L7 &R OMEIILL Fo@Eh) Th b,

(1) EATHE
(@) ET—%#

KNRT e ¥ A FOTHEEOREIT, BB LSS L2 THEEEIC, THEh%
WFEbELZETHRESND, THEEAMIZ, 7—X B 5K EREROERT —4 %
BiC, BUIRMEEZRET HUNERDH D, PATEFEFEROLOOa A M —2I12iF, RAELHE (R
HITHE, a7 ) —hITEHE, SHLE) CBELT, HELEMomE N MBS NL TV HEND
%, DHPS % U CHEBRTHEROEH A T —F BRFFO X M7 —& % AFLT72IE0,
KUNFEN tE~EHEFEL, BMFEOREFTORFFa R M7 —2 2 AF LT,

K 520 aXAbT—FYRE

Project Document Year
Kurichhu Contract Document 1997
Basochhu Contract Document 1996
Tala Contract Document 1998
Mangdechhu Contract Price 1998

2™ revised cost estimation by DHPS 2016
Punatsangchhu I Contract Price 2008
2™ revised cost estimation by DHPS 2012
Punatsangchhu I1 Contract Price 2009
2™ revised cost estimation by DHPS 2015
Nikachhu Contract Document 2016
Dagachhu Contract Document 2009

(Hidh : JICA FHERH)

(b) A ECHEAT DA AL

WEHELIza R b —&iF, FFle THEEMER L o TBY, vAX—FF7 0 LD THEFE
BICH S 720, AFETIE, FERa A T =2 ORETHBOEET A 7T 2258 L, A
Bffiz AR Lz, ZH OBREAMNI, B T HEE L MR (CREOMGRE . ZextRE,
&) ZEATCHEMTH D, o, RXTHUNO THOEH (B4 LA THEOELAE, 777 ML
F, RRED) TF, Bk %) SOV TITAREMCE DT, [Zoftly & LTHRYED,
[Zofth) o THIT THEEBREOBRKIC, FETHEB & HFHIST 0 — kR T—HF L TRIET 2,
# 52T I EARTEEOAREAN—E % F 528 [TH L HE O S REAM —E %2 Z N Zhrd,
F 529 1ix7a Y=y D EICAER LA REMO—EERT,
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# 527 AREffi—%E (EATEH)

II1. Civil Works

II1.1 Open Excavation

Included in unit cost

Included in “Others”

(1) Common

Excavation of loose material, hauling
of excavated material

(2) Rock

Excavation of rock material, hauling of
excavated material

Quantities for
diversion/coffering works

I11.2 Underground Excavation

Included in unit cost

Included in “Others”

(1) Tunnel

Excavation in tunneling in all classes
of materials by all methods, hauling of
excavated materials, structural steel
support, rock bolt and wire mesh,
shotcrete

Grout works, adit tunnel works

(2) Shaft

Excavation in underground shaft in all
classes of materials by all methods,
hauling of excavated materials,
structural steel support, rock bolt and
wire mesh, shotcrete

Grout works, steel lining
support

(3) PH cavern

Excavation in powerhouse/transformer
Cavern in all classes of materials by all
methods, hauling of excavated
materials, structural steel support, rock
bolt and wire mesh, shotcrete

Grout works, access tunnel
works

II1.3 Concrete

Included in unit cost

Included in “Others”

(1) Dam Concrete

Concrete works of all grades in dam,
and all associated items such as
admixtures formworks, waterstops,
joint materials, etc.

Quantities for
diversion/coffering works,
grouting works

(2) Structural Concrete

Structural concrete works of all grades,
and all associated items such as
admixtures formworks, waterstops,
joint materials, etc.

(3) Tunnel Concrete

Concrete works of all grades for
tunneling, and all associated items
such as admixtures formworks,
waterstops, joint materials, etc.

Grout works, adit tunnel works

(4) Shaft Concrete

Concrete works of all grades for
underground shaft, and all associated
items such as admixtures formworks,
waterstops, joint materials, etc.

Grout works, steel lining
support

Concrete works of all grades for
powerhouse/transformer cavern, and

Grout works, access tunnel
works

(5) PH Concrete all associated items such as admixtures
formworks, waterstops, joint materials,
etc.
Concrete works of all grades for

(6) Penstock Concrete penstock, and all associated items such

(embedded) as admixtures formworks, waterstops,
joint materials, etc.
111.4 Reinforcing Bar Included in unit cost Included in “Others”

Reinforcing Bar

Material, fabrication and installation

5-43

(Hidh : JICA FHERH)




T—s E BV AS—T T 2040 FET V=2 b

# 528 ARHEAMMi—E (EHTHE)

Z7 AT LAR— R

IV. Hydromechanical

Included in unit cost

Included in “Others”

1V.1 Penstock

All materials of penstock and
associated assemblies such as ring
girders, stiffeners, bifurcations etc.
Fabrication, installation and testing are
also included

All materials of gate and associated
assemblies such as hoisting equipment,

IV.2 Gate guide frame etc. Fabrication,
installation and testing are also
included
All materials of screen and associated Raking equipment
assemblies such as guide frame.
IV.3 Screen

Fabrication, installation are also
included
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#x 529 ARREAGEFE

. ] Tala Tend]:fls)oocct:rl;:m of Mangdechh Punat: n hhul | Punatsangchhu II Mang(‘iechvhu Punatsangfhhu I Punatsaxvlgchvhu L Nikachhu X Dagachhu Adopted
Items Unit Contract Document As per Contract As per Contract As per Contract 2nd Revised Cost 2nd Revised Cost 2012 2nd Revised Cost Contract Document Kurichhu Contract Document
1998 Open Pc;.;g;ck works 2008 2009 2009 March 2016 (Dec. 2008 price level) March 2015 2016 2009
1IL Civil Work
1IL.1 Surface Excavation
(1) Common BTN/ m3 177 178 332 339 209 446 602 880 167 470
(2) Rock BTN/ m3 430 284 617 352 388 809 1,277 1,581 412 873
1I1.2 Underground Excavation
(1) Tunnel BTN/ m3 2,213 - 2,618 2,237 2,372 2,842 2,052 3,000 1,528 3,706
(2) Shaft BTN /m3 1,930 - 2,984 2,403 2,602 3,562 3,285 2,397 2,030 4,224
(3) PH cavern BTN/ m3 1,187 2,054 2,226 2,319 2,017 3,098 2,367 931 2,322 2,907
1113 Concrete
(1) Dam Concrete BTN /m3 3,100 - 3,707 4,424 4,740 4,524 4241 4,740 - 5,247
(2) Structural Concrete BTN /m3 3,100 5,055 3,770 4,927 3,347 5,100 5,026 3.412 - 5336
(3) Tunnel Concrete BTN /m3 3,738 - 4,687 5,670 5,056 7,643 5,653 6,070 6,528 6,634
(4) Shaft Concrete BTN /m3 3,469 - 4,336 6,271 3918 5,700 6,100 4,020 - i I 6,138
(5) PH Concrete BTN /m3 3,638 - 4,798 4,939 3,821 7.902 5,000 3.846 - : lLiumnp 6,792
(6) Penstock Concrete BTN /m3 3313 - 2,646 5,508 4,495 4,175 5,370 4314 4,969 | ! 3,745
1 um .
111.4 Reinforcing Bar BTN/ ton 33,000 36,000 56,875 55,000 51,000 56,875 55,000 51,000 86,392 T 80,507
1115 Road & Bridge
(1) New Construction BTN/ km 15,114,184 21,394,151
(2) Project Road BTN/ km 15,114,184 21,394,151
IV. Hydromechanical
1V.1 Penstock BTN/ ton 135,000 118,972 - 174,538 147,074 - 165,957 147,074 158.865 203,401
1V.2 Sand Flush Gate BTN/ ton 142,018 - 292,958 486,837 427,552 292,958 486,837 427,552 - 341,403
1V.3 Intake/Tailrace Gate BTN/ ton 256,189 - 576,961 716,948 518,496 576,961 716,948 518,496 - 672,371
1V.3 Screen BTN/ ton - - 84,385 115,840 - 84,385 115,840 - 98.339
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(c) 1 JH Hiffh

WEIX ND I B, FFHOT — XX THEEH O Mangdechhu X° Punatsangchhu 1&I1 D7 — ¥
Thd, LOLINLORMIZIE, THEPOMEOMESCHHAENE Y=/ NEADa A
N EREER, N TIERY, TOO LHEERTOT — X @A ORI Lz, T ey e
7 N OFREFO WA TG, 7 — Z DR LR, TEDNEICES, RO R
FEH D LR L ORREEDS D72 0 S & B E 2. Mangdechhu @ 2008 F-22RED Hifli 2855 =
L& Lz, ZHUCBIE £ COMIN ESFEZ FAAA T2 Bl 2 ARFER X > b O LA T 32 Hifl
ELTHEM L, 728, IMF AR LTV D 2013 405 2018 =D Wl L 5H-38% LU T Oif
DERA LT,

St EHE 0 6.978% (BTN) and: 1.322% (USD)

Frz, FarAR—3xr FNOBHEE EAEOLFIILL oMWY LHEE LT,

Local currency Foreign currency
Civil 80% 20%
Hydro-Mechanical 20% 80%
Electro-Mechanical 10% 90%

AFER Sy MOTERM LBz od ok 529 1287,

(2) BEXAMRILEE
IKIVERBERRD THEEIIRETE ), 58 BAESLKEDOEAETRELLDD, TITHES
TR B 1T Lo T, BUYEE, frs, Pl LHEEE O EH T 208 2 X MIRE
IR G 2700, BHHEBREORF G b D THEEMAEME X v X, BEFTH. A
LA AR I LR I%%%E%ﬁ%?éi&twv—b%%%?éoI%%% L FE AL
v MHEEZT 72D BECHEN. STV DA H 5 00, 72T AEL 72 DT —
ENDLHNA L H—Fy NMETHE L, TO/ME, WOBEEXET—4 2 AF LT,

(@) KRIFEEFHE LHEEEEOTL] X
AR DG T F VX — T & Fo 3 /L —HEA3, 2013 4E 3 A2 SOMW LU O B ARERNOH/K
JIEEIT OB AT DBRO TRl EEFARAT Uiz, FHREME 1 & IO THEEXD & 525,
TOREEN IR D,
SEFERHE 12 1/5,000 mifﬁir@tﬂﬁﬁ/l%f\—z A EHETEMORE X 2 ER T 2 FHE B o T
FEME T, FHEKEORAG], HEH. T OMBERIC DT T LHEENERE IND,
I$§@§%ﬁ§rﬁm%¢o::T\PmWﬁMﬂl}umﬁ%%%%ﬁo
< KEL 7T o AOKEL (fiEsh - BERARS) 0 7.03 x (PY H)SS (B GH)
J 7T KHE 3,78 x (P H)TT (5 H)
ALK UOKE 2,64 x (P H)S (HTH)
E 1,49 x (P/HS)O™8 (5 H)
- TOfhbgs (EEAES, BB, BAPEES) © OKE+HHEER) O THEE x55%
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TR : 1/25,000 OHTEZEK A HNCTEEET 2 5t BeRE T ORiOERME T/ — b & OV i
4‘%@1‘9&%#5# B2 THEEOHEEICH WS, BEXMEEO THEEITROEY,

- ERMERE 1 23.0 x (P/HOS)S®  (HTH)

FiRoBEEXOwE AL, SOMW LU FORERTH DO THEEER & 7e> TV D08, Bitoxt

BTNz 7=, MP RERDORT v b4 FOiHIZ 1/50,000 #5852 D GIS #iEF — & 2 -9
DT, 1/25,000 DX Z AW DR EEE 11 OFEEEBE LT,

(b) Benchmark Costs for Small and Large Hydropower Projects

20154F 8 HIZ, A > K® [Alternate Hydro Energy Center, Indian Institute of Technology Roorkee ]
MFAT LT X Td D,

A > R 18 M TilZE 10 4£fH (2005 4:-2015 4F) |
SRR, KB, £ OMIZI Tfﬁaﬁ%%‘%{ﬁﬁﬂ%%# E,ll%% LTW5,
(X, 25MW £ TO/INVKTI3 167 SEFEFT. 25MW LU EDFEFEFTH 69 BT TH D,
RATH %,

R DOIEE 2 w0 272012, 2005 4525 2015 0 10 F MU 1 E;W:fu Tl b T—

RSN FREFTOER T A F & K,
SIMT C1ﬁbﬂ7ﬁ:7“‘5@(
KREFZALHE LRI

& L 2010 25 2015 A0 5 AEMICHRMIT o7 ey = 7 M — 2T T CRSEHRIRIT 21T
o TW5,

WOBRAPREIN TV D,
- FEFA . axIPxHe (10°Rs) (ZZC, I: BEEAHAIKW), H: %Em), a,b,c : %)

ZDab,c DFEEEFR 530 LFE 531 10RT,

# 530 FEEXOFRE (2005 4-2015 42)
a b c R-square
Total Cost Vs Capacity 102.1 0.9528 0 0.9016
Total Cost Vs Head Vs Capacity 190.5 0.8602 | 0.02622 0.8972
Civil Works Cost Vs Head Vs Capacity 100.6 0.8668 0.3646 0.8395
E&M Works Cost Vs Head Vs Capacity 31.68 0.96 -0.1027 0.8627
T&D Works Cost Vs Head Vs Capacity 8.732 0.7983 0.1078 0.5876
Other Works Cost Vs Head Vs Capacity 36.7 0.7999 0.1083 0.5917
(HHH : JICA FHAE )
# 531 FEAOMHEEK (2010 ££-2015 £F)
a b c R-square
Total Cost Vs Capacity 146 0.9069 0 0.9088
Total Cost Vs Head Vs Capacity 158.2 0.8881 0.01666 0.9194
Civil Works Cost Vs Head Vs Capacity 143.4 0.8727 -0.04245 0.9407
E&M Works Cost Vs Head Vs Capacity 29.41 0.9797 -0.1187 0.8707
T&D Works Cost Vs Head Vs Capacity 0.9278 0.882 0.3895 0.7112
Other Works Cost Vs Head Vs Capacity 3.972 0.882 0.3881 0.7149
(8 : JICA FA#)
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(c) Estimating E&M Powerhouse Cost

2009 =2 Az, AKJIREMHERE [International Water Power (ZH# &7z, 81 7 m¥ =2 hd=
A NEFITY, MRS ARLFER. A= DOERELIEL TV D,

81 7w ¥ x= 7 ME. 28 HFTAKMIKEE (90%A3FEK) . 9 HFTAEKM, 35 WETRT V7, 97
T 7B TR R VEOTe Y27 VT —2Thbd, 707 MNIESA, FBEITHI,
B, KERR, BOSFEERD Y | %D 17Tm—800m, HFEH /173 2.15MW 525 714MW O
Iz T 5,

542 BRIBHOBESE
() +ARIEE

“Guideline and Manual for Hydropower Development Vol. 1 Conventional Hydropower and Pumped
Storage Hydropower, JICA2011” (AT, FRE T A N7 4 ) #HIZ, THEEMEX v FEEkL
2o BEREXD O L, 7 =2 IR DR ERGHREDBESN DR aBE L, WELEL
FET —H EHIT, DT @)~ IOV THEARAZEE L,

(a) &L TFEHERREA

T—=Z BT X L THEIZBWTIEL, £ OB SRR RS FHEL TR,
HEFETIE A T BR< 7o OIS K EOHWAI LHEELES 57— AN b D, BREIA F7 1 U HEEX
TlE, 2O &S R RHEED OWHINEE SN TE LT, ERO LHFEHELENHTLEY, K
AT, TR &Y | WIRHERE Ol TS RE2RIEToZ L L,

V =(Br+ (Br+2 x 0.3 x Drb)) x Drb/2 x Lrb (m?)
Lrb=2 x Hd
Br : {HIRIE (m)
Drb : {PJRHEFEIE S (m)
Lrb : MARRHIE R (m)
Hd: # Lm S (RHEREE T 0 BB =00 B O E 8) (m)

by hrrrFAHEO THEKE

BERIUK 728 EHUKED 20m3/s LA T & D72 0G513, IRHERY OIRHIBR L3RBT, R 72
Moo FREZRATL22L L L2 b, TROEAME L BUKE, W)IEZ /T XA —52 &
LCar s —r RV a—2ZRHTo52LE LT,
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!
1. 000
o
'
Tranch Wer i
S Wal N | . .
— " 2 4
] = E
| - 3 -
T O S A o . _
@ ~ II|IIIIIIII||||IIIIIIII|II IIIIIIII"II|IIIIIIII||I| ] 1] — — 3 —
[ | —
=l o
o o

Sida Wal

k ‘Water channel

(HAHEL : JICA FHAM)
X 530 bLUoFRIEOEAEE

(c) HTFILWHho THEEEREX

T =2 DRI GRS TR A BICERE T A Z E N NEER T <, — ik
(IR I PSR E ST\ D, BRI A KT A 3 EXEm 2 BRI L T\ 572, Hi
T OB EREXEZ BT 20BN H, AHETIE, BEFOKFFEHZEICLL TORER
BRE LT,

Ve =693.86 x Qssb! 1188

Ve =314.97 x Qssb?8639
Ve : i FIEWHLOIEHIE  (m?)
Ve : Pk a7 ) — h&E (md)
Qssb : HI FIEDHL O EHAL & (m¥/s)

WL .
TR T
SbEE NS 45 spelvee o = 45
KETME-EHIE 777 SetEE Vs — L BST
1,000.0 —
% - 100
‘_“I £
y =693.86x11188 S y =314.97x0-8639 ".-'
L L= [
En PO S = .
E 1000 et [E] o
§ . " L] L
ﬂl‘\%ll;{: [ ° _L 10
= N e. °
= 100 N .
q
1.0 1
10 100 1,000 10 100 1,000
nElRE 3
mZ/s, = =
FEHRE(mY/s) FHEHARE (m¥s)

(H 8« JICA WA )
X 5-31 HTEmM TIEHEDOERE
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(d) Calculation of Quantities of Penstock
—RANC T =2 ANZBT DEEI DN A v 7 ORGHIIE, A FAZ o H—F (IS) H
HHAShTERY, BMEEETHEL TWD AARDRGRIE LU TORTRER > TS,
AR DR T, IS IR AT, 5, BATIERTIS L b1 18 Thb,

| |
RS TR, NIEICH T 2 EZ 2R e FFC 2.0, AMERTEF T 1.33 &

B (D

LTW5,
WEANC ANy 7 ORI, AREEEROE ) EFICIHZ O 2K E T 5, AARDHRGHELE

ZHMHEE LTCHEE T A RIA LV OGEEERENA » FORFHEEL Y bRz~ X by
7 OWREIL (FCHEZHWZ5E) 7ESBES b,
ARPETIE, A > FORFFRMEEZEO b BEFOBGHEG 2 KIZLLUF OREZRE L,

Wp =0.0375 x (Dp>x He x Lp x np)*7176  x a

Wp : KIESRERRE R (ton)

Dp : KJEERE 1 54720 OFE (m)

He : H%h%7% (m)

Lp : KESEILER (m)

np : KEERE SEL (nos)

a : fJE fh O B B L2 increase factor for associated materials
HERAL 1.0
A 118 (=1.3/1.1)

IKEEKES- DHLN 77 7

o ® ®  Existing
) HEPs in
10,000 y = 0.0375x07176 9 Bhutan
= )
c |
= o ..
EEHH ' o ® ® JICA
1,000 JRrLia Guideline
g b ¢
Fisy
100
100,000 1,000,000 10,000,000 100,000,000
2 =
D*HLn (Mt : JICA WA

X 5-32 RUR by 7 TEHEEBOER

() B TEE
A H =3y FTIE LT —Z ZROFIATHHT L, Befbmylea 2 MRERXZER LT,
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(a) Benchmark Costs for Small and Large Hydropower Projects
[Benchmark Costs for Small and Large Hydropower Projects] (Z#sf &1 Tu % 25MW LL E D%
wTO7eY 2/ haRANr—4%&xz 7Ly — M7 ry hL, 2 A MERAOELEE/E
L7z, 3 X MERAI FRROLEBY THD,
a A MMERZ : 1.4332x(P/Y H)*#2* (Million BTN)

70,000

y = 1.4332x0824
60,000 R2=07837 o

Z 50,000

BTN

40,000

30,000

Cost (x10°

20,000

10,000

0

1 10 100 1,000 10,000 100,000 1,000,000
PANH

(Hih : JICA FHAERH)

5-33  [Benchmark Costs for Small and Large Hydropower Projects] 7> DTl

(b) Estimating E&M Powerhouse Cost
[Estimating E&M Powerhouse Cost] ([Zifsfif &N TWA 7B Y =27 v 7 —4 05 25MW LU T
DIEFOT — 4 LAREIORFEH G DM SR\ H 7T L IKREDFEF DT —Z 2R L
7z, BB, 25MW LU EDFERITY 7 v AKES L ITA~U0 P KEREH S TWD T —
Srxr7en—MI7ry L, 3R MEAEXOIPAZER Lz, 2 X MERRII TR
LBV THD,
o 2 MER : 2.8797x(P/Y H)* 744 (Million BTN)
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80,000

70.000 y= 2.8797x0-7449
’ R>=10.9175

60,000

Z.50,000

m

2 40,000

Z30,000

8

$ 20,000
10,000

0 L 4 <=5
1 10 100 1,000 10,000 100,000 1,000,000
P/NH

(4t : JICA A )
X 5-34 [Estimating E&M Powerhouse Cost] 7> 5 DT

(c) Eit (@ KO (b) #8HELET—X
[Benchmark Costs for Small and Large Hydropower Projects] & [Estimating E&M Powerhouse Cost.
DTRYxl NARRNT—HEGR LT — 4%/ —MITry bL, FTiRoEpR
=
o A MEE I : 3.6044 x (P/Y H)*753% (Million BTN)
70,000

60,000 y = 3.6044x0.7535

2 — *
50,000 R2=0.8232

40,000

30,000

Cost (x10° BTN)

20,000

10,000

0

1 10 100 1,000 10,000 100,000 1,000,000
P/NH

(Hidh : JICA FH#E)
5-35 [Benchmark Costs for Small and Large Hydropower Projects] & [Estimating E&M
Powerhouse Cost] DEH ST 7

Fik () ~ (o) =X MERLERIE, KD EHE THEEFEOF ] FE 0oz 2 MY
%L [Benchmark Costs for Small and Large Hydropower Projects] THEZR STV 5 2 A MER A
(2005-2015) @ 5 SOUTPAZ e L7oaE R, [KOFEEFE THEMBEOF5 & ] G I
DA MEEAT. PV HARE 2D LMOBEAL Y b2 <2526 Y, [Benchmark
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Costs for Small and Large Hydropower Projects)] THEZRE I LT 5 2 X MER I (2005-2015) 134K
FNCHLOFIFE AL D b &EDIcr> T D,
(@) ~ (o) IHIFZFER UAEFRIZRY . (o) OEAERXEZKNESHS TEEEAE L L,

543 FEX v FDOERR

BT OKRNET e A M LT, @A MR IKEET A2 EEZHNEL
T, B THEEEEXY Y F2ER LT, ERICHT->TL, BEIA NI/ 2B LT, @&
I A M, F 53218 T4 LRI LR EX 2B D YT, EERTA—FEANTHI LI
KXoTHEzND,

* 532 EFITHEEERTEIHE

L Preparatory Works
L1 Access Road
1.2 Camp and Facilities
1.3 Compensation and Resettlement
11 Environmental Mitigation Cost
111 Civil Works
IIL.1 Intake Dam
1.2 Intake
II1.3 Desilting Basin
11.4 Headrace Tunnel
1.5 Head Tank/Surge Tank
1116 Penstock & Side Spillway
1.7 Powerhouse
1R Tailrace
1119 Miscellaneous Works
v Hydro-Mechanical Works
V.1 Gates and Screens
V.2 Penstock
V.3 Miscellaneous Works
\ Electro-Mechanical Works
V.1 Electro-Mechanical Equipment
V.2 Miscellaneous Works
VI Transmission Line
VII Administration Cost and Engineering Cost
VIII Physical Contingency
X Interest During Construction

(Hidh : JICA FHA)

(1) THEEEEOHESMH
THEEMEIRDESMIIEET A RTINS, FRROBYERE L,

(a) —f&
AR LHFE I 532 IORTHAICEA L THEAE L, WiE, AAMEICE LTI Ly, Al
HETHWHIHEES Y FTIE, @TBIN(Z—F =2/ Z L)L LTRYHS,
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(b) FEENX

HERNUCL > CTLHEEBMEOKRBRAN R 5700, THREBEIZBW UL, ETREEL
WETDHMENRD D, AEES Y N TlX, 7 =% BV TR SN 5 E A5 E L, Run-
of-River Type (5&&fidLiA#) . Run-of-River Type with Pond (H fJFH#£A[HE) | Reservoir/Pondage
Type (BF7KR 5%LL E/S%LLT) @ 3N E E0%EE LT E LT,

Run-of-River Type K OF Reservoir/Pondage Type I3 — H&E’J&’/l’ T E L THE~Y =2 7 VIEWER
ARECH D, —FhH. AR LZ AT 2IALRFE NI R TII <R~ = 271X
Bl SN TRV, 7—F BN TE LB éﬂ?‘:?@rf’ﬁﬁﬁ‘%é Z &5, Run-of-River Type
with Pond & L CESFEICET O,

FRLOFESEE, BEHTOEME ORI LV LD X 5 Ik LT,

B Typel: Run-of-River Type

I-1: Run-of-River Type with headrace open channel and exposed penstock
1-2: Run-of-River Type with headrace free flow tunnel and exposed penstock
1-3: Run-of-River Type with headrace free flow tunnel and underground penstock

B Type lI: Run-of-River Type with Pond
II-1: Run-of-River Type with pond and headrace pressure tunnel and exposed penstock
1I-2: Run-of-River Type with pond and headrace pressure tunnel and embedded penstock
B Type III: Reservoir/Pondage Type
II-1:  Reservoir/Pondage Type with headrace pressure tunnel and exposed penstock
III-2:  Reservoir/Pondage Type with headrace pressure tunnel and embedded penstock
7%, embedded penstock 1% F > F U, MR, BLOF LAz 7 U — FNIZHEDIA
LEAEET,

(c) HEfH L9y

Hefif THFIILL T O FER T 2,

B TR LERAHERIISE S ML 0 EHT5,

B AEBREETEESEIE. EATHEERD 5% AR Xd 2%  Erkmak - F58
M) ZEET 2,

B ELROBERER S LT, KA OEEO LR THED 5% %5 L35, #, LAz
TR NRBL 22 K F B 56t B & LT 5 O TR R OB g FTE B I3 5,

B OEBIRE L L CRNAARIC OV T EARTHED 1%, kit - it LT
X 3% %5 L5,

(d) TARTHFROBE T 5%
TATHEROHH TEOEAIILLTOEY FET 5,
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B EARTFEROWER Lo AIERBRICE S B TR 72 B8 THEO TFEEIC THH
iz CHHT S, EEETHEONRE LOTHEEERREL, A 552 HICTLHO
TAE GREERM) s, HETA RV 23 RT 2,

EATHER diEl, L2t 227V — b TH)

THEE (BIN)= LFHE (cums.) x LFEHH (BTN /cum.)
TRTEHER (B

T#% (BTN)= S EE (tons.) x T FHfi (BTN /ton)
P T (S — b A7 U — 8E)

T %% (BTN) = SR E & (tons.) x L FHHl (BTN /ton)

B OARREEX Y MIBWTIE, EATFoOERETHL, #HHl, L, =227 U —h 8 &
T, KRR LTI, 7 — b, A2V —0 $E LT 5, FEETHO THEEIT,
BT RE LR (DEEBEOMGRE, ZeXIRE., #kE) 250b0ed5, FH
TSN O THEOEM (B4 LA TEOYS, 77 v N LHE, kU LE, EmiciE L
) 1k [Z2ofty) & LT HELCEETHAE AR+ 2R THET S,

B THEHENX, T X U ICB P TEOT 4 25T 5, SiZE TR IR
\ZBT 2 Bl 07 — X WENK G TRWGEIL, EERETSE 0T —2 625127 5,

(e) XM LFE

AR ARBIR O THEITIIKE, FEMK, FIHLE, FELEREL /L GHET 5, EX
BESRREMR T L ). AL OMOMBIC ST, BEFEOT — & 2RI L, TEEFEER
wENRT D,

(H B - BINE KO TR
B - HIFE RO THEIIUL TORNFEZEL O L L BE LFRICHEL R L CHEHIET S,
B OEEEICIE, A, BRTEEEROEHENE END, HTEIIE, v x s
N AERET HE%RE. M TEHOEMN—E20BANEEND, ARES v FTIHE
AR RO & L CHEE LFED 10%45 5 £ 5,
B PRI, BENSEICHT O THEZE DL T D, EHELFIIHTHHEE LT
30% &K ET Do

(g) HEaxHFl+
PRI (1) 1%, NESAMEOREREERZ R L TR 5,
i =NERIFRNEIR + SMERF RS R
R = (M LS+ BB R + AR TS K DBEs T + B ilas T F &
I BIRE A+ TEE) X 04XiXT
T: &G (5
BB, 041FF Yy va s Te—RETHVEEFOT B Y= MZL IR TH D,
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2 BExvy FOHE
FEFE X > PO, A7+ —A5, KOEEROH I %K 5-36, F 5-33, # 5-34 ([2ENTh
1, FEE S > RE MS EXCEL 2016 24 %,

N

SheetName: INPUT Eile: River Diversion
- Select Power Plant Type €——— - Calculate cost for river
- Manual input parameters diversion from

neighborhood basin

- Auto-collect parameters
and prepare design
condition

\4

Sheet Name: dsn
- Auto-calculate & design

Sheet Name: Unit Price

< - Determination of Unit
Price
Cost calculation for all types

o T T T === 1
1 1
1 1
1 | SheetName: Cost Breakdown Sheet Name: Cost Breakdown Sheet Name: Cost Breakdown 1
1 - TYPE 1-2 TYPE 1-3 1
I | - Auto-calculate Quantity & Cost - Auto-calculate Quantity & Cost - Auto-calculate Quantity & Cost 1
: for Type I-1 for Type -2 for Type -3 1

1
1 1
1 1
| | SheetName: Cost Breakdown SheetName: Cost Breakdown 1
1 - s . 1
I | - Auto-calculate Quantity & Cost - Auto-calculate Quantity & Cost 1
: for Type II-1 for Type 1I-2 .

1
1 1
1 1
1 SheetName: Cost Breakdown Sheet Name: Cost Breakdown 1
1 - TYPE 1lI-2 1
I'| - Auto-calculate Quantity & Cost - Auto-calculate Quantity & Cost 1
: for Type III-1 for Type Ill-2 1

1
1 1
1 1

Output results of selected power plant type

- Output conditions of cost estimation

'

Sheet Name: OUTPUT_Summary
- Output summary of cost estimation

End

(H L« JICA FH#AM)
X 5-36 FEEX v b0
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T8

# 533 ITHEEBEXY MAST7+—A

Categoly No. 11 Input category number
Type Run of River Type
Dam / Weir Weir
Intake Non-pressure
Desilting Basin Open Type
Headrace Non-pressure Channel Selected type is autofilled
Head Tank / Surge Tank Head Tank
Penstock Open Air
Side Spillway Yes
Powerhouse Open Air
Tailrace Non-pressure Channel
Design Flood
Catchment Area of Intake Site 277 km? Input catchment area of planned intake location
Creager's C value 100 In case of using Creager's C value
Design Flood Discharge 3668 m%s Directly Input design flood discharge or caluculated by Creager's C value
General
Category No. 1-1 Selected category number is autofilled
Full Supply Level 1480|EL-m Input design full supply level
Minimum Operating Level 1480|EL-m Input design minimum operating level
Tailwater EL./Turbine Center EL. 1200|EL-m Input desing tailwater level (Francis) or Turbine center level (Pelton)
Effective Head 252|m Input effective head ( = gross head - assumed head loss in rated operation)
Plant Discharge 26|m°s Input desing plant discharge
Combined Efficiency 0.88 Input assumed efficiency of combination of turbine-generator
Maximum Generating Output 56500 [kW Calculated as P=9.8*Q*He* ¢
Intake Weir/Dam
Weir Selected type is autofilled
Type Trench Weir Select Concrete Gravity Type or Rock Fill Type or Trench Weir Type (Trench Weir Type only for TYPE |-
River width 40(m Read from contour map
Crest length of weir 70/m Read from contour line of crest elevation
Weir/Dam height 15|m Input design weir / dam h&ight.For Trench Weir Type, Input "5" m +Overburden depth.
Overburden Sediment Thickness on R 10jm [Input assumed thickness of sedimentation on riverbed
Headrace Waterway
Type on-pressure Channel Selected type is autofilled
Number of Waterway 1|nos Input number of headrace waterway
Discharge per lane 26|m%s Design discharge / number of headrace waterway
Open Channel Section
Height of Channel Wall 3.4/m Direct input or H=((1.09*Q"0.379)"2)/0.8)"0.5*0.8
Width of Channel 4.25|m Direct input or B:H = 1:0.8
Length (Open Channel) 3000|m Input length if there is open channel section, otherwise input 0.

Tunnel Section

Diameter m [Direct input, or D=1.24*Q*0.375 >2.1 (Non-pressure type), D=1.04*Q*0.375= 1.9 (Pressure type)
Length 500{m |Input length if there is tunnel section, otherwise input 0.
Head Tank /Surge Tank
Type Head Tank |Selected type is autofilled
Penstock
Type Open Air Selected type is autofilled
Number of Penstock 1|nos Input number of penstock
Discharge per lane 26|m°/s Design discharge / number of penstock
Average Diameter 2.7|m Direct Input or calculate using empirical formula
Length (Underground) 0|m Input length if there are underground / embedded sections, otherwise input 0.
Length (Open-air) 2545|m Input length if there are open-air sections, otherwise input 0.
Powerhouse
Type Open Air Selected type is autofilled
Type of Tubine Pelton Select Francis type or Pelton type (horizontal or vertical is not discussed here)
Number of Unit 2|nos Input number of Turbine-generator unit
Tailrace
Type Non-pressure Channel Selected type is autofilled
Number of Tailrace 1[nos Input number of tailrafe waterway
Discharge per lane 26|m%s Design discharge / number of tailrace waterway
Open Channel Section
Height of Channel Wall 3.4/m Direct input or H=((1.09*Q"0.379)"2)/0.8)"0.5*0.8
Width of Channel 4.25|m W:H=1:0.8
Length (Open Channel) 500/m Input length if there is open channel section, otherwise input 0.
Tunnel Section
Diameter [ 42m [Direct input, or D=1.24*Q*0.375 =2.1 (Non-pressure type), D=1.04*Q*0.375= 1.9 (Pressure type)
Length (Tunnel) ojm [Input length if thereis tunnel section, otherwise input 0.
Access Road
Main Access Road
Distance (Improvement) 0|km Input total distance in km if there are improvement sections, otherwise input 0.
Distance (New Constructiont) 10(km Input total distance in km if there are new construction sections, otherwise input 0.
Bridge 0|jm Input total length in m if there are bridges, otherwise input 0.

Project Road
Distance (New Construction)
Bridge

Access Tunnel to PH
Distance

3lkm

|Input total distance in km if there are new construction sections, otherwise input 0.
|Input total length in m if there are bridges, otherwise input 0.

|Input total distance of access tunnel in km,if the powerhoue is open-air type, input 0

River Diversions from Neighborhood Basins

Total Construction Cost

1,712]mil.Nu

[Input total construction cost for river diversion from neiborfood basin

Transmission Line

Total Construction Cost

6,31? mil.Nu

[Input total construction cost of transmission line

Indirect Cost

Administration & Engineering Cost 10% Input proportion of administration & engineering cost to direct cost
Physical Contingency 30%| Input proportion of physical contingency to direct cost
Interest During Constrcution |Construction period 6|years Input total construction period
LC/FC 1.50 Input ratio of local currency / foreign currency
Interest rate for LC 5% Input interest rate for Local loan
Interest rate for FC 5% Input interest rate for Foreign loan
Interest rate weiighted average 5.00%)| Input interest rate average

(Hidh : JICA FHERH)
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# 534 THEEBEBEESY FHEERI—b

C. Summary of Project Cost (Unit: Mil.BTN)
Items Cost Note
1. Preparation Work 848
(1) Access Road 514
(2) Camp & Facilities 167| RoR: (IIL. Civil Works) x 5% RES:(II. Civil Works) x 2%
(3) Compensation & Resettlement 167[ RoR: Omitted RES:(IIL. Civil Works) x 5%
IL. Environmental Mitigation Cost 33| RoR: (II. Civil Works) x 1% RES:(I1I. Civil Works) x 3%
II1. Civil Works 3,343
1.1 Intake Dam 74
1112 Intake Facilities
(1) Intake 12
(2) Desilting Basin -
111.3 Headrace Tunnel 1,016
111.4 Head Tank/Surge Tank 32
I11.5 Penstock & Side Spillway
(1) Penstock -
(2) Side Spillway -
I11.7 Powerhouse 171
1118 Tailrace
(1) Tailrace Waterway 159
(2) Tailrace Outlet 7
I11.9 River Diversions from Neighborhood Basin 1,712
I11.10 Miscellaneous Works 159]|( Item IIL1 to I11.9) x 5%
IV. Hydromechanical Works 607
(1) Gate and Screen 49| Spillway Gate, Intake Gate, Silt Flush Gate, Tailrace Gate
(2) Penstock 503
(3) Miscellaneous Works (10% of above total) 55
V. Electrical Works 1,903
(1) Electro-Mechanical Equipment 1,812 [ Turbine, Generator, Transformer, Switchyard Equipment, etc.
(2) Miscellaneous works (5% of above total) 91
VI. Transmission Line 6,317
(1) Transmission Line 6,317| Transmission Line, Substation Equipment etc.
Direct Cost 13,051
VII. Administration Cost and Engineering Cost 1,958| (Direct Cost) x 0.1
VIIIL Contingency 3,915[(Direct Cost) x 0.3
IX. Interest During Construction 2,271 (Item I- VIII) x 0.4 x Ix T (Assumed I=0.05, T= 6years)
Subtotal of Non-Construction Cost 8,144
Grand Total 21,195

(H 8« JICA WA )
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5.5 EEERBEOERTHE
551 —RHI72EERIEORESEM
JICA FfZEFIX DHPS, BPC & ik L., — AR 8B b st b2 AT L7,

(1) B

% e & 50 C
IR EIR 1 C
BRILE 95 %
SRR 32 C
R A B 2(IKL) ¢ 50 days
SRR 1,250 mm
JEGER (TR oK) 47 m/s
M= L ~L 03 G

(M s A > FOREIERE)

(2) K&
400,220, 132 KV X EHIITIT, EAR, BEALE, EAE, IR, SEOIRESE N E A Sh
T A 5 o

(3) BHRB I OHER
TROEHREERN, BEBICETA SN,
FEARMIIC GSW D3 HIFRIC %ﬁ% . FoFE T3 OPGW B oo Hh 5,

* 535 BEEOEFEEER

Voltage Standardized Conductor
400 kV ACSR Moose, #HE A
220 kV ACSR Zebra, HE(K
132 kV ACSR Panther, HE K
(Hi#h : DHPS)
4) 2B\wL
FEYER 72 R — v oy M RIRGE R IE VO L (700 90, 120 TN 160 kN) 725, BEGRIXERIZ 0
HEnTnsd

5.5.2 EEEHRMOBERE M

(1) FEBEREER 2R NEAM
JICA FHA[H1X DHPS, BPC & ik L. & 5-36, & 5-37 108 DR DL B R 2 A MHL
fliz AF Lz, 246 OHARIX 2018 4 6 HIZ/EAK S 417-"National Transmission Grid Master Plan
(NTGMP) of Bhutan-2018”1Z3651F 57— Z b5l Lz, 7272 L. NTGMP2018 TiX, —&B Hiffi
Lol STz, NTGMP2018 (Z HiAfli 23 $58 S 41 TV 722 W AR 12D W T,
NTGMP2012 [ZH8#E STV 2 Hiflin & Ol EH-S 261 L CHEE L7,
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FBEETIC

7%

i@%ﬁlsﬁﬁ<ﬁ©\it7~5/fimu&%%JM8$_

548

Z Ofth BPC & DO THIBA L 7= 3%
m X

2012 WG DT —H 2 A v RIZBITHEFRERM L BHE Lz, T Ok,
BUIEREIIILUEH THEL 252 Lt THEE, BEMERES FH L, AR

MFTHI 1.2~1.5 oW E

Iz

ErSsy it
AAFERR = A M D F#IZLL T oY

BULEETLHEEOEME, THEEDLRITER 6: 4T3%>%>75) R L5

a2 BT 5 KUTEHETIE, ZOHERRS5: 512052805,

B RAICIE-EER TFE TR, TFLERAKRIEICEND 2 LR Z 0T

. DT

& PEICHIAATWD,
B THFHIIBPCOTHE TR HKEFESHTOTRLE R D M- TLHEEN @R L-HAIT,

COREBEESHADESHRY 2T 5,
B R TS & BT LRI,
# 5-36 XEMHROLEEA
(BAAZ : million Nu./km)
- . o RELHER BE | 5% 2
L i i B (NTGMP 2012) | (£ > ¥ 2012 4f)
L1 7 4 49 33 22
400 kV ACSR Moose Double T HE 29) a D
. L1 7 4 22 15 9
220 kV ACSR Zebra Single o H 13) 3 5
. L1 Hi 17 11.5 7
132 kV ACSR Panther Single T H (10) : 7
(i : NTGMP % $£{Z JICA FRAA )
R 5-37 BREFHESFOHEM REZEAR)
(BA{Z : million Nu.)
: 2% 1 2% 2
== =) zZ 2
B L RS2 A (NTGMP 2012) | (A > K 2012 4F)
500 MVA 400/220 kV 152 127 -
JE[F4% per unit
200 MVA 400/220 kV 73 61 -
JEIEZR per unit
400 kv 200 MVA 400/132/33 kV 78 65 -
JE[F4% per unit
GIS per bay 134 111 90
AIS per bay 66 55 50
GIS per bay 78 65 50
220k AIS per bay 42 35
GIS per bay 36 30 -
132kv AIS per bay 24 20 -
(8 : NTGMP % £ JICA FAARAER)

17 British Standards Institution (Je[EfE#ERFZ) D BS BiksIZ L 5

Panther: ACSR210mm?

. Moose: ACSR530mm?, Zebra: ACSR430mm?,
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(2) EEHOEOEE - REHEK
BIERRICOWT, BE - FENE(L LIZBO 2 2 MR A ENEESRA—T L L, EE-
NEIIT 23 FITHHIT D LWV BRI ENEZHWL Z & & LT, 72720, ®IEMOEER
bR WGEIIIMHEIIZE L 20D & L,

<EE Gk ORI - AR>S
R, AEBOEEGOHAM RERIAZ) FLTO@EY THDH, £, Thaeimio 2/3 FHl
IC& D 100MVA BIZHSE L7zt 2 Al ATRT LTz,

Voltage Capacity Cost 100MVA F§IZHAH L 7B =2 A b
400/220 kV 500 MVA 152 million Nu. | 152 x (100/500)"(2/3) = 52 million Nu.
400/220 kV 200 MVA 73 million Nu. | 73 x (100/200)"(2/3) = 46 million Nu.

400/132/33 kV 200 MVA 78 million Nu. | 78 x (100/200)"(2/3) = 49 million Nu.

ERED 3 =2 &Y LT, EEA 400kV, BFE 100MVA OFEHEZSELED 2 A k% 49 million Nu. &
L. T OEEEEROMEZKIC, EF. HRENELIEGE OZEERmE 2RO,
ARG 2 LU R IR,
1. @AM 400kV, 2558 250MVA O EZ8 45

49 x (400/400)"2/3 x (250/100)(2/3) = 90 million Nu.
2. B 220kV, & 120MVA O E2E 4R

49 x (220/400)*2/3 x (120/100)(2/3) = 37 million Nu.
3. R 132kV, A& SOMVA O 52 4

49 x (132/400)"2/3 x (50/100)\(2/3) = 15 million Nu.
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HOE KIARTUI ¥ /LHLEDOHE

6.1 XRTr¥¥ivA hoHH
6.1.1 RFUT ¥ YA FOREFIE
HHUKDRT v v A o ERIZ. K 6-1 07— R TFIETIT- 72,

(Hi#h : JICA FHARH)
X 6-1 KART ¥ PA FOFHIEET v —

B, AT U VHEOHEIZ Y 72 5 Tl MCA I2BWTCEETA(FEEBIL, (R#EXIENT
HDHNE I DEOBRESEESMIZ OV TEBE L,

6.1.2 RFUV¥nAYA FOBELYE
(1) AT R e R Bk

B S ETRHED LB ARSI S DO FE )i (Amochhu, Wangchhu, Punatsangchhu,
Mangdechhu, Drangmechhu) & 3 ->?/Njiils (Aiechhu, Nyera Amari, Jomori) Z x4t & L7,

(2) HhHHEARSM:

IKITHEHRHNC S 7o > T =2 ORI D Bt b Pt E TO Y U =X OB 2 X 5729,
AT — R A BT D, ixfifIHRIT 5 BTl X5 (2hhi S 7o s &2 BRI SR 2
7, —HES0%E T 5, KIFEEATHIR O IR EEDE | BN - BEFRI OB b EIBLATHE7R
BRI & 35720, EOMOIEREFEZHE LT,

BEARFILLTOEY TH S,
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B R — RS

B JEE LK : JiALAZR (RoR)

B REFHE (PLF) : 50%

B R%E : B KA 800m

B OKEIER D HRR 15km (7272 L AKCEHEEE)
I VNS : B 200m (TR 5 150m)

(3) HAFHHEROLA 7Y FRELICY > TOEBA
BENYAZ =TT Tl BEAZOHIKID 2056 OBANBR Wik IR T vy v %
K= ET, MCAIZESEH-S DAY V—=0 7 KO IARELT S ke Uiz, LavL., Hisdh
HOBEMTHLIREBLENRLA T U NEBETRETHDH I L0, HAHHIZS 7> TT k
WROFERFMITIM AR DS ZERE LT,
® [UKHIRDIEEIZ Y 7o - T, BTG ORYRLCW) IR E DA NFIHOBLENG )15
BLZA LR O EF=e 3N OB R O T il % % &,
® AR FE (1/100 LLT) #iHIZZ LANEBE L, & LOCEIL, ¥ L5 EICE S 51
bl & B
® X AhEmS KUOBUKALIZ, ROFMHEZZE
> IRHEREY OVR S - BAFE T S OWRHEREIR S D FEff & B, W AEL & & AE
Bz /T A—2 L LTEBROITIZED, TRROMERZRD, B, R/NES
(T 10m, HARES T 40m & L7,
A7 Overload Depth = 0.015 x Dam riverbed EL — 1,195 x Riverbed gradient + 25.9
> BUKkAmS  BUKEICHE- T 3~10m I fLSH T,
>  Z A FSL+5m— FREER + WIRHERE OTR S
BOKRED Y —F ¥ — VKA, BLOEB L OHBIC L2 HOE S AZE LT Sm OR
Him & RiATe,

(Hih : JICA FHAERH)

X 6-2 X AEDOHRERIL
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O FHEEH R TR B A D KL K EE O KA B 736 K OMERD I L 2 I R i oD
FRAEZZE L, 15m~20m FEmWES &5 5,

(Source: JICA Survey Team)

X 6-3 JFKLLOFREIRHL

o DI EDHMFIHOBLEIG | FEITIUK L EEEHAE D OBUKE E &,

® KEELAT U MI, HEHY (K 100m : JE)) b RVEDOME R EMS L O AKEE
EE L, B ERRE) AWML BT mAOESE - RElE RS,

o REEFTIIEAMIITM TN E T 203, BEIREIC 02 FHMAGEO b2 5a 1%, H
EXEF D,

® KEERREM O HIIESEITHE, HAKK A RE FRIT 2 LER S 5561, FEEILE L
ERANCT 7 B L, BUKBIERZ RS T2 281050, MKBIERZHNEL T 5,

o X (M) HUSDORKEUKEN 20m’/s & FRIZGAE L, WKRHEBYOBREN AR ER 71—
T4 EATD R FRIEERAT S,

6.1.3 KAHEOHHEE

(1) HERTEEIERE
() EEHRERRE D DU

ANRT 2o 5 YA S ORMERISINI D | Bl O R SCRERNT — 2 20307 - HHEL . 4
VIR OWNFRBLR OVERL 2 FEE L 72 1T AW 0L & 2 3 i A= (PLF) 50% & f0E L
TRIE LT, b, AU L EHELEOANL, Hs & (53) 22,

(b) HIET— & K ON)IHEWr T — & O YEf

HAEHEIC S 72> T, 77— VEO 10m A > ¥ 2 OE&ET — & 0BT ITER L7 i
T—% (11 ESM) ZIEH L, QGIS ETHusfhiti & 75 Z & & L7, 1> T, QGIS L ThDiif
JIEET — X LT,

(c)  TRIJIHGEWT mn X O VERY e ONERRFE BT O 7' 1 > |
WOHEH & LT, QGIS DI 57— 4 Z RN T, A Bis o)) EWT i X O VE Rk 2 320t L 7=,
T THERT i X DAERIZ DWW TR, 5 & (5.1) TitdiL7zEkb,
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S I, ERL L= el X B, BERR s M OBEfF Rt iR %2 7' e > LT, Hi#A T
> LA MO %G 21T > 72, Wangchhu % PG VERL U 72300 1 W X 2 %] 6-4 (2>
T E L TR,

(Hih : JICA FHA)

X 6-4 {AIJIERTEII DY /v (Wangchhu)

Q) FHAIRT v nY A FOHIH

(@) TR B COFRAKIRT v v A Fofh

FRTEREZE & U TR L 72 IR B 2 5 U, BERTEZE0R )4 Ue N K5 IHTs
AR L7 2y b L, ZOB, BIENARFEE 2D XD, 6.1.2 THRARZKEE L EAZORIRE
ER LT EITo 72,

¥, —MICLH (LoKEEE, ) 2N < e 2 S DS REIEO @R & 70 D 2 & A&
L. WA OZEAEOE it BUKHURISRET 2 ONR RN E SNd, £, SIINOW )G &
EANIERT 28806, SINOETRO Tl BUkHRIZ#E T 2 & Shhvd, Hsfic
Wios T, ZNHIZOWTHEE L,

Wangchhu OF[JIHERTEX ECTOKIIRT v YA FOfhHFERE, X 6-5 [Tk
LT,
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— BEAEREERm

— BifFETE (A A=)
"""" R EE (RaAH =)
— BifFEtE (BrKith=)
"""" R atE (BrKit=)

(Hih : JICA FHA)

6-5 IHEMTER ETOKART %A FHHFER DY 7L (Wangchhu)

(b) FHEH1IAID Project code DfFIF 5 &t

& HiL IO Project code DIALFIT TR D & BV Khindsiss AT & L, 8 LEZITERII Eo
FHE O BN DIADEF & T 5, )N EOFHHEIZ OV TIZER)I & OAFLA E TOFFHEH RIS
e, R BIEOE S LT 5, FHAOFHEA XK & L F 72 I 3FERTHLE O B DR %4
E L A= on07ny =2 MR3H Y GHES & LTEDOINA T 2581203,

TS ERICmT Tl L& T2 L,

#% 6-1 Project code DEEF

S gt
il

5

Project code ™
BHCF

Amochhu

A-

Wangchhu

W-

Punatsangchhu

P-

Mangdechhu

M-

Chamkharchhu

C-

Kurichhu

K-

Drangmechhu

G-

Aiechhu

Ai-

Jomori

J-

Nyera Amari

N-

(Hih : JICA FHAERH)
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(c) HEXK ETOKIMELAT U b7 ry |k

TR0 L AGET T (X E Gl U 7= IBUK U OV D i & . QGIS OB Eiz 7' e L, E1bh
ERESIECTKEELA T 7 N5 LT,

KVV477%i VB (K 100m) ZfEfk L7z BC. MESYE - REEBE Lz, £

. FEITEEARMIITH TR E Ley, BEIREIC 020 FHMAES S 5613, #ik
Kkbko

M 6-6 \ZHIEK LiIcF oy b LImASHSEDO LA T 7 oW 70 (Wangehhu i) %%
R

(Hi#h : JICA FHAL)

X 66 FrY=s hLAT Y ROV TN (Wangehhu LHE)
(3) FHHEFEILORE
(a) VI EAE OWE

TuTx7 AT Y OB LY BUKMEORMENHE L2 L2 b, BHUKHE O
SR A S L7,

(b) BFHRREDRTE
TR FRE Lo sk Et i s, S BUKHUS OMABZ R U D Z &Ik . SHUSOERR
BEEHEH L,
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(c) AREZEDIRE

B M D BUKRE & HOKBLD 537 bR RidTe, Ak, HRIEEITKIIER KB,
OMBAFHTTIC &0 FIR D8, & 2 CEMEOT 0 —HREAED 7% & L, AR%AE M LTz,
(d) FHEGETCORTERLOKNIRT v A N U A FOVERL

T, FEMISORAIFE 88% & LTt h a2k H L, £z, BiFIH=E (PLF) & 50%
ELTHEMBAEBNEEZREN L, EE L HET DT n Y =7 MTOWTITBIEEEY & L,
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6.2 RFUT¥YA NORIHER

T VECBT D RKIIRT v v ERD DT80, 1/50,000 FEED GIS #HiET — % . i
JIFREWT B3 KON fiAR 2 D, R T v v b A R &2 L, AT 2o v MITITBER R
FEAT 6 M, HEMEP R ER I 13 MR A2 E T,

6.21 T —XF UTEEHIIER

7 — 2 UPEEICALE TS Amochhu, Wangchhu, Punatsangchhu /KR DK IR T > o v LA S
RELT HALAT T M2 6-712, {)IKTX EOFERZ K 6-8~[X 6-10 12, KT > v/v
HEDOU A FEFRK 6-2~K 6-5ICFENEILRT,

Punatsangchhu

Wangchhu

Amochhu

N (HHh : JICA AR
R 67 KAET L v MHAGER (SR .
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(H8h : JICA FHAER])
X 6-8 MM EDOZRT T v /L EAEEE (Amochhu Jilk)

£ 62 KTV NP A FDFEITT (Amochhu Hiisk)

Features
. . Max. Dam Mean
P;ZJ::t Tributary Status Pre oj;atTT:i:lfx tary P.:.;f: t Cat:I::r;ent Discharge | RBLat Height FRL or TWL Gross | Effective IC Annual/ PLF
(km2) (50% Plant | Dam Site | from RBL IWL Head (m) [ Head (m) (Mw) Design
Factor) (m) Energy
Amochu Basin
A-1 Tr-Amochu-2 Lharig ROR 62 4.2 3,120 15 3,130 2,690 440 409.2 15 65 50%
A-2 Amochu Amochhu-2 ROR+Pond 1,790 120.2 2,630 35 2,660 2,190 470 437.1 453 1,985 50%
A-3 Tr-Amochu-1 Timalumchhu ROR 132 8.8 2,700 15 2,710 2,180 530 492.9 38 165 50%
A-4 Amochu Kunzangling ROR+Pond 2,100 141.1 2,060 45 2,100 1,340 760 737.2 897 3,928 50%
A-5 Amochu Tingma ROR+Pond 2,252 151.3 1,280 65 1,340 892 448 434.6 567 2,483 50%
A-6 Cherchu Tsanglingna ROR 80 5.4 1,240 25 1,260 930 330 306.9 14 62 50%
A-7 Chechu Shepji ROR 65 4.4 1,540 25 1,560 920 640 595.2 22 98 50%
A-8 Amochu Dorokha ROR+Pond 2,602 174.8 840 57 892 500 392 364.6 550 2,407 50%
A-9 Samchu Ngatse ROR 237 15.9 800 5 800 500 300 279.1 38 193 50%
A-10 Amochu Sanglum Pondage 3,112 226.3 400 95 490 406 94 91.2 178 779 50%
A-11 Pachhu Dojengkha ROR 95 6.4 1,310 5 1,310 840 480 446.4 25 108 50%
A-12 Pachhu Dolepchen ROR 235 15.8 790 5 790 470 320 297.6 41 177 50%
A-13 Amochu Amochhu Reservoir| Reservoir 3,744 2723 235 176 406 212 194 540 1,835 39%
Total Amochhu Basin : 13 13 3,377 14,285

(Hidh : JICA FHA)
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(M8 : JICA FHAER)
X 6-9 J)IMEETIX LB RT v v VHUSALEAZR (Wangchhu Fiik)

# 63 KT ¥NHA DT (Wangehhu i)

Features
. . Max. Dam Mean
Project . Name of Project | Catchment . ° )
code Tributary Status Project/Tributary Type Area Discharge | RBLat | Height | FRLor WL Gross | Effective IC Annual/ PLE
(km2) (50% Plant | Dam Site | from RBL WL Head (m) | Head (m)| (MWw) Design
Factor) (m) Energy
Wangchhu Basin
W-1 Tangochhu Yoesa ROR 96 4.4 3,873 32 3,900 3,410 490 455.7 17 76 50%
W-2 Tangochhu Nango ROR 212 9.7 3,376 24 3,395 2,916 479 445.5 37 164 50%
Tangochhu
Ww-3 N Dodennang ROR 410 18.8 2,907 38 2,940 2,514 426 396.2 64 269 48%
Cherichhu
w-4 Tangochhu Chhanda-gang ROR 490 225 2,473 32 2,500 2,400 100 93.0 18 79 50%
W-5 Wangchhu Thimphu Reservoir | Reservoir 922 42.4 2,219 166 2,380 2,230 135 125.6 46 201 50%
W-6 Wangchhu Chuzom Reservoir 2,483 94.5 2,059 166 2,220 2,020 200 186.0 152 664 50%
W-7 Parochhu Getsa ROR 175 8.1 3,720 5 3,720 3,170 550 511.5 36 156 50%
W-8 Parochhu Zangkhepa ROR 325 149 3,137 5 3,137 2,540 597 555.2 71 313 50%
w-9 Parochhu Mitshig Zam ROR 577 26.5 2,501 24 2,520 2,420 100 93.0 21 93 50%
W-10 Parochhu Paro Reservoir Reservoir 1,086 49.9 2,223 162 2,380 2,230 135 125.6 54 237 50%
W-11 Haachhu Chempa ROR 43 2.0 3,488 57 3,540 2,900 640 595.2 10 45 50%
W-12 Haachhu Haa Reservoir ROR 331 15.2 2,661 164 2,820 2,620 185 172.1 23 99 50%
W-13 Haachhu Singkhar ROR 380 17.4 2,581 39 2,615 2,340 275 255.8 38 169 50%
W-14 Haachhu Tsendu Goenpa ROR 646 29.7 2,312 15 2,322 2,006 316 293.9 75 329 50%
W-15 Wangchhu Bunakha RS Pondage 3,540 1,843 168 2,006 1,845 155 180 719 45%
W-16 Wangchhu Existing Chhukha HPP ROR+Pond 3,746 1,813 34 1,842 1,371 468 336 1,840 63%
W-17 Wangchhu Existing Tala HPP ROR+Pond 4,028 1,291 77 1,363 503 860 1,020 4,865 54%
W-18 Wangchhu Wangchhu Pondage 4,147 403 96 494 323 570 2,280 46%
W-19 Pipingchhu Pipingchhu ROR 217 29.9 585 15 595 180 415 386.0 100 436 50%
Total Wangchhu Basin : 19 19 2,869 13,031

(Hi#h : JICA FH4:
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Features
P;gj::t Tributary Status ij(::;n,r::: tary P.:.:Le: t Cat;l::;ent Dis'\:l::;ge RBL at H:?;:t FRL or wL Gross | Effective IC A':I:::I/ PLE
(km2) (50% Plant | Dam Site | from RBL IwL Head (m) | Head (m)| (MW) Design
Factor) (m) Energy
Punatsangchhu Basin
P-1 Mochhu Taksti Makhang ROR 474 35.0 3,350 15 3,360 2,730 630 585.9 177 775 50%
P-2 Mochhu Chhogley ROR 789 58.2 2,700 15 2,710 2,160 550 511.5 257 1,125 50%
P-3 Samechhu Chhuzarkha ROR 381 28.1 3,420 15 3,430 2,700 730 678.9 165 721 50%
P-4 Samechhu Rimi ROR 628 46.3 2,670 15 2,680 2,170 510 474.3 189 830 50%
P-5 Mochhu Daushing ROR 1,706 125.9 2,125 20 2,140 1,650 490 455.7 495 2,167 50%
P-6 Mochhu Sechednang ROR 1,922 141.9 1,640 20 1,655 1,365 290 269.7 330 1,445 50%
P-7 Mochhu Puna Gom ROR 2,145 158.3 1,310 35 1,340 1,240 100 93.0 127 556 50%
P-8 Phochhu Phochhu-2 ROR 176 13.0 3,560 15 3,570 3,000 570 530.1 59 260 50%
P-9 Phochhu Uesana ROR 252 18.6 2,950 25 2,970 2,320 650 604.5 97 425 50%
P-10 | Tr-Phochhu-3 Wachey ROR 279 20.6 3,580 15 3,590 3,100 490 455.7 81 354 50%
P-11 | Tr-Phochhu-3 Threlga ROR 455 33.6 3,550 15 3,560 3,100 460 427.8 124 543 50%
P-12 | Tr-Phochhu-3 Phochhu-Tr-2 ROR 970 71.6 3,050 25 3,070 2,320 750 697.5 431 1,886 50%
P-13 Phochhu Phochhu-1 ROR 1,423 105.0 2,280 15 2,290 1,581 709 659.4 597 2,615 50%
P-14 | Tr-Phochhu-2 Phochhu-Tr-1 ROR 147 10.9 2,700 15 2,710 2,000 710 660.3 62 271 50%
P-15 Phochhu Tamigdamchu ROR 2,120 156.5 1,540 20 1,555 1,405 150 139.5 188 824 50%
P-16 | Tr-Phochhu-1 Tshachuphu ROR 186 13.7 1,980 15 1,990 1,460 530 492.9 58 255 50%
P-17 Phochhu Tseykha ROR 2,205 162.8 1,380 20 1,395 1,265 130 120.9 170 743 50%
P-18 Dangchhu Jarona ROR 219 15.2 2,165 5 2,165 1,820 345 320.9 42 184 50%
P-19 Dangchhu Dangchhu ROR 404 28.1 1,800 15 1,810 1,360 450 418.5 101 444 50%
P-20 Dangchhu Rabuna ROR 561 39.0 1,325 15 1,335 1,230 105 97.7 33 144 50%

(H 8« JICA FH4A)
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# 65 RTUTx)YA FDFEIL (Punatsangchhu HiEisk-2)

Features
. . Max. Dam Mean
Project . Name of Project | Catchment
Tribut: Stat i i i
code ributary atus Project/Tributary Type Area Discharge | RBL a.t Height FRL or WL Gross | Effective IC Annual/ PLF
(km2) (50% Plant | Dam Site | from RBL IwL Head (m) [ Head (m)| (MW) Design
Factor) (m) Energy
P-21 Sankoshchhu - Punatsangchhu-1 | ROR+Pond 5,839 405.8 1,145 71 1,211 862 349 1,200 5,585 54%
P-22 Basochhu Existing Basochhu ROR+Pond 162 8.0 1,796 5 1,796 1,440 356 24 110 52%
hhu/ UB hh
B asochhu
p-23 asochnu Existing ROR+Pond 226 100 | 1433 5 | 1,433 950 483 a0 190 54%
Rurichhu Lowerstage
P-24 | Sankoshchhu Punatshangchhu-Il | ROR+Pond 6,102 424.1 784 68 847 580 267 1,020 4,667 53%
P-25 Kamichhu Kamichhu ROR 57 3.9 1,070 25 1,090 620 470 437.1 15 65 50%
P-26 | Sankoshchhu Thasa Pondage 6,892 479.0 505 80 580 380 200 186.0 768 3,365 50%
P-27 Kisonachhu Kago-2 ROR 197 13.7 2,600 15 2,610 2,250 360 334.8 40 174 50%
P-28 Kisonachhu Kago-1 ROR 250 17.2 2,340 5 2,340 1,600 740 688.2 102 448 50%
P-29 Kisonachhu Kago ROR 377 26.0 1,470 15 1,480 1,200 280 260.4 58 256 50%
P-30 Kisonachhu Pinsa ROR 427 29.4 1,140 25 1,160 520 640 595.2 151 662 50%
P-31 Harachhu Bekhochhu ROR 121 8.4 1,550 15 1,560 1,200 360 334.8 24 106 50%
P-32 Harachhu Rukha ROR 221 15.4 1,120 25 1,140 480 660 613.8 81 356 50%
P-33 Burichhu Burichhu ROR+Pond 190 13.1 695 40 730 350 380 353.4 40 175 50%
P-34 Dagachhu Darachhu ROR 220 15.3 1,640 5 1,640 1,145 495 460.4 61 266 50%
P-35 Dagachhu Dagachhu-II ROR 593 41.2 1,130 15 1,140 855 285 265.1 94 413 50%
P-36 Dagachhu Pelichhu ROR 211 14.7 1,598 5 1,598 1,155 443 412.0 52 228 50%
P-37 D hh isting D hhu HPP ROR+Pond 647 45.0 822 26 843 539 304 126 552 47%
P-38 Dagachhu Tashiding ROR+Pond 778 53.6 500 a4 539 350 189 175.8 81 356 50%
P-39 | Sankoshchhu Sankosh Reservoir | Reservoir 9,606 662.1 135 220 350 140 210 2,500 5,848 27%
Sankosh Regulating ROR 9,778 673.9 101 a4 140 98 42 85 367 70%
Dam
Total Punatsangchhu Basin: 39 39 10,346 40,756

(Hi#h : JICA FHARH)
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# 66 KT ¥ NV A PDOFEIT (Mangdechhu HiEik)
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Features
P::J::t Tributary Status Proj : cir/:':i;\:t ary P.::j:: * Cat;}::ent Dis':I::;ge RBL at H:?g':t FRL or WL Gross | Effective IC A'r\:l:::ll PLF
(km2) (50% Plant | Dam Site | from RBL IwL Head (m)|Head (m)| (MW) Design
Factor) (m) Energy
Mangdechhu Basin
M-1 Mangdechhu Mangdechhu-2 ROR 257 18.2 3,620 5 3,620 3,150 470 437.1 69 301 50%
M-2 |Tr-Mangdechhu Duigang chhu ROR 233 16.5 3,620 5 3,620 3,150 470 437.1 62 273 50%
M-3 Mangdechhu Mangdechhu-1 ROR 617 43.7 3,100 55 3,150 2,620 530 492.9 186 813 50%
M-4 Thampochhu Thampochhu ROR 254 18.0 3,000 5 3,000 2,590 410 381.3 59 259 50%
M-5 Mangdechhu Bemiji ROR+Pond 1,010 71.6 2,530 65 2,590 2,010 580 539.4 333 1,458 50%
M-6 Mangdechhu Jongthang ROR+Pond 1,298 92.0 1,935 80 2,010 1,780 230 213.9 170 743 50%
M-7 Mangdechhu Mangdechhu ROR+Pond 1,823 129.2 1,694 61 1,750 1,017 733 720 2,924 46%
M-8 Nikachhu Tangsbji ROR+Pond 353 25.0 2,262 38 2,295 1,759 536 118 492 48%
M-9 Wachichhu Wachichhu ROR 113 8.0 1,490 5 1,490 1,040 450 418.5 29 127 50%
M-10 Yurmochhu Yurmochhu ROR 61 4.3 1,670 5 1,670 990 680 632.4 24 103 50%
M-11 | Mangdechhu Wangdigang | ROR+Pond 2,490 176.4 910 100 1,005 690 315 293.0 446 1,952 50%
M-12 | Rimjigangchhu Rimjigangchhu ROR 87 5.7 1,400 5 1,400 768 632 587.8 29 126 50%
M-13 | Shergarchhu Shergarchhu ROR 151 9.9 1,050 5 1,050 700 350 325.5 28 121 50%
M-14 | Mangdechhu Tingtibi ROR+Pond 2,878 187.9 610 75 680 560 120 111.6 181 792 50%
M-15 | Mangdechhu Gomphu Pondage 3,328 217.3 432 133 560 280 280 260.4 488 2,138 50%
M-16 Dakpaichhu - Dakpaichhu ROR 80 5.2 1,050 5 1,050 510 540 502.2 23 99 50%
M-17 Burgangchu Buli ROR 216 14.1 1,305 5 1,305 760 545 506.9 62 270 50%
M-18 Burgangchu Nyekhar ROR 244 15.9 740 5 740 404 336 3125 a3 188 50%
M-19 | Mangdechhu Sermaling Pondage 7,281 475.4 150 135 280 150 130 120.9 496 2,171 50%
Total Mangdechhu Basin: 19 19 3,563 15,351
(HiHk : JICA Fi#

6-14



T—RVEH B AZ =TT U200 RKET Y = b
T AFI e LR— K

(Higt @ JICA

X 6-13 {)IHEWIR EDRRT 3 ¥ VHLEALEFERS (Chamkharchhu Fiii)
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Features

P::]::t Tributary Status Projg:i;:':i::tary P;:r: t Cat;l::;ent Dis':l::;ge RBL at HI:?gr:t FRL or WL Gross | Effective IC A':l:::l/ PLE

(km2) (50% Plant | Dam Site | from RBL WL Head (m)|Head (m)| (MW) Design

Factor) (m) Energy

Chamkharchhu Basin

C-1 | Chamkharchhu Gumthangchhu ROR 400 25.1 3,660 85 3,740 3,120 620 576.6 125 548 50%
C-2 | Chamkharchhu Chamkharchhu-V | ROR+Pond 639 40.2 3,080 25 3,100 2,875 225 209.3 72 317 50%
C-3 | Chamkharchhu Kurjey ROR+Pond 804 50.5 2,830 55 2,880 2,660 220 204.6 89 390 50%
C-4 Tangchhu Chhutoe ROR 146 9.2 3,170 5 3,170 2,770 400 372.0 29 129 50%
C-5 Tangchhu Remochen ROR 457 28.7 2,630 105 2,730 2,630 100 93.0 23 101 50%
C-6 | Chamkharchhu Bumthang Pondage 2,023 127.1 2,500 105 2,600 2,500 100 93.0 102 447 50%
C-7 | Chamkharchhu Chamkharchhu-IV | Pondag 2,080 130.7 2,467 78 2,540 2,110 430 399.9 451 1,974 50%
C-8 Lirigangchhu Lirigangchhu ROR 44 2.7 2,720 5 2,720 2,000 720 669.6 16 70 50%
C-9 [ Chamkharchhu Chamkharchhu-Ill | Pondag 2,323 145.9 1,920 65 1,980 1,335 645 599.9 755 3,307 50%
C-10 | Chamkharchhu Chamkharchhu-ll | ROR+Pond 2,525 130.4 1,270 55 1,320 884 436 405.5 456 1,997 50%
C-11 | Chamkharchhu Chamkharchhu-1 Pondag 2,731 141.0 777 86 858 282 576 770 3,373 50%

Total Chamkharchhu Basin: 11 11 2,888 12,652

(M8 : JICA FHAER)
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Features
P::]::t Tributary Status Proj:catTT:i::tary P:;J::t Cat:\l::;ent Dis':l::;ge RBL at HDe?;:t FRL or wL Gross | Effective IC A':I:::I/ PLF
(km2) (50% Plant | Dam Site | from RBL IwL Head (m) |Head (m)| (MW) Design
Factor) (m) Energy
Kurichhu Basin
K-1 Kurichhu Kurichhu-2 ROR+Pond 6,200 237.1 2,550 55 2,600 2,250 350 325.5 666 2,915 50%
K-2 Kurichhu Kurichhu-1 ROR+Pond 6,500 248.6 2,190 55 2,240 1,850 390 362.7 777 3,405 50%
K-3 Kurichhu Chagdzom ROR+Pond 6,800 260.0 1,800 55 1,850 1,580 270 251.1 563 2,466 50%
K-4 Bazaguruchhu Bazaguruchhu-2 ROR 250 9.6 2,872 13 2,880 2,230 650 604.5 50 218 50%
K-5 Bazaguruchhu Bazaguruchhu-1 ROR 310 11.9 2,210 15 2,220 1,620 600 558.0 57 250 50%
K-6 Nangrigang Nangrigang-2 ROR 203 7.8 2,830 15 2,840 2,180 660 613.8 41 180 50%
K-7 Nangrigang Nangrigang-1 ROR 308 11.8 2,160 15 2,170 1,570 600 558.0 57 248 50%
K-8 Kurichhu Ugenphu Pondage 7,699 294.4 1,435 130 1,560 1,410 150 139.5 354 1,551 50%
K-9 Kurichhu Nimshong Pondage 7,974 304.9 1,231 154 1,380 1,230 150 139.5 367 1,607 50%
K-10 Khomachhu Khomachhu-1 ROR 282 10.8 3,039 15 3,049 2,556 493 458.5 43 187 50%
K-11 Khomachhu Khomagang ROR 370 14.1 2,546 5 2,546 2,103 443 412.0 50 220 50%
K-12 Khomachhu Khomachhu ROR 450 17.2 2,093 15 2,103 1,350 753 700.3 104 455 50%
K-13 Kurichhu Minjey Pondage 8,926 381.5 1,075 150 1,220 1,060 160 148.8 490 2,144 50%
K-14 Khomachhu Unggarchhu ROR 132 5.0 1,600 5 1,600 950 650 604.5 26 115 50%
K-15 Kurichhu Phawan Pondage 9,388 401.2 905 155 1,055 900 155 144.2 499 2,185 50%
K-16 Khomachhu Wabrangchhu ROR 124 5.3 1,218 15 1,228 892 336 312.5 14 63 50%
K-17 Kurichhu Dorjilung Pondage 8,782 451.2 768 87 850 542 308 1,125 4,558 46%
K-19 Shongarchhu Shongarchhu ROR 124 5.3 1,300 5 1,300 540 760 706.8 32 141 50%
K-20 Kurichhu Existing Kurichhu HPP ROR+Pond 194.4 35 60 400 76%
Total Kurichhu Basin: 19 19 5,375 23,310
(Hi8h : JICA FHZM)
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Bl 6-15 JIHEETR EDORERT ¥ % VI RALERZES (Drangmechhu Hiik)

#£ 69 KTV NYA FDFETL (Drangmechhu HiEisk)

Features
P::]::t Tributary Status Pro:;;;:;: tary P.:.t;]::t Cat;}::ent Dis“:::;'ge RBL at HZ?gT\t FRL or WL Gross | Effective IC A’:ne:;/ PLF
(km2) (50% Plant | Dam Site | from RBL IWL Head (m) | Head (m)| (MW) Design
Factor) (m) Energy
Drangmechhu Basin
G-1 Kholongchhu Lawzam ROR 60 8.0 3,140 15 3,150 2,780 370 344.1 24 104 50%
G-2 Kholongchhu Longkhar ROR 185 24.8 2,760 15 2,770 2,020 750 697.5 149 653 50%
G-3 Kholongchhu Tshaling Pondage 760 101.8 1,893 132 2,020 1,770 250 232.5 204 894 50%
G-4 Kholongchhu Ranya Pondage 848 113.5 1,645 120 1,760 1,582 178 165.5 162 710 50%
G-5 Kholongchhu Kholongchhu Pondage 1,044 88.6 1,512 62 1,569 827 742 600 2,209 42%
G-6 Tawangchhu Khamdang ROR+Pond 7,286 440.1 957 33 985 845 140 130.2 494 2,165 50%
G-7 Gongri Gongri Pondage 8,691 525.0 697 128 820 680 140 130.2 590 2,582 50%
G-8 Gamri Gamrichhu-4 Pondage 115 9.7 2,880 100 2,975 2,290 685 637.1 53 234 50%
G-9 Gamri Gamrichhu-3 ROR 214 18.4 2,280 5 2,280 1,450 830 771.9 123 538 50%
G-10 Gamri Gamrichhu-2 ROR 416 32.2 1,410 25 1,430 1,025 405 376.7 104 458 50%
G-11 Gamri Gamrichhu-1 Pondage 573 41.5 940 75 1,010 685 325 302.3 108 474 50%
G-12 Scherichhu Rotpa ROR 208 12.6 1,500 5 1,500 1,100 400 372.0 40 177 50%
G-13 Scherichhu Sherichhu ROR 278 16.8 1,060 5 1,060 670 390 362.7 53 230 50%
G-14 Gongri Uzorong Pondage 10,164 614.0 540 135 670 515 155 144.2 763 3,343 50%
G-15 Jeriri Leypheri ROR 126 7.6 1,285 80 1,360 1,050 310 288.3 19 83 50%
G-16 Jeriri Jerichhu ROR 153 9.2 1,020 5 1,020 500 520 483.6 39 169 50%
G-17 Demri Demri ROR 178 10.8 660 85 740 500 240 223.2 21 91 50%
G-18 | Drangmechhu Kuri-Gongri Reservoir 1,300.0 248 249 492 250 242 2,640 10,056 43%
G-19 Gangchatpu Nagor ROR 146 10.9 875 55 925 250 675 627.8 59 258 50%
G-20 | Dingrungchhu Pramaling ROR 120 12.8 530 5 530 250 280 260.4 29 126 50%
G-21 | Kurung-Kirung Norbugang ROR 74 9.4 490 15 500 250 250 232.5 19 83 50%
G-22 Manas Panbang Pondage 20,944 1,006.4 121 134 250 127 122 119.3 1,100 4,640 47%
Total Drangmechhu Basin: 22 22 7,392 30,274

(Hi#h : JICA FHARH)
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Features
. f . Max. Dam Mean
P(r:c::ect Tributary Status Projgc:;"Tfi:u tary P.:.CY,J:: * Cat;l::naent Discharge | RBL a.t Height FRL or WL Gross | Effective IC Anm.‘aI/ PLF
(km2) (50% Plant | Dam Site | from RBL WL Head (m) | Head (m) (Mw) Design
Factor) (m) Energy
Aiechhu
Ai-1 Mauchhu Aiechhu 2 ROR 223 16.7 975 5 975 720 255 237.2 34 150 50%
Ai-2 Aiechhu - Aiechhu 1 ROR+Pond 398 29.8 597 28 620 369 251 233.4 60 263 50%
Ai-3 Aiechhu Pelrithang ROR+Pond 512 38.3 337 28 360 264 96 89.3 30 129 50%
Ai-4 Ronggang Ronggangchhu ROR 149 11.2 845 5 845 281 564 524.5 51 221 50%
Total Maochhu: 4 4 174 763
Jomori
)1 Zangtheri Zangtheri ROR 119 7.3 1,785 5 1,785 1,300 485 451.1 29 125 50%
12 Jomori Jomori-| ROR+Pond 495 30.6 1,100 25 1,120 785 335 311.6 82 360 50%
J-3 Jomori Maenjiwoong ROR+Pond 564 34.8 740 25 760 510 250 232.5 70 306 50%
J-a Jomori Jomotsangkha ROR+Pond 685 423 462 25 482 280 202 187.9 68 300 50%
Total Jomori: 4 4 249 1,090
Nyera Amari
N-1 | Nyera Amari I:‘::ra::'aé' ROR 145 108 | 2,790 5 | 279 | 1,970 820 | 7626 7 312 50%
N-2 | Nyera Amari Lamai Gonpa ROR 188 14.1 1,935 5 1,935 1,610 325 302.3 37 161 50%
N-3 Nyera Amari Paydung-Kangpar | ROR+Pond 379 28.4 1,575 30 1,600 1,225 375 348.8 85 374 50%
N-4 Nyera Amari Nyera Amari 1&I1 Pondage 346 321.3 442 1,700 44%
N-5 Ritsong Ri Sarjoong ROR 125 9.4 1,119 16 1,130 865 265 246.5 20 87 50%
Total Nyera Amari: 5 5 655 2,633
(gt JICA FRAR)
623 A=V¥NVRIV—=UT
100%
PUEDHT v MM DRSS, B o0% | [
80%
M, FEEENRITL. ThL 155 Him, 70%
y =z = 60%
36.9GW, 1541TWh Th %, ZD 5 b, B S0%
SERRPT 6 MU, HEME PSRRI 13 MU, % 0%
0
BRI 25SMW LLF O 20 HiR Z2BR< & 116 20%
10%
HRL 224GW &72 %, 0%
. N _ . . Installed Design Energy
~ N SN PR % S 3 Site NO. .
= %6\_\ VAN ET7}<{'H_1\ %B%Fﬁ\ jj&7km7j) Capacity (MW) (GWh)
A TEREXIENITALE LTV D HIA I 44 ML | @ Existing 6 1,606 7,957
e N — % B Earmarked 13 12,510 46,612
M. 8.6GW DV | Eio, ZEOLERBEENL
<25MW 20 381 1,671
L7 B HE N 3 S, 02GW H D, Zi1H B Many relocations 3 202 884
O AT, BIRMNIERICH Ly L & % & |mProtected area 44 8,575 37,560
- B Longlist Sites 69 13,614 59,461
N, ZRHLDOMAERS & 69 HiA, 8
Total | 155 | 36,888 | 154,145

13.6GW, 59.5TWh & 72 %,

(HH : JICA AR
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7.1.2

ZEHESHT (Multi Criteria Analysis: MCA) OFMEIE B

(1) DHPS 2MER L T\ 5 MCA OFHEIE B B8 X O EAfHT
BIE DHPS 23 L TV % MCA OFHiiEE H B8 KO EAMITIX, TROMEY Th o,

% 7-1 BifE DHPS 2MEH L TW5 MCA OFHEEEB B X CELFIT (BIER)

No. Criteria Sub-criteria Weights
1.1 Hydrological quality 22% 4.8%
1.2 Geological risk 25% 5.5%
1.3 Dam cost risk 15% 3.3%
1.4 . GLOF risk 6% o 1.3%
1.5 lechnical Site accessibility 14% 40% 3.1%
1.6 Transmission line risk 14% 550, 3.1%
1.7 Reservoir sedimentation 4% ’ 0.9%
- Sub-total 100% 22.0%
2.1 Economic merit 65% 21.5%
2.2 Economi Transmission line cost 20% 60% 6.6%
2.3 conomie Finance-ability 15% ’ 5.0%
- Sub-total 100% 33.0%
3.1 Improved access 35% 5.3%
3.2 Access to reliable power supply 10% 1.5%
33 . Employment benefits 25% 3.8%
34 Social Rehabilitation and Resettlement 20% 30% 3.0%
3.5 Tourism 10% 1.5%
- Sub-total 100% 30% 15.0%
4.1 Intrusion into protected areas 40% ° 6.0%
4.2 Loss of primary forest 35% 5.3%
4.3 . Dewatering impacts 10% o 1.5%
4.4 Environmental Access road erosion 10% 30% 1.5%
4.5 Fish migration 5% 0.8%
- Sub-total 100% 15.0%
5.1  Development Balanced regional development 100% 100% 15% 15.0%
Overall 100.0%
(Hi8% : DHPS)
(2) BIEDHPS BEA L TWAHRa—b U JHEHBIETMER
(He i) FRIZRE 2REIZ ARV, HVE Y 2 7 OFEMEWY,
(&%) FHIAEIRCR BRI Z L OFEa X MIBET HFHEAREL TV 5D,
(BREE4A5) O REICKT 2HEVEENEE SN L2561, ABRCEERENRELE
a#éumu\$¥®Eﬁ%m¢m%&%¢é®ﬁﬁﬁ%ﬁ, AT B
B, ZOEERRBES TR,
@ FENREICHE X DBV L, 58k - FHHlAMEW,
(H2RBRED) ARRFHICEE M 2 Rl 2 A a— L JHARRE L TV D,
(fE2BREE) BRWHBZHIT 2 22— ZJHAICEE N BN D K, B8 2 3
THEA M@ ST D
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(3) JICAFER & DHPS BREEBL-BEERE
JICA FRERNIL. ATt OMEROUE LS B E 2 o3t %488 LT DHPS g L. LA FIZRT
ETHREE LT,

# 7-2 JICAFRER L DHPS BEEBL-EHBRR (BEHR)

No. Criteria Sub-criteria Weights
1.1 Hydrological quality 30%
1.2 Geological risk 50%
1.3 . GLOF risk 5%
1.4 lcchnical Sedimentation risk 5% 0% 405
1.5 Site accessibility 5%
1.6 Transmission line risk 5%
2.1  Economic Economic efficiency 50%
3.1 Land Acquisition 25%
3.2 Impacton Social  Resettlement and Asset Loss 25% 50%
3.3 environment Living and Livelihood 20%

Cultural Heritage 30%
4.1 Located in protected areas 40% 40%
4.2 Loss of primary forest 35%
4.3 Impact on Natural Loss of wet land 10% 50%
4.4 Environment Fish migration 5%
4.5 Access road / dam site erosion 5%
4 Impact on Landscape 5%
5.1 Social Improved access to socioeconomic benefits 50% 100% 20%
5.2 Development Employment and potential of income opportunities 50%

(Hi84 : JICA FHAH])

FHMBEEEIIRE L 3 ODHEA ST TWD

(a) HIfr - B
il - RFEE2 BT T, ey MR ORFEHEEZFMET 5, #% (Economic) (22T
TEERM b EORT vy =y N LHEE EEMERE & B Sh 2388 E ) &2 KICFHE
TN, LFEH, BEEE, EEERL 2 EOREIZZ < OREEEEZEZ AT, 20X
U 2 7\ZONWT, BEhER & BB RARF O EE 2B E 2 THEANEE (Technical) THEAM
Do

(b) BREE
RERTr V=7 FaflE LT <KSGEITIE, FRICL 2ERE LM R/MET 5 Z &K
DB, BT L D ERERREWGEITE, BE~ORGHZ L VBB ZO b D& kaE I
AR 5B THRIND, 0D, REHBIZOWTIE, KAREEED S H L TO
PHE A 2 A RBREEH , thRBREEHE A HaHE L, FEZER DS 2 eI ET 5,

(c) *E2BA%E
BB ETHD 7T —H BN TR, AKDBFITEE - THIAE S BR 2 (RE S 5 2R L #
FCTEx5, ZOXH7h83, EE LCORMBRRMEREEZEZDZEHAETH D, BN
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BEICHI-> TR, ORI BRBREATMT D L bEERERNTH Y . BAFEITHE S BIKEIZR
BF L UTRAIEd 2,

FER3IEHOERRSIFIL, EAr—2E LTk, TH - 835 & T8REE) 2% 23 L.
THA « B35 ) 1 40%., [EBREZ) :40%., [HE2BA%) :20%& L7, fMioOXHR 7 e =7 M
KIFERTICE EE 5, BREFERICHEVEFHEIND T 7 AEKRSCHEEXEERELE D D,

(4) AER/ROFMFE

BB D85 E, FRtloRT X 912 1~5 @ 5 B CRlii+ 5, HlE 12 X 5
DIFENZ AR 2 7260 BB L U 7= 5 2 B S8 b 5 B b 28 IR 72 T B 12D\ T,
KRB O HAEE BRI D DR FRR 3%,

B, MW BIZOWTIL, FEL T XEEENRD N L5E1TE, FHlAZ 0 5
EL, ENp—o2DHEBETY 0 A H > T-HAEIT \ﬁAf®oﬁ%Eﬁ#5i9:%@%éﬁ
FIZ R L, 0 A OO[EIREDS flREZA2 GHI 28 o2 duiE, HUS O FREAl 2 i 5.

® 7-3 WEREROMMETFIE

x=7 YN % o — O EOWBIEA
5 IR ! BB L
4 Ej(focﬁl/éﬂﬂ E %45(/) fﬁﬂ’?ﬂﬁ
3 S OHE ¥ s
2 E s T VO
! B L AT AR
0 — — T A T X

(Hgh : JICA FHER)

(5 REROBRF

AT v ¥ VHLE OBERIEN AT IZ D 7o o Td, AR — R & UTid, TR (Bl - #23%)
& TEREE | I L TV 5D, SHBORT o v VIS OBIFRICHT- > T, TRREME (Hdfr -
) 1L TR oLbLAEHRTINE, BERREEOERICAY L ZANKE N, BEK
E%m®%%ﬁﬂ%%&#é:k%ﬁ%kLi\iﬁﬁfwﬁﬁéuT@;owyfjﬁ%@ﬁ
T 5,

#F 7-4 REVTVFROBRFFTIE

- F AR

PHERH A% B ERE AR RE
PRFPE (Befly - 29 40% 20% 60%
PR 40% 60% 20%
i1k B 7 20% 20% 20%
aEt 100% 100% 100%

(Hidh : JICA FHA)
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7.2 FH1IEREBEERAOSZEHESHT (MCA)

R AT == T OB, TN ESSHLEFBEN TR L 2570, AL, HLET
W AT REZ23E H O G - BT 21T O,

7.2.1 £ (Technical) EH

B E (Technical) 1%, T35#, FHEEIE, HiSHERE 2 & OBMEITE EN D A HERMEL L
B A7 L LTEBRT, Bl & BERARORBE LI E 2 CGHET 5, FiHiEE 0%
R & A IR ORI 2B F A T RHIERE R 2 LU ISR

R 7-5 EANEHEBE DY X7 5

No. Sub-criteria Risk Probability Impact Weights
1.1 Hydrological risk Decrease in generated energy High Big 30%
1.2 Geological risk Increase in construction cost High Very big 50%
1.3 GLOF risk Eli‘;gzzzeirllnoggll\f[raetf;;rslzggy Verylow  Very big 5%
1.4 Sedimentation risk Increase in O&M expenses Middle Small 5%
1.5  Site accessibility Increase in construction cost Middle Small 5%
1.6  Transmission line risk Increase in T/L construction cost Middle Small 5%

- 100%

(Hgh : JICA FHER)

EEMERENRRE S, BERBAERORBENEFICRKREVHE Y 2700 oA M 50%E L, &
iR & BRI AERFORBEN L BICREVWKILT =X ORMEELE) A7 O x4 b 30%E L
TW5, ZOMDY A7 1%, EEERNETLIIEBREROREEDO EL L0/ EL, URY
OHFHEN/ NS W=D, U= A MIFNZEINL 5% E LT,

* 7-6 i (Technical) FHH

Sub-criteria Weights Assessment of Sub-criteria
Ratio catchment area (at gauging station and Dam site)
Hydrological risk 30% Recorded period (year)

Density of primary gauging stations in a river system basin
Density of secondary gauging stations in a river system basin

Earthquake Intensity
Slope stability (Landslide risk)
Geological risk 50% Weak zone (Faults, weathering, and alteration)
Permeable and anisotropic rocks
Construction material risk

GLOF risk 5% Distance from the nearest Glacial Lake

Sedimentation risk 5% Annual sedimentation volume

Distance from existing roadway

. - o
Site accessibility 3% Distance from nearest railway station
Transmission line risk 5% Distance to nearest pooling station
Sub-total 100%
(i - JICA F#:H)
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(1) KXT—ZDRHEFEMEIR7 FHEY =1 b : 30%)

K70l POERBEEBENREIL. 70T 7 MOBUKRAD S i T RIZKFT OHIK
T2 &R L, BUKHE & RKFT O fkim A s L0 HET 2%, FREEE I EIT. REHIC
BT 2EERT 7 7 X —Th BT 2HKT & DBERERIE WG AR T —2 2D H DD
HIEREDMRONG AT, EROFMBEEENENYFLIZEZ TRIL VA7 B8H 5,

PO T = A M, BUKHR & JZKET OISR mE A S X 23S 30%., HIZKEHIC K 2 RF6 23
30%. HZAKRIZET DRIKFTOFE I X %5l 4 40% (Primary : 30%. Secondary : 10%) & L
776
(@) BUKHLR & RKFrokmfEtl GHEY = & : 30%)

&7y FOBUKHLE &b HBEORWRIKFTO T — 2 2 L, BukHis & KT OB
AR HL CHUK MR BT D E A HEE T 525, SR 2 HIKET & BUK LS O il m gt 23 K &
W EIZIE, HEERFIZ IR DREN R E <725, BUKHLR & RIKET Ok fE 25 0.5~2.0 DY
BT AEEE 5 AL L, S0BEFIT 02 RiOBAIITAEEE 1 L35, L, XHETS
BRI BHIKFTE, EOT —F OMENFEMC L > CTEACHR SN0 LT 5,

R 7-7 BUKHLR & RIKFT OFERE LI K 23 R

Ratio (Dam Site / Gauging St.) Score
Over 5.0 / below 0.2 1
From 4.0 to 5.0 / From 0.2 to 0.25
From 3.0 to 4.0 / From 0.25 to 0.33
From 2.0 to 3.0 / From 0.33 t0 0.5
From 1.0 t0 2.0 / From 0.5 to 1.0

DWW

(H8h : JICA FHER)

7ok BUk#E &R CBATIC S 2K OT — &% 2+ 2581001, Lokl 1.0 TH Y |
BUKHIS L0 b EFRICH DBKFTOT —Z 2T 5551213 1.0 T b REL R, FiRICH
HRKFTOT — X AT 5551213 1.0 T /&L 5,

(b) MIKFE GHE™Y =4 b : 30%)

IR EIIFEIC L Y RE LSBT ER., FOEOKIHESFMC L > THELT 5, 2D,
R EBEENREIL, BAOREWVERORET —# 2 RICHETHZ LI2E 0, BERELL YRS
DWYDIRVHEENATREE 725, D728, SR HRIKFTOBIEFELA 20 4-LL B ATRE /e85
WIEEHE SR L L, SERMBOGAEITITIREE 1 LT 5,

# 7-8 HIKEEIC X BEHMEIC X B FE A

Recorded Period Score
Less than 5 years 1
Less than 10 years
More than 10 years
More than 15 years
More than 20 years

(S R "N RUS R ]

(High : JICA FHAR)
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(¢) UiZ/AKRICBITDHAKFTOE (Primary : 30%. Secondary : 10%)
[l —ACRIZEB W THIKFTA S < SAuE, Flkic k2 NoOHEEREE M E L, »-2oRkKFrE o
FRZRHEET D LICL ., KHKFTORTHEEZHEI DD Z ENAREL 72 D,

£ 79 RIKFTOREEIC K DR

Density of Gauging Stations Score
Less than 1/4,000 km? 1
From 1/4,000 km? to 1/3,000 km?
From 1/3,000 km? to 1/2,000 km?
From 1/2,000 km? to 1/1,000 km?
More than 1/1,000 km?

[ R "N RS R ]

(HH : JICA FHER)

Q) HEHEDYRAZ (FHiv=A b :50%)
W CRIEN & D IR BT 2 &% T 258121, @R LHEEOHEKRIZORN D L L biT,
BRLTEOREICLD, KRERBESEREEZ L2 LR, EFICKRERV AT THD,

(a) WEORS GHOY =4 b : 15%)
MEOMIICLDMAZLL FIZRT, NYP— R~y ZICFHEN TV B ERE L~ L0
V= TR IRICEHE T 5,

£ 7-10 HIBOEIIZ X HFEmA

Zone Score
Very high hazard 1
High hazard 2
Moderate hazard 3
Low hazard 5

(H8h : JICA FHER)

(b) BHEMU AT GHMOT =4 F : 10%)
WG Y 2R 72 L AFME A AL FIORT, o7 U — MEM 7 EOBBRERMITHOW T,
BB 2l E rT et 2 5l 5.,

# 7-11 BREM Y X7 L HFHER

Grade Score
High 1
Moderate 3
Low 5

(H L« JICA FHA&)

(c) HEY R GV =A bk :75%)
HE U A7 I K B3l Z L FICRT, —RAZ U —= 7 OBRMEIL, SCkc S <L
BNFEMRE 725729, Longetal. (2010) 72 & DOBEFICERIZ LV Y EOMEMEEDE TH H MCT
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(Main Central Trust) & OAZEBIFRZR H ONTHIE 7358 % J1Z Slope Stability Risk, Weak Zone,
Permeable and Anisotropic Rock ® 3 ITHH (Z X V) i35,

£ 7-12 WEY R 72X 3FHMA

Negative Impacts on the Project

Geological Condition Weight

Large Medium Small
Slope Stability Risk 25% 1 3 5
Weak Zone 25% 1 3 5
Permeable and Anisotropic Rock 25% 1 3 5

(Hih : JICA FHAERH)

(3) GLOF U RZ (Ffiv=A b :5%)

GLOF Y A 72 X B i¥fi i & LU FI2s 9, GLOF ORI L D | FiIiCKEO AN HAT D,
OO TEADKIFEETO X LA LTEGEIZE, LIES < O], Ot AL X 2 KH
ANDOH A= H AT 5 OREEILERER SN BEENEOWDOI A7 R85, =,
FHTREOLANHA L THE L, & 2O KEENBOT D720, BIESICL 0L
T bW E Y RS LE R H D . O&M BENHEINT 5,

GLOF JEERF D280 L, IR & O /E A S D, 1994 FFIZFAE LT GLOF 12X D,
200km FifiE THENH o7 &0 ) HESEZ B E 2 | KT b OFEREAS 200km LA EToH VT
as5mL L, 50km Kl CThHIUT 1 HET D, 2B, BROF L TEHARDWALENIED S
NAHLGAEITIE. 2OV RAZIIFE LR,

# 7-13 GLOF Y R 71z X %3l

Elongation from Nearest Glacial Lake Score
Less than 50km 1
From 50 km to 100 km
From 100 km to 150 km
From 150 km to 200 km
More than 200 km

Dbk | Wi

(H8h : JICA FHER)

18 Richardson, S.D., and J.M. Reynolds. 2000. An overview of glacial hazards in the Himalayas. Quaternary International 65
(66): 31-47.
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4) H#WYR7 FMY=A b :5%)

YWD U A7\ K BRI Z LU FISRT, HER o U 2 7 13 BRI ORASCHE 2N A, #Hi 4
B7e EOMIBITREI N D, W Z L ITREMENFHIIE N TR Y | £ ORIED &) O S &
HEE L, OIS COFRMERDEZHENT 5,

£ 7-14 HERY X712 X BFHMA

Annual sedimentation volume Score
More than 2,000 ton/km? 1
From 1,500 ton/km? to 2,000 ton/km?
From 1,000 ton/km? to 1,500 ton/km?
From 500 ton/km? to 1,000 ton/km?
Less than 500 ton/km?

Dk | Wi

(HH : JICA FHER)

5) VAT 7 BEROESM FHEY =1 b : 5%)
%4b?&ﬁx@ﬁgﬁuﬁmﬁA%4bﬂ%%mmkwif@ﬁ%k%%%wgﬁL%i
?@ﬁ%?ﬁﬁ#éoWﬁﬁA%%b@I?%%%#é TIE, BANCBERR DERK NS T 7 ' A
B EREHRT D, FEICERT D7 7 B RAEKIT, @%@% YyRZpEicLy, EEL—
MIEER D552 D AREMER &V | 77txﬁ%@1$%#ﬁm¢éjx7ﬁ%é
)y, FBIEHROTE LG, A > FOBIASND, T OEKICKE Y OSGER S 1%
HLl CHiE 415, £ ORI OMERENRWIGEITIE, B OEMITIRD 2 X FOBINZ#H< U A
IWRoD, IO T = A X, B2 A NOHEIFEEEN K E T 7 & AE ORI X 55
23 80%& L, F&D D 20%% $kiEH £ COMERECIHE T 5,
(@) 77 EBAEROEH GHEY =1 & : 80%)
T 7 & AE OB X BRI R A UL FIORT, 77 2 B OEEEA Skm Kl T HiE
Bas5me L, 20kmU ETHUT T HET D,

£ 7-15 77w REROERC X SR

Way Length from Existing Road Score
More than 20 km 1
From 15 km to 20 km
From 10 km to 15 km
From 5 km to 10 km
Less than 5 km

DWW

(H8h : JICA FHER)
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(b) IFV OFERS O GHEiv =1 b : 20%)
BED OFRERNSBEFY A £ TOERIC X 25l A2 FISRT, &EY OS0ER)
O O FEEED 100km A CTHIVESEE S & L, 250km Ll ETHIVZ 1 S ET 5,

# 7-16 HXEY OFEERH O DI X A AR

Distance from Railway Station Score
More than 250 km 1
From 200 km to 250 km 2
From 150 km to 200 km 3
From 100 km to 150 km 4
Less than 100 km 5

(High : JICA FHAR)
(6) EBEHRIAZ FHMY A b :5%)

EEM Y AZIZ R DR Z UL FIORT, SEROERIT, BPC NFEMT 528, ZD0ERILT
0y BT S, FHICERR T B EERIE, RSO HE-CmEE T O Y A 7 7
IZEY, EEL— M ETEDL— MIERS I 250 RO WRERS 0 | EERO LHLE Y
MT2VR7B83H%, 2OV A7 ITBEREHEPARWVGEICRE R D70, EEEREY 10km R
MOBEIT S %Z 588 L, 100km LA EOSFEIC A 1 8T D,

Fz 7-17 FEERY X712 X BFEA

Distance from Nearest Pooling station/Substation Score
More than 100 km 1
From 50 km to 100 km
From 20 km to 50 km
From 10 km to 20 km
Less than 10 km

Db | Wi

(Hih : JICA FHERH)
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722 RREMEER

PRFEPEE H X, #FE2F (Economic efficiency) TaHiid 5, 725, EaiHiEN PIFFEOFME &
RAHZENEZONDN, BEFHEDREMICOWTIL, HRIH#S OF R EmEIc, 2fED
BRFEFHER ERFIZ 7 — & VE OB IR (Debt servicing capacity) 72 & & BET 5,

(1) BFEBHROREK

P ZNRIT, B/C (Benefit/Cost) TaHHid 2, #HEMNRDLEIL, B/IC A 1.0 L FDOHZEITIT ]
REL BCH I8 LLEDSBEITIES KiET D, DEVLUTORERXTIHAEL, MURE—(rE
THEINT 2,

Formula of Score = (B/C - 0.8) x 5

(2) Benefit 35 LD
IKTIBFENE - THAET D Benefit 13, BN DRZWIFREEZEINCELLE L, ZOENER
BT HI IRV AEATEIND,
(a) FEBHEOIERE (43.13H)
KV A NOREEHEIL, EBERAKFTORKT —& 2 FEITHEET 5, ORI, )IHERF L
& U CTEKRIIEED 10%m12 oW Cid, BUKETICE B Mt a4 %,

(b) EHDHRTE (433 ZH)
WRTEE ) B OMfE L, FECRE A 2 3, Nu.4.2kWh &2, 728, IGEEEITHRE
FINHEDENREFEBER AZZLIWEET D,

(c) Firm capacity Dfif (4.4 )
Firm capacity OAifEIX, 1 > FIZBWTKIIHBEEFTOMB LR VIERD Z LN TELMF L
L. fFEOMLE L LT, Nu. 9,775hkW TRHAL ¥ 5,
B IRA T ) == ZIZEBWTI, PO EFITIZI T 5D Firmpower DN G Z[ET 5,

(d 77U —t—b20REOME (4.5 )

451 CRULIEE DT, FEMAETTAET 5Kk, 7oy 7 U —— A REOMEIEZ D &
LEBZONDD, REFATRRENHEVZI RN L AV ROV AT LB TZEDOTS
MARTELTH Y | HEERMMES RIADRNT & BRRBEMORENHE LN L E 2 EE
LT, kA7 V==V 7 OEFFEEICBNTUL, 77 U —V— e 2 oMEILEE L
720N,

ZRAZ V== RN L, i Z AT 5 KD OB A IR ICRHME T S 72, T
7 —H— ARO[ 2 Nu. 3.3/kWh THET L 72,
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(3) Cost & ED&H

(a) KIFEFTOER CELEXRMO AT |
UUTOLRMICEEEHET D,
B REREOER LFE R THEEHEES Y NIV EE 5428)
B OEEEREORR LHEE  BEI L OBERFMICEVEE (5.551)
o EEEHIRE 30 4R
B EGIER10% (2 R boEY A &R & F%)
FROFHTHET L L, BREOEAREIL, B THEED 10.6%E 725,

(AR D R E

(b) EEHEFFEE (0&M) %
FEEHED O&M BT /K O FEE A ILICHET 5, BERKIIE
V5 DGPC (28T, KDFEEFTD O&M & D FEiE % UL FIZRT,

#z 7-18 BESRKSIFEERT D O&M B EE

AT 2 SRR R B L C

(BAT : million Nu.)

2011 2012 2013 2014 2015 Average
Insurance 128.3 126.3 118.7 113.8 114.5 120.3
Running & maintenance 241.2 201.6 390.4 3394 335.1 301.5
Employee remuneration 608.1 677.4 690.2 649.2 802.9 685.6
Other expenses 331.1 196.0 337.1 153.2 2454 252.6
Total 1,308.7 1,201.3 1,536.4 1,255.6 1,497.9 1,360.0

(Source: DGPC annual report)

2011~2015 FIZBW TEIERHERFE I L CO =R ERIEEDOAFHE 1,480MW TH Y kW %47=
D D O&M L 5 DMENHT Nu. 919/kW Th o 7=, FEEBH O % HAi 2 Nu. 90,000/kW & L
THETH L, O&M L, BRTHEEHD 1.0% O I2HY T 5,

EE T D O&M B IZOWTIL, BEA 732017 4 1 HIZ33R L 7= “Bhutan Power Corporation
2016-2019 Tariff Review Report” O H T, Current Replacement Cost @ 1%% Benchmark (Z L T\
Do ZOREBEL, KEERMDO O&M BEiL, R LFED 1.0%L T 2,

19 BEA 78 2017 %= 1 H 233K L7z “Druk Green Power Corporation 2016-2019 Tariff Review Report” ™ T, DGPC
DEE L T 5 O&M 1T Current Replacement Cost O 1.02%TH 25 & E-> T 5,
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723 #HERE

KAOBAF D D 5 2 TOERERNZ RS Ol 5, FHEHEB X, ARG, B

HOBEL, EIE - AEFFEA~ORE, LBE~ORBO AHBETH, TNENOHEDO Y =
A MIUZEFRBE LB 20NN, 7= OFEFEEEE X CTULEE~DOREDO T = A Moty
Frid L, Eif - A FE~ORBEE TR Lz, 7—2 0% F L1, REOSMEEEIT,
A& OATEC AR LBBIERR N 2 <. 7 — % M B OEZERBEIHE [ERBEEE
(GNH) | OFEELBEELTNWDLZEThD, 7—H VBINULREN O Y =4 M@ %
EVIFRWERENH Y | SEA Task Force DT, EROA G & ATRUEZH 9 GNH £8
2 (GNHC) &Lt OBUFBIRIERE b & B D L IRE LT,

B, ARBREIC OV, FoEBICIT B CREBINAE Lo & R IR HIB C & 7o W H E
NELEGEN, F—RAZ V== ZTIZB W T RIS EN KOV A4 OBz L, BE
A& R CHERR C & HHilH CRMI AT 9 6

£ 7-19 #HASBREEAE

Sub-criteria Weight Assessment of sub-criteria

Land Acquisition o Acquired area of state land (including forest land)

25% . .

Acquired area of private land

Resettlement & asset loss 25% No. of affected houses* (*including facilities)
Living and livelihood Damages to crops (paddy, vegetables, wheat, cash crops, etc.)
means Negative impacts on forest products (NTFPs)

20% Negative impacts on timber products

Negative impacts on fishing activities

Negative impacts on irrigation
Cultural Heritage 30% Negative impacts on national important cultural heritage sites
Total 100%

(H4h  JICA FHERH)

(1) FAHERA (Land acquisition) GEEY =4 b : 25%)

FHIEUSIZ X 2 RFfli 2 LA R Iord, AoV T, EA#oOBE THIUEMEITE T
RN, REMZBRGT 556100, RBA R4 2 & LTb THIfTA & ICEROZEL 5 2
%o ZOH, EAMOHLOESFTHIEL, REIL S5 K& L, 200 =—F —LL Lo RAHO s
DOEEIITERE 1 T D, v, F—KAZ Y —= 7B WU, BEFHEDOT A M
OWTERAHNRH D L ALNDVNEENRAALHENSH D | ZOHAIE, BENIC3 HE LTHE
4 5.

# 7-20 FAHEUEIC X 5 FF A

Land size State Private
200 acre and more 1
25 acre - less than 200 acre 5 3
Under 25 acre 4
5

Nothing (0)

(High : JICA FHAR)
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Q) EEBIELEERESL (Resettlement & asset loss)  (FEffliy =1 bk : 25%)
FERBERIC L AR Z DL RIS Rd, FEMOBIRIT, B EE IO L CHEFICRE REEL
250:@k@%&ﬁ@%%ﬂi<ﬁwﬁAiﬁﬁ%sﬁkL 100 BFLL b 535551 \mﬁ
RETDH, F—RAZ V== TIZBWTIL, BEINYA MIOWTEEFEOEE - Skl
%@%5ﬂ%ﬁ#&5kﬁEM5%@@ Hﬁﬂﬁ%f%ﬁw@%ﬂ@oko%ﬂa@ﬁﬁ_o
WCITEEICAaT % 3 m & L CGHET 5,

£ 721 FEEBEIC X SFHEA

No. of Houses Score
100 and more 1
10 - less than 100 2
Less than 10 3
Nothing (0) 5

(HH : JICA FH&ER)

(3) AIE L AFHFE (Living and livelihood means) GFHEi =1 + : 20%)
AETE SRR FERIC L D R 2 LU FIORT, HREA X, EREAGHER., BEY. HRED.,
ﬁﬁJm\§%\ﬁ¥\ﬁﬂﬁﬁﬁ\@ﬁm@%w%@#%éﬁA . Pl A TS, 209
(ZUSE, BOBDKBERR . HEREI 63 2 228, i@ﬁﬁm EROAEFRICKEST L LD HE
ffﬁb I HATHZYT2LOIIEABE 1 RET 5, B—RAZ V== 7128\ TIL, BEfF
?H?Tﬁ%ﬂ%?%é@ﬂ\ai\3:1£T4‘7%V2F\ﬁ%%u*ﬁiﬁ%ﬁofw
2R, DTTRIEDTF ] STV D ARKA 72 R O HU T d % 775 7> (Rookha- Wangdue Phodrang
Dzongkhag, Trong - Zhemgang Dzongkhag, Gangzur- Lhuntse Dzongkhag) . BEfFD#EEEY AT LD
BETHY, ZNHDHEAICLVFHET 5,

F£ 722 AT EAEHFBRIC L DR

Affected activities Score
-No.4 or No.5 1
- all items from No.1 to No.3
- 1 to 2 items from No.1 to No.3 3
None 5

List of sub criteria on activities related to living and livelihood means
1 Damages to crops (paddy, vegetables, wheat, cash crops, etc.)
Negative impacts on forest products (NTFPs)

Negative impacts on timber products

Negative impacts on fishing activities
Negative impacts on irrigation

DNnikiWwibo

(H8 : JICA FHEM)
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T AFI e LIR— |

(4) XAb&PE (Cultural Heritage) Gl =4 b : 30%)
SUVEPEIZ X ARl R A2 LA ISR, 77— o CIISUEEEILER ICEE R Ch b, ZD
7o, — O THRELZT HHEERIULEEDDNH DT REE 1 AT 5,

FH—RAZ V) == 7B\ TE, UEEEN 1 DU LEH 25813 —HIC 1 mE L,

K 7-23 SULBEEIC K 5 FHlR

No. of Affected Heritage Score
1 and more 1
None 5

(Hidh : JICA FHAERH)

20 AuRIC K B L MBS (the Cultural Heritage Bill 2016) (3% OABEIZ 35 & UL FE DO BGFE LR EE
1T-oTHBD ., 1960 £ L 0 RTOMEEEIL [HEEZ (significant) | SULEEMEZEF> b D, 1960 4F L 0 % DO

N4 a7z (exceptional) | MifEZFF>b DL LTS, T b OMEICHESE THEREME] F723Fh 0 H
B R OBPE] ITHRESND,




TS VE VAL =TT 2040 RET RV 27 b
77 AT LAR—F|

724 HBHRRE

KABRFE A HED D 5 2 TOMEZERZ B IR O 0T 5, A0 H I, R#EX TOBR%E,
MO S, WHOMEL, BEAE~OFE, THoRAE, B#l~0RED 6 HA LT 5, 72
B, KE (Water quality) & FEFEY (Waste) O 2IHBIZOWTIX, [KEDOZLIZ, A7 av =y
NI, B AEEDOTHEWE 2T 5 b O TIE2 B THEICHE S 5K 2T 5 5 O T,
KE~DOEBEOERITI oY 27 METIHEAE LR, 2, BEWCEL T, F2 (B | %
T, N KBS E DRI E D DO T AN S KRBT, 7 r Y =7 METOZRERITIEAE LRV, |
L D RAED SEA Task Force i TR I L7272 912, Team member A& D & & IZFHIE H 2 5 ERab
L7z, Fio, MapEEREOE B IZ oW T, Mt o4 B 2 (RE X IR E L TV 2 8LE0
B, REX TORIE LR CRHMlic 72 576, #EBE RO B IR L, PREX T OB O i
VA NegmbbI el Lz,
FoT, REXTORBICY > TX, REMASEETA R4 BT LR & HMESE
(201147 A 20 H, 2016 4F2 H 5 HME, JICA A K74 V) ([ZH3&, T 5 &HENET
- SbdZ EEAHEE Lz,
L. BURAESEIC LY BARRES UGB PEIRTE O 7 D IR E L7 Huli (BUF TRk )
LIS ORI BT, AR R R BFE LN 2 &
2. [AHIRIC IS 1T DHFIT AL, MFEEOENE ERBO LD Z &,
3. Im Y=y hOFEMBEBIEN, R D IS5, (R X O BRI A 5T D
N
4. 7uv 7 N OEHERESED, R OBEHREMHEEE, 2oEuoikal =7 1, KO
ZOMGEE) R AT — 7 RV — ik L, FEERICOWTHERGEOLA TN I L,
5. [RIHBIASZ OREO HIIZH > THRMICEBE SN S 201, 7R Y =7 FOFEinkE%
B, MBS UT, BT R ST AEERTH L,
TNETNDOHADY =4 ME, BREEA~AOREORE I 2ZEL., REX TORIEL 40%,
RO % 35%, mHOTERE 10%E L, ZTOMOEHITTRT5%E L,

# 7-24 BREREEA

Sub-criteria Weight Assessment of sub-criteria
Affected area in core zone
Located in protected areas 40% Affected area in buffer zone

Affected area in multiple-use zone

Loss of forest area

Degree of affected biodiversity

Loss of wetland 10% Loss of wetland area, Degree of importance
Aquatic creatures (including
Fish migration)

Loss of forest 35%

5% Type of stream, Possibility of mitigation

Access road/dam site erosion 5% Possibility of mitigation
Impact on landscape 5% Length of transmission line
Total 100% -
(Hidh : JICA FH#E)
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(1) REXTOBRERE FHhHY = b : 40%)

TR X T OBIFIC K 25l R 2 LA NIRRT, PRIEX TOBRFE IS )BET 2 K 5 1B 2 3R E T
D3, &9 LTHBET HNRWGEITIE, REXDO LIS CTRMiRZ 1 REIE2 RICT
52T 5, B, BEITRH A (Hﬂkﬂﬁ%aﬁ) f;&f@E%ﬁ A 2s, FIlER A & o7z & L
T%%a[@n?-y~/a@ﬂé AT, PR E mﬁﬁé EEBRIZOVWTL, 2T - —
VR T B EHEI TS R Eﬁbfi MR A @i LR & 9 1T — &
T, 9 L'C%)iﬁjcf%mm\ia/\ (= Ef%ﬂftﬁ%ﬁf@ e T D,

# 7-25 {REX TORRBIC L SEMmE

Protected area Main component Sub component Transmission line
Core 0 0.1 1
Protected area Buffer 1 1 2
Multiple-use 2 2 3
Biological corridor 2 2 3
Not located in protected area 5 5 5

(Hi#h : JICA FHAERH)

() FHOER GHEY =1 b : 35%)

FAROFEIANZ L 2 5l A& LU _/Tfi“ BAROTELN IR IFEN R I VI ERENRRE L, &
TSR OB DX, MR EEICHIET 5 B2 NIRRT DO RN RKE N EE
e Enéo ZD XD BB %%FE-?L B 1000m A 0 H AT IR BE RS H B C s 2 i R 208 L 4t [
RGEIIE, REE L AET D,

£ 7-26 FRAROBERIC X B FAM A

Forest type Deforestation
Large Middle Small

Subtropical broad-leaved (to 1,000m) 1 2 3
Warm broad-leaved (1,000m - 2,000m) 1 2 3
Cool broad-leaved (2,000m - 2,900m) 2 3 4
Chir Pine (900 - 1,800m) 3 4 5
Blue Pine (2,100 - 3,000m) 3 4 5
Spruce (2,700 - 3,000m) 3 4 5

(H8h : JICA FHER)
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() BHOER FHEY =4 b : 10%)

B ORI L B E LL FIC R T, 7 A —VRMICHEE SN T Ao\ T, 2
KRN T2 & 2/ BT o > THRRIIWEET 5, £ OMOBHIOERIZOWTIE, BERHEEL
WBHIBHID 20% 2L EDOGAIIIBIREZ WIS L, S%AM O EIITE % 4 8T 5,

£ 7-27 BHOFERIZ X DA

Affected size Important wetland designated Other Wetland
by Ramsar Convention
Over 20% of wetland 0
15% - 20% of wetland 1
10% - 15% of wetland 0 2
5% - 10% of wetland 3
Under 5% of wetland 4
Nothing 5 5

(Hgh : JICA FHER)

(4) KEAEY BEBMHEAEEZED) ~OFE GHMOY =1 b : 5%)
BEIWERIRE A~ OB X D5HlA 2 LU N IR, BEMWERIRSEA~DOREIL, ¥ L E7I3HEI
IVIEZIEDOONDINORE SZEEB L THHET 2, 2B, TRENDOr — AT, RIEDKRER
EIC L DMK RE THIUT, Pl 2 —BFs5] & BT %,

F 7-28 KEAY BIMEAEZET) ~OREIC X BFMA

Affected area Located in the lower part of ~ There are dam/weir in the

the stream downstream
Main Stream 1 3
Tributary Stream 2 4

(HH R« JICA FHAEF)

(5) THDER (Erosion caused by Access road/Dam site) Gl =1 bk : 5%)

THIORBIC L DR A Z DL FIORT, 77 2 AEKLH DO LY OR8N Al
TH DM, HMHEIC L Y LHORB~OEFRNATHE THIUE, KERREITAE U= 85k
ISR E L, FEFSRANHE L WA IR 38855,

# 7-29 THOFREIT L SR

Caused by construction of access
roads, cutting for dam/weir

Not possibility of Mitigation 3

Possibility of Mitigation such as planting of trees/bushes 5

Type of erosion

(H8h : JICA FHER)

(6) =Bl GHEY =A b :5%)
BT K DR Z LA IR T, AKOBBIC > TRBIUCHEELZ 52 2HA L LT, FLlik
BRMEESND, 2025, XAIZONWTEL, KN TE TRBICEWREEBE 525 LE %
TWDART =% 2 ANOHFIZITZ T2 (SEA Task Force i D RLAE) | XPRIAE BRI LT,
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EEMRZOWTIL, BBEHEENELS 2D L RmBICEZ DHENREL D EEZLNDIZD, &
TEIEEED 10km Rl O AICEEE 55 & L, 100km UL EDOSGEICmEE 1 ST 5,

# 730 ZERICIDIERBA~OEEIC X BFHMESR

Distance from Nearest Pooling station/Substation Score
More than 100 km 1
From 50 km to 100 km
From 20 km to 50 km
From 10 km to 20 km
Less than 10 km

[V NSRS R ')

(H8 : JICA FHER)

725 tEBE%E

KFTBAFEITE > CTHUSRAESBIR 2 eE S B2 BV R 25+ 5, FEME H X, SRR
W~OT 72 A EROER EWRASMOFREMED 2 THH &35, TNENOHEE DY =4 MI
FREE LB 2, 50%T D& L,

Bk A7 U —=2 7 Clix, ALECHIE ATRERIER 2 X 0§l 5,

£ 7-31 tESBEARIEE

Sub-criteria Weight Assessment of sub-criteria
Improved Access to
socio-economic 50% Positive impacts on road access and network
benefits
Emplo.ymen.t and . Poverty Rate
potential of income 50% X .

.. Potential for increased sales of local products

opportunities
Total 100%

(Hgh : JICA FHER)

(1) HLRFHEE~DOT 7B AALE GHEY =4 F : 50%)

HEARFHEIR~OT 7 & A0 FIZ X 23R % DL FIORT, RIS & - TiE, KIHE
FTOBRFEI LS T, HEERENR MBI TH HEK T 7 ¥ AREBEFE., BEi - —E2~0
TR A EERK c P EASDT 7B ABERPFTE L, BRAZ ) —= 7 TIE #H
B, REMROT 7 AOUEOHMNRRETCH LD, 7=z A MELIZaIa=
TaANHY, B - RGBT L TORWIGE ., FICIEDA VX7 RRd 5 kL, 2D X5
mr—A%SKREL, ERLSMT2H8E LT,
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F 7-32 HESREOERA~DOT 7 &AM EIC X DA

Sub criteria Score
No Particular Positive impacts on road )
access and network
Positive impacts on road access and
network

5

(Hi#h : JICA FHARH)

(2) BHENAEMORREN GFHEY =1 b : 50%)

JE R &R O /I REMELS X B RS A PL R ISR, AKNFEF ORI R, #ulsi R
& o TR ORERSLIADHNINC X S 03HIfF TE 2, 2o ORI, EREO & Hsk
ICBWTHENEL 725 Z L & & E L, Dzongkhag DR INZR 10%LL EOHIIZIHB T
L Pl Z < Le, BAARRYZe S 80R, EABS . BUCBR O WTRENM:, HUBPE DB Y _LITH
R EOHEASOBEEICE VT 5, LovL, H—RAZ U —=0 7128V L, @O
ST A EOH-IBICH H 0 | BIBIEORT > v v U OO TUIHL L O 1 C Il A3
LWZ Enb, HRERKEOREWRTOREMAIMZEET L L, £, BRT 7 EA0M EIZ
L0, M OEFEROTE D BTSN D ATREMER RV & W S ST 5, Thebbh, &
=49 10%L, EORTHIIZ—H S & L, AR HBARO A BEFOELE - BaBE 25 aH LT
WRWEZAIF3I R, IEEL TS EZAF T AL L,

# 7-33 B LINABMOTREMEIZ X 2 374 A

Score
Sub criteria High Household
Poverty Rate Areas Other areas
None 5
Potential for increased sales of local products 5 3

(¥£) “High household poverty rate area”%. [Dzongkhag L -~/ C 10% 2L E (2017 4EW5 ) | 2467,
(it : JICA A M)
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7.3 —RFHHE
731 BAREZEMEETNEHK

56 T LT 116 HUSO AT v o v MM DR T, %< DERBESHE L 725 M8 &%
BIFOTRTO AL H— R b AR (BT 5 M1 SV T, FHEIO LI L & %6 L

TSV E BN AL =TT 2040 FET BV =2 b
77 AT LAR—F|

T OB TR R~ DT ANHE LU, BB EIEE L, KT 2 o A HED BT B,
ZHE OHLE A LTI,

# 7-34 B DERBESVNELRHHI

Pé(())]g;:t Tributary Name Capacity (MW) | Energy (GWh)
W-5 Wangchhu Thimphu Reservoir 46 201
W-10 Parochhu Paro Reservoir 54 237
C-6 Chamkharchhu Bumthang 102 447
Total 3 sites 202 884

(Hit - JICA FHAFA)
& 7-35 REBHUKNICAIE T SR

Pé(())]g;:t Tributary Name Capacity (MW) | Energy (GWh)
A-2 Amochhu Amochhu-2 453 1,985
A-3 Tima Lum Chhu Timalumchhu 38 165
W-2 Tangochhu Chhanda-gang 37 164
P-1 Mochhu Taksti Makhang 177 775
P-2 Mochhu Chhogley 257 1,125
P-3 Samechhu Chhuzarkha 165 721
P-4 Samechhu Rimi 189 830
P-5 Mochhu Daushing 495 2,167
P-6 Mochhu Sechednang 330 1,445
P-8 Phochhu Phochhu-2 59 260
P-9 Phochhu Uesana 97 425
P-10 Tangchhu Wachey 81 354
P-11 Tr-Phochhu-3 Threlga 124 543
P-12 Tr-Phochhu-3 Phochhu-Tr-2 431 1,886
P-13 Phochhu Phochhu-1 597 2,615
P-14 Tr-Phochhu-2 Phochhu-Tr-1 62 271
P-16 Sichhu Tshachuphu 58 255
P-27 Machhu Kago-2 40 174
P-32 Harachhu Rukha 81 356
M-1 Mangdechhu Mangdechhu-2 69 301
M-2 Duigang chhu Duigang chhu 62 273
M-3 Mangdechhu Mangdechhu-1 186 813
M-4 Thampochhu Thampochhu 59 259
M-9 Wachichhu Wachichhu 29 127
M-12 Rimjigangchhu Rimjigangchhu 29 126
M-13 Shergarchhu Shergarchhu 28 121
C-1 Chamkharchhu Gumthangchhu 125 548
C-2 Chamkharchhu Chamkharchhu-V 72 317
C-9 Chamkharchhu Chamkharchhu-I11 755 3,307
K-1 Kurichhu Kurichhu-2 666 2915
K-2 Kurichhu Kurichhu-1 777 3,405
K-3 Kurichhu Chagdzom 563 2,466
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Ty AFI s LER—Fb

K-4 Bazaguruchhu Bazaguruchhu-2 50 218
K-5 Bazaguruchhu Bazaguruchhu-1 57 250
K-6 Nangrigang Nangrigang-2 41 180
K-7 Nangrigang Nangrigang-1 57 248
K-8 Kurichhu Ugenphu 354 1,551
K-9 Kurichhu Nimshong 367 1,607
K-10 Khomachhu Khomachhu-1 43 187
K-11 Khomachhu Khomagang 50 220
K-12 Khomachhu Khomachhu 104 455
G-2 Kholongchhu Longkhar 149 653
G-8 Gamri Gamrichhu-4 53 234
Ai-2 Aiechhu Aiechhu 1 60 263

Total 44 sites 8,576 37,560

(Hi#h : JICA FHAERH)

ZOFER, 47 HisL (8,778MW) MNBHFE A [ALEET N X MR & U TGRSR SN BRI L, ks

B 69 HITIZDOWT, MCA 12 K 2 i BGHT £ F ks 5,
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7.3.2 BRT VU VMR OEERHE

BRT U VB OEEERE LFEEOBEDZD, ZFRT v VS OXREGFHE Z LT
DOEEFEIZ LV ERRT 5,

B B I OEETOEERIIIMZA T, FHEFORERORELZEFE L, ERT Uy

T—HEH BT AX =TT U200 KRETOT T B
77 A4 FI) e LIR— b

NHEDORREEHEA R R E TILER

REZR ST R 2 R ET D,

[ FiéElE{L%Eﬂ%ﬂa@‘E>Ezﬁ TliX, EOMBOELNEN DS E WA=, KR T v
Ty VR OEER L, ENENOMR O ) A HM Tk E AT RERFHE & 35,
72k, BANERI A VE LT OBRIC W T, i S S o R AEE 2Kk L
TEET D LD REHEORE LA FET 5,

n %%ﬁizﬁﬁ%%ﬁkb %ﬁwﬁ T, DTSR AERE (1 MR 2
HhE) & BRERERTIC F%%fbf&m#é JEDIREE 40°C, F REMR
J¥ 85°C, ﬁ409kbf%% BILEERBEEHAET DL LLUTO®Y L5,
»  400kV, Moose, Twin: + 3*400kV*850A*0.9*2=1,060MW
>  220kV, Zebra, Single: v 3*220kV*750A*0.9=257TMW
> 132kV, Panther, Single: v 3*132kV*490A*0.9=101MW
® 736 FEEXEROXERE
Voltage Type Capacity (1 cct)
400kV Moose, Twin 1,060MW
220kV Zebra, Single 25TMW
132kV Panther, Single 10IMW
(Hi8 - JICA FHAEFA)
BRT vy VS ORERE & LA TSR,
#£ 737 BHERT UV VR OXRERHE
TS Name of project ICI;S;:gES Vel From To IDIEHETES
Code (MW) V) (km)
A-4 Kunzangling 897 400 Kunzangling Amochhu Res. 59.0
A-5 Tingma 567 400 Tingma Amochhu Res. 45.2
A-8 Dorokha 573 400 Dorokha Amochhu Res. 274
A-9 Ngatse 44 132 Ngatse Amochhu Res. 25.8
A-10 Sanglum 178 400 Sanglum Amochhu Res. 16.3
A-11 Dojengkha 25 132 Dojengkha Amochhu Res. 22.0
A-12 Dolepchen 41 132 Dolepchen Amochhu Res. 15.2
W-3 Dodennang 61 220 Dodennang Semtokha 21.2
W-6 Chuzom 152 220 Chuzom Chhukha 34.4
W-7 Getsa 37 220 Getsa Chhukha 97.0
W-8 Zangkhepa 73 220 Zangkhepa Chhukha 81.0
W-13 Singkhar 38 220 Singkhar Chhukha 41.3
W-14 Tsendu Goenpa 75 220 Tsendu Goenpa Chhukha 24.2
W-19 Pipingchhu 100 132 Pipingchhu Wangchhu 0.6
P-7 Puna Gom 127 220 Puna Gom Punatsangchhu-I 38.8
P-15 Tamigdamchu 188 220 Tamigdamchu Punatsangchhu-I 52.7
P-17 Tseykha 170 220 Tseykha Punatsangchhu-I 38.2
P-18 Jarona 43 132 Jarona Punatsangchhu-I 42.8
P-19 Dangchhu 101 132 Dangchhu Punatsangchhu-1 28.7
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77 AT LAR—F|

STt Name of project izi)t:illet:s polics From To e
Code (MW) kV) (km)
P-20 Rabuna 33 132 Rabuna Punatsangchhu-1 22.2
P-26 Thasa 680 400 Thasa LILO 2.3
P-28 Kago-1 102 132 Kago-1 Punatsangchhu-I1 15.8
P-29 Kago 58 132 Kago Punatsangchhu-I1 9.6
P-30 Pinsa 151 132 Pinsa Punatsangchhu-I1 5.9
P-33 Burichhu 40 220 Burichhu LILO 0.4
P-34 Darachhu 61 220 Darachhu Dagachhu 17.5
P-35 Dagachhu-I1 94 220 Dagachhu-I1 Dagachhu 9.8
P-36 Pelichhu 52 220 Pelichhu Dagachhu 16.4
P-38 Tashiding 81 220 Tashiding Dagapela 9.1
M-5 Bemji 333 400 Bemji Mangdechhu 39.5
M-6 Jongthang 170 400 Jongthang Mangdechhu 22.7
M-11 Wangdigang 446 400 Wangdigang LILO 4.4
M-14 Tingtibi 181 400 Tingtibi LILO 2.6
M-15 Gomphu 488 400 Gomphu Goling 20.8
M-17 Buli 67 132 Buli Goling 10.4
M-18 Nyekhar 43 132 Nyekhar Goling 6.1
M-19 Sermaling 496 400 Sermaling Yangbari 39.2

C-3 Kurjey 89 132 Kurjey Bumthang 17.3
C-4 Chhutoe 29 132 Chhutoe Bumthang 22.1
C-7 Chamkharchhu-IV 451 400 Chamkharchhu-IV Goling 46.3
C-10 Chamkharchhu-II 456 400 Chamkharchhu-II Goling 29.4
K-13 Minjey 490 400 Minjey Yangbari 82.4
K-14 Unggarchhu 28 132 Unggarchhu Tangmachhu 14.2
K-15 Phawan 502 400 Phawan Yangbari 68.8
K-19 Shongarchhu 32 132 Shongarchhu Kurichhu 15.1
G-3 Tshaling 204 220 Tshaling Kholongchhu 274
G-4 Ranya 162 220 Ranya Kholongchhu 17.9
G-6 Khamdang 494 400 Khamdang Kholongchhu 1.0
G-7 Gongri 590 400 Gongri Yangbari 69.0
G-9 Gamrichhu-3 123 220 Gamrichhu-3 Kholongchhu 24.1
G-10 Gamrichhu-2 104 220 Gamrichhu-2 Kholongchhu 15.8
G-11 Gamrichhu-1 108 220 Gamrichhu-1 Kholongchhu 12.7
G-12 Rotpa 40 132 Rotpa Kilikhar 22.6
G-13 Sherichhu 53 132 Sherichhu Kilikhar 17.2
G-14 Uzorong 763 400 Uzorong Yangbari 44.6
G-16 Jerichhu 40 132 Jerichhu Nangkhor 11.3
G-19 Nagor 53 132 Nagor Nganglam 23.0
G-20 Pramaling 29 132 Pramaling Nganglam 14.2
G-22 Panbang 1,100 400 Panbang Yangbari 27.8
Ai-1 Aiechhu 2 34 132 Aiechhu 2 Jigmeling 13.2
Ai-3 Pelrithang 30 132 Pelrithang Jigmeling 13.1
Ai-4 Ronggangchhu 51 132 Ronggangchhu Jigmeling 15.4
J-1 Zangtheri 29 132 Zangtheri Phuentshogthang 54.0
J-2 Jomori-I 82 132 Jomori-I Phuentshogthang 48.0
J-3 Maenjiwoong 70 132 Maenjiwoong Phuentshogthang 51.8
J-4 Jomotsangkha 68 132 Jomotsangkha Phuentshogthang 61.8
N-1 NA Kangpara (G) 71 132 NA Kangpara (G) Phuentshogthang 57.6
N-2 Lamai Gonpa 37 132 Lamai Gonpa Phuentshogthang 43.9
N-3 Paydung-Kangpar 85 132 Paydung-Kangpar | Phuentshogthang 28.9
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T—HEH BT AX =TT U200 KRETOT T B
77 A4 FI) e LIR— b

733 BRF U AHEOTE (HiiE)

(1) KXTF—FDORMEEE) X7
(a) HUKHLE EHOKFT oL GHEi ™ =1 & : 30%)

HKATE, BUKHS IS b T ET 5 b D AEE Lz, 7272 L, BEDXS & 72 5 RIKFT
1E, JICA AERNC L > T, 7 — X ERFRNCHER SN b O & Uiz, BRI, B A
B B OB TE WK, ¥ TN~ A I — T EDBIEORERET — % MBI ENE
UNRIZKET 2 38 E D54k & U, & BUKHLR & KT O ikim R b X 25 R 2 TR ISR,

F 7-38 EUKHS & BIZKET O Fi s A b AT

Ratio catchment area
] Catchment | Catchment .
Project : Ratio
Code IR O L 0 area area Selected station catchment | Score
(dam site) (station)
K’ K’ area
Amochhu Basin
A-4 Kunzangling 2,100 3,055 Dorokha 0.69 5
A-5 Tingma 2,252 3,055 Dorokha 0.74 5
A-8 Dorokha 2,602 3,055 Dorokha 0.85 5
A-9 Ngatse 237 3,055 Dorokha 0.08 1
A-10 Sanglum 3,112 3,055 Dorokha 1.02 5
A-11 Dojengkha 95 3,650 Doyagang 0.03 1
A-12 Dolepchen 235 3,650 Doyagang 0.06 1
Wangchhu Basin
W-3 Dodennang 410 663 Lungtenphu 0.62 5
W-6 Chuzom 2,483 2,520 Damchhu/Tamchu 0.99 5
W-7 Getsa 175 1,101 Paro(closed) 0.16 1
W-8 Zangkhepa 325 1,101 Paro(closed) 0.29 3
W-13 Singkhar 380 2,520 Damchhu/Tamchu 0.15 1
W-14 Tsendu Goenpa 646 2,520 Damchhu/Tamchu 0.26 3
W-19 Pipingchhu 217 3,573 Chukha/Chimakoti 0.06 1
Punatsangchhu Basin
P-7 Puna Gom 2,145 2,320 Yebesa 0.92 5
P-15 Tamigdamchu 2,120 6,271 | Wangdue/Wangdirapids 0.34 4
P-17 Tseykha 2,205 6,271 | Wangdue/Wangdirapids 0.35 4
P-18 Jarona 219 6,271 | Wangdue/Wangdirapids 0.03 1
P-19 Dangchhu 404 6,271 | Wangdue/Wangdirapids 0.06 1
P-20 Rabuna 561 6,271 | Wangdue/Wangdirapids 0.09 1
P-26 Thasa 6,102 8,593 Sankosh/Toritar 0.71 5
P-28 Kago-1 250 6,271 | Wangdue/Wangdirapids 0.04 1
P-29 Kago 377 6,271 | Wangdue/Wangdirapids 0.06 1
P-30 Pinsa 427 6,271 | Wangdue/Wangdirapids 0.07 1
P-33 Burichhu 190 8,593 Sankosh/Toritar 0.02 1
P-34 Darachhu 220 8,593 Sankosh/Toritar 0.03 1
P-35 Dagachhu-I1 593 8,593 Sankosh/Toritar 0.07 1
P-36 Pelichhu 211 8,593 Sankosh/Toritar 0.02 1
P-38 Tashiding 778 8,593 Sankosh/Toritar 0.09 1
Mangdechhu Basin
M-5 Bemji 1,010 1,390 Bjizam 0.73 5
M-6 Jongthang 1,298 1,390 Bjizam 0.93 5
M-11 Wangdigang 2,490 3,322 Tingtibi 0.75 5
M-14 Tingtibi 2,878 3,322 Tingtibi 0.87 5
M-15 Gomphu 3,328 3,322 Tingtibi 1.00 5
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Ratio catchment area
Proi Catchment | Catchment .
roject . Ratio
Name of Project area area .
Code . X Selected station catchment | Score
(dam site) (station)
Kkm> K2 area
M-17 Buli 216 3,322 Tingtibi 0.07 1
M-18 Nyekhar 244 3,322 Tingtibi 0.07 1
M-19 Sermaling 7,281 3,322 Tingtibi 2.19 4
Chamkharchhu Basin
C-3 Kurjey 804 1,350 Kurjey 0.60 5
C-4 Chhutoe 146 1,350 Kurjey 0.11 1
C-7 Chamkharchhu-IV 2,080 2,728 Shingkhar/Bemethang 0.76 5
C-10 Chamkharchhu-II 2,525 2,728 Shingkhar/Bemethang 0.93 5
Kurichhu Basin
K-13 Minjey 8,926 7,270 Sumpa 1.23 5
K-14 Unggarchhu 132 611 Lhuentse(Khoma) 0.22 2
K-15 Phawan 9,445 8,547 Autsho 1.11 5
K-19 Shongarchhu 124 320 Lingmethang 0.39 4
Drangmechhu Basin
G-3 Tshaling 760 905 Muktrap 0.84 5
G-4 Ranya 848 905 Muktrap 0.94 5
G-6 Khamdang 7,286 8,560 Uzorong 0.85 5
G-7 Gongri 8,691 8,560 Uzorong 1.02 5
G-9 Gamrichhu-3 214 905 Muktrap 0.24 2
G-10 Gamrichhu-2 416 905 Muktrap 0.46 4
G-11 Gamrichhu-1 573 905 Muktrap 0.63 5
G-12 Rotpa 208 437 Sherichu 0.48 4
G-13 Sherichhu 278 437 Sherichu 0.64 5
G-14 Uzorong 10,164 8,560 Uzorong 1.19 5
G-16 Jerichhu 153 320 Lingmethang 0.48 4
G-19 Nagor 150 320 Lingmethang 0.47 4
G-20 Pramaling 120 320 Lingmethang 0.37 4
G-22 Panbang 20,944 20,925 Panbang 1.00 5
Aiechhu Basin
Ai-1 Aiechhu 2 223 3,322 Tingtibi 0.07 1
Ai-3 Pelrithang 512 3,322 Tingtibi 0.15 1
Ai-4 Ronggangchhu 149 3,322 Tingtibi 0.04 1
Jomori Basin
J-1 Zangtheri 119 437 Sherichu 0.27 3
J-2 Jomori-I 495 437 Sherichu 1.13 5
J-3 Maenjiwoong 564 437 Sherichu 1.29 5
J-4 Jomotsangkha 685 437 Sherichu 1.57 5
Nyera Amari Basin
N-1 NA Kangpara (G) 145 437 Sherichu 0.33 4
N-2 Lamai Gonpa 188 437 Sherichu 0.43 4
N-3 Paydung-Kangpar 379 437 Sherichu 0.87 5
(Hidh : JICA FH#E)
(b) BKEE GHIY =4 k1 30%)
@I CHRIE LI BB ORAESIC £ 0 R 5, AR B2 FRISRT,
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Project i @ Profes; Recorded period Score
Code (year)
Amochhu Basin
A-4 Kunzangling 19 4
A-5 Tingma 19 4
A-8 Dorokha 19 4
A-9 Ngatse 19 4
A-10 Sanglum 19 4
A-11 Dojengkha 9 2
A-12 Dolepchen 9 2
Wangchhu Basin
W-3 Dodennang 24 5
W-6 Chuzom 14 3
W-7 Getsa 24 5
W-8 Zangkhepa 24 5
W-13 Singkhar 14 3
W-14 Tsendu Goenpa 14 3
W-19 Pipingchhu 39 5
Punatsangchhu Basin
P-7 Puna Gom 24 5
P-15 Tamigdamchu 25 5
P-17 Tseykha 25 5
P-18 Jarona 25 5
P-19 Dangchhu 25 5
P-20 Rabuna 25 5
P-26 Thasa 8 2
P-28 Kago-1 25 5
P-29 Kago 25 5
P-30 Pinsa 25 5
P-33 Burichhu 8 2
P-34 Darachhu 8 2
P-35 Dagachhu-II 8 2
P-36 Pelichhu 8 2
P-38 Tashiding 8 2
Mangdechhu Basin
M-5 Bemyji 21 5
M-6 Jongthang 21 5
M-11 Wangdigang 11 3
M-14 Tingtibi 11 3
M-15 Gomphu 11 3
M-17 Buli 11 3
M-18 Nyekhar 11 3
M-19 Sermaling 11 3
Chamkharchhu Basin
C-3 Kurjey 25 5
C-4 Chhutoe 25 5
C-7 Chamkharchhu-IV 6 2
C-10 Chamkharchhu-I1 6 2
Kurichhu Basin
K-13 Minjey 8 2
K-14 Unggarchhu 27 5
K-15 Phawan 24 5
K-19 Shongarchhu 12 3
Drangmechhu Basin
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Project Wi ofF Exijesi Recorded period Score
Code (year)
G-3 Tshaling 15 4
G-4 Ranya 15 4
G-6 Khamdang 21 5
G-7 Gongri 21 5
G-9 Gamrichhu-3 15 4
G-10 Gamrichhu-2 15 4
G-11 Gamrichhu-1 15 4
G-12 Rotpa 23 5
G-13 Sherichhu 23 5
G-14 Uzorong 21 5
G-16 Jerichhu 12 3
G-19 Nagor 12 3
G-20 Pramaling 12 3
G-22 Panbang 6 2
Aiechhu Basin
Ai-1 Aiechhu 2 11 3
Ai-3 Pelrithang 11 3
Ai-4 Ronggangchhu 11 3
Jomori Basin
J-1 Zangtheri 23 5
J-2 Jomori-I 23 5
J-3 Maenjiwoong 23 5
J-4 Jomotsangkha 23 5
Nyera Amari Basin
N-1 NA Kangpara (G) 23 5
N-2 Lamai Gonpa 23 5
N-3 Paydung-Kangpar 23 5
(Hid - JICA FRAH)

() HACRIZET HHRKFTOEE (Primary : 30%, Secondary : 10%)
K IKFAIZE T D Primary & Secondary DRIZKFT D% FE O FEAMAL %2 TR ITRT,

F 7-40 JKFTERE R E DML

. Basin Primary stations Secondary stations
Project Name of Project Ar.ea .km2
Code (inside /g @i Density | Score g, Gt Density | Score
Bhutan) stations stations
Amochhu Basin
A-4 Kunzangling 2,323 1 0.0004 3 1 0.0004 3
A-5 Tingma 2,323 1 0.0004 3 1 0.0004 3
A-8 Dorokha 2,323 1 0.0004 3 1 0.0004 3
A-9 Ngatse 2,323 1 0.0004 3 1 0.0004 3
A-10 Sanglum 2,323 1 0.0004 3 1 0.0004 3
A-11 Dojengkha 2,323 1 0.0004 3 1 0.0004 3
A-12 Dolepchen 2,323 1 0.0004 3 1 0.0004 3
Wangchhu Basin
W-3 Dodennang 4,644 2 0.0004 3 0 0.0000 1
W-6 Chuzom 4,644 2 0.0004 3 0 0.0000 1
W-7 Getsa 4,644 2 0.0004 3 0 0.0000 1
W-8 Zangkhepa 4,644 2 0.0004 3 0 0.0000 1
W-13 Singkhar 4,644 2 0.0004 3 0 0.0000 1
W-14 Tsendu Goenpa 4,644 2 0.0004 3 0 0.0000 1
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. Basin Primary stations Secondary stations
Froject Name of Project Ar.ea .km2
Code (inside Ng: i Density | Score e, @2 Density | Score
Bhutan) stations stations
W-19 Pipingchhu 4,644 2 0.0004 3 0 0.0000 1
Punatsangchhu Basin
P-7 Puna Gom 9,748 4 0.0004 3 3 0.0003 2
P-15 Tamigdamchu 9,748 4 0.0004 3 3 0.0003 2
P-17 Tseykha 9,748 4 0.0004 3 3 0.0003 2
P-18 Jarona 9,748 4 0.0004 3 3 0.0003 2
P-19 Dangchhu 9,748 4 0.0004 3 3 0.0003 2
P-20 Rabuna 9,748 4 0.0004 3 3 0.0003 2
P-26 Thasa 9,748 4 0.0004 3 3 0.0003 2
P-28 Kago-1 9,748 4 0.0004 3 3 0.0003 2
P-29 Kago 9,748 4 0.0004 3 3 0.0003 2
P-30 Pinsa 9,748 4 0.0004 3 3 0.0003 2
P-33 Burichhu 9,748 4 0.0004 3 3 0.0003 2
P-34 Darachhu 9,748 4 0.0004 3 3 0.0003 2
P-35 Dagachhu-I1 9,748 4 0.0004 3 3 0.0003 2
P-36 Pelichhu 9,748 4 0.0004 3 3 0.0003 2
P-38 Tashiding 9,748 4 0.0004 3 3 0.0003 2
Mangdechhu Basin
M-5 Bemji 4,085 2 0.0005 3 1 0.0002 1
M-6 Jongthang 4,085 2 0.0005 3 1 0.0002 1
M-11 Wangdigang 4,085 2 0.0005 3 1 0.0002 1
M-14 Tingtibi 4,085 2 0.0005 3 1 0.0002 1
M-15 Gomphu 4,085 2 0.0005 3 1 0.0002 1
M-17 Buli 4,085 2 0.0005 3 1 0.0002 1
M-18 Nyekhar 4,085 2 0.0005 3 1 0.0002 1
M-19 Sermaling 4,085 2 0.0005 3 1 0.0002 1
Chamkharchhu Basin
C-3 Kurjey 3,178 2 0.0006 4 0 0.0000 1
C-4 Chhutoe 3,178 2 0.0006 4 0 0.0000 1
C-7 Chamkharchhu-IV 3,178 2 0.0006 4 0 0.0000 1
C-10 Chamkharchhu-II 3,178 2 0.0006 4 0 0.0000 1
Kurichhu Basin
K-13 Minjey 3,837 2 0.0005 4 3 0.0008 4
K-14 Unggarchhu 3,837 2 0.0005 4 3 0.0008 4
K-15 Phawan 3,837 2 0.0005 4 3 0.0008 4
K-19 Shongarchhu 3,837 2 0.0005 4 3 0.0008 4
Drangmechhu Basin
G-3 Tshaling 9,785 3 0.0003 2 1 0.0001 1
G-4 Ranya 9,785 3 0.0003 2 1 0.0001 1
G-6 Khamdang 9,785 3 0.0003 2 1 0.0001 1
G-7 Gongri 9,785 3 0.0003 2 1 0.0001 1
G-9 Gamrichhu-3 9,785 3 0.0003 2 1 0.0001 1
G-10 Gamrichhu-2 9,785 3 0.0003 2 1 0.0001 1
G-11 Gamrichhu-1 9,785 3 0.0003 2 1 0.0001 1
G-12 Rotpa 9,785 3 0.0003 2 1 0.0001 1
G-13 Sherichhu 9,785 3 0.0003 2 1 0.0001 1
G-14 Uzorong 9,785 3 0.0003 2 1 0.0001 1
G-16 Jerichhu 9,785 3 0.0003 2 1 0.0001 1
G-19 Nagor 9,785 3 0.0003 2 1 0.0001 1
G-20 Pramaling 9,785 3 0.0003 2 1 0.0001 1
G-22 Panbang 9,785 3 0.0003 2 1 0.0001 1
Aiechhu Basin
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. Basin Primary stations Secondary stations
Froject Name of Project Ar.ea .km2
Code (inside Ng: i Density | Score e, @2 Density | Score
Bhutan) stations stations
Ai-1 Aiechhu 2 1,956 0 0.0000 1 0 0.0000 1
Ai-3 Pelrithang 1,956 0 0.0000 1 0 0.0000 1
Ai-4 Ronggangchhu 1,956 0 0.0000 1 0 0.0000 1
Jomori Basin
J-1 Zangtheri 731 0 0.0000 1 0 0.0000 1
J-2 Jomori-I 731 0 0.0000 1 0 0.0000 1
J-3 Maenjiwoong 731 0 0.0000 1 0 0.0000 1
J-4 Jomotsangkha 731 0 0.0000 1 0 0.0000 1
Nyera Amari Basin
N-1 NA Kangpara (G) 2,289 0 0.0000 1 0 0.0000 1
N-2 Lamai Gonpa 2,289 0 0.0000 1 0 0.0000 1
N-3 Paydung-Kangpar 2,289 0 0.0000 1 0 0.0000 1

PR IE RS T — 2 CENIC BT S EEE R

(2) HEHIZRH D 2P
(a) HIEOHRS

(Hidh : JICA FHERH)

“The Global Seismic Hazard Assessment Project (GSHAP) produced a global seismic hazard map

covering Bhutan (Giardini et al., 1999). Figure 5 shows the GSHAP seismic hazard map for Bhutan, re-
generated by the Amateur Seismic Centre in Pune, India.” & 508 LTV 5 1999 HZAFK I T
12 DY == T - d il 217 9

(Hi 8 : Amateur Seismic Centre in Pune, India)

X 7-2 GSHAP Seismic Hazard Map {2 & 3 #IB DM X 1Z351) 5 F4fh
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(b) AERREM OFFAM

HERREM L LTOREM & LTI, SRR S AL RN REDBEE D G RT3 R < A9
DONEE LV, L7 - T, Google Earth [B{% E T PRGNV DIRREAZ FH 95, LavL
BRI RIG WV OWEERE N Z L WA, JFA IS LW Z SUBSEEIC RN E S nE S
73% Google Earth g FCTHIEr « 5 L. WAED 2 WVIEWTHADO/LENRT SIZHONT T
YIS,

(c) HE - HE OFEAMN

Slope Stability Risk, Weak Zone, Permeable and Anisotropic Rock ® 3 THH 2% L TiL, Frid
L ORI %,

Slope Stability Risk (2B L ClL, HifZ - HE Wi 2 HRFEICFAI 21T 9, FTHIFICEA L T
L. Google Earth H[{§ FICARZET B v 7 Bl LIV W E D 7, BEAFHVE X CHE i D &
7] 25 P /K HRHED O TR WNFEPH IS ST THALH & 72 o TRWIE S v, F LA b T iR &
7R BRI E D INTHE B LTINS 5 BeMEICFHE T %,

Weak Zone (2B L TlE, FHEHLEZEEEIS Y =7 2 > R MCT Z 1L U & D&M E
7% Google Earth {4 b5 XL OBEFHVE X B2/ E I MTERT 5, U =7 X MRS
Wrig s, #iFHNZEE T 256 5 18, Skm INIZOAAT 256 ; 3 R, ELdh ;5 Said
KT 5,

Permeable and Anisotropic Rock (2B L Ci%, [k/AKMICEFEZ RIZTENOH 5 AKEE)N
Wk OV DA NERIIZ AT Lo E 5 0, BIGHEE A3 KK & FEERTH 2230 7118 &
A LW E I NZERT D, 2 bOEMMB ST 5 ARt myy (0T 5 & Sh
L HE Xy O IHEEM BT 2) Sty 5 1, AT H D (i 2 & S g D5
FEHEICALET D) Bt 5 3 5. FTRetEIER W (AT 5 & Sh 2 g X 53 O HITEIEY )5
fZfE L7220 %6 ;5 RERRT 5,

A SR 69 LR OALE 2 U PUZFEA L7 b D& LU FITRT,
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(Source: Long et al., 2011)

7-3 Potential Project Sites on the Geological Plan of Bhutan
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IEOEBZ#EMN LR 2 TRITRT,
# 7-41 HEEOIME

Project . Slope stability Peqneable. & Construction
Code Name of Project Risk Weak zone anisotropic material risk
rocks

A-4 Kunzangling 3 5 5 4
A-5 Tingma 3 5 5 2
A-8 Dorokha 4 4 5 4
A-9 Ngatse 4 5 5 2
A-10 Sanglum 4 3 1 4
A-11 Dojengkha 4 4 5 3
A-12 Dolepchen 3 3 3 4
W-3 Dodennang 4 3 4 1
W-6 Chuzom 4 5 5 3
W-7 Getsa 4 5 3 2
W-8 Zangkhepa 4 4 3 2
W-13 Singkhar 4 5 5 2
W-14 Tsendu Goenpa 4 5 5 2
W-19 Pipingchhu 4 5 5 3
P-7 Puna Gom 4 5 5 3
P-15 Tamigdamchu 4 5 5 2
P-17 Tseykha 4 5 5 5
P-18 Jarona 4 3 1 2
P-19 Dangchhu 4 5 5 3
P-20 Rabuna 2 5 5 3
P-26 Thasa 3 5 5 2
P-28 Kago-1 4 5 5 2
P-29 Kago 4 4 5 2
P-30 Pinsa 2 4 5 2
P-33 Burichhu 4 5 5 2
P-34 Darachhu 4 5 5 3
P-35 Dagachhu-II 4 5 5 2
P-36 Pelichhu 4 5 5 2
P-38 Tashiding 3 3 5 2
M-5 Bemji 4 5 5 3
M-6 Jongthang 4 5 5 3
M-11 Wangdigang 4 5 3 3
M-14 Tingtibi 4 5 3 5
M-15 Gomphu 4 3 2 5
M-17 Buli 4 5 5 5
M-18 Nyekhar 4 5 5 5
M-19 Sermaling 5 3 2 5
C-3 Kurjey 3 3 5 4
C-4 Chhutoe 3 4 5 4
C-7 Chamkharchhu-IV 4 3 3 3
C-10 Chamkharchhu-I1 4 3 5 4
K-13 Minjey 4 4 1 3
K-14 Unggarchhu 4 3 3 2
K-15 Phawan 4 5 3 2
K-19 Shongarchhu 4 4 5 2
G-3 Tshaling 4 4 5 2
G-4 Ranya 4 5 5 3
G-6 Khamdang 4 5 5 4
G-7 Gongri 4 5 5 5
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Project . Slope stability Permeable. & Construction
Code Name of Project Risk Weak zone anisotropic material risk
rocks
G-9 Gamrichhu-3 4 4 3 3
G-10 Gamrichhu-2 3 5 3 3
G-11 Gamrichhu-1 3 3 3 3
G-12 Rotpa 4 3 5 2
G-13 Sherichhu 3 3 1 2
G-14 Uzorong 3 5 1 2
G-16 Jerichhu 4 4 3 2
G-19 Nagor 4 4 1 2
G-20 Pramaling 4 4 3 2
G-22 Panbang 4 4 3 4
Ai-1 Aiechhu 2 3 5 5 1
Ai-3 Pelrithang 3 4 2 3
Ai-4 Ronggangchhu 3 3 2 2
J-1 Zangtheri 3 3 1 2
J-2 Jomori-I 3 3 3 2
J-3 Maenjiwoong 4 4 3 3
J-4 Jomotsangkha 4 2 4 3
N-1 NA Kangpara (G) 4 3 5 1
N-2 Lamai Gonpa 4 2 1 1
N-3 Paydung-Kangpar 4 4 3 3
(4t JICA A )

(3) GLOF U =%
KA 5 2 LAHE)E TOWJNI WO OBEREZ QGIS ETHEH L., 7.2.1 (3) T~/ GLOF U A
I K B FHISATHE - CTREGHE L7,

4) HERWYR7
B HAKFT O L HERD B, 5.3.9 Hi TR L7l 0 E OB A OR bIEWS D25 2
&L U7e, AHKPTIC Y T Iz e HERD B 2 IR FRITR T

2 7-42 FZHIKEFrOLHEDEOEIVIEY

7-34

Sediment
Sl Station Name Catchment Altitude | Catchment Specific Reference
No. Name (m) Area (km?) Yield Station
(ton/km?)
Principal River Gauging Stations
1 | Doyagang Amochhu 253 3,650 516 Wandurapids
2 | Lungtenphu Wangchhu 2280 663 516 Wandurapids
3 | Damchhu/Tamchu Wangchhu 2019 2,520 516 Wandurapids
4 | Kerabari Punatsangchhu 145 10,355 964.75 Sankosh
5 | Sunkosh/Turitar Punatsangchhu 324 8,593 964.75 Sankosh
6 | Wangdue/Wangdirapids | Punatsangchhu 1204 6,271 516 Wandurapids
7 | Yebesa Punatsangchhu 1255 2,320 437.25 Yebesa
8 | Bjizam Mangdechhu 1921 1,390 152.5 Mangdechhu
9 | Tingtibi Mangdechhu 546 3,322 152.5 Mangdechhu
10 | Kurjey Chamkharchhu 2625 1,350 56 Kurjey
11 | Shingkhar/Bemethang Chamkharchhu 1465 2,728 56 Kurjey
12 | Kurizampa Kurichhu 559 8,600 551.75 Kurizampa
13 | Panbang Drangmechhu 133 20,925 551.75 Kurizampa
14 | Sumpa Kurichhu 1178 7,270 551.75 Kurizampa
15 | Muktrap Drangmechhu 1691 905 551.75 Kurizampa
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Sediment
Sl. Station Name Catchment Altitude | Catchment Specific Reference
No. Name (m) Area (km?) Yield Station
(ton/km?)
16 | Uzorong Drangmechhu 573 8,560 551.75 Kurizampa
Secondary River Gauging Stations
1 | Dorokha Amochhu 479 3055 516 Wandurapids
2 | Chukha/Chimakoti Wangchhu 1376 3573 516 Wandurapids
3 | Paro(closed) Wangchhu 2220 1101 516 Wandurapids
10 | Autsho Kurichhu 850 8547 551.75 Kurizampa
11 | Lhuentse(Khoma) Kurichhu 1178 611 551.75 Kurizampa
12 | Lingmethang Kurichhu 562 320 551.75 Kurizampa
13 | Sherichu Dngmechhu 573 437 551.75 Kurizampa

(Hidh : JICA FHERH)

HEWD U 2 7 OFHI T, AT 3 ¥ VRS IR L HKET O FHERD & TRHI T 5, HED U 2 o
DR 2 LIS,

# 7-43 HERD U R 7 OFHEAE R

Annual sediment
Sl# Name of Project volume Score
ton/km?
Amochhu Basin
A-4 Kunzangling 516 4
A-5 Tingma 516 4
A-8 Dorokha 516 4
A-9 Ngatse 516 4
A-10 Sanglum 516 4
A-11 Dojengkha 516 4
A-12 Dolepchen 516 4
Wangchhu Basin
W-3 Dodennang 516 4
W-6 Chuzom 516 4
W-7 Getsa 516 4
W-8 Zangkhepa 516 4
W-13 Singkhar 516 4
W-14 Tsendu Goenpa 516 4
W-19 Pipingchhu 516 4
Punatsangchhu Basin
P-7 Puna Gom 437 5
P-15 Tamigdamchu 516 4
P-17 Tseykha 516 4
P-18 Jarona 516 4
P-19 Dangchhu 516 4
P-20 Rabuna 516 4
P-26 Thasa 965 4
P-28 Kago-1 516 4
P-29 Kago 516 4
P-30 Pinsa 516 4
P-33 Burichhu 965 4
P-34 Darachhu 965 4
P-35 Dagachhu-II 965 4
P-36 Pelichhu 965 4
P-38 Tashiding 965 4
Mangdechhu Basin
M-5 | Bemji | 153 | 5
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Annual sediment
Sl# Name of Project volume Score
ton/km?

M-6 Jongthang 153 5
M-11 Wangdigang 153 5
M-14 Tingtibi 153 5
M-15 Gomphu 153 5
M-17 Buli 153 5
M-18 Nyekhar 153 5
M-19 Sermaling 153 5

Chamkharchhu Basin

C-3 Kurjey 56 5

C-4 Chhutoe 56 5

C-7 Chamkharchhu-1V 56 5
C-10 Chamkharchhu-II 56 5

Kurichhu Basin

K-13 Minjey 552 4
K-14 Unggarchhu 552 4
K-15 Phawan 552 4
K-19 Shongarchhu 552 4

Drangmechhu Basin

G-3 Tshaling 552 4

G-4 Ranya 552 4

G-6 Khamdang 552 4

G-7 Gongri 552 4

G-9 Gamrichhu-3 552 4
G-10 Gamrichhu-2 552 4
G-11 Gamrichhu-1 552 4
G-12 Rotpa 552 4
G-13 Sherichhu 552 4
G-14 Uzorong 552 4
G-16 Jerichhu 552 4
G-19 Nagor 552 4
G-20 Pramaling 552 4
G-22 Panbang 552 4

Aiechhu Basin

Ai-1 Aiechhu 2 153 5
Ai-3 Pelrithang 153 5
Ai-4 Ronggangchhu 153 5

Jomori Basin
J-1 Zangtheri 552 4
J-2 Jomori-I 552 4
J-3 Maenjiwoong 552 4
J-4 Jomotsangkha 552 4
Nyera Amari Basin

N-1 NA Kangpara (G) 552 4

N-2 Lamai Gonpa 552 4

N-3 Paydung-Kangpar 552 4

(H{#t : JICA A )
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734 HBRT U VHEOFM (RRFEMET)
BWRT 2 VHLE ORRFEVERE &2 LA R ISR T,
£ 744 BRT e VR ORRFEMEFEAM

Construction cost

. Installed | Annual U e t | Benefit
Pé(())_]ggt Name of project capacity | energy (million Nu.) D i cos e B/C | Score
MW) (GWh) Plant System | 10°Nu./kW | Nu./kWh | million Nu./annum

A-4 Kunzangling 897 3,816 43,519 6,024 55.2 13.0 5,751 | 16,183 2.81 5.0
A-5 Tingma 567 2,413 35,579 5,225 72.0 16.9 4,736 | 10,230 2.16 5.0
A-8 Dorokha 573 2,439 46,103 4,351 88.0 20.7 5,857 | 10,364 1.77 4.8
A-9 Ngatse 44 170 5,569 1,252 155.1 40.1 792 716 0.90 1.0
A-10 Sanglum 178 779 36,778 2,579 221.2 50.5 4,569 3,475 0.76 1.0
A-11 Dojengkha 25 105 4,979 1,168 250.2 58.8 714 440 0.62 1.0
A-12 Dolepchen 41 172 6,663 1,069 190.9 44.8 898 726 0.81 1.0
W-3 Dodennang 61 275 8,719 1,497 166.6 37.1 1,186 1,188 1.00 1.0
W-6 Chuzom 152 645 22,813 1,822 162.5 38.2 2,860 3,370 1.18 1.9
W-7 Getsa 37 152 6,260 3,151 255.6 61.9 1,092 656 0.60 1.0
W-8 Zangkhepa 73 305 6,720 2,817 130.7 31.2 1,107 1,318 1.19 2.0
W-13 Singkhar 38 165 7,084 1,926 234.2 54.8 1,046 722 0.69 1.0
W-14 Tsendu Goenpa 75 321 12,559 1,569 188.0 43.9 1,640 1,388 0.85 1.0
W-19 Pipingchhu 100 424 12,486 864 134.1 31.5 1,550 1,849 1.19 2.0
P-7 Puna Gom 127 543 25,896 2,296 222.1 51.9 3,273 2,347 0.72 1.0
P-15 Tamigdamchu 188 805 24,033 2,643 141.7 33.1 3,097 3,480 1.12 1.6
P-17 Tseykha 170 726 26,279 2,312 168.5 394 3,319 3,138 0.95 1.0
P-18 Jarona 43 179 8,484 1,540 234.9 55.9 1,164 783 0.67 1.0
P-19 Dangchhu 101 432 11,155 1,343 123.3 28.9 1,451 1,887 1.30 2.5
P-20 Rabuna 33 140 6,635 1,180 2379 55.8 907 612 0.67 1.0
P-26 Thasa 680 3,277 73,644 2,842 112.4 23.3 8,878 | 14,561 1.64 4.2
P-28 Kago-1 102 436 6,275 1,125 72.4 17.0 859 1,896 2.21 5.0
P-29 Kago 58 249 8,214 988 157.7 37.0 1,068 1,082 1.01 1.1
P-30 Pinsa 151 644 10,341 985 75.0 17.6 1,315 2,801 2.13 5.0
P-33 Burichhu 40 170 8,912 840 2443 573 1,132 749 0.66 1.0
P-34 Darachhu 61 259 7,765 1,415 151.2 35.5 1,066 1,130 1.06 1.3
P-35 Dagachhu-I1 94 402 11,953 1,260 140.3 329 1,534 1,754 1.14 1.7
P-36 Pelichhu 52 222 7,260 1,387 166.7 38.9 1,004 970 0.97 1.0
P-38 Tashiding 81 347 10,927 1,239 149.7 35.1 1,412 1,530 1.08 1.4
M-5 Bemyji 333 1,425 30,700 3,779 103.6 24.2 4,002 6,202 1.55 3.7
M-6 Jongthang 170 726 30,409 2,887 196.3 45.9 3,865 3,174 0.82 1.0
M-11 Wangdigang 446 1,907 49,274 1,782 114.6 26.8 5,927 8,348 1.41 3.0
M-14 Tingtibi 181 770 33,064 1,589 191.6 45.0 4,022 3,403 0.85 1.0
M-15 Gomphu 488 2,076 72,525 2,918 154.6 36.3 8,757 9,492 1.08 1.4
M-17 Buli 67 262 5,793 1,009 101.9 259 790 1,164 1.47 34
M-18 Nyekhar 43 183 6,032 916 161.8 38.0 807 795 0.99 1.0
M-19 Sermaling 496 2,171 69,107 3,826 147.1 33.6 8,466 9,849 1.16 1.8
C-3 Kurjey 89 381 24,942 767 288.6 67.4 2,984 1,676 0.56 1.0
C-4 Chhutoe 29 126 6,518 828 249.7 58.4 853 543 0.64 1.0
C-7 Chamkharchhu-IV 451 1,928 37,916 4,157 93.4 21.8 4,884 8,494 1.74 4.7
C-10 Chamkharchhu-1II 456 1,936 36,121 3,330 86.5 20.4 4,579 8,669 1.89 5.0
K-13 Minjey 490 2,091 81,444 5,941 178.5 41.8 | 10,144 9,306 0.92 1.0
K-14 Unggarchhu 28 119 4,010 693 168.4 394 546 517 0.95 1.0
K-15 Phawan 502 2,185 88,255 6,350 188.5 433 | 10,982 9,744 0.89 1.0
K-19 Shongarchhu 32 138 4,926 711 174.5 40.8 654 595 0.91 1.0
G-3 Tshaling 204 876 66,800 2,096 337.7 78.7 7,997 4,145 0.52 1.0
G-4 Ranya 162 696 45,141 1,861 290.0 67.6 5,456 3,050 0.56 1.0
G-6 Khamdang 494 2,109 56,594 1,950 118.5 27.8 6,796 9,269 1.36 2.8
G-7 Gongri 590 2,515 87,004 6,398 158.4 37.1 ] 10,842 | 11,174 1.03 1.2
G-9 Gamrichhu-3 123 524 10,952 1,971 105.3 24.7 1,500 2,276 1.52 3.6
G-10 Gamrichhu-2 104 446 11,666 1,776 128.6 30.2 1,560 1,966 1.26 2.3
G-11 Gamrichhu-1 108 462 23,844 1,710 236.0 553 2,966 2,074 0.70 1.0
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) Installed | Annual | Construction cost o

s Name of project capacity | energy (million Nu.) Onitprice Cost | Benelt B/C Score

Code MW) (GWh) Plant System | 10°Nu./kW | Nu./kWh | million Nu./annum
G-12 Rotpa 40 172 5,280 841 151.8 35.6 710 748 1.05 1.3
G-13 Sherichhu 53 227 8,293 753 172.2 39.8 1,050 987 0.94 1.0
G-14 Uzorong 763 3,257 | 84,990 5,271 118.3 27.7 | 10,477 | 14,600 1.39 3.0
G-16 Jerichhu 40 164 5,143 649 144.7 352 672 715 1.06 1.3
G-19 Nagor 53 252 7,774 853 162.8 343 1,001 1,084 1.08 1.4
G-20 Pramaling 29 123 6,760 693 259.9 60.8 865 528 0.61 1.0
G-22 Panbang 1,100 4,640 | 113,900 4,563 107.7 25.5 | 13,751 | 20,901 1.52 3.6
Ai-1 Aiechhu 2 34 146 4,842 1,029 171.9 40.3 681 630 0.92 1.0
Ai-3 Pelrithang 30 126 9,680 1,022 362.7 85.0 1,242 552 0.44 1.0
Ai-4 Ronggangchhu 51 216 7,729 1,080 174.2 40.8 1,023 933 0.91 1.0
J-1 Zangtheri 29 121 4,699 1,717 224.8 52.9 745 530 0.71 1.0
J-2 Jomori-I 82 349 9,703 1,658 138.3 32.6 1,319 1,548 1.17 1.9
J-3 Maenjiwoong 70 296 11,496 1,715 189.3 44.6 1,533 1,315 0.86 1.0
J-4 Jomotsangkha 68 291 12,498 1,883 210.1 49.5 1,669 1,290 0.77 1.0
N-1 NA Kangpara (G) 71 304 6,134 1,814 111.7 26.2 923 1,313 1.42 3.1
N-2 Lamai Gonpa 37 156 6,438 1,553 218.1 51.1 928 676 0.73 1.0
N-3 Paydung-Kangpar 85 364 13,253 1,336 170.9 40.1 1,693 1,597 0.94 1.0

) LiE, BC 23 15 Bh by [0 1%, B/IC 2% 0.8 BAF O H (Ht - JICA S

ZOFER, 11 SN B/IC N 1.5 A ET, 35 S Eo&ERMEiE /s> T b, —J, 18 #1573 B/C

NOSLATFTHD, Ziud DML, SOMW Kiiii D/ NRAEL 22 HS N 20,

< Techno-Economical Potential >

T T VHLR ORISR, B 11, EAERL 155 His, 36.9GW Thd, Ziub M
HOW, 44 HFITREFT O T X TO 3 U R—2 2 FBMREHUENICALE L, FHEO RE L % 3
L CHBHRATRER G ~DE RN HE L\ 2, BARZELREL, AT v v v VRS BERSE L T
5, TNHLOHMELED T, EMBNORER (B/C A 1.0 LLE) I[ZBRATRE/RR R T > v v Ll
RETTELLTO@EY &5,

Techn}())(;iil(;;?mlcal Others Total

Site No. C?gixc;)t Y| site No. C?gi%ty Site No. C?S;C;)ty
Existing 6 1.6 6 1.6
Earmarked 13 12.5 13 12.5
Less than 25MW 20 0.4 20 0.4
Many relocations 3 0.2 3 0.2
Inside of Protected area 37 8.3 7 0.3 44 8.6
Long list 34 10.2 35 34 69 13.6
Total 90 32.6 65 43 155 36.9

(Hi#h : JICA FHA)
AR DR BB T AT RE /R R T > v L HILS I, 90 HiS . 32.6GW Th 5,
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KD 1 fE 72\ L 2 Jigg S — D DR X 1T &t

KT B%E %
[BRAEDRER ] |

T—HEH BT AX =TT U200 KRETOT T B

RT3 VHBROFE GREHLSH)

AL, LR Y Th D,

EIN O A [a]ER (Corridor) 2 Br < . 2T @Tﬂ%é X
Multipleuse-Zone | ¢ 3 fli¥HD > — /(2

Lol

THNEREL, ZOMOEHEXICEE L T
Multiple use-Zone | & [RIERIC 2
) —=2 728 T DoFPS & Whik%

L.

(AN

Tfﬁfiéﬂfwéo
Bl (2018 4 5 ) Tik, BARFEXICET 25— KaRIL, IS AT
EHEDHANDAFRTERNPoTDT, ERNLHREH
(Jigme Dorji N.P., Sakteng W.S., Manas N.P.)

KB~

[Core-Zone| .

ﬁ/
pus =3 ﬁl&

77 A4 FI) e LIR— b

W59 2 TOREERKE LTHE LZAAREREERD THS M
NEHosE | |

(TR L

BEINDHAIT, FTRIRT 29 TH D,

[Buffer-Zone] MK O

(DOFPS ~®DHi#kl

k%)

FTAR SN TWD IREX

WZOWTDI, K7alxl7 "REDY — I8
. R, V=2 AR (Unknown) &EWo &

mtbfﬁﬁbtoy Y ARBAHLEIZ OV T
AREZRIR Y V' — e L CRMliT 5,

\ —{k27

7ok, REX (MBI (Corridon) 2 & de) KO — U OER., FREHBIX, 7%, # 10-
3. 10-4 (270K,

3 745 KHOBEBEa L R—RV NOBRBRE L IFEX & OREE

Project Name Component in Zoning sites Score
Code Project Protected area Dam Waterway Powerhouse
A-4 Kunzangling Jigme Khesar SNR. Unknown Unknown - 2
W-3 Dodennang Jigme Dorji N.P. Multiple Multiple - 2
W-7 Getsa Jigme Dorji N.P. Core Buffer - 0
W-8 Zangkhepa Jigme Dorji N.P. Multiple Multiple - 2
P-7 Puna Gom Jigme Dorji N.P. Multiple - - 2
P-15 Tamigdamchu Jigme Dorji N.P. Multiple Multiple - 2
P-17 Tseykha Jigme Dorji N.P. Multiple - - 2
P-18 Jarona - Corridor Corridor - 2
P-19 Dangchhu - Corridor - - 2
P-28 Kago-1 Jigme Singye N.P. Unknown Unknown - 2
P-29 Kago Jigme Singye N.P. Unknown - - 2
P-30 Pinsa Jigme Singye N.P. Unknown - - 2
M-5 Bemyji Wangchuck C.P. Unknown Unknown - 2
M-11 Wangdigang Jigme Singye N.P. Unknown - Unknown 2
M-14 Tingtibi Jigme Singye N.P. Unknown - - 2
M-15 Gomphu Manas N.P. Multiple Multiple - 2
M-19 Sermaling Manas N.P. Multiple Multiple - 2
C-3 Kurjey Wangchuck C.P. Unknown Unknown - 2
C-4 Chhutoe Wangchuck C.P. Unknown Unknown - 2
K-13 Minjey - Corridor - Corridor 2
K-19 Shongarchhu Phrumsengla N.P. Unknown - - 2
G-3 Tshaling Bumdeling W.S. Unknown - - 2
G-9 Gamrichu-3 Sakteng W.S Core Multiple - 0
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Project Name Component in Zoning sites Score
Code Project Protected area Dam Waterway Powerhouse
G-12 Rotpa Bumdeling W.S. Unknown - - 2
Ai-1 Aiechhu 2 - - Corridor Corridor 2
Ai-3 Pelrithang - Corridor Corridor - 2
Ai-4 Ronggangchhu - - Corridor Corridor 2
J-1 Zangtheri Sakteng W.S. Multiple Multiple - 2
J-4 Jomotsangkha Khaling W.S. - Unknown Unknown 2

(Hih : JICA FHERH)

(b) FRARDOFENL
Ta Yz N TEEBESCKENIEE SN D BN E | 225 E (Google Barth i) & ZRMAE A ]
(Major land cover types in Bhutan. MOAF 2014-) 7»5H[GE L7=, 7238, HEtlE, Sk A 7%
[Cool broad-leaved ] . [ChirPine] . [Blue

['Subtropical broad-leaved | . [Warm broad-leaved | .

Pine] . [Spruce] @ 6 & A 7 \Z/0F THEHi L7z,

F o, WEPE S5 M EAEIL, 1ha LU 4 Small, lha~5ha % Middle, Sha 2L % Large
& LRI L 7=,

2 746 KORKBoa U R—FR b OBEHR L HFHNELE - HFARELES

ngggt Project Type of Forest L Deforelvls.tatlon 3 Score
A-4 Kunzangling Cool broad-leaved 0 3
A-5 Tingma Warm broad-leaved o 3
A-8 Dorokha Subtropical broad-leaved 0 3
A-9 Ngatse Subtropical broad-leaved 0 3
A-10 Sanglum Subtropical broad-leaved 0 3
A-11 Dojengkha Warm broad-leaved 0 3
A-12 Dolepchen Warm broad-leaved 0 3
W-3 Dodennang Spruce 0 5
W-6 Chuzom Cool broad-leaved 0 3
W-7 Getsa Spruce o 5
W-8 Zangkhepa Spruce 0 5
W-13 Singkhar Cool broad-leaved 0 4
W-14 Tsendu Goenpa Cool broad-leaved 0 4
W-19 Pipingchhu Subtropical broad-leaved o 3
P-7 Puna Gom Warm broad-leaved o 3
P-15 Tamigdamchu Warm broad-leaved o 3
P-17 Tseykha Warm broad-leaved o 3
P-18 Jarona Cool broad-leaved o 4
P-19 Dangchhu Warm broad-leaved o 3
P-20 Rabuna Warm broad-leaved o 3
P-26 Thasa Subtropical broad-leaved o 3
P-28 Kago-1 Cool broad-leaved o 3
P-29 Kago Warm broad-leaved o 3
P-30 Pinsa Warm broad-leaved o 3
P-33 Burichhu Subtropical broad-leaved o 3
P-34 Darachhu Warm broad-leaved o 3
P-35 Dagachhu-I1 Warm broad-leaved o 3
P-36 Pelichhu Warm broad-leaved o 3
P-38 Tashiding Subtropical broad-leaved o 3
M-5 Bemyji Blue Pine o 4
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Pé(ggst Project Type of Forest L DeforeMs.tatlon 3 Score
M-6 Jongthang Warm broad-leaved o 3
M-11 Wangdigang Subtropical broad-leaved o 3
M-14 Tingtibi Subtropical broad-leaved o 3
M-15 Gomphu Subtropical broad-leaved o 3
M-17 Buli Warm broad-leaved o 3
M-18 Nyekhar Subtropical broad-leaved o 3
M-19 Sermaling Subtropical broad-leaved o 3
C-3 Kurjey Spruce o 5
C-4 Chhutoe Spruce o 5
C-7 Chamkharchhu-1V Blue Pine o 4
C-10 Chamkharchhu-II Warm broad-leaved o 3
K-13 Minjey Warm broad-leaved ) 3
K-14 Unggarchhu Warm broad-leaved ) 3
K-15 Phawan Subtropical broad-leaved ) 3
K-19 Shongarchhu Warm broad-leaved ) 3
G-3 Tshaling Cool broad-leaved 0 3
G-4 Ranya Warm broad-leaved ) 3
G-6 Khamdang Subtropical broad-leaved 0 3
G-7 Gongri Subtropical broad-leaved 0 3
G-9 Gamrichhu-3 Cool broad-leaved o 3
G-10 Gamrichhu-2 Warm broad-leaved o 3
G-11 Gamrichhu-1 Subtropical broad-leaved ) 3
G-12 Rotpa Warm broad-leaved ) 3
G-13 Sherichhu Warm broad-leaved o 3
G-14 Uzorong Subtropical broad-leaved o 3
G-16 Jerichhu Subtropical broad-leaved 0 3
G-19 Nagor Subtropical broad-leaved 0 3
G-20 Pramaling Subtropical broad-leaved o 3
G-22 Panbang Subtropical broad-leaved o 3
Ai-1 Aiechhu 2 Subtropical broad-leaved o 3
Ai-3 Pelrithang Subtropical broad-leaved o 3
Ai-4 Ronggangchhu Subtropical broad-leaved o 3
J-1 Zangtheri Warm broad-leaved o 3
J-2 Jomori-I Warm broad-leaved o 3
J-3 Maenjiwoong Subtropical broad-leaved 0 3
J-4 Jomotsangkha Subtropical broad-leaved 0 3
N-1 NA Kangpara (G) Cool broad-leaved o 3
N-2 Lamai Gonpa Cool broad-leaved o 3
N-3 Paydung-Kangpar Warm broad-leaved o 3

(Hidh : JICA FHAE)
(c) TmHioHL
T LY — VSRR ERE % OV BLL (Birdlife International) 2345E 7% IBAs (Important Bird and
Biodiversity Areas) {HiZ x4, vy =7 FORENEE I N HEBFUIZ OV TRAE L,
LU D 2 His ol i~ DB R S vz,

£ 747 KABEa U R—RXV bOREFR EBERBHIA~DE

Project Pralest Type of Wetland A.ffected Score
Code Ramsar IBAs Size (%)

K-13 Minjey - o Less than 5% 4

G-3 Tshaling o = More than 20% 0

(H 8« JICA FHA)
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(d) KEEAW~ 5
Bah AR (FRITHE) Ol E~OREZHRET 572012, ¥ 2R ZFET K% (K
Uit SR AR TR T 2BEFE X L 0FHE, RO, BREND X LEma K, fUERES
DFEFIHE DO ATREMEIZ DWW T LT,
¥, ERRICEA LI, XA 25m LA FOGEICIE, Al E UCHIRBIZ, FEFSR LA
RETH D &Rkl L7,

T T-48 F LB L AKEEY~DRE L RRIR O FIHE

. Class of River Dam in the | Possibility.
Project . . .
Code River Basin Project W | b Down . .of . Score
-stream Mitigation

A-4 Amochhu Kunzangling 0o - X X 1
A-5 Amochhu Tingma 0o - X X 1
A-8 Amochhu Dorokha o - X X 1
A-9 Amochhu Ngatse o X o 3
A-10 Amochhu Sanglum 0o - X X 1
A-11 Amochhu Dojengkha 0 - X o 2
A-12 Amochhu Dolepchen 0 - X 0 2
W-3 Wangchhu Dodennang 0 o X 3
W-6 Wangchhu Chuzom 0 0 x 3
W-7 Wangchhu Getsa 0 o X 3
W-8 Wangchhu Zangkhepa 0 o o 4
W-13 | Wangchhu Singkhar o o X 3
W-14 | Wangchhu Tsendu Goenpa o o o 4
W-19 | Wangchhu Pipingchhu o X 0 2
P-7 Punatsangchhu | Puna Gom o o o 4
P-15 Punatsangchhu | Tamigdamchu o o o 4
P-17 Punatsangchhu | Tseykha o o o 4
P-18 Punatsangchhu | Jarona o o o 4
P-19 Punatsangchhu | Dangchhu o o o 4
P-20 Punatsangchhu | Rabuna o o o 4
P-26 Punatsangchhu | Thasa o o o 4
P-28 Punatsangchhu | Kago-1 o o o 5
P-29 Punatsangchhu | Kago 0 0 0 5
P-30 Punatsangchhu | Pinsa 0 o 0 5
P-33 Punatsangchhu | Burichhu o o o 4
P-34 Punatsangchhu | Darachhu o o o 4
P-35 Punatsangchhu | Dagachhu-II o o o 4
P-36 Punatsangchhu | Pelichhu o o o 4
P-38 Punatsangchhu | Tashiding o 0 X 3
M-5 Mangdechhu Bemyji o o X 3
M-6 Mangdechhu Jongthang o o X 3
M-11 Mangdechhu Wangdigang o X X 1
M-14 | Mangdechhu Tingtibi o X X 1
M-15 Mangdechhu Gomphu o X X 1
M-17 | Mangdechhu Buli o X X 1
M-18 | Mangdechhu Nyekhar o x o 2
M-19 | Mangdechhu Sermaling o X X 1
C-3 Chamkharchhu | Kurjey o o x 3
C-4 Chamkharchhu | Chhutoe o 0 0 4
C-7 Chamkharchhu | Chamkharchhu-IV o o X 3
C-10 Chamkharchhu | Chamkharchhu-II o 0 X 3
K-13 Kurichhu Minjey o o x 3
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. Class of River Dam in the | Possibility.
Project . . .
Code River Basin Project Wik | Tl Down . ~of . Score
-stream Mitigation

K-14 Kurichhu Unggarchhu o o e 5
K-15 Kurichhu Phawan ) o X 4
K-19 Kurichhu Shongarchhu o o x 4
G-3 Drangmechhu Tshaling o o X 3
G4 Drangmechhu Ranya o o x 3
G-6 Drangmechhu Khamdang o o o 4
G-7 Drangmechhu Gongri o o X 3
G-9 Drangmechhu Gamrichhu-3 0 o 0 4
G-10 Drangmechhu Gamrichhu-2 0 0 0 4
G-11 Drangmechhu Gamrichhu-1 o o x 3
G-12 Drangmechhu Rotpa o o o 5
G-13 Drangmechhu Sherichhu o o o 5
G-14 Drangmechhu Uzorong ) 0 X 3
G-16 Drangmechhu Jerichhu o o x 4
G-19 Drangmechhu Nagor o X X 1
G-20 Drangmechhu Pramaling o X o 3
G-22 Drangmechhu Panbang ) X X 1
Ai-1 Aiechhu Aiechhu 2 ) X 0 2
Ai-3 Aiechhu Pelrithang ) X X 1
Ai-4 Aiechhu Ronggangchhu ) X 0 2
J-1 Jomori Zangtheri ) X 0 2
J-2 Jomori Jomori-I o x 0 2
J-3 Jomori Maenjiwoong o X o 2
J-4 Jomori Jomotsangkha o X o 2
N-1 Nyera Amari NA Kangpara (G) 0 o X 3
N-2 Nyera Amari Lamai Gonpa 0 o o 4
N-3 Nyera Amari Paydung-Kangpar 0 o X 3

(e) THOEE
Tu Yz MRS (B AR O#ER Z G ) IO D) TERER L ER O RREEIZ SN T,
MiZe'5 8 (Google Earth M%) % JLIZFHA L 7=,
PEDOKER, (o7 vy = Memii s, S, B LEFEOMfWVHARICE DN TR,
B A SR L DR LS ORISR IR CTH 2 L ST, 207D, T TOHLRIZ DN
T, aFffisiz 388 L7z,

() RE~OwE
TRV x s MER S, KBRS SIS RO BB E CORREA L, €O

WL EBA~D

E/«EE
k=

FE AR LT,

(F 737 1)

(H8h « JICA &R

R, EE% ., 100km BL ., 50km~100km. 20km~50km. 10km~20km. & X 10km LL D

5 BEPEIC o1 TR

Z R L 7=,
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Pé(())]g:t Project Dl(itzgce Score P(rj(())]ggt Project Dl(ffl?)ce Score
A-4 Kunzangling 59.0 2 C-3 Kurjey 17.3 4
A-5 Tingma 45.2 3 C-4 Chhutoe 22.1 3
A-8 Dorokha 27.4 3 C-7 Chamkharchhu-1V 46.3 3
A-9 Ngatse 25.8 3 C-10 Chamkharchhu-I1 29.4 3
A-10 Sanglum 16.3 4 K-13 Minjey 82.4 2
A-11 Dojengkha 22.0 3 K-14 Unggarchhu 14.2 4
A-12 Dolepchen 15.2 4 K-15 Phawan 68.8 2
W-3 Dodennang 21.2 3 K-19 Shongarchhu 15.1 4
W-6 Chuzom 34.4 3 G-3 Tshaling 27.4 3
W-7 Getsa 97.0 2 G-4 Ranya 17.9 4
W-8 Zangkhepa 81.0 2 G-6 Khamdang 1.0 5
W-13 Singkhar 41.3 3 G-7 Gongri 69.0 2
W-14 Tsendu Goenpa 24.2 3 G-9 Gamrichhu-3 24.1 3
W-19 Pipingchhu 0.6 5 G-10 Gamrichhu-2 15.8 4
P-7 Puna Gom 38.8 3 G-11 Gamrichhu-1 12.7 4
P-15 Tamigdamchu 52.7 2 G-12 Rotpa 22.6 3
P-17 Tseykha 38.2 3 G-13 Sherichhu 17.2 4
P-18 Jarona 42.8 3 G-14 Uzorong 44.6 3
P-19 Dangchhu 28.7 3 G-16 Jerichhu 11.3 4
P-20 Rabuna 22.2 3 G-19 Nagor 23.0 3
P-26 Thasa 2.3 5 G-20 Pramaling 14.2 4
P-28 Kago-1 15.8 4 G-22 Panbang 27.8 3
P-29 Kago 9.6 5 Ai-1 Aiechhu 2 13.2 4
P-30 Pinsa 5.9 5 Ai-3 Pelrithang 13.1 4
P-33 Burichhu 0.4 5 Ai-4 Ronggangchhu 15.4 4
P-34 Darachhu 17.5 4 J-1 Zangtheri 54.0 2
P-35 Dagachhu-I1 9.8 5 J-2 Jomori-I 48.0 3
P-36 Pelichhu 16.4 4 J-3 Maenjiwoong 51.8 2
P-38 Tashiding 9.1 5 J-4 Jomotsangkha 61.8 2
M-5 Bemji 39.5 3 N-1 NA Kangpara (G) 57.6 2
M-6 Jongthang 22.7 3 N-2 Lamai Gonpa 43.9 3
M-11 Wangdigang 4.4 5 N-3 Paydung-Kangpar 28.9 3
M-14 Tingtibi 2.6 5

M-15 Gomphu 20.8 3

M-17 Buli 10.4 5

M-18 Nyekhar 6.1 5

M-19 Sermaling 39.2 3

(H 8« JICA FHA&)

Q) HBRE

FERBRBEICOWTIE, KB EED 2 ECTRENREIND THHES) | HERBER) |
Mg & AT . [SUBEE] OEBICOWTEMEEZ T o720 —RAZ U —= 71BN T
1X.7.2.3. TR L7ZaHlli 5 #H /W, HLEFHA T D LM 7] HE 72 Sub-criteria @ﬁ’(“ﬂﬁﬁ Z1To
THEY, ADEENRESNDIHGAITEA LTS, &< ETHHLEEECHIW Al 4E/2 #6PH DR
THO ., HEBEREIC OV OIHMFAETHIHT 2 HE L RNICEZLND 2D \—&x7)~
= ZICBOTRAEN WS TH > T, EERE~OFBOMEN AL 2V S IIWE T 722
VY,
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KA MERTHUL, FRIFHNHET 72 N 2 BRI EPIHEAF L TED LTV D A4 OHilET
BB, EDE D IR ANx DETFHXSLAFHTENC E D X 9 78T EDRRERED A[FEMEN & 5 )
ZHMFHAEIC CTHRINEL, ZRAZ V—=0 TIZBWTEET L, RIZZD X 2 A2 IZHER

IRRENDH Y O BV A MERHDH - T-5E1%, ORI D Z L 2Rt 5,

(a) JHHRIAS M OMERB R

IaYxl A S PMETHISRME ORI A E TSI %5&ﬁ%héﬁmi:§%m
DEFRY, 9 HFEDIH 28 K ThHoTz, TDHH, MPKHIZ K DEENRH L L Z AT
M, FBEITA MBEETRERDHY 59582 5L0wfilﬁﬁnf%é JEE %I)?@%
HBEEAEII AR, —fFIZ3 AL LT,

it_hE®7m/:7F%4FTE%kiUm %%ﬁﬁbﬁéﬂﬁ’owfm
Google Earth [E[{% THgst T & 72 HiPH OFCTHHN L TV 5, FEEFTFIEIC DWW TR, FEE0MRR
PN ERIRENDLLARFEr L LTS5 SEFHE L. %h%ﬁ%ék&%hé@ﬁﬁﬁﬁm
TERMPoT-HEITONTIE, —AHS 3 TR L 7=,

# 7-50 AHEEERMERBEGROPE

. Private land
Project . L No. of
Code Project name acquisition Score houses/facilitics Score
(Acre)
A-10 | Sanglum 73.8 3 17 2
W-6 | Chuzom 14.8 4 220 1
W-13 | Singkhar P/S 3 3 3
W-14 | Tsendu Goenpa P/S 3 0 5
P-19 | Dangchhu P/S 3 0 5
P-35 | Dagachhu-II P/S 3 - 3
P-36 | Pelichhu P/S 3 - 3
M-6 Jongthang 17.0 4 2 3
M-11 | Wangdigang 9.6 4 3 3
M-15 | Gomphu 271.0 1 43 2
M-17 | Buli P/S 3 - 3
M-19 | Sermaling 136.0 3 1 3
C-3 Kurjey 42.5 3 17 2
C-7 Chamkharchhu-1V 38.1 3 - 3
C-10 Chambkharchhu-I1 P/S 3 - 3
K-13 | Minjey 86.0 3 31 2
K-15 | Unggarchhu 64.5 3 - 3
G-3 Tshaling 376.0 1 37 2
G-4 Ranya 474 3 2 3
G-6 Khamdang P/S 3 0 5
G-7 | Gongri 108.3 3 6 3
G-10 | Gamrichu-2 P/S 3 - 3
G-11 Gamrichu-1 105.3 3 73 2
G-12 | Rotpa P/S 3 0 5
G-14 | Uzorong 110.0 3 28 2
G-22 | Panbang 700.1 1 45 2
Ai-3 | Pelrithang P/S 3 3 3
N-3 Paydung- Kangpar 2.4 4 2 3

L] Hikitlc £ 2 RN B 5 HUR
P/S=RABFTHY A b ﬁﬁﬂﬁbék@%hé
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Private land acquisition (X, ~7 % —/L CHfHZFHE L7Z#ER%E 04 OB THIY . NLC BMEHL TS
T— ) — DAL U CRHMm L 72,

No. of houses/facilities |, &Kk A7 U —=2 712\ T Google Earth HI{RIZ CHEB L7z & 2 A, EE
L ENUSNOEE KR DT D 2 EBRETH 72720, FEUANAOEIEREZZATI T LT
%,

(b) A & AEFHFE

AT LAERTFBACOWT, BB, MRPES . AMERE, . BEEOW-T

(Hidh : JICA

=

A =]

AL )

VRN SRR N5

nNo7ny=7 hA ME, R 751080, OMBEDOIBLIOMETHoTZ, TDI L,

FHNHEIF R N 2 DIEAET D 50T, a2 EIRICEA L TED LTV DR | OE#El

Zi%

T5, BEPRBINTOVLERAAI 2 =T AIZRBRH LT 0= M)A MIRhoT,

£lo. BEML AT LB

NoH LB HLNDMRIT 10 A TH T,

# 751 AFELAHFER~DORE

Living and livelihood means
Project Project name l. 2. .3. . 4.. . 5. .
Code Damages Forest Timber Fishing | Irrigation Score
to crops | products | products | activities
A-10 | Sanglum O 3
W-6 Chuzom O O 1
W-13 | Singkhar O 3
W-14 | Tsendu Goenpa O 3
P-17 | Tseykha O 1
P-19 | Dangchhu O O 1
P-20 | Rabuna O 1
P-35 | Dagachhu-II O 3
P-36 | Pelichhu O 3
M-6 Jongthang O 3
M-11 | Wangdigang O 3
M-15 | Gomphu O O 1
M-17 | Buli O 3
M-19 | Sermaling O O 1
C-3 Kurjey O 3
C-7 Chamkharchhu-IV O 3
C-10 Chamkharchhu-IT O 3
K-13 | Minjey O 3
K-15 | Phawan O 3
K-19 | Shongarchhu O 3
G-3 | Tshaling O O 1
G-4 | Ranya O 3
G-7 Gongri O O 3
G-10 | Gamrichu-2 O O 1
G-11 Gamrichu-1 O 3
G-12 Sherichhu-2 O 3
G-14 | Uzorong O O O O 1
G-22 Panbang O O 1
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Living and livelihood means
Project Saifec: meme 1. 2. 3. 4. 5.
Code Damages Forest Timber Fishing | Irrigation Score
to crops | products | products | activities
Ai-3 | Pelrithang O 3
N-3 Paydung-Kangpar O 3
O=HDOEENHDL EHRBLND, (HB - JICA )

(c) SULIERE
SACEEEN | DL DT m Y7 M A I, & 752187 T LB, 69 HED D LD 19
WS ThoTe, SULEEDONRIILE (Chorten) . FF (Lhakhang) . ~ =H. (Prayerwheel) 73
EDLHBE DR Th 5,

# 7-52 YLEE~DREE

Project . T ©F .
Project name affected Heritages Score
Code .
heritage
A-10 | Sanglum 2 Bailey Bridge and chorten beside toorsa river 1
W-6 | Chuzom 27 4 Lhakhang, 3 prayerwheel, 2 Dangrim, 20 Chorten 1
W-13 | Singkhar 1 Chorten 1
W-14 | Tsendu Goenpa 1 Chorten 1
P-36 | Pelichhu 8 7 Chorten, Lhakhang 1
M-15 | Gomphu 1 Chorten 1
M-19 | Sermaling 3 Pantang Lhakhang, 2 Chorten 1
C-3 Kurjey 2 Chorten , Prayerwheel 1
K-13 | Minjey 3 3 Chorten, Nye , Prayerwheel 1
K-15 | Phawan 1 Chorten 1
G-3 Tshaling 9 4 Prayerwheel, 2 Lhakhang , 2 Chorten, Dangrim 1
G-4 Ranya 6 04 Chorten, 2 Prayerwheel 1
G-7 Gongri 2 Gomphu kora lhakhang, Chorten 1
G-9 Gamrichu-3 1 Dangrim 1
G-10 | Gamrichu-2 3 Ranjung Lhakhang, Chorten, Prayer wheeel 1
G-11 | Gamrichu-1 3 2 prayer wheel , Chorten 1
G-12 | Rotpa 1 Chorten 1
G-22 | Panbang 2 Phuntsho choling Lhakhang, Chorten 1
J-2 Jomori-I 1 Chorten 1
(Hit - JICA L)
(3) *=BE%R

HEBROFEEE Th 5 HESRFER~OT 7R M L) KO TR & IRABEMO
AREME] IFEDA N7 FOFETH D, HEERFHER~OT 7R L] 37y =
7 R A NEBRICERE - RiEN R, 23 2=T 4 BBDELAETHLIN, 0 X5 egEid
24 MR8 o 7o, R AR OHAFE R LI 10% U EOBRRTH L5 A/ iz @< Licd 25,
ZOXI YA ME 21 mdb o7z,

7-47



TSV E BN AL =TT 2040 FET BV =2 b
77 AT LAR—F|

# 7-53

SR ENER~DOT 72X E] KO TR &AM R EEME: )

Improved Access to

socio-economic benefits

Employment and potential of income opportunities

Project . o~ 3
Code Project name Positive impacts Houschold | . Potential for
on road access Score Dzongkhag e —— increased sales Score
and network of local products
A-4 Kunzangling 2 Haa 1.1% 1
A-5 Tingma 2 Haa 1.1% 1
A-8 Dorokha © 5 Haa 1.1% © 3
A-9 Ngatse 2 Samtse 8.5% 1
A-10 | Sanglum © 5 Samtse 8.5% © 3
A-11 | Dojengkha © 5 Chukka | 2.2% © 3
A-12 | Dolepchen © 5 Chukka 2.2% ©) 3
W-3 Dodennang 2 Thimphu 0.3% 1
W-6 Chuzom 2 Paro 0.2% 1
W-7 | Getsa © 5 Paro 0.2% © 3
W-8 Zangkhepa © 5 Paro 0.2% © 3
W-13 Singkhar 2 Haa 1.1% 1
W-14 | Tsendu Goenpa 2 Paro 0.2% 1
W-19 | Pipingchhu © 5 Chukka 2.2% ©) 3
P-7 Puna Gom 2 Punakha 1.8% 1
P-15 | Tamigdamchu © 5 Punakha 1.8% © 3
P-17 | Tseykha © 5 Punakha 1.8% © 3
P-18 Jarona 2 Wanduphodrang 3.0% 1
P-19 Dangchhu 2 Wanduphodrang 3.0% 1
P-20 Rabuna 2 Wanduphodrang 3.0% 1
P-26 Thasa 2 Wanduphodrang 3.0% 1
P-28 | Kago-1 © 5 Wanduphodrang 3.0% © 3
P-29 Kago 2 Wanduphodrang 3.0% 1
P-30 Pinsa 2 Wanduphodrang 3.0% 1
P-33 Burichhu © 5 Tsirang 2.6% © 3
P-34 Darachhu 2 Dagana 23.7% 5
P-35 Dagachhu-II 2 Dagana 23.7% 5
P-36 Pelichhu 2 Dagana 23.7% 5
P-38 Tashiding 2 Dagana 23.7% 5
M-5 Bemyji 2 Trongsa 9.6% 5
M-6 Jongthang © 5 Trongsa 9.6% © 5
M-11 Wangdigang 2 Trongsa 9.6% 5
M-14 | Tingtibi 2 Zhemgang 16.3% 5
M-15 Gomphu 2 Zhemgang 16.3% 5
M-17 Buli 2 Zhemgang 16.3% 5
M-18 Nyekhar 2 Zhemgang 16.3% 5
M-19 | Sermaling © 5 Zhemgang 16.3% ©) 5
C-3 Kurjey © 5 Bumthang 1.7% ©) 3
C-4 Chhutoe 2 Bumthang 1.7% 1
C-7 Chamkharchhu-IV 2 Bumthang 1.7% 1
C-10 | Chamkharchhu-II © 5 Zhemgang 16.3% © 5
K-13 Minjey 2 Lhuentse 5.2% 1
K-14 Unggarchhu 2 Lhuentse 5.2% 1
K-15 Phawan 2 Lhuentse 5.2% 1
K-19 Shongarchhu 2 Mongar 14.0% 5
G-3 Tshaling © 5 Tashi Yantse 8.7% © 3
G-4 Ranya 2 Tashi Yantse 8.7% 1
G-6 Khamdang 2 Tashi Yantse 8.7% 1
G-7 Gongri 2 Trashigang 7.8% 1
G-9 Gamrichhu-3 2 Trashigang 7.8% 1
G-10 Gamrichhu-2 2 Trashigang 7.8% 1
G-11 | Gamrichhu-1 © 5 Trashigang 7.8% © 3
G-12 Rotpa 2 Mongar 14.0% 5
G-13 Sherichhu 2 Mongar 14.0% 5
G-14 Uzorong 2 Mongar 14.0% 5
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Pror sogir(l)r-) ZZZiiIﬁicCCiZi;% s Employment and potential of income opportunities
roject . — :
Code Project name Positive impacts Houschold | . Potential for
on road access Score Dzongkhag R increased sales Score
and network of local products
G-16 Jerichhu 2 Pemagatsel 10.0% 5
G-19 Nagor 2 Mongar 14.0% 5
G-20 Pramaling 2 Zhemgang 16.3% 5
G-22 | Panbang © 5 Zhemgang 16.3% © 5
Ai-1 Aiechhu 2 2 Sarpang 8.4% 1
Ai-3 Pelrithang © 5 Sarpang 8.4% © 3
Ai-4 Ronggangchhu 2 Sarpang 8.4% 1
J-1 Zangtheri 2 Trashigang 7.8% 1
J-2 Jomori-I 2 Samdrup jongkhar 4.5% 1
J-3 Maenjiwoong © 5 Samdrup jongkhar 4.5% © 3
J-4 Jomotsangkha © 5 Samdrup jongkhar 4.5% © 3
N-1 NA Kangpara (G) © 5 Trashigang 7.8% © 3
N-2 Lamai Gonpa © 5 Trashigang 7.8% © 3
N-3 Paydung-Kangpar © 5 Trashigang 7.8% © 3

©: EDA 280 [ b5 & RAEILD L, AR
CLTEME L, ol oI E N A AT,
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7.3.6

RATHE

FEEORE R AL Lk e ikl Z2 LU IR,

K 7-54 #HEFHE (Base Case)
Impact on | Impact on .

Project . Installgd ) . . | Social | Natural ]
Name of Project Capacity | Energy | Technical | Economic . . develop- Total Rank

Code MW) | (GWh) environ- | environ- | =

ment ment

A-4 Kunzangling 897 3,816 15.3 20.0 20.0 10.6 6.0 71.9 9
A-5 Tingma 567 2,413 15.0 20.0 20.0 15.6 6.0 76.6 6
A-8 Dorokha 573 2,439 15.4 19.2 20.0 15.6 16.0 86.2 1
A-9 Ngatse 44 170 14.5 4.0 20.0 16.0 6.0 60.5 38
A-10 Sanglum 178 779 13.5 4.0 8.6 15.8 16.0 579 42
A-11 Dojengkha 25 105 12.9 4.0 20.0 15.8 16.0 68.7 17
A-12 Dolepchen 41 172 14.1 4.0 20.0 14.0 6.0 58.1 41
W-3 Dodennang 61 275 15.5 7.6 7.0 16.0 6.0 52.1 60
W-6 Chuzom 152 645 12.9 4.0 20.0 10.6 16.0 63.5 36
W-7 Getsa 37 152 134 8.0 20.0 14.0 16.0 714 10
W-8 Zangkhepa 73 305 14.0 4.0 9.6 17.4 6.0 51.0 65
W-13 Singkhar 38 165 14.8 4.0 11.6 17.6 6.0 54.0 56
W-14 Tsendu Goenpa 75 321 133 8.0 20.0 16.2 16.0 73.5 8
W-19 Pipingchhu 100 424 14.1 4.0 20.0 14.0 6.0 58.1 41
P-7 Puna Gom 127 543 16.1 4.0 20.0 114 6.0 57.5 46
P-15 Tamigdamchu 188 805 14.5 6.4 20.0 11.2 16.0 68.1 20
P-17 Tseykha 170 726 16.2 4.0 16.8 11.4 16.0 64.4 34
P-18 Jarona 43 179 11.6 4.0 20.0 12.8 6.0 54.4 55
P-19 Dangchhu 101 432 14.9 10.0 14.8 114 6.0 57.1 48
P-20 Rabuna 33 140 13.8 4.0 16.8 16.2 6.0 56.8 50
P-26 Thasa 680 3,277 15.0 16.8 20.0 16.6 6.0 74.4 7
P-28 Kago-1 102 436 14.6 20.0 20.0 11.8 16.0 82.4 3
P-29 Kago 58 249 13.5 44 20.0 12.0 6.0 55.9 54
P-30 Pinsa 151 644 13.2 20.0 20.0 12.0 6.0 71.2 11
P-33 Burichhu 40 170 14.1 4.0 20.0 16.6 16.0 70.7 13
P-34 Darachhu 61 259 13.6 5.2 20.0 16.4 14.0 69.2 16
P-35 Dagachhu-II 94 402 14.0 6.8 144 16.6 14.0 65.8 32
P-36 Pelichhu 52 222 13.7 4.0 9.6 16.4 14.0 57.7 45
P-38 Tashiding 81 347 12.0 5.6 20.0 16.4 14.0 68.0 21
M-5 Bemji 333 1,425 15.2 14.8 20.0 12.6 14.0 76.6 5
M-6 Jongthang 170 726 15.6 4.0 154 16.0 20.0 71.0 12
M-11 Wangdigang 446 1,907 14.5 12.0 154 11.2 14.0 67.1 24
M-14 Tingtibi 181 770 15.1 4.0 20.0 11.2 14.0 64.3 35
M-15 Gomphu 488 2,076 12.5 5.6 5.0 10.8 14.0 47.9 67
M-17 Buli 67 262 15.0 13.6 144 12.6 14.0 69.6 14
M-18 Nyekhar 43 183 15.2 4.0 20.0 13.0 14.0 66.2 30
M-19 Sermaling 496 2,171 13.7 7.2 8.0 10.8 20.0 59.7 40
C-3 Kurjey 89 381 14.5 4.0 8.6 14.2 16.0 57.3 47
C-4 Chhutoe 29 126 13.6 4.0 20.0 14.2 6.0 57.8 44
C-7 Chamkharchhu-IV 451 1,928 12.9 18.8 14.4 174 6.0 69.5 15
C-10 Chamkharchhu-IT 456 1,936 14.7 20.0 144 16.0 20.0 85.1 2
K-13 Minjey 490 2,091 12.0 4.0 8.6 10.6 6.0 41.2 69
K-14 Unggarchhu 28 119 13.5 4.0 20.0 13.4 6.0 56.9 49
K-15 Phawan 502 2,185 14.5 4.0 9.6 12.8 6.0 46.9 68
K-19 Shongarchhu 32 138 12.1 4.0 18.4 11.6 14.0 60.1 39
G-3 Tshaling 204 876 14.4 4.0 5.0 9.2 16.0 48.6 66
G-4 Ranya 162 696 15.5 4.0 9.6 16.2 6.0 513 64
G-6 Khamdang 494 2,109 16.1 11.2 18.0 16.6 6.0 67.9 23
G-7 Gongri 590 2,515 15.6 4.8 9.6 15.8 6.0 51.8 61
G-9 Gamrichhu-3 123 524 12.2 144 152 8.2 6.0 56.0 53
G-10 Gamrichhu-2 104 446 13.5 9.2 8.0 16.4 6.0 53.1 59
G-11 Gamrichhu-1 108 462 13.0 4.0 8.6 16.2 16.0 57.8 43
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G-12 Rotpa 40 172 13.9 52 11.6 11.6 14.0 56.3 52
G-13 Sherichhu 53 227 12.2 4.0 20.0 16.6 14.0 66.8 26
G-14 Uzorong 763 3,257 13.1 12.0 11.8 16.0 14.0 66.9 25
G-16 Jerichhu 40 164 13.0 5.2 20.0 16.4 14.0 68.6 18
G-19 Nagor 53 252 11.2 5.6 20.0 15.6 14.0 66.4 29
G-20 Pramaling 29 123 12.3 4.0 20.0 16.2 14.0 66.5 28
G-22 Panbang 1,100 4,640 13.2 14.4 5.0 15.6 20.0 68.2 19
Ai-1 Aiechhu 2 34 146 12.4 4.0 20.0 11.2 6.0 53.6 58
Ai-3 Pelrithang 30 126 10.9 4.0 144 11.0 16.0 56.3 51
Ai-4 Ronggangchhu 51 216 10.5 4.0 20.0 11.2 6.0 51.7 62

J-1 Zangtheri 29 121 10.5 4.0 20.0 10.8 6.0 513 63

J-2 Jomori-I 82 349 12.4 7.6 15.2 12.6 6.0 53.8 57

J-3 Maenjiwoong 70 296 13.5 4.0 20.0 12.4 16.0 65.9 31

J-4 Jomotsangkha 68 291 12.7 4.0 20.0 10.8 16.0 63.5 37
N-1 NA Kangpara (G) 71 304 12.7 12.4 20.0 15.8 16.0 76.9 4
N-2 Lamai Gonpa 37 156 10.4 4.0 20.0 16.2 16.0 66.6 27
N-3 Paydung-Kangpar 85 364 13.1 4.0 154 16.0 16.0 64.5 33

Base Case DOt %

LIE L7 R E LU ITRT,

(H8L : JICA M)

AR D EWIEIZIE O X 5 & &I, R & BREEMEO B A 428 2 TR

# 755 MET 7
Base Case Priotizing Economy Case Priotizing Environment Case
Rank (Technical 40%, Environment 40%) (Technical 60%, Environment 20%) (Technical 20%, Environment 60%)

ngggt Name of Project Total nggzt Name of Project Total nggzt Name of Project Total

1 A-8 Dorokha 86.2 | C-10 Chamkharchhu-I1 873 | A-8 Dorokha 86.7
2| C-10 Chamkharchhu-I1 85.1 | A-8 Dorokha 85.7 | C-10 Chamkharchhu-I1 83.0
3| P-28 Kago-1 824 | P-28 Kago-1 83.8 | N-I1 NA Kangpara (G) 82.2
4] N-1 NA Kangpara (G) 769 | A-S Tingma 763 | P-28 Kago-1 81.0
5|1 M-5 Bemyji 76.6 | M-5 Bemji 754 | W-19 Pipingchhu 81.0
6| A5 Tingma 76.6 | A4 Kunzangling 742 | P-33 Burichhu 79.9
7| P-26 Thasa 744 | P-26 Thasa 72.1 | A-11 Dojengkha 78.1
8 | W-19 Pipingchhu 73.5 | P-30 Pinsa 71.8 | P-34 Darachhu 78.0
91 A4 Kunzangling 719 | G-22 Panbang 71.7 | A-12 Dolepchen 779
10 | W-8 Zangkhepa 714 | N-1 NA Kangpara (G) 715 | M-5 Bemji 77.9
11 | P-30 Pinsa 712 | M-17 Buli 703 | W-8 Zangkhepa 77.7
12 | M-6 Jongthang 710 | C-7 Chamkharchhu-IV 694 | G-16 Jerichhu 77.7
13 | P33 Burichhu 70.7 | M-11 Wangdigang 67.1 N-2 Lamai Gonpa 77.5
14 | M-17 Buli 69.6 | W-19 Pipingchhu 66.1 | P-38 Tashiding 77.4
15 C-7 Chamkharchhu-IV 69.5 | G-14 Uzorong 65.5 | G-13 Sherichhu 77.0
16 | P-34 Darachhu 69.2 | W-8 Zangkhepa 65.1 A-5 Tingma 76.9
17 | A-11 Dojengkha 68.7 | M-6 Jongthang 65.1 | M-6 Jongthang 76.9
18 | G-16 Jerichhu 68.6 | G-6 Khamdang 64.2 | P-26 Thasa 76.8
19 | G-22 Panbang 682 | P-15 Tamigdamchu 63.0 | G-20 Pramaling 76.4
20 | P-15 Tamigdamchu 68.1 | P-33 Burichhu 614 | G-19 Nagor 75.8
21 | P-38 Tashiding 68.0 | P-35 Dagachhu-II 60.8 J-3 Maenjiwoong 73.4
22 | A-12 Dolepchen 67.9 | M-19 Sermaling 60.7 | P-15 Tamigdamchu 733
23 | G-6 Khamdang 679 | P-34 Darachhu 604 | M-18 Nyekhar 73.1
24 | M-11 Wangdigang 67.1 | P-17 Tseykha 60.4 | N-3 Paydung-Kangpar 71.7
25| G-14 Uzorong 669 | G-16 Jerichhu 594 | G-6 Khamdang 71.5
26 | G-13 Sherichhu 66.8 | M-18 Nyekhar 59.2 | P-35 Dagachhu-II 70.9
27 | N-2 Lamai Gonpa 66.6 | A-11 Dojengkha 59.2 | P-30 Pinsa 70.6
28 | G-20 Pramaling 66.5 | P-38 Tashiding 58.6 J-4 Jomotsangkha 70.5
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Base Case Priotizing Economy Case Priotizing Environment Case
Rank (Technical 40%, Environment 40%) (Technical 60%, Environment 20%) (Technical 20%, Environment 60%)

Pé‘gg;t Name of Project Total Pé(gggt Name of Project Total Pé(gggt Name of Project Total
29 | G-19 Nagor 66.4 J-3 Maenjiwoong 58.5 | M-14 Tingtibi 70.4
30 | M-18 Nyekhar 66.2 | M-14 Tingtibi 583 | W-7 Getsa 70.4
31 J-3 Maenjiwoong 659 | A-12 Dolepchen 578 | C-7 Chamkharchhu-IV 69.5
32 | P35 Dagachhu-II 658 | G-9 Gamrichhu-3 576 | A4 Kunzangling 69.5
33 | N3 Paydung-Kangpar 64.5 | N-3 Paydung-Kangpar 574 | A9 Ngatse 69.2
34 | P-17 Tseykha 644 | G-19 Nagor 57.0 | M-17 Buli 68.8
35 | M-14 Tingtibi 643 | W-7 Getsa 56.7 | P-17 Tseykha 68.4
36 | W-7 Getsa 63.5 | G-13 Sherichhu 56.5 | G-14 Uzorong 68.2
37 J-4 Jomotsangkha 63.5 | G-20 Pramaling 56.5 | M-11 Wangdigang 67.2
38| A9 Ngatse 60.5 | P-19 Dangchhu 56.5 | K-19 Shongarchhu 67.0
39 | K-19 Shongarchhu 60.1 J-4 Jomotsangkha 564 | C4 Chhutoe 66.1
40 | M-19 Sermaling 59.7 | N-2 Lamai Gonpa 55.6 | W-3 Dodennang 66.1
41 | W-3 Dodennang 58.1 C-3 Kurjey 55.1 | K-14 Unggarchhu 64.8
42 | A-10 Sanglum 579 | A-10 Sanglum 545 | G-22 Panbang 64.7
43 | G-11 Gamrichhu-1 57.8 | G-12 Rotpa 543 | P-20 Rabuna 64.4
44| C+4 Chhutoe 57.8 | G-11 Gamrichhu-1 539 | P-7 Puna Gom 63.2
45 | P-36 Pelichhu 57.7 | P-36 Pelichhu 53.6 | P-18 Jarona 63.0
46 P-7 Puna Gom 57.5 | K-19 Shongarchhu 53.1 | P-29 Kago 63.0
47| C3 Kurjey 573 | G-10 Gamrichhu-2 523 | P-36 Pelichhu 61.9
48 | P-19 Dangchhu 57.1 | W-6 Chuzom 522 | G-11 Gamrichhu-1 61.7
49 | K-14 Unggarchhu 569 | P-7 Puna Gom 519 | Ai-3 Pelrithang 61.6
50 | P-20 Rabuna 56.8 | A9 Ngatse 51.7 | A-10 Sanglum 614
51 | Ai-3 Pelrithang 56.3 | Ai-3 Pelrithang 51.1 | Ai-l Aiechhu 2 61.0
52 | G-12 Rotpa 563 | G3 Tshaling 50.8 | Ai-4 Ronggangchhu 60.0
53| G99 Gamrichhu-3 56.0 | W-3 Dodennang 50.2 J-1 Zangtheri 59.5
54 | P-29 Kago 55.9 J-2 Jomori-I 499 | C-3 Kurjey 59.4
55| P-18 Jarona 544 | C4 Chhutoe 49.5 | W-14 Tsendu Goenpa 59.2
56 | W-14 Tsendu Goenpa 540 | G-7 Gongri 494 | M-19 Sermaling 58.6
57 J-2 Jomori-I 53.8 | P-20 Rabuna 49.2 | G-12 Rotpa 58.4
58 | Ai-1 Aiechhu 2 53.6 | M-15 Gomphu 49.1 | P-19 Dangchhu 57.8
59 | G-10 Gamrichhu-2 53.1 | K-14 Unggarchhu 48.9 J-2 Jomori-I 57.7
60 | W-6 Chuzom 52.1 | P-29 Kago 489 | W-13 Singkhar 55.5
61 G-7 Gongri 51.8 | W-14 Tsendu Goenpa 48.7 | G-4 Ranya 54.4
62 | Ai4 Ronggangchhu 5171 G4 Ranya 48.1 G-9 Gamrichhu-3 54.4
63 J-1 Zangtheri 513 | W-13 Singkhar 46.5 | G-7 Gongri 54.3
64 | G4 Ranya 513 | Ai-l Aiechhu 2 46.2 | G-10 Gamrichhu-2 54.0
65 | W-13 Singkhar 51.0 | P-18 Jarona 458 | W-6 Chuzom 52.1
66 | G-3 Tshaling 48.6 | K-15 Phawan 449 | K-15 Phawan 48.8
67 | M-15 Gomphu 479 | Ai4 Ronggangchhu 433 | M-15 Gomphu 46.8
68 | K-15 Phawan 46.9 J-1 Zangtheri 432 | G-3 Tshaling 46.5
69 | K-13 Minjey 412 | K-13 Minjey 39.6 | K-13 Minjey 42.8

(Hidh : JICA FHA)
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737 —WRRAIZV—=UTHER

INETORMREREREE AT, LLFOBZHICLY, BIFHE 4 FEhi T 2 Hm & LT 37 #im
% Semi-Longlist #&7& L 7=,

# 756 —WARAZ Y —=U KR

MoK groocjlzct Project name C(al\ljfw)ty

(1) | Base case (Ffi7 40%. BREE 40%) OFFAfh 18 | A-4 Kunzangling 897
5 20 AN DI 7272 L 50MW A-5 Tingma 567
AT B/C 25 0.8 AT R 2 k< A8 | Dorokha >73

W-8 Zangkhepa 73

W-19 | Pipingchhu 100

P-15 Tamigdamchu 188

P-26 Thasa 680

P-28 Kago-1 102

P-30 Pinsa 151

P-34 Darachhu 61

M-5 Bemji 333

M-6 Jongthang 170

M-17 | Buli 67

C-7 Chamkharchhu-1V 451

C-10 Chamkharchhu-I1 456

G-16 Jerichhu 40

G-22 Panbang 1,100

N-1 Nyera Amari Kangpara (G) 71

(2) | Base case DFHlIZ > 7 2% 21 fiLA FTH 3 | M-11 | Wangdigang 446
%M HATERL case (B 60%. BREE 20%) G-6 Khamdang 494
DFAET > 7 7 20 RLLAPN O Hit G-14 | Uzorong 763

(3) | Base case DI~ > 7 23 21 fLLL T Tdh 31 G-13 Sherichhu 53
%M BB E AL case (BT 20%. BREE 60%) G-19 | Nagor 53
DI T > 7 3 20 7 LI D Hi5 N-2 Lamai Gonpa 37

(4) | B/IC 28 1.5 LA O HiS 1G9 Gamrichhu-3 123
) | (H)~@)TEE SN HT & [ UK T 8 | P-17 | Tseykha 170
VRIS ALE S 2 HiL P-29 Kago 58

P-35 Dagachhu-I1 94

P-38 Tashiding 81

M-18 Nyekhar 43

G-10 Gamrichhu-2 104

G-11 Gamrichhu-1 108

N-3 Paydung-Kangpar 85

6) | Ao LiichridE L Chipka AL, T 4 | W-6 Chuzom 152
A ERTIZ I 1T D Firm power O N/ H] K-13 | Minjey 490
HTX DS K-15 | Phawan 502

G-7 Gongri 590

Total 37 10,524

(H8h : JICA FHAER])

BE L7z 37 HUSOMERZX 7-4 12577,
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(Hih : JICA FHA)

7-4 —RAZ ) —=UZICEVBE LK
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TSV E BN AL =TT 2040 FET BV =2 b
77 AT LAR—F|

7.4 £HEIvrJ YR MMAOBMFAE
741 BH - FE
(1) B
Semi-longlist & L C#E&/E S 417z 37 IR DWW T, S EEAEEY (X A, KEE, FEEDT, oKD,
BAPAET) OfLEZMERET D & & bl 77 B AEM, KIS, BB S, AR SRES

HWEMERTHZEEENET S, IHIZ, BERRV R PHERSINZGEIE., BAREREEY 27
[EIREDSFTREDY &9 T DWW T HERT 5,

(2 Fik
FHR CHRMICHEEZIT O 2D, 2%—T 4 (AF—L4, BF—24) TET 5,
1 7X—7 1 ORERKIE
® DHPS: bR14, HWHE 14, BREE 14, H2RE 14 5H44
® JICAFHMZE: bR24, B 14, AREE 14, 2R E 14 54
& no—Jarharrh (BRE) - BREE 14, haRE 14 324
DOEFH 114 E LT,

742 BHAERICIBITAFv 27U Rb
HHGHERICHEHT2F 2y 7 ) A FOLEELLFIZRT,
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Ty AFI s LER—Fb

£ 757 FxvZURME (4K - #HEER)

42 HEH
1277 )14
HITEEE |5 b8
B S| 54T 1t :
HpE® | RERR 5 ISEIRIES m
BAHH MW IS m
| BkmEkE m¥/s|  ®EET  |YLIREE m
FEETT
BWEE m KRR (KFE) m
SRt km? BRETKE MCM
X455 BE HeRIEE s @
IR TEEINSOIERE - RS
—f | TIEREME | .
TR BB TEh R USEERR(CFIF
ke EERRLOER (B1)
KX AT RS "
SEIGRHEREN AR TR TEAR - TR
IR
KEE KBS 1 SHERSEYCEL T A
- 2. AL - EHEEDRTT
oAz 5
WEAST | KERSERAR SAEREY (BIH- B
ZEFR- BIBAPR 4.GLOFE(C & 33K i IR
PHERI—h
Hi - HhEE :
5L SERsth O .
- 1 ARTEHATE - B O E] A
K AR 2 ASEORRITIEL
MESRM | KISTEEA 3EEAMIEEE (94t
- 4BAMEEE (FRILEB)
ZE - HEPT
=R 5 ARG ORE RO S
72—k
Ah 1. MZEOI R ERORIAETE
ot (fREsth) oEE
KL — 2. ISR EZMEHOBIEEE (X
R | EEMEREL KB GtT/BMD) Bity) OEE
3. KDL, HERLRTEE, SRR T 18
FHEZI— b \
’ BHRICADERI ARROBEL
BAEFR a0
oM |BBEIARIEBIE
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Ty A FI e LAR— b

# 758 FxvZ7URIMR (HREREBER)

AR EY A Y [ A= PrEVA-PEYAS 3 ] 4 HNov, Dec.  ( ) EE ( )
THETIE W AR
¥R | BRERIEA FheF =y FIH BRI 70 s Bk e
X 53% T T 24 TR NS FEEPT | EER
PR X IRICALE S DD Y,N | D.H,L
V= U TR ER TN D Y,N | D.H,L
” Core AL [ON
L | Buffey [RAEBCHR 7 BT
Multiple-use
LR R D Y,N | D.H,L
AT 2 D> Y,N [ D.H,L
________________________________ I ECCrRer i  V I NN IO =L | (O
R AT VR TR ZE AR MEENp= G 1)
iR R . (1ha LL'F - Small
E~I v~ lha ~ Sha - Middle
................................ exzv23ay oo o] ShalllE - Large)
b U B EHEER
T~ % K AF S0 YN|DH,L| | B2 I MON
Z LY — LS E 1T THREI AR
ISP L L3112 NN DR (RSN DO RS 2094 L
| 15-20%
S e e 10-15%
B 5-10%
L e 5% T
FETIE IR
HR SRR XA R T D Y,N|DH,L| | |
FEDRSEIIASE(CR) .
T R BN | PRI R
HagE S RIBE(VU)
PR SEOREAEYIIART 22> | YN [ DVHCL e
SR HaPRfE IR LA TR
KR TR LIRS TN DR
_ _ IR
o ;:}f%ﬁﬁ%'hﬁ@%éi?ﬁ)%ﬁaéﬂé Y,N | D.H,L %g‘ﬁﬁ?ﬁé:o\ o
WV - R g R AT YN DL (A
BUKPIR DA RERRIET B | YN [ D.H, L |ERZBELCIaRRAKOBARRIADS A CX B8
K% |@shan Y N DLH.L AT RS A 58, W BT % A
Y.N | D.H.L R A L CIOKomA IR c & AR " ’

* :D means Direct observation, H means Hearing, L means Literature

(H L« JICA FH#&M)
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T—FUE B ASY =TT 2040 KET BT 27 b
Ty AT LER— |

743 KEvIvnrl YR MNEAOBRMATER

BIHFH A ORCR A E A T AR OBHFEEALIEZ TN L7z, 723, PHIERHE D #UE i CRIED &
D6 FEBHEPRERIKIZ) 2D 56 RS CHEN H 255 I12id, FTlO LE Lz %
L. RELZESTEICOWT, BRI 2 SIS ETm L 72,

S FALBL R 0D 5 B Coh L e,

MmOTHLETH S

PHIE DAMED & %

/OB 2 R ETITAL L RO WREMENH S
B R AR B 22

PR IINETH S

Sowx >

K-S O B ERHmAE A F 7-61 1T T,
F7o. REREETLAER L REEE 7-60 1ITR”T,

F 7-60 BEFAMEFER

No. of sites Caple:ésigll(?\jl[W) Annzlél\i}gergy
AA 5 2,405 10,533
A 9 3.302 14.464
B 4 748 3,277
¢ 8 931 4,079
D 11 3,673 16,086
Total 37 11,059 18,440

(i« JICA FRAERH)

7235, I 2 0Dt DB HIER AR R A F X Appendix — 1 IR T YD ThH 5.
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# 761 H£EIvL Y R MLEOE EEREE

=
ax 1/

FHEE

| % o
B5 | WAE | HERR | mn | "R | gan | Ty | BEmm | REHE S, HREE
i (MW) | (GWh) ==
TORREBENGEL T LA HERMY AR
) TORATELGRWN O A5
A-4 Kunzangling ROR+Pond 897 3,928 Dam 11.1 D B LHARA (R P JKSNR) T Y . BI% (%
RgLEZLND,
, . LY A& LR (REMX JKSNR) Z# =& L
A-5 Tingma ROR+Pond 567 2,483 Outside No 14.3 - FE80) 1< H (Tingma Rev)
A4 B DRAFEEMETHDOTHNIE, A5 HimD
) . . ALY A+ REMR (JKSNR) Z8 (+1-x LR ER
Tingma Rev ROR 816 3,574 Middle Outside No 10.5 AA [ZE5B (A4 Hh S & AS Hh S E S g 1-2)
B LY AMEIT A TERW O EFHEAEE
A-8 Dorokha ROR+Pond 573 2,511 Low Outside No 18.4 AA SR REARIZEIEELY,
. . . [EREEHMDIT/REZLDBELSDLETHY., AR
W-6 Chuzom Reservoir 152 664 High Outside 220 HHs 150.6 D (FEBEEE R DD,
W-8 Zangkhepa ROR 73 320 Low Dam No 215 - Jigme Dorji National Park 9T BA5E & Bl
(Zangkhepa Rev)
. BUKOME [ ARRRO TRICHES
Zangkhepa Rev ROR 54 237 Low Outside No 353 C SOt BENFAL. BB
W-19 Pipingchhu ROR 100 436 High Outside No 28.6 D B LY AMIT IR TER N =D MAEE
b ALY A, KRS, HER. REHEXMN (Jigme
P-15 | Tamigdamchu ROR 188 824 Powe"‘r?(;use No 29.2 D Dorji National Park D37 -V —>) THY., BiIF(EIE
BICR#EEZOND,
5 By E T = L -
P-17 Tseykha ROR 170 743 | Middle Outside No 35.4 - FLT A& LR QMR TR R LRE) <8
&) (Tseykha Rev)
A LO—EERKO (HEE) AREKR (Jigme
Tseykha Rev ROR 215 942 | Middle Outside No 228 A Dorji National Park) DERIKES 2,

Punakha [ZH W TIE, XALEERD BB TORFE
HgETH D,
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®iE | FRIEE \ - -
B5 | WAE | HERR | mn | "R | gan | Ty | BEEm | REHE S, HEREE
= (MW) | (GWh) ==
P-26 Thasa Pondage 768 3,364 Low Dam No 21.9 - REERERFH1-0, T LI EE THRIED
(Thasa Rev)
KBEZELTH-HEKEEGRANSERAIC
EEZ0)
Impact on REMELAMNYBENIZT HIEHATEE
=Tl HRARE LA LV e AN
Thasa Rev Pondage 706 3,092 Low Alsss::/fotire commercial 25.7 A E%k% SRR LAY, BRLBROBREA
Facili .\
aciity & L B% FHRICUI=84 . Harachhu ORI
OEHRAIZ2 =TI ~OEEOFREHERLTHS
WENDHD,
TORREBRNG A LY A BEFRYALEIC
. TORRATELGRWN O A 5
P-28 Kago-1 ROR 102 448 Middle Dam No 14.0 C LA REIE R (A7 —) ThY . RS
FEEEEZOND,
EAIOEK AL Jigme Singye Wangchuck National
Park DERICHET 5, .
P-29 Kago ROR 58 256 Low Dam No 321 C KEBBRUREFHEEN Y EY T B LT
e
i ) Dam Bk O (& Jigme Singye Wangchuck National Park @
P-30 Pinsa Rev ROR 153 662 Low (Multiple) No 13.3 AA R ET S,
P-34 Darachhu ROR 61 266 | Middle Outside No 29.2 C B LY AMIT IR TEGU O EFHEAEE
P-35 Dagachhu-lI ROR 94 413 | Middle Outside No 29.0 B RFICKEGEREIAL,
. . . HLEKE, RERLICHER CASLEEDY
P-38 Tashiding ROR+Pond 81 356 High Outside No 30.7 D REFHAA~DT bR BB SEREE
BLYAADTHOEREBIEL F LY ARIEE
NHE
M-5 Bemiji ROR+Pond 333 1,458 Middle Dam No 21.1 D fifi < BE

FLY A, REBRATHY ., FAFESRHEEE
AbNd,
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T7AFI e LIR— |

Eg ] EFﬂﬁ%gE 1 =g Y
B2 mps HER | wn | BaE | ann’ | PR | mamm RERE | 50y HEEE
= (MW) | (GWh) ==
MERREEELTY LEZ 2km THRICHE
. . (Jongthang Rev2)
M-6 Jongthang ROR+Pond 170 743 Middle Outside No 40.9 - BED B K O (E Trongsa Dzong [ZiELME
FrICRIES D,
W] i =1z, BENFDL. &
Jongthang Rev2 | Pondage 164 718 Low Outside No 53.8 D ;@%Eijc" NSBBLIT0 RENRDL. #2
Dam FLMEZEN ARRESNZHEE (Wangdigang
. . (Multiple) Rev)
M-11 | Wangdigang | ROR+Pond 446 L9S2 ) Middle | b erhouse No 221 - SUR—E R BI0(, REFUEEET TR
(Corridor) %
. : . FEERT- 1K O BB Tl White-bellied Heron D
Wangdigang Rev | ROR+Pond 502 2,199 Middle Outside No 22.7 C 718 L LCRHIASH TN,
MY R OFREIZT R U 70m DEMEE
M-17 Buli ROR 62 272 Low Outside No 21.5 - NBELNEILEEEL, BUKO% 1.5km ERAP
g
Buli Rev ROR 69 302 Low Outside No 20.1 A IS RELMEIEEL,
Buli i R OBUKAMNSDEHEELREISNLGH, &
HREFHTITEDIRENHY. £ Buli REFR
FIEDEOERKDI-HDERIELLEIZEST=O.
M-18 Nyekhar ROR 43 188 Low Outside No 321 C REDEFELT,
HE - R EFRELL.,
sE4E . FE A ith 5255 T White-bellied Heron & 8
BN ERIN TS,
Chamkharchhu- ) REAYAMIERLEL, TV ERATEETH DT
c-7 " Pondage 451 1,974 Low Outside No 19.2 AA . FO—>%EFLTES M5O LY
S LM EZ M ERHICREELTWNSERDND
Part of 0.3km FHRICHEE
C-10 | Chamkharchhu-Il | ROR+Pond 456 1,997 Low Reservoir No 18.1 - KBERDECEFEAE~DEELEELTEH
FRMNSERAICEEE
Chamkg:\rfhh“'” ROR+Pond 414 1,813 Low Outside No 154 |  AA HEICKELRIRE AL,
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R

=

R B

FrER R

Bl
A
(MW)

FHEE
BEhE
(GWh)

HEYRY
DFEE

REER
R4t

Rt ER

B ER B
(Nuw/kWh)

!

LEERE SC]

K-13

Minjey

Pondage

490

2,144

Middle

Qutside

Several HHs,
Crematorium

38.0

BELHEERTHSNESHIE/KBDRIFIZAET
%, (EL 1,780m)

Minjey Rev

Pondage

673

2,948

Middle

Outside

Several HHs

20.8

KRG DKEZERET BT, F LDFEKELE
EL.1,820m M5 EL. 1,770m 2D S 1=,

K-15

Phawan

Pondage

499

2,185

High

Outside

Several HHs

40.4

HMEmEmASR T, 150m LLEDF LEERTLIDIE
LU, T, BROEBVLVEEELEETHL. BAR
B EESDE/EL,

2 DD (BEISEHLUEREE) SKA. ALY
EAEEAKET B,

Khamdang

ROR+Pond

494

2,165

Middle

Outside

No

26.1

KEERELUVEBFOMEEZE T TRAICRS
NORMaE/ R EDEEERICEET S,

Khamdang Rev

ROR+Pond

512

2,243

Middle

Outside

Near border
with India

24.8

MO KRIGER LA FEEICELTWS,

A UREEMBIXIERICE LTI THE=0. A
EFOF L AR TS BN DHFATHIEREG
TEEh o7,

G-7

Gongri

Pondage

590

2,582

Low

Outside

No

33.7

BEDSF LY A EDDARICKERZEDENHER
MHBRTLTEY ., F LY AT BESH ULV =6, 8
2km EFRICFEEN

Gongri Rev

Pondage

546

2,391

Low

Outside

No

25.7

56 acres MEH, Rith, T—2> THRELEELIL
BED—DTHH GomKora ¥, BEEKHD
Kholongchhu HPP FAZEEFTAKET 5,

Gamrichhu-3

ROR

123

538

Middle

Dam
(Core)

No

20.4

S LY AMIFRERRXOOT - —2 A (Sakteng
Wildlife Sanctuary) THY . FERIFIEEICRH#ETH
5, ZDT=&. FHEIETHD G-10 (Gamrichhu - 2)
thEEERSEIEEET D,

Gamrichhu-2

ROR

104

458

No

25.5

EFRD G-9 (Gamrichhu - 3) M EA RS E-5HE
95,
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R

=

R B

FrER R

Bl
A
(MW)

FHEE
BEhE
(GWh)

HEYRY
DFEE

REER
R4t

Rt ER

B ER B
(Nuw/kWh)

LEERE SC]

Gamrichhu-2
Rev2

ROR+Pond

108

473

Middle

Outside

No

224

LD GO tREEEHRESLI2. T LNESE
REMREDERETLRICEE (G-I HhEE G-10
thEE SRS -ETE)

I RELRRBIEALY,

Gamrichhu-1

Pondage

108

474

Several HHs

47.1

Gamrichhu-1
Rev2

ROR

150

657

Middle

Outside

No

20.8

G-10 b DF LGIEZE EFRICHEBSE =0, G-
11 AN LMED ERICHEEL, FEEFEMN
HFICRELZMEIEEL,

Sherichhu

ROR

53

230

Middle

Outside

No

35.6

BUKOGMEIEZEAN) D DRESHEEEL
T 0.3km EFRICEE
—A.BOKOME T E&HEEZELT 1.4km £
RICHEE

Sherichhu Rev

ROR

58

254

Middle

Outside

No

33.2

{R1Z Uzorong #i M DBARAERLENEE L.
Sherichhu #h R DEEMZEHAMNICTE, FELH
100m IEMSEBHIENTES,

Uzorong

Pondage

763

3,343

Middle

Outside

35HHs

25.4

B EEEEELY LMEZ 1.5km FHRICEH)

Uzorong Rev

Pondage

764

3,346

Low

Outside

35HHs

23.5

BFICKELMRBIXEEW, 2120, & ALK B K

23X 1biE 7 (“Aja Ney Ju” Chorten) . X EXIEE ¥
DEMENESEND-HEMRICKRL TISFEERRET
ZORBEET D,

Jerichhu [Z L& &% (115 PSPP #E EL-15E. £

2.4km FHRICALEBEZS IS EHIEEEZLN
%o

Jerichhu

ROR

40

175

Middle

Outside

No

30.5

BLYACRURERYAETT VLA TEDLRF
B IF7, BT XA AE

WE. HSREMICEEEGZVEEZ NS, £
ZENSANIDFRKNHERTES . AIREN DG
LWVATREMEA H B
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Eg ] EFﬁﬁ%gE | =% =n w
1“1’,,,5 fm}f—i% E‘I’Eﬁ?iﬁ Hjj] %ﬁ% iﬁEiX7 1%:112@ gﬁiﬁﬁ%’x" Enl$1m 3:/7 4#§E$IE
= MW) (GWh) DEE SE) (Nw/kWh)
Kt S DREMNIEEIZDIL,
G-19 Nagor ROR 53 232 | Middle Outside No 30.1 C KB EHIZIXRKEBICLHHKBEETSHA]
BEENH AL B EDBEENED.
LY A OB FHEHREIN AL, 150m Foay
A part of P)—hF LOBFRICILESIEL, £z, BKEEF
) , More than BBz mLTEY. F LERICEZEERIF
G-22 Panbang Pondage 1,100 4,818 High (IT\;ZTtri\;T;r) A5HHS 24.5 D TSNS, A E AT NE
FLGEKIZEYDELEL 4 FD 45 FULDER
BEHELLND,
Nyera Amari ) FLYACRUEERYAMETTIEATESEL
N-1 Kangpara (G) ROR 71 312 Low Outside No 19.7 A i< ELEEET A I A
FLYACADT I RERIGL F LY AEEE
) . A aE
N-2 Lamai Gonpa ROR 37 161 Low Outside No 40.1 D SBAFEEKEADE 0.33 km O EEBEIC Lamai
Gonpa Lhalkhang EWVSH WAL EEHNH D,
Paydung- . HREMUEBELKEEELZTRICEBETHLICL
N-3 Kangpar ROR+Pond 85 374 Low Outside No 33.9 Y. % 70m DIBMEEAELND.
HREMBALORKEETOAMKREFHEMRIHAE
ovdune. T HBEL DD,
youns ROR+Pond 102 447 | Low Outside No 304 B BLOX)ITIEFEEREIC L TRENDEUME

Kangpar Rev

bHHNT, MAKMRTOREAENFART
Hdo
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744  BHRNARTZHAE

(1) BEEZERLUZHERLE LR
R REELH AR R OIS FHN I W THUE Y, BREEAVICITRRIC R & 2RI 22 s v I
DIHIMENT= D, EEFAMFERN B 7 7 LT &> T D 5 #isd (P-29, P-34, P-35, M-6, N-
3) ICOWTIIRRFEIED EEZ D7D LA 70 b7 b NI EREZ B L, &HIT, £D
FEMEC DN CHERR T 5 72 O B sE i A & F20E L 7=,
25 I ZE B R o0 B HU A SERR A O BT E R AS R 1T R 7-62 IR T &0 ThH Y | N-3 (Paydung-
Kangpar) LSO FHEIZE B HLS OB EFHMFE RIL A 7 > 71274 LTz,

7k, A 2 iR O BLHAR SEF A RS R L Appendix — 1 024 3% R 0D 28 B Fi O B A
WEEHDOEITRT,
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F 7-62  AFHEZE TR OB E R R

T—HUEH BHYAL =TT U240 KETOY 2T b

Ty A FI e LAR— b

o i FRIF
8 = I = =
ﬂﬂf‘\ i“ﬂuﬁ“% E_I_Eﬁgit Hjj] ij fﬁ’.ﬁil? 1%::%"——(15'2 @Eﬁﬁﬁﬂ Enxﬁﬁlﬁ 5> 4#§E$IE
=) MW) = DIRE P (Nu/kWh)
(GWh)
HAIOELK AL Jigme Singye Wangchuck National
Park DERITHET B,
P-29 Kago ROR 58 256 Low Dam No 32.1 C KEBE R UREHERNYEEYICT 2 EAH
BE
ERBUKZERY 0 BEEBI. F LHEFRAFA
HY National Park #f D L FREBIZFEEN
Kago Rev ROR Bl 2A tow pam No o1 A 2 100m FRERMT BLLLIC, RBEAHD
L. EH AT L
P-34 Darachhu ROR 61 266 Middle Outside No 29.2 C B LY ANEIT IR TEG O FHEAEE
Dagachhu-1I @ Darachhu MM EKZEERY 285
Darachhu Rev ROR 89 390 Middle Outside No 222 A Elz&Y FERALUICHKAZE TREIICHE
FREM 230m (F9 5 E) En
P-35 Dagachhu-lI ROR 94 413 Middle Outside No 29.0 B RICKELGMRBITLEL,
Darachhu M 5D EIKERYLHBEEBIZ, F L
BELROZREDERRAETHEE, F-FLEIE
Dagachhu-II Rev ROR 71 311 Middle Outside No 23.4 A IZEE
%E 100m BREEMT HELDIC, BEREAFD
L. &AM MELE
HMERREEZEELTY LGEE 2km TiRIZHE
) ) (Jongthang Rev2)
M-6 Jongthang ROR+Pond 170 743 Middle Outside No 40.9 - BED R EF KO (E Trongsa Dzong [ZiELME
FRICIIEY %,
W) e ==, BEMNFDL. &
Jongthang Rev2 Pondage 164 718 Low Outside No 53.8 D T LAEE TRISBBLLD . EEARDIL. &

FHEEMAEL
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; FERFH
24 : 8
g - . s FhH | HEBEIRY RERXE o B E( —. -
= ETEf = FaL =1
2 a2 EHEfZ (ﬁ\j;) = DEE i ERHEER (Nu/kWh) S LEERE ]
(GWh)
+ MS MAOMFENAT S LERRL. HHAD
u o = ok —
Jongthang Rev3 | ROR+Pond 227 994 Low Outside No 23.0 A . gf\gjtgiﬁg%ﬁ%ﬁ;ﬁ%ﬂ;iﬁfﬁmu s
H. FLE30m UTDIAINEALTELET B,
paydung- | v REFEEOKEREL TRBET SLISE
N-3 Kangpar ROR+Pond 85 374 Low Outside No 33.9 U %5 70m (B AT E AL
+ HREFEABOBKEEFTOSMIKREFHMICHAE
pavd FTELENDHD,
y ay ”ni' ROR+Pond 102 447 Low Outside No 30.4 B + FEIOXNTIEFREBERICELTRENDHELME
angpar Rev FtHdDT, KA TORENENFTRT
%60
+ N2 OEFENMENIENS, CORFEITREgEESE
pavd ZONBIEMND . kit mER DL HIZFBE)]
. ay ”';g' , ROR 73 320 Low Outside No 25.2 B + EEM T7Sm M, T, BRERAKEMNNE S
angpar nev FoEhD A LEEICEERL, REFNAHRIC
pad

(Hi#h : JICA FHAERH)
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75 ZWRAZYV—=r7 (BRREFRET L 7A)

— A7 Y —= v 7 OFERH STz 37 #USIZ oW T B &2 I Lo, B IC R
WTC, LLFOREEE L CHLETRE Lt o RE Lz EhE Lz,

B {RFEHX TORAFE A MR EEET 5,

WV CRIREDS & 2 T A A e S

R CHIED & 2 E T A A el %,

B LORFEREONDFEICEE T S,

ZOLETZRAZ ) == 7% FE L, ZORMRERE R T, BEMICHAE T REHAL LT
va— U RN ISHIRARE LT,

CRAZ Y= 72BN TR, BFIORTIHE & BEASTIC LD ZRAEGHT & Fhi L7,
R 7-63 KAV V=V T IER LTS EESEE

No. Criteria Sub-criteria Weights
1.1 Hydrological quality 30%
1.2 Geological risk 50%
1.3 . GLOF risk 5%
1.4 Technical Sedimentation risk 5% S0% 40%
1.5 Site accessibility 5%
1.6 Transmission line risk 5%
2.1  Economic Economic efficiency 50%
3.1 Land Acquisition 25%
3.2 Impacton Social  Resettlement and Asset Loss 25% 50%
3.3  environment Living and Livelihood 20%

Cultural Heritage 30%
4.1 Located in protected areas 35%
4.2 Loss of primary forest 30% 40%
43 Loss of wet land 10%
4.4 Impgct on Natural Loss of endangered species 10% 50%
4.5 Environment Fish migration 5%
4.6 Access road / dam site erosion 5%
4.7 Impact on Landscape 5%
5. Social Improved access to socioeconomic benefits 50% 100% 20%
5.2 Development Employment and potential of income opportunities 50%

(Hist : JICA FHA[A)

—RAZ V== I LTS R HES AT E &R & HIEIT R0, HARBRETER ICB W T
Loss of endangered species D IH H Z B0 L7z,
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751 KREBIZBITIZEER

(1) Technical
EHSITRRC 2, 722 L, BIHERAE ORE R 2B & 2 T, HE im O Rl 2 KR ZLE L7z,

(2) Economic

EFHHIC &7 > T, LFOIEHE 2B LT,

B 75— —EROfE (4.52 BH)

B FURFEEATICI T D Firm power ¥ (4.4 2H8)

7B, BEflow 3 OREICHTZ0 | WEREHRESE LT, —KRAZ V== 7B TUE2 AD
s A L7cAy, DHPS 726 04 =17 T, ZIRAZ V—=v 71280V TE, 12 A~3
A O 40 AR OYL G EZ L TR Lz,

F7o. FHEORE L2 FEM LS OWTIE, F il a X PO RE LS FEM L,

(3) HIRERE
(a) JHHIEUS
HAS I fE o> 2 = 77 P D fE 1E

2018 - 12 A OBLHIY- A MEEE CTIT o e HICRARE ~D A Z B a—Z2i@ U, () [ERITeE
FITE L0 AV M E & aFde 2 & (i) & U UNHED FLIA D 2 IEIR 72 AU I O 1Rk & 14 L T
Lz b, (i) Ll ASEEITE Y KOS Z T2 OFTA ORISR L TGS
BERICGIEMT A2 ZENPEFHE L RoTWNHZ L, ZER LT, Lo THHESEHERICK
ETA 7 MIFEFFICREVWEF R D,

Fio. RBEENS, BEAKROTDICERAPLE L SNHRAMOmREIL, KE RN &R
ORI 5T, 200 =—h —Z 8 2 2 FRAA MO BFITEA: Lze <o R¥EE 100 =—h—%
TEZ (FFIZ 50 =—H —HKiM) IR LD TH o7, BLEX Y B HHETE O F/MED 5
RKEDOHT T —Z2HFE L, TROLEBVELEZ{ToTZ,

® 7-64 FHEUGOFER =7 DEE

Land size State Private
100 acres and more 1
50 acres - less than 100 acres 2
25 acres to 50 acres 5 3
Under 25 acres 4
Nothing (0) 5

(H L« JICA FH&)

7p¥s, THUFTA - BEAICOWTIE, 2019 £ 1 ARRRTNLC KW AFLET VX LT —HI|Z
S HHho HHFHATERZ b > TR 21T 72, BHIFTAE IOV T, 2018 4F 11 A ~2019
3 OB A MSERICBS CHER LIENA L, #HtBRFE~D A v 2 v a—%E L TH
ONTENEEEEE 272,
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(b) (ERBER L EREEL
B A NEE CTOFERE RN D, B ERS~OBES KT TAOEENIEFICRE NS
LR ENTZ, Ko T, BIRLEHEERICET 2FMORAaTONT ) —%, TROLE
DN DFE 72 S DIZEE LT,

% 7-65 (FERBERLEEEELOFEA 2T OEE

No. of Houses Score
50 and more 1
25 - less than 50 2
Less than 25 3
Nothing (0) 5

(High : JICA FHALH)

BRI OV TR, 2018 4F 11 H ~2019 4£ 3 A O A AR CES TR LIZNEA
PSS e T Y S LR R Ex 2 L LT,

(c) ZEIG&AEGFHFE
TS VA ELERMRRICRE AKF T SIURZ T 5720, IR & AR TS
D FHER A TRO & BV AT ER LT,

& 7-66 AWEELEHFEOFHMMER 27 OEE

Affected activities Score
Negative impacts on agriculture 1
Negative impacts on forest products (NTFPs) or timber products

Negative impacts on livestock
Negative impacts on local business*

DN W W |Ww

None
7 @ “local business”lZ. JERL LY. WA L&,
(Hidh : JICA FRAR)

(d) k& RE]
EZFAEEEN G L LB ENEEL ST 556 (EERSULEFEN Y L ETITHEN 1D
500m OFEPFIAFIET D Z L BER SN B W) X, 8% 52T 5 SUEEFEDREE Wb
T, RAaT a1 RE L, ZOMIZOWTIESUBIEEDEIZ L » TRHE3 5,

# 7-67 XALBEOIEMR 27 DEE

No. of Affected Heritage Sites National importance Score
3 and more 1
2 1 2
1 3
None 5 5
(Hdt : JICA FRERD)

7-72



TS VE VAL =TT 2040 RET RV 27 b
77 AT LAR—F|

AVRIE, BAeD LN OHLPHAT— I RAF =D EREZED, AiERNR o 21T-
7o L CRERICED Z ENFRERMESITICH D Z Lnh, FHIHIWT & R E 21T O DIEsk
&7 s,

¥, AT MP BRI H D 2 Lanh, EZRERMICEERSUYVEENS FEBREMME 21T 0
DR INTZHETH-TH, B A LRSS, RO /gL Rk L CHEE
EEITH-> T 5,

(4) *H=BAZ

(a) HERFHIELE~DT 7 & 2h L
B R ORI A BRI KRNSO THSH Z b, UTFO 3 So/NEH %
kSR FHIFER ~OT 7 & AJh k) EA FIZi#d 72, 3 >0/NEHORADKEZ, 1) Hid
TR 40%, 2) BET JEA 1 30%, 3) EWRT 7 EA 1 30%THD,

1) HxTrrtx
A ILClE, JRJT (Dzongkhag Administration Office) CHIX P35 F TOIEREIT OV TIIEEENT
PITWDD, ZDMEIT, JRHER & DORELER S, I ZERMTERT D700 AE L 725
TWOHHLERNIZEAETHY , EROBEBICEADL S TBENCEL O ZES 5, 22T, K
A ERIR AT, # 5 BEIDERE D X 2 =7 ¢ O HBHLE & U To&E 2 5 50 %
D OHX G OHIT T3 & 2 PR & 22 BT08F (Chiwog) O HLLMIZR &) ~BEIT 5720
OFFERMEZFEH L, 202N EL DA a7V o T E{Tolz, ZOMITT 7 AM X, FE
TN > TITON D AR E, EBEOE AR, fi%E, IMEEICL > T, ===
T A NZTLHERE (CBERHOEM ThY., FaIa=7 1 ~0O7T 7t XEKAESCER
RGN R DG & IZFE =BT D, X% A b BEIVA FOBRROLEITS 50%L LTEG
RCHHI L7e, 7eds, FEMERA ST A=Y 7E (Skm DNERE) (23 2 =7 1 BFTE
L2RWEGAITIE, dERIT v b o LT 5,

(High : JICA FHARH)
X 7-5 #iyx7r X
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2)

3)

HET /A

7= VEICBW T, IEHEICOW TR, BEOBBNICH 5/ NERIC T B A DY
TV —ANFEAETHD, LL, T% - @EFEREMEDESENIC WD, +EB%
BT EOFRIZHEDOE L7 —ANEZLLBOBND,

Z T, BFEERERMUMAOERICHLAI =T 412> T, HUBILE L L ToOEREZHS
B (&L« BB O ZNENERET D OHIXEGOHITTTED & 5 IR R & 2BT72 E) R
Chiwog OHL.LHING | FbifW (7237 7 BAR L) FEY EO#EE MK (Middle
Secondary School, Higher Secondary School & 72(% Central School) ~®D7 7 & XD\ T, Al
HEEREROTERM AR L, 20X EWE L, XL50 A4 b BEITVA SORLEDL
HIIA 50%E L CTEFHR TN L7z, KB EFOBIRII > CERAGEES L, T 7'
ANRUESND Z LT, HIREROEER R ~DOT 7 v XM EQRHfFTE 22 LTk 5,

]
J

Score

To the nearest MSS / HSS
/ CS, presently it takes
Near (Less than 1
hour)

S

50%

Nearest /
most

@

50%

accessible
community
(chiwog, gewog
center, town)

‘ Far (1 to 3 hours)

Very far (3 hours &
more)

LIT

!

Connectivity Improvement Access to education facility

(Hidh : JICA FHAERH)
X 76 BHBET77EAX

BT 7 & A

T—Z VEICBWTIE, MERIE LT b —F - 7 U =77 (Outreach Clinic:
ORC) b L<FN—¥ v 7 « ~L X« 2=y | (Basic Health Unit: BHU) & FEIEAL % R R i
ROPRE S, T« BROBFHRET—E A —REREV—E 2 2R L T, fHEe2
FERLTRFIL NS DRk TIN50, FIREE O RERBER - FRELTIRBH LR
(District Hospital) (ZH#fik S5,
T T, HFEEPFHMAOERICH DA I 2 =T 412 5T, HgdlR & L ToO®REZMS
B (&2 s B D ENLEIIRT D ORGP HITTT S0 6 5 IR R & el 72 &) 0ofS
OHFLHNS HBbITW (F72EK LT 72 ARLW) R~V EOERRHE~DT 7 & A
IZDWT, RFEFEMREROFTERZEHN L, 202 ba Lz, Z24% A b, BEFYT
A b OB AR DEITES 50%E L TAR A TR L7,
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(chiwog, gewog
center, town)

To the nearest District

Score

Hospital
Near (Less than 1
hour) i
50% our
Nearest /
most

accessible Far (1 to 3 hours)
community

Very far (3 hours &
more)

B

50%
L J \ J
Y Y

Connectivity improvement Access to health facility

(Hih : JICA FHERH)
X 7-7 EETI7EX

KIVFEEBRT ORI E - TEBPUGES L, 7 7 B ANRSGESIND 2 & T, HillERO
EIEfER~DT 7 v AM LR cE L LITh D,

JE &AM O FTREME (AT sk oo A 0)

JEH L IXABEIM O ATREPEIZ DWW TR, K W ARFrSHURIZ 317 5 oot R O Jé FH RS2 <0 ni i
AL, TSI NADHEICONTESEH Tz, F kA7 V—=27TiE, BEEOH
HERFIZE ST FHADOE 21T > Ty, /8 In 7Y 2 MU OBMFHEZ1T -7
R, FROPTHIEBRIBERHIX & Z 5 TRUVLWHIERH Y, ZOL~UL b K/IMELX THD
ZEBHBMMERoT, Ko T, MO TH#ELZITV., AT IO d0& AT Y —ORIHE
Z [EMEAIET DX O~ NS0 i) OV TRy TDHZEELE (FTEBR) ¥
LA N EFEITTA N TIL, PRSI N RR S 2 ENDAICEHMET A2 &L, XA
T A ML 30%, FEEATTA MNX 70%OEROLEEZ T, ZOAFATIHMT 5, FEpgHh
DBEEOMKIZETN D512, EVIRWITEOX T — X2 X 55Hii& LT,

# 7-68 [(EETAHUR DO IXABEIIT 235> 5 FHH 7

Sub criteria (per capita income at gewog level) Score
Nu 80000 and more 1

Nu 60,000 to Nu 80,000

Nu 40,000 to Nu 60,000

Nu 20,000 to Nu 40,000
Less than Nu 20,000

BHK DO— N Y 720 OFFfF124% 57 — & 1T Bhutan Living Standards Survey Report 2012 {ZHL> 7=,
(Hi#8 - JICA )

(b)

DA Wi

(5) ERREE
SEA Task Team A > /3—7/n 5 OFEEEIZ LV | Loss of endangered species OTH H % HHIZEN L,
HAT10%E LCRME L7=, ZdD7®. Located in protected areas D A% 40%7)> 5 35%~, Loss
of primary forest D B/ % 35%7 5 30% ~TAILENER LTz,
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(a) HEPRGE 'L&@@%@ﬁ% (Loss of endangered species) DAl 7%

M D (2B W T, IUCN THE STV DRGSR STV A AR BUT
@%ﬁﬁﬁ%ﬂﬁ Lf:o

# 7-69 Loss of endangered species D FFAH 515

Category of Endangered Species

(Threatened Species listed in Red Data by IUCN) Score
Critically Endangered (CR) 1
Endangered (EN) 2
Vulnerable (VU) 3
Nothing 5

(Hidh : JICA A [])
(b) FBI~DFZ (Impact on Landscape) DRFAM 1AL H

BBIA~DOHEICONWTIT, —RAZ ) —= FTIIEEROERE M L TWE=R, &%
fiECdH 5 &9 DHPS ﬁx%@?a%ﬁ-a%éz F. LT OEGEICEE LT,

# 7-10 BBA~OEEOFM5 L

Distance from Nearest Pooling Voltage
station/Substation 400kV 220kV 132kV
More than 100 km 1 1 2
From 50 km to 100 km 1 2 3
From 20 km to 50 km 2 3 4
From 10 km to 20 km 3 4 5
Less than 10 km 4 5 5
(H8t : JICA FRZ[)
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7.5.2

TRARZ ) —=rTRER (BETHE)
LRLOREIR 2 LG Lo G RHil &2 DL IR,

*£ 7-71 ¥AEFLE (Base Case)
Impact on | Impact on .
Installed | Annual Social Natural Social
SL. # Name of Project Capacity | Energy | Technical | Economic . . develop- Total Rank
(MW) (GWh) environ- | environ- ment
ment ment
A-4 Kunzangling 860 3,766 15.3 20.0 20.0 7.0 12.4 74.7 10
A-5 Tingma 783 3,428 154 20.0 20.0 14.6 14.0 84.0 2
A-8 Dorokha 550 2,407 15.9 20.0 20.0 14.6 12.4 82.9 3
W-6 Chuzom 152 664 15.5 4.0 4.0 16.4 6.0 45.9 37
W-8 Zangkhepa 54 236 14.3 4.0 15.2 13.8 4.8 52.1 36
W-19 Pipingchhu 100 436 12.1 7.6 16.8 15.4 13.6 65.5 24
P-15 Tamigdamchu 188 824 15.1 6.4 20.0 8.6 11.2 61.3 31
P-17 Tseykha 215 943 16.2 20.0 12.0 11.2 9.6 69.0 20
P-26 Thasa 706 3,094 15.6 14.8 17.0 15.2 11.6 74.2 11
P-28 Kago-1 102 448 15.2 20.0 20.0 8.4 15.6 79.2 5
P-29 Kago 58 255 14.6 14.4 20.0 12.2 14.8 76.0 7
P-30 Pinsa 153 672 15.9 20.0 20.0 114 12.0 79.3 4
P-34 Darachhu 89 389 14.1 12.0 16.8 15.2 12.8 70.9 17
P-35 Dagachhu-11 71 311 14.6 10.4 20.0 15.4 11.2 71.6 14
P-38 Tashiding 81 356 10.8 10.8 20.0 15.2 11.8 68.6 21
M-5 Bemji 333 1,458 15.6 17.6 20.0 9.2 10.6 73.0 13
M-6 Jongthang 227 995 15.9 19.2 14.8 154 10.8 76.1 6
M-11 Wangdigang 502 2,200 153 17.2 9.0 10.4 4.8 56.7 35
M-17 Buli 69 302 15.0 14.8 20.0 12.4 13.6 75.8 8
M-18 Nyekhar 43 188 15.2 4.0 20.0 12.2 14.0 65.4 26
C-7 Chamkharchhu-1V 451 1,974 13.6 20.0 10.0 16.0 9.6 69.2 19
C-10 Chamkharchhu-II 414 1,814 15.0 20.0 20.0 15.0 18.0 88.0 1
K-13 Minjey 673 2,948 134 19.6 8.0 10.2 11.2 62.4 30
K-15 Phawan 499 2,185 14.5 6.8 13.4 12.2 12.4 59.3 33
G-6 Khamdang 512 2,242 16.1 14.8 15.8 15.6 10.8 73.1 12
G-7 Gongri 546 2,392 15.6 12.8 7.0 15.2 10.0 60.6 32
G-9 Gamrichhu-3 123 538 12.7 14.0 20.0 8.4 12.2 67.3 23
G-10 Gamrichhu-2 108 471 14.3 14.8 20.0 15.6 10.8 75.5 9
G-11 Gamrichhu-1 150 656 13.7 14.8 17.6 15.4 10.0 71.5 15
G-13 Sherichhu 58 254 12.6 4.0 20.0 16.0 12.2 64.8 27
G-14 Uzorong 840 3,678 14.2 20.0 8.4 15.0 13.0 70.6 18
G-16 Jerichhu 39 169 13.0 5.2 20.0 16.2 11.0 65.4 25
G-19 Nagor 59 258 104 5.6 17.6 15.0 154 64.0 29
G-22 Panbang 993 4,349 10.7 14.8 6.2 14.6 11.6 57.9 34
N-1 N.A. Kangpara (G) 71 312 13.5 12.8 20.0 15.2 10.0 71.5 16
N-2 Lamai Gonpa 37 161 11.0 4.0 20.0 15.6 13.6 64.2 28
N-3 Paydung-Kangpar 73 319 13.9 10.0 17.6 154 114 68.3 22

(H8h : JICA FHAER])

EFIR L2 37 S, LT 13 #SIZoWTiE, ey hOFEa L R—32 b2
PRI E LT D, 200 BFLL EOERBENSMEIZ 25, A > K& OEBIZIEFITITV, HE
HCRKERMENS D EOMHBIZLY, BRENHELWEBZOND, ZDD, EIBRGEA
HE A BERANT S,
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F 772 BERIELWEEZEXIONAHA

Installed | Annual
Sl # Name of Project Capacity | Energy Total Rank Reasons why development is difficult
MW) | (GWh)
A-4 Kunzangling 860 3,766 74.7 10 | Main component is in protected area
W-6 Chuzom 152 664 45.9 37 | Many residents need to be resettled
W-19 Pipingchhu 100 436 65.5 24 | Geologically difficult
P-15 Tamigdamchu 188 824 61.3 31 | Main component is in protected area
P-28 Kago-1 102 448 79.2 5 | Main component is in protected area
P-38 Tashiding 81 356 68.6 21 | Geologically difficult
M-5 Bemji 333 1,458 73.0 13 | Main component is in protected area
G-6 Khamdang 512 2,242 73.1 12 | Very close to international border
G-9 Gamrichhu-3 123 538 67.3 23 | Main component is in protected area
G-13 Sherichhu 58 254 64.8 27 | Geologically difficult
G-19 Nagor 59 258 64.0 29 | Geologically difficult
G-22 Panbang 993 4,349 579 34 | Geologically difficult
N-2 Lamai Gonpa 37 161 64.2 28 | Geologically difficult

(Hidh : JICA

BHENEE LW Z 2 DD 13 Him 2Rz 24 #5125 T

ELESEIN

AL O i MBI A OV & 72

RELITITRT,
#F 7-73 AIMIERL (Base Case)
Impact on | Impact on .
Installed | Annual Social Natural Social
Rank | SI. # Name of Project Capacity | Energy | Technical | Economic . . develop- Total
(MW) (GWh) environ- | environ- o,
ment ment
1 C-10 | Chamkharchhu-II 414 1,814 15.0 20.0 20.0 15.0 18.0 88.0
2 A-5 Tingma 783 3,428 15.4 20.0 20.0 14.6 14.0 84.0
3 A-8 Dorokha 550 2,407 15.9 20.0 20.0 14.6 12.4 82.9
4 P-30 Pinsa 153 672 15.9 20.0 20.0 114 12.0 79.3
5 M-6 Jongthang 227 995 15.9 19.2 14.8 15.4 10.8 76.1
6 P-29 Kago 58 255 14.6 14.4 20.0 12.2 14.8 76.0
7 M-17 Buli 69 302 15.0 14.8 20.0 12.4 13.6 75.8
8 G-10 Gamrichhu-2 108 471 14.3 14.8 20.0 15.6 10.8 75.5
9 P-26 Thasa 706 3,094 15.6 14.8 17.0 15.2 11.6 74.2
10 P-35 Dagachhu-II 71 311 14.6 10.4 20.0 15.4 11.2 71.6
11 G-11 Gamrichhu-1 150 656 13.7 14.8 17.6 15.4 10.0 71.5
12 N-1 N.A. Kangpara (G) 71 312 13.5 12.8 20.0 15.2 10.0 71.5
13 P-34 Darachhu 89 389 14.1 12.0 16.8 15.2 12.8 70.9
14 G-14 Uzorong 840 3,678 14.2 20.0 8.4 15.0 13.0 70.6
15 C-7 Chamkharchhu-1V 451 1,974 13.6 20.0 10.0 16.0 9.6 69.2
16 P-17 Tseykha 215 943 16.2 20.0 12.0 11.2 9.6 69.0
17 N-3 Paydung-Kangpar 73 319 13.9 10.0 17.6 154 11.4 68.3
18 G-16 Jerichhu 39 169 13.0 5.2 20.0 16.2 11.0 65.4
19 M-18 Nyekhar 43 188 15.2 4.0 20.0 12.2 14.0 65.4
20 K-13 Minjey 673 2,948 13.4 19.6 8.0 10.2 11.2 62.4
21 G-7 Gongri 546 2,392 15.6 12.8 7.0 15.2 10.0 60.6
22 K-15 Phawan 499 2,185 14.5 6.8 13.4 12.2 12.4 59.3
23 M-11 Wangdigang 502 2,200 153 17.2 9.0 104 4.8 56.7
24 W-8 Zangkhepa 54 236 14.3 4.0 15.2 13.8 4.8 52.1

A7 14 HAS

(High : JICA FHERH)

AR 70 R E & m < BRI T SR TH D,
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EFE 24 HLSIZOWT, RFVEREH L7z — A & LT, Technical DA% %< L CHHli LA L
o & BIC DR WIEIC L O 2 72/ R 2 LR ISR,

® 7-74 BHEMEEZER LT — AT K5FHE

Economy Emphasizing Case .
(Tech. 60%y, Env? 20%, Sev 20%) PRzl Err @
Rank Loa Name of Project Score (LS | 1BE/SGs Name of Project B/C
Code Code
1 C-10 Chamkharchhu-II 88.0 1 A-5 Tingma 2.81
2 A-5 Tingma 84.4 2 P-30 Pinsa 2.32
3 A-8 Dorokha 83.5 3 C-10 Chamkharchhu-II 2.21
4 | P-30 Pinsa 81.6 4 G-14 Uzorong 2.09
5|1 M-6 Jongthang 78.5 5 C-7 Chamkharchhu-IV 1.90
6| G-14 Uzorong 75.9 6 A-8 Dorokha 1.84
7| P-17 Tseykha 75.5 7 P-17 Tseykha 1.82
8| M-17 Buli 744 8 | K-13 Minjey 1.77
91 P-29 Kago 74.4 9 M-6 Jongthang 1.75
10 | P-26 Thasa 73.3 10 | M-11 Wangdigang 1.66
11 C-7 Chamkharchhu-1V 73.0 11 G-11 Gamrichhu-1 1.55
12 | G-10 Gamrichhu-2 72.3 12 | M-17 Buli 1.55
13 | K-13 Minjey 69.8 13 G-10 Gamrichhu-2 1.54
14| G-11 Gamrichhu-1 69.3 14 P-26 Thasa 1.53
15| P-34 Darachhu 68.0 15 P-29 Kago 1.51
16 N-1 N.A. Kangpara (G) 67.0 16 G-7 Gongri 1.44
17 | P-35 Dagachhu-I1 66.5 17 N-1 N.A. Kangpara (G) 1.44
18 N-3 Paydung-Kangpar 63.8 18 P-34 Darachhu 1.41
19 G-7 Gongri 63.8 19 P-35 Dagachhu-II 1.33
20 | M-11 Wangdigang 63.3 20 N-3 Paydung-Kangpar 1.29
21 | M-18 Nyekhar 58.8 21 K-15 Phawan 1.13
22 | K-15 Phawan 57.1 22 | G-16 Jerichhu 1.06
23 | G-16 Jerichhu 56.3 23 | M-18 Nyekhar 0.98
24 | W-8 Zangkhepa 46.7 24 W-8 Zangkhepa 0.76

(Hi84 : JICA FHAHD)
FE 24 HISIZOWT, BREEMEAEM L2 —A & LT, Environment 3 JT" Development O
H %< UCal LIE L2 R 2 LU FIORT,

£ 7-75 BREMEZERLEZ7F—XICTX 57

Environment Emphasizing Case Development Emphasizing Case
(Tech. 20%, Env. 60%, Dev. 20%) (Tech. 30%, Env. 30%, Dev 40%
Rank Project Name of Project Score Rank Project Name of Project Score
Code Code
1| C-10 Chamkharchhu-II 88.0 1 C-10 Chamkharchhu-II 88.5
2 A-5 Tingma 83.6 2 A-5 Tingma 80.5
3 A-8 Dorokha 82.2 3 A-8 Dorokha 77.6
41 G-10 Gamrichhu-2 78.8 4 P-29 Kago 75.5
5] P29 Kago 77.6 5 P-30 Pinsa 74.5
6 | M-17 Buli 77.1 6| M-17 Buli 73.8
7 | P-30 Pinsa 77.1 7 M-6 Jongthang 70.6
8| P35 Dagachhu-II 76.8 8 P-26 Thasa 70.2
9 N-1 N.A. Kangpara (G) 75.9 9 G-10 Gamrichhu-2 70.2
10 | P-26 Thasa 75.1 10 P-34 Darachhu 69.2
11| G-16 Jerichhu 74.4 11 G-14 Uzorong 69.2
12 | P-34 Darachhu 73.9 12 P-35 Dagachhu-II 67.7
13 ] G-11 Gamrichhu-1 73.8 13| M-18 Nyekhar 66.5
14| M-6 Jongthang 73.6 14| G-11 Gamrichhu-1 66.1
15 N-3 Paydung-Kangpar 72.9 15 N-1 N.A. Kangpara (G) 66.1
16 | M-18 Nyekhar 71.9 16 N-3 Paydung-Kangpar 65.5
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17 C-7 Chamkharchhu-IV 654 17 C-7 Chamkharchhu-IV 63.9
18 | G-14 Uzorong 65.2 18 P-17 Tseykha 63.7
19| P-17 Tseykha 62.5 19 | G-16 Jerichhu 62.8
20 | K-15 Phawan 61.4 20 | K-13 Minjey 60.8
21 G-7 Gongri 57.5 21 K-15 Phawan 59.9
22 | W-8 Zangkhepa 574 22 G-7 Gongri 58.0
23 | K-13 Minjey 55.0 23 M-11 Wangdigang 48.5
24 | M-11 Wangdigang 50.2 24 W-8 Zangkhepa 45.0

(8 : JICA FA#E )
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7.5.3 Short list #HEDEE

Rl A2 70 SELE GRAREMIANLAY 14 AZLAN) D 14 #RIE, EEIERICBHE T~ & #A T
HD, £lo. BB A2 FEH L 72 24 HSIZ oW TR, BIRICRB W TR E ZRFEN H 5 HuS I
BRANTH D720, EBFTHRIERL2S 15 (L FORE TH - T, FEH OEAEZE 2 T L 7=
B OFHM A 75 LA RIS B HE, BIOYB/C 28 1.5 LLEOHLSIZ OV TIE, EERICBIRE T
TR THDEEBZDLND,

TWRAY V== B DEHbiAE R A B E 2 T, Short list MR E U CLATICRT 18 MR %
BE LT,

F 7-76 Short list #i,5

Installed Annual Max Effective
S1. # Name of Project Project Type | Capacity Energy | discharge el ) B/C
(MW) (GWh) (m’/s)
A-5 | Tingma ROR 783 3,428 148.3 611.9 2.81
A-8 | Dorokha ROR+Pond 550 2,407 174.8 364.6 1.84
P-17 | Tseykha ROR 215 943 162.8 153.5 1.82
P-26 | Thasa Pondage 706 3,094 489.3 167.4 1.53
P-29 | Kago ROR 58 255 17.9 376.7 1.51
P-30 | Pinsa ROR 153 672 29.4 604.5 2.32
P-34 | Darachhu ROR 89 389 15.3 674.3 1.41
P-35 | Dagachhu-I1 ROR 71 311 21.3 386.0 1.33
M-6 | Jongthang ROR+Pond 227 995 83.3 316.2 1.75
M-11 | Wangdigang ROR+Pond 502 2,200 176.4 330.2 1.66
M-17 | Buli ROR 69 302 14.0 572.0 1.55
C-7 | Chamkharchhu-IV Pondage 451 1,974 130.7 399.9 1.90
C-10 | Chamkharchhu-II ROR+Pond 414 1,814 130.4 368.3 2.21
K-13 | Minjey Pondage 673 2,948 381.5 204.6 1.77
G-10 | Gamrichhu-2 ROR+Pond 108 471 23.7 525.5 1.54
G-11 | Gamrichhu-1 ROR 150 656 38.1 455.7 1.55
G-14 | Uzorong Pondage 840 3,678 6159 158.1 2.09
N-1 | N.A. Kangpara (G) ROR 71 312 10.8 762.6 1.44
Total 6,130 26,849
#£) ROR: Run-of-River Type (no regulating capability)
ROR-+Pond: Run-of-River Type with Pond (daily regulating capability) (- TICA T

Pondage: Pondage Type (Regulating capability: 5% or less)

T HOHSIZOWNWTIE, BARERE, SEREICT 2 EONEEN D7 < REMEE TH MR
RN SO M L ZEZ BN D20, EREAICHEEL T ZENEE LV,
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FEURBAZE A

INETORBREREEEE 2, FOROERBREIE 2 EE T D,

81 ERFRVTIUA

(1) BERHLR, FHERRER AHR
BERR S, FHERE T AR O 2 DL R IR,

= 8-1 BEGKHUE, FHEIREF A R OBEE

Installed Annual ener
Name capacity MW) | (GWh) ® Status
Chhukha 336 1,840 | Under Operation
Tala 1,020 4,865 | Under Operation
Basochhu 64 300 | Under Operation
Existing Dagachhu 126 552 | Under Operation
Kurichhu 60 400 | Under Operation
Mangdechhu 720 2,924 | Under Operation
Sub total 2,326 10,881
Punatsangchhu-I1 1,020 4,667 | Under Construction
Nikachhu 118 505 | Under Construction
2020-2025 Punatsangchhu-1 1,200 5,585 | Under Construction
Kholongchhu 600 2,599 | Under Construction
Sub total 2,938 13,356
Dorjilung 1,125 4,558 | DPR completed
2026-2030 Sankosh . 2,585 6,365 | DPR completed
Nyera-Amari [ & 11 404 1,700 | DPR under process
Sub total 4,114 12,623
Wangchhu 570 2,011 | DPR completed
Bunakha reservoir 180 719 | DPR completed
2031-2035 Chamkharchhu-I 770 3,344 | DPR completed
Kuri-Gongri 2,640 10,056 | DPR under process
Sub total 4,160 16,130
Beyond 2040 | Amochhu reservoir 540 1,835 | DPR completed
Total 14,078 54,825

2019 4F 8 ABE

TR Ui, BRI TR E

AKMP OXMRINTH 5,

(2) A MP xtZHig

CWRAZ V== BT S

PIRE LT,

LR DN ELT

(Hi#h :NTGMP 2018 % }ic

JICA FRAEMVERK)

FCRABEMREL TWDHHLETH Y,

SEAME 5L A B £ %2 C. Shortlist Hi5 & U T#E 7-76 1273 18 #i5
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8.2 EIRBARFHEDORR

T=2AZBWTE, BUCERNOENTFE L 0 ERSRERENH D, ZOD, T—X4

NZBWTKRNBEEFEZRET L B2 E, LTo@E) ThHo,

B ENERTHLARAZEFE L, EREEICEET S 2 LIS L VAMEIAZIR L, EZHYE
DEEIEN D,

B EBHEORREICLY ., ROENEZFOUKE LTSN DRERE (FrZENZIHER
L. ERNE E%LWLTE%@%%%I%

BB LY . R E THOREERERNZIT o TH BRI oW T K TIBR%E
Kﬁofﬁﬁéﬂéﬁﬁ®@a_i0\ﬁﬁ%Eﬁ&k®ﬁ%4/77“@77txﬁﬁ

PER) &k

G0 D,
B AEREE, EHRFOWE CREANHER TEX S Z LI T, FFREI Iz W T, fix D
i OEG I DEF & 700 | BIRHURICERIT 2 BRBOUGENHIFFTE 5,
T =2 ANZBWTKIPEENZERE L-SAICE, T XD RREENY/FTE 5,
# 82 AKOWREFZEBLEHEIBEOLNIREDR
< R >
EF L ~LToRE JE 3 s~ 0D 5 28
i H Dffe R Skilled worker @ J& H Non-skilled worker @ J& H
B L
FEREER OIEA (ENTHAEL TWARW=, i EXG-Z Vo
ANmzEEAT S, )
N N - RN
- %4’/:/%775’0;‘:4’/]\@&_ L B |
e S o il o /N <
gﬁcjkwcgglg7_& \/ﬁ%@*}?ﬁﬁ #/k‘[:uﬁl U‘Tﬂﬁjﬁm%@*ﬁﬁﬁ
‘ BRITA o~ R D DERA, $RfH O
B AE D 75/4&[&/—
BIFEORHOMA | e e (ot BHO B L
'IZ)( \»/ l\\ E&%U%OD% o : < = > ,-5_/;5[57.
BRIEFEETHAEESORE | ENOBREEESCFEEFT ~DF JEL IR DR RO F B~
54 TERY DFE I
TRV D AT LT O a9 HRIEFENHAETDHZ LT K
BEA RELRR L 0. D HECOREA BB
[EIF R A B 00 37 H A3 [B]kE AT RE A 77 (bt - ) ~0
T8 I DO (7272 UEE RS EE S R < 72 FT T 7 AL A
b H D, ) T R b [RIRE
BRERT D ik [E| N A~ D E 5 2D EEH Y
ANBDBE) REpFE L 27— O
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<iE F g >
ER L)L TORE J&32) i di~ D 52 28k
B DR K& 72N AJR HHAEHEE DA
TovZU—Ph—EX .
NJRE - - Ny »}J%_‘f
Dt A RO~—r > MRS BB
%%myﬁvyy%@ 1Y RD=—r v MRS S BRI
_ ) _ Non-skilled worker ?DJE H
T O HedF: Skilled worker O Je& F (ESBEEIE 2% < 70, )
j\ﬁ*”ﬁﬁ“ﬂ”@ﬁg RN O BT L
BRSO TR T b D JE 30 it C DR A RS HE N
f EV&EIS]’
B REEREL GEREIE 5% < 7200, )
e BRI s
EEDTHE T FF e 5 BRI 27 L
HOfEHE DD
k= O | AR AR —
#a (B EHBECREFE B &0 S
)
1] o W A FERCER FIEIC LY, #Hii
e BLE O DRI O H L T
e T — BRI 3. B RO
(Hi# : JICA FHARH)
DX, KIPFEEFERE LIGEICIEERE L ~vE K OVEI I8V T < ORRERD

ERHIFFCE A0, BRREE, a5k ﬁ:ﬁ#éﬁw CENIETRIT e < RRIEMER T b AESE
WZHIZE DG DAL D MR OF T, HUIEBHIT I 1T 2 HEEA S W7 1 ¥ = 7 b OBFS IIFEMmRA 12
HOHREThD, 2L, &7uycy NOHRIZHT- > TiX, B LFEEELTMETHZ LI
MZT, LoMnh & LEREEHO FTTED TV ZDIZ, 717 MIEHRAM ORE
ML TH D,

BRI, TErp . FHETRE T A H5 T 2035 4FE £ TS 11 #S 11,212MW OB % £ 9~ 5 G
o TS, ZNHLOHBROL L, Balli, AMEICHE T DA RORENRIARICED . A
yP&%@?%%L(m<:kmL1wéo_ﬂgwﬁﬁ%%ﬁﬁét ZZ L ODEF T — 4
Y AM OSBRI D Z EPEEINTWDN, 2D OHROHE-EICIZ T, A MP Tl
L7222 45 (Short list H5) (Z DWW T HUEEPED E < . HUBAFR IC BT 2 B IFRF T & 5
7o, RIFFICHEEL TS ZEREE LV,

KTVl b EOX ) BERERERIZEVHEEL THS I, BEEOAEY— RiZir-
TL b, ITRXRTCOTaV =2l "7 =X NOZRTET HHEEITIE. 7T—Z ENOEFE A
MIFRBE SN TEY | FRFETCTREZED T ZERARER Y Y 2 7 M IIZIIRA RS 5,
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Tavxzl FON
[RIRFHE T CRE%E &

WEE
HE

FIZOWT, REROEE

K MP T U772 Z S OB R B R 2 LI PR,
% 8-3 A MP THiItH L7 AR OB R ER

RO Y b ERERT S LICE D,
T Fr Yy MIEEINS®E S Z ENAETH D,

. Installed | Annual Construction cost (million Nu) . .
Project Name of Project | Capacity | Energy Power Unit cost | Unit cost
Code (MW) (GWh) plant T/L Total (NwkW) | (Nu/kWh)
2031-35 A-8 Dorokha 550 2,407 46,103 4,341 50,444 91,717 21.0
C-10 | Chamkharchhu-II 414 1,814 34,377 4,251 38,628 93,303 213
P-30 Pinsa 153 672 8,947 1,596 10,543 68,911 15.7
Total 1,117 4,893 89,427 10,188 99,615
2036-40 A-5 Tingma 783 3,428 37,491 5,307 42,798 54,659 12.5
M-6 Jongthang 227 995 22,878 2,913 25,791 113,617 25.9
G-14 | Uzorong 840 3,678 78,776 5,298 84,074 100,088 229
Total 1,850 8,101 139,145 13,518 152,663
2041-50 P-17 Tseykha 215 943 21,463 2,340 23,803 110,712 25.2
P-26 Thasa 706 3,094 79,615 2,852 82,467 116,809 26.7
P-29 Kago 58 255 5,116 988 6,104 105,239 23.9
P-34 Darachhu 89 389 8,650 1,427 10,077 113,225 25.9
P-35 Dagachhu-II 71 311 7,276 1,250 8,526 120,087 27.4
M-11 | Wangdigang 502 2,200 49,895 2,877 52,772 105,124 24.0
M-17 | Buli 69 302 6,070 1,010 7,080 102,609 234
C-7 Chamkharchhu-I1V 451 1,974 37916 4,416 42,332 93,863 21.4
K-13 | Minjey 673 2,948 81,444 5,941 87,385 129,844 29.6
G-10 | Gamrichhu-2 108 471 10,552 1,778 12,330 114,168 26.2
G-11 Gamrichhu-1 150 656 13,642 1,739 15,381 102,541 23.4
N-1 N.A. Kangpara (G) 71 312 6,134 1,814 7,948 111,939 25.5
Total 3,163 13,855 327,173 28,432 356,205
All Total 6,130 26,849 556,345 52,139 608,484

AR TERIIA MP IR

BRFE FHI OB ENANL IR, FEARRITIEER 7-73 1R LA FHIIENL (Base Case)

WTHERR L e THEEE X v P2 LT

=

RAELEHMAREATH D,

(High : JICA FHAL)

IZHE> TV B,

LU, LTIz YW TIE, BTOEELZFERKL T\ 5,

B Tingma Hiii & Dorokha HiS OFREFHMN A A Ll 35 & Tingma HiLE D7 03 T @WK

TRRAET eV, WX, [F U Amochhu /K%
IALE LT 5, BlRe ATl
%7 Tingma #1512

Z&H Y . Tingma His17% Dorokha His D FiiE
Dorokha Hii 0D & 2 & FEEFTH A NELIZT 7 & AEKDH

IX72uN7= 8, Dorokha IS DN THOBIENRES TH D, Z D=,

Dorokha H S OB B L. 7 7 v AEKSCa v =—7 ORI EM EOBREESRMNHE -

T b, #HE LT Tingma HUS OB EZT 5 Z ENEE LU,

B Uzorong Misl%, #HEAKTEHAI
DOFSE TR ARITAR N BRI D SN IEH (2
IKIBNAFAET % 35 BHFOEY DN,

(2 35 HFO YO B H V) | AR EREE I ORI S AMEV =
m<, Fo, AR EmOFMm L EmV, i
KEFRIZAFOHRENIIERNH O | AR FET
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B M~ D RSN ORI L 0 [T X 2580100, BEAERIICER T 5 Z
ENEFE L,

2031 75 2050 - E TO 20 F[# T 18 HiS 6,130MW DR Z R T H, D95, MCA IZ
L AR ORE R, BRI E N 3 HUSIZHOWTIE, FHERE R M S OB & 5 v 7
B3, 2031 45 2035 AEIZBAFET D,

IR U7z 18 Hsi O EE% T2 O AFH T 608.5billion Nu & 72 V) (20 £ T 5 & #4304
billion Nu F2 £ DG BN MEIZ 70 5,

8.3 EEHMREIR (COy HHEHIB~DOEBER

TR TREBLIZENEA L RICED ETDHE, A2 FITBW KO3 EEINH A AT 6E
720 . MWh H7-0 0.7 FUFRE (4.6 B2HB) O CO, HEHEDHNENFIRETH 5, K MP 12BN\ T
fiiH U 7= Short list #1529 ~_CTRI3E L7 5A121E, 4RI T 29,171IGWh OREBENE LN D, T
W2k 0 R 2,000 77 kD CO HEHEDHIFICE R TX 5,
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8.4 MESCHAREMS

82 HiDOHF TR I 72 5 ESEEAFE M (A-8 : Dorokha, P-30 : Pinsa, C-10 : Chamkharchhu II, G-
14 : Uzorong, M-6 : Jongthang) (Z D>\ CTHEERGEHRET 21T 7=,

FEFERTMRE TTIE, 6.1.3 (3) Hiil E% LC# E L7y, WEM OGN & > THEFTRIERE T H
EonZ bin E R FHE & T D7D WICARBE LEZNT RN OED DZNEND D,

ABERBREHT 272> T, 1/25,000 ﬂﬁﬂ%&*ﬁ%’.@ GIS 7 —# & JEITF i L 7=,

8.4.1 Dorokha (A-8) K13 EFHE

(1) A&3X
X LA N ITEFIZ Dorokha HIZKAT (BLAIHAR 19 45) 2AH 0 | FRIkEAEL (2 21 JIKET)
(3085 THDZ LnBAILT —F OEBETEV, BEHRRITE 5-22 (IRTREHEREO N,
Amochhu @ _EFI Dz HWCTEE LTz, 7. YR EIL 516 ton/km?2 THDH Z & n,
AT HERD F1 T 1.34 million ton/year Td» 5,

(2) HIEHE
HZ B 12> Tid Appendix-1 (3) IZRR5 20 TH 5,

() HEAHEORR
# 84 SR BIR AR

# 8-4 Dorokha KAFEEFHEOFHEFEIT

Items Unit Description
Type ROR with Pond (II-2)
g Installed Capacity P MW 550
3 Designed Discharge Qd m?/s 174.8
Effective Head Hd m 364.6
Type Concrete Gravity Dam
Height H m 84
Sediment Depth m 27
5 River Bed Level RBL m 840
% Crest Length L m 250
2 | Dam Volume v m’ 445,000
g Excavation Volume Ve m’ 1,093,000
g Reservoir Area Ra ha 52.7
A | Catchment Area Ca km? 2,602
F.R.L (Full Reservoir Level) m 892
L.W.L (Low Water Level) m 872
Usable Water Depth m 20
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Effective Reservoir Capacity mil.m? 7.9
Intake and Desilting Basin Ve m? 250,000
-, | Headrace Lm)xn| m D=7.2m, 13,000 x 1
g Surge Tank D(m)xL| m 15 x 100
2 | Penstock (Vertical shaft) L(m)xn m D=53m, 620x 1,50 x 2
= Tailrace L(m)xn| m D=6.6m, 357 x 2
Total Length Lt m 14,000
Type Underground
§ qg) Overburden m 280
& 2 | Cavern Volume m’ 156,000
T.W.L (Tail Water Level) m 500
2 Type Pelton
-‘g Number unit 2
& | Unit generating capacity MW 286.5

(Hidh : JICA FHEH)

— A X 3 K OVKESHIEWTX &2 2 2 AL 8-1, 8-2 (Y, Fo. LT OFLEREY D
CAD [ % Appendix —5 (1) (27”77
L L AT
o HUKF L3 LOHUK O FER
o HUKF LM
o JEERT. BukAd L OBEART
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Dam

__—Surge Tank

Switchyard—"
I Powerhouse

X 8-1 Dorokha HPP EEHE LA 77 b
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Surge Tank
Dam Headrace l

Powerhouse =@...-

(H8h : JICA FA#M)
X 8-2 Dorokha HPP /K EHEWT
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(4) REREFEHREHORF
(a) TARMEEYORRE
1) BUKZ Lk L OMFKHL
HWENERIFCTH Y | BkED 5,000ms #2250 EHESND Z LD, BRI T
bNLBENRNaL 7V — ML LTz, ¥ ERPITERE LA T 52 & & L, 10 Rtk

BB FSEONLFHEE L7z, 723, RS 27Tm & HE SN DI RHERY 2 EHIBR 259
D7, TN bAGEE ¥ L& fRET D,

2)  HUKB 722 6 NS ILrb
BUKDIHE R RBAFCTH Y . ERWRAZBRET 5 Z LR TE DL DI, # AE ERICHKE
T %, AEMEZH T 55, 1.34million ton/year OHERP ENFE I N D 72D, AR T 2 45
DD, iz, HIERICH G OERIIRETH L Z L, BN F x5 5,

3) K72 b ONTHL AT
KL — MMIHITEC - Sk 2 2512, Amochhu OIS L. Buk Q& ok 0 2 fE/L— b
a)  HKEK
EOKBKIIES) bR TH Y WERIZJICA KSIBAR T A KT A4 I HESE, 72m0 5) &
L7,
kxR, a7 U — M IV EESITH,
HRHIBFCFE T DRI O AN - LD L RPN BE IR BRI, 2 Y VT —ay
777 N OEEE BT D,
b) EIKEKIKAE
KBS I T HVE 28 B AT 72 ARSI KFE O R 2s R 2 H 5 X 9 ICEE T 5,

c) IKEE
IKIEAE I TE KR ARE 0 B 1480 23 50m BL I 72 B 72w BBy R E TAlL 10%, 24
DABRIINIHUC FE Yy REE OKEEHROMER) £ CEFET 5, FEACEHE T 150D 2 Kichy
I L A F SR & EE5E S 5, i LICB W TITIREISE TR KEERE SR 0EREa 7 ) —
N CHRIET D,
FEIZOWTIER, LT LB Th D,
o BEAKCEEROKIEE R N ARV OWNEIL JICA KIIBRE T A KT A4 NZHESE, 53m
(1%5) & L7, HEHIWE XS S 7.0m OBRIE CTH 5,
SEHUERDKIEE B b 2 RV DN JICA KBTI A R T4 2HESE 53 m (1
%) & L7, MHIRIX6.5m Th D,
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d)

4)

FE AT

HIFZHILZ %Lﬁ@%%%% RETHZ TN TH L Z L, #ITFEE L,

JRANEC, # R ERTZHROAE S KOV ML, sASUC K fEDR DL A2 SRR A L 727212
WRTE S AL D DY, Zfi*ﬁﬁﬂbf FKBIER DS EFLE 720 . v DM LgE D 728 FfiR R D 500m %8 2 72
W L B TN E 2 R E LT,

ZERTE IR FS L OHIFIZ DU Tl Mangdechhu HPP 72 5 TN JICA K JIBHR T A R4 v &S
Zl Lz,

Fo, HUFREINCHEREA N 3L e LT, BEALL 7 —7 BB L R L — U3t

7 £ % 1/25,000 HFZIXIC RS & Gl L7z,

K i
FAKITIEE 2349 350m E VW2 b, 1 LOMmEMNE b e Lz, PEIT JICA K
HEARAA RT A N HSE . 86m & Lz, HEIKIEILS S 9.8m OBEEIETH 5,

ok B
WOk miE, — A7 R 2B Lz,

(b) KIEDOFF (FEXEM)

BHEAEN380m & REWZ &, Fo, MBEHLFEOMEHKEOENRKE N EnD, /NN
BRENARESRVL MR BT L & L,

(c) BHPART

BAPART AR ¥ & VL {E X Mangdechhu HPP #£% & L7z, FEENELOMmARITZATH D
7=, EFANC S D2 IRHIESREFIHT 250 & Lz, 207, BHEFTE S REN 7 0 71
LV L S0mEL, =T bR 50m DNEHTE AT A Z L & LT,

BLEHE CIIHRANE =2 100m 2R 5720, 4%, MIPHEOFREICESE, UIVED ~NZ
VABLOGIS OEAZEIZOWTHRNALETH D,

(d) TEEHO/RE

BHEEETEROZ VT 0 AN ZE 13 km I K SEKE R XV THETH D, 1 OP O T
JERZ 2.5 km LA FICT 5720, fE¥EGLE LTI TR 1R (Bbm& h o xuiciif) |
KB TR (=% 7 FEER) IS 1K, ZOM%E 35545 X912 KDF 4 AZELE L,
K6 UIPTHELT 5,

() BIREXEOHUN

SE TR THEEMEEY Y P2V TR LTHEEZR L L, ZOMBREEER 85177,
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7 8-5 Dorokha KR EHEOME T EE

(10°Nu)
Cost Items Cost Remarks
I. Preparation Work 1,716
(1) Access Road 647
(2) Camp & Facilities 305 | (III. Civil Works) x 2%
(3) Compensation & Resettlement 763 | (IIL. Civil Works) x 5%
I1. Environmental Mitigation Cost 458 | (III. Civil Works) x 2%
II1. Civil Works 15,269
III.1 Intake Dam 5,676
II1.2 Intake Facilities
(1) Intake 130
(2) Desilting Basin 1,386
1I1.3 Headrace Tunnel 4914
111.4 Head Tank/Surge Tank 752
II1.5 Penstock & Side Spillway
(1) Penstock 155
(2) Side Spillway -
II1.7 Powerhouse 1,261
II1.8 Tailrace
(1) Tailrace Waterway 229
(2) Tailrace Outlet 38
I11.9 River Diversions from Neighborhood Basin -
II1.10 Miscellaneous Works 727 | (sum of III.1 to I11.9) x 5%
IV. Hydromechanical Works 1,610
(2) Penstock 647
(3) Miscellaneous Works (10% of above total) 146
V. Electrical Works 9,336
(1) Electro-Mechanical Equipment 8,891
(2) Miscellaneous works (5% of above total) 445
VI. Transmission Line
(1) Transformer, Switchyard, Transmission Line 4,341
VII. Administration Cost and Engineering Cost 4258 | I~V OHi) x0.15
VIII. Contingency 8,517 | I~V DEFHx0.3
(Item I - VII) x 04 x I x T
IX. Interest During Construction 96.7 | (Assumed I =0.05, T= 6years)
Grand Total 50,444

(Hidh : JICA FHEH)
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(6) BRILEITR
FFEEED O TEHEICT L, BARATOM TIEEEZHE L, Fa v R—F > FOli THEE S
# 8-6 DV ERE LT,
UHEO THETRRO 7 VT ¢ DASATHM I IRERT & BRI F 2L THY | SR TEHERMIX
54 W H (4AE) L LT,
el T2 5 iea Lo DB E TO LHELREE 8-7 1077,

* 8-6 FHEELAE—FK

T—HUE B AS =TT 2040 KiET BV 27 b

T A FI e LAR— b

No. aR—R b E35TE SHEiiE T A B — R

2| A = y%ﬁu% ﬁ” T 1400(?2)00000r$3//§

3 @*Qﬁi@%@ﬁ(ﬁ/ TEHI o 50m/H . FEHEHD 0 S0 m/H
FL) a7 Y — NESL 50 m/H

5| FARAKE ﬁﬁZ%f%@F%ﬁ Ziﬁ

6 | AEERLI ﬁ%%fggﬁ 3 T m/HS’OJiJl/?;mjD: e

7| M F TR zéiﬁﬁ? ;iﬁ

(H 8« JICA FR4A )
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#* 87 BRI ETREE (Dorokha KIJFEEFHE)

o |F ves e R N | PR S N N N NSNS D SN SN S SN WY M | H I

Generating Equipment

=

Installation of TG Unit #1

n

Installation of TG Unit #2

Switchyard

Trans. Line & Substation

|

Tr ission Line

N

Substation

C

=

Unit #1

[

Unit #2

\\ . . il JICA B
) TG: Turbine generator, HM: Hydro-mechanical (Higk - JICA FEH)




T—HUE B AS =TT 2040 KiET BV 27 b
Ty AT LER— b

8.4.2 Pinsa (P-30) KAREFHHE

(1) &3
ALY A NS IV HIZKATIE Wangdue/Wangdirapids KT (BLHIEAR 25 45) TH O | itk
gL (Z L HUE 7 BIKET) 13X 0.07 THDHZ ENDAKILT —F OEFEEIEV, EHTEILER
5-22 | TR RE AL A O, Punatsangchhu O FHUEOEA AW CTHE L1z, £7o, HHERD &I
516 ton/km?> T 5 Z L e, FHFERHERD 1T 0.22 million ton/year Td 5,

() HEHE
HFEZHUE 2D T Appendix-1 (13) 1285 80 TH 5,

() BEHEOR
® 88 AL T

& 8-8 Pinsa K/IFEEFEDOFEFHT

Items Unit Description

Type ROR (I-2)

g Installed Capacity P MW 153

& | Designed Discharge Qd m?/s 20.7, 8.7
Effective Head Hd m 598.5
Type Trench Weir
Height H m 5
Sediment Depth m -

~ River Bed Level RBL m 1,170

§ Crest Length L m 40 (No.1), 30 (No.2)

2 | Dam Volume \Y% m? 960

Eé Excavation Volume Ve m’ 1,930

& | Reservoir Area Ra ha -

<§ Catchment Area Ca km? 301 (No.1), 126 (No.2)
F.R.L (Full Reservoir Level) m 1,170
L.W.L (Low Water Level) m -
Usable Water Depth m -
Effective Reservoir Capacity mil.m? -
Intake and Desilting Basin Ve m? -

-, | Headrace L(m)xn m D=3.7m, 6,130 x 1

g Surge Tank D(m)xL| m 8x 100

3 Penstock (Inclined shaft) L(m)xn m D=2.8m, 1,563 x1,10x 2

= Tailrace m Hx W=3.5mx 4.4m, L=79m x 2
Total Length Lt m 7,800

g qg) Type Ground Surface
£ 2 | Overburden m -
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T A FI e LAR— b
Excavation Volume m’ 32,757
T.W.L (Tail Water Level) m 540
2 Type Pelton
'—g Number unit 2
&= | Unit generating capacity MW 76.5
(8 : JICA FH# )

— i X d K OUKEEHET X 2 2 24 8-3, X 8-4 (TR T, /o, LAF O FEME

¥ @ CAD X % Appendix — 5 (2) 12”7,
o —ixFmEKX
o HUKHZ AL LOHUK A FHEEK
o HBUKZ LW
o EERT, HoK N X OB R
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— Weirs

&
<
k)
g
R

& ——Surge Tank
&°
Q ()

Switchyard — Powerhouse

(High : JICA FHAL)
X 8-3 PinsaHPP EHmHL AT U K
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Surge Tank

Weirs Headrace l
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I'..’
0‘.
0..
Penstock ‘e,
ey
..“
‘0
Powerhouse ‘@

s (g : JICA FH#RA)
8-4 Pinsa HPP /K B&HEHT X
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TR VE BNTAL =TT U240 RETR T 2T b
Z7AFI s LiR— |

(4) HEBERMEEEHEYORFT
(a) TARMEEYORRE
1) HuUkiE

WHEUK X 2% Morichhu (KJI1) & Porichhu (GZ)I1) DA AEICERET AEHE TH - =N
B LD TIROWNNAENEAIZ /D Z &, BRI, RICER

Sm FRIE O E N ZEHERE L
TWAHZ D, FLAEFRIZREETH D WS-, £, BUKIEZSTA LD Bt

IR E) L. Morichhu & Porichhu N ZF4UZ b LU THEEZFRETDHZ L & L,
F7o, JIMEIX

9300 m ER D INL IR DT80, ENENOHEDEL FE# R L Ovbbth, B
KA — NOHEEREDT- D, Bh#EREAZRIET D,
2)  HUKA7Z2 5 ONZERb

H B Db A Porichhu OIEDOA BEANZERE L

. TEEbHL RS I UK 0 7 — R AR
95, BUK XL RO BARERIC R E 35

3) KR B ONTHE TR ERT
K L— MIHITE O St & JEIT

Z. Kisonachhu OF Rl E L, Buko & Hokd z&ELr—
K THE S
a) KK

BKEITES) bk THY , WRIZIICA KT A RT A4 AZHKSE 3.Tm(1 ) &
L7,

xR, S 7 U — MCKVEETS,
PRHIRHZ R AT D AR IO B AKYE « BIRHEOE BN LERGEIE, a0 VT —a v
VA AVA NS X s T i R

b) EKEE KA

K BE KRB T B 203 BLA 732 AR KA D R S I A2 HH 2 K9 IR T 5,
c) IKEE

IR B VK KA s B IR F TARBL 10%D kv L, 2Ll B CRAR
INVCHEFTE CTERET D, FEAEETI &L 25K L, AOREERSE S,
7277 L Ram i B B R OB IS TR SN L HEISNA /NS BR’H AT
Jb— MIZE 2 ZRET OO BAR BICERET S,
FEIZOWTIER, UTFD LB ThD,

FEKEER DO KEE R - IV DN JICA KBTI A RI A4 123X, 2.8m
(15 & L7, EHIFmEIZE S 44m OBEEE TH 5,

d)  FHET

FEEATIX, Punatsangchhu /2 fE | PHHE B 5 Z Lo, i EXET 5,

TR F L OHIEIZ DU Tlid Mangdechhu HPP 72 & TNZ JICA KJIBRHE A KT A4 255\

8-19
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L7z,
F7-. BEEAFT LA U tHE B pRak 32,

e) HUKKI LUKk
HBOKEIEA—T v F ¥ o3 RE T 5, NERTHIL JICA KDIBART A KT A4 TS X
g 44 m, @& 3.5m & L7z, 723, Thasa (P-26) DRF/K#hod FRL & OREN S BUKAL TWL
X 540m & LT 5,

(b) KEDOFHEF (BXGHEHM)
HRNEEDFI600m & REWVWZ Eng, L bR eI 5,

(c) PBHPART
BAPART I 36 & OVBCiE 1% Mangdechhu HPP % 575 & L 72, R EFT O il EHEE IO T 5,

(d) TEZEHIORIE
K b R VIERITH 6 km TH Y | 1 UM OJE TIER A 2.5 km LA FICT D728, {E¥EBLE
LC, BUKER N (h— 2 7 J550) 12 1R, RN | RO 2 REEE L, fk4b)
P T %,

(5) BEERR O
5 BT TERBES » b & AV CBE TFR AR L, ZORMRER 89105,
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7 89 Pinsa KNIHEHEOMETEE

(10°Nu)
Cost Items Cost Remarks
I. Preparation Work 235
(1) Access Road 77
(2) Camp & Facilities 79 | (1II. Civil Works) x 2%
(3) Compensation & Resettlement 79 | (1II. Civil Works) x 5%
I1. Environmental Mitigation Cost 16 | (III. Civil Works) x 2%
II1. Civil Works 1,578
III.1 Intake Dam 26
II1.2 Intake Facilities
(1) Intake 12
(2) Desilting Basin -
I11.3 Headrace Tunnel 914
111.4 Head Tank/Surge Tank 94
II1.5 Penstock & Side Spillway
(1) Penstock -
(2) Side Spillway -
I11.7 Powerhouse 303
II1.8 Tailrace
(1) Tailrace Waterway 26
(2) Tailrace Outlet 8
I11.9 River Diversions from Neighborhood Basin 121
II1.10 Miscellaneous Works 75 | (sum of II.1 to II1.9) x 5%
IV. Hydromechanical Works 778

Spillway Gate, Intake Gate, Silt

(1) Gate and Screen 20 Flush Gate, Tailrace Gate
(2) Penstock 687
(3) Miscellaneous Works (10% of above total) 71
V. Electrical Works 2,902
(1) Electro-Mechanical Equipment 2,764
(2) Miscellaneous works (5% of above total) 138

VI. Transmission Line

(1) Transformer, Switchyard, Transmission Line 1,596
VII. Administration Cost and Engineering Cost 826 | (I~V D& i) x0.15
VIII. Contingency 1,653 | I~V O&FH)x0.3
(Item I - VIII) x 04 x I x T
IX. Interest During Construction 959 | (Assumed I = 0.05, T= 6years)
Grand Total 10,543

(Hi# : JICA FHARH)
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(6) BRILEITR

FFEEED O TEHEICT L, BARATOM TIEEEZHE L, Fa v R—F > FOli THEE S
7 8-10 DAV B E LTz,

YR OKEE R & FBEINIM EXTH D720, W OHE| TEYIR & S 10 7 HRRE Lm0
ZEnD, ERTEYRIT 2 P GHEY) L,
el LHRZ2 505 L OEEHGE COTHELEREAR 811 177,

% 8-10 EEMELAE—F

No. a2 R—F 2 b (=3 FHEfE LA E— R

1| 77 e AEK ?,f;ﬁ; 13(())(())0;1%5

i BT

s | BKnB RO (e E i 2,000 m*/ 4
=) av s U — MT# 1,000 m*/ /]

4 | E (F) KRV jya?%pﬁj iﬁzg

5| EUKHEKIE izbizlffifﬁ?%ﬂl‘%ﬁii 2 ZIE

6 | KEER (1 E) f%ggfﬂ 7 1gojjm)/qﬂ

7 | BEFTRE (L5 ;ﬁ%ﬁgﬂ ; Z:ﬁ

(H 8« JICA FR4A )
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# 8-11 HEFTHEITHEFE (Pinsa K EFHE)

1st Year 2nd Year 3rd Year 4th Year

No. Work Items
1(2i3|a|s|6i7|8|9|10i11i12(13|14i15!16|17|18| 19! 20|21(22|23} 24| 25 |26|27: 28} 29 |30|31 |32} 33 |34|35(36|37| 338|390} a1: 22

Preparation Work

1.|Access Road
Powerhouse New Constr.
Improve
Intake Weir New Constr.
Improve

Headrace

N

.|Base Camp and Work Shop

1] Civil Works

[

.|River Diversion frep—

Gate Installation Protection Wall
.|Intake Weir ) ,l

N

{No.1 Weir) Excav., Foundation, Conc. Works: _|(No.2 Weir) Excav., Foundation, Conc. Works;

3.|Intake and Desilting Basin 1 r—— :
Excavation| Concrete & HM Work
4.|Headrace Tunnel - ,l
Excavation; IConcrete Lining
5.[Surge Tank el ol et B r—p—
JAccess Road |0 Cut_:Shaft Exavation IConcrete Linil
6.|Penstock ! ' R ——— —:| ,
Access Tunnel 55|0E Excavation :Bifurcation Pipe Installation
7.|Tailrace Channel |
Preparation :Base Conarete [Excava|Concrete Work
8.|Powerhouse (Surface) pepeaw sasins sugsispupupunnEnEnjanasanuugnidngupnpups
|Slope Cut | |Base Excavation :Base Con. Concrete Work & Architectural Work
Il |Generating Equipment
1.[Installation of TG Unit #1
2.[Installation of TG Unit #2
IV |Switchyard
VI [Trans. Line & Substation
1.[Transmission Line
2.[Substation
Vv Cc issi .ning
1.|Unit #1
2.|Unit #2
1) TG: Turbine generator, HM: Hydro-mechanical (HAdlL : JICA FHAERH)
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8.4.3 Chamkharchhu-ll (C-10) K AR EFHE

(1) AK3C
X WA NITPHIZ Shingkhar/Bemethang HIZKFT (BRI 6 42) 30 | yiddmfite (¥ LM
SBIKED 12093 THDHZ ENBKLT —XOEHEEIIFERECTH D, et &IEE 5-22 15
TR E O, Chamkharchhu O Tl OEZ HWCHE L=, E7z. LHERP EIT 56 ton/km?

ThdHI END, FEFERHERS X 0.14 million ton/year & 7372 1

() HEHE
HIFZHUE 2D T Appendix-1 (26) 125 380 TH 5,

(3) ZEFHHEOFE
7 8-12 ([ZEMHERE LA R T,

AN

# 8-12 Chamkharchhu-II 7K /7 3% E ## O # E7% T
Items Unit Description
Type ROR with Pond (I1-2)
g Installed Capacity P MW 414
& | Designed Discharge Qd | ms 130.4
Effective Head Hd m 368.3
Type Concrete Gravity Dam
Height H m 84
Sediment Depth m 24
~ River Bed Level RBL m 1,225
g Crest Length L m 180
% Dam Volume \Y m’ 343,000
Eé Excavation Volume Ve m’ 817,000
& | Reservoir Area Ra ha 15.8
<§ Catchment Area Ca km? 2,525
F.R.L (Full Reservoir Level) m 1280
L.W.L (Low Water Level) m 1270
Usable Water Depth m 10
Effective Reservoir Capacity mil.m? 1.2
Intake and Desilting Basin Ve m? 184,000
-, | Headrace L(m)xn m D=6.5m, 8,630 x 1
g Surge Tank D(m)xL| m 15 x 100
3 Penstock (Vertical shaft) L(m)xn m D=4.8m, 564 x 1,50 x 2
= Tailrace Lm)xn| m D=7.7m, 680 x 1
Total Length Lt m 9,900
g qg) Type Underground
£ 2 | Overburden m 340

8-24
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Cavern Volume m’ 128,000
T.W.L (Tail Water Level) m 884
2 Type Pelton
—g Number unit 2
& | Unit generating capacity MW 207

(High : JICA FHA)

— P X F K OUKBEHEET M 2 2 X 8-5, 8-6 (¥, E7o. LLT O LRGN D
CAD X[ % Appendix — 5 (3) (2”7,

BT

UK & b3 K OMUK A 2P X

WK & 2 i X

FERHT. UK A3 K OBRATFmE X
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Dam—

Switchyard ——

GDEJpeaH

Surge Tank

Powerhouse

(Hih : JICA FHERH)

X 8-5 Chamkharchhu-Il HPP ¥HL A 7 7 K
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Headrace Dam

- =m A
X 8-6 Chamkharchhu-II HPP /K B&HEWTX (S - JICA FEHD)

8-27



T—HUE B AS =TT 2040 KiET BV 27 b
Ty AT LER— b

(4) RERMMEEBEHORF

(a) TARREYOKE

1) EEA LI OEKHL
HENBEAFTH Y, BKED 5000m’s Z 25 LHESND Z LD, BRICHKRERN RIS
bNLBENRNaL 7 U — ML LTz, ¥ 2ERPITERE LA T 52 & & L, 10 Rtk
BEZRIH FEE o5 EE Uiz, 7236, RS 24m & A0E S 4D IRHEREY) & i HIBR 5
L2 TN bKD& L &R ET D,

2)  HUKBA 7226 TN ILrbH
BUKIHERN BRI THY . LAVRAZEET 52 N TED L DT, ¥ AE EFRICEHRE
T 5, WEMEZET L, TOANEET 1.2millionm3 &/NSW o, DL ZFRIT D VLB
bD, Flo, #HEAIH ERGERHOERIINETH L Z b, B hrxrll 5,

3) KR S ONTHE TR ERT
K L — NI HEO U §4: A2 2512 . Chamkharchhu O /2 SN ECE U, LHAPIZEUK O & ik

KA Z R EL— b TTHRE S,

a)  HKEK
BKEIIES 2 THY . WERIXJICAKTIBRFETA R4 NZHESE, 65m(15R) &
L7, #EIBRIEE S 7.7 m OBEE &35,
N R HRE%, Bk 7 U — MKV EENTS,
RHIRF IR AT DRI OE AN « BRMEOLUBEDBLELRG AL, a2 Y VT —v =
Y770 NDOERMERET D,

b) EIKEE KA
KBRS T I HVE 28 B AT 72 ARSI KFE O R 2s R I2H 5 K 9 ICEE T 5,

c) IKEER
K B IR KR 2 B 147 0 2% 50m LU IS 72 D70 By RERE TARL 10%., Z 4Lk
BEIZNLHLC Ry R OKEEHUIMER) ECTEEET S, FEKTEET 140D 2 FRIT/H
L., AOFpEERIE 5, i TICBWCIHRAIZE TR, KEEK S AREDOEREa 7 Y —
N CHET 5,
FEIZOWTIER, UTFD LB Th D,
AT O KIEE R b 2 2 ONERIL JICA KB ATA K7 A S E, 48m
(15 & L7, EIKmHEIES 6.4m OB TH D,
SEHUE O KITEE R b o RV OWNERIX JICA KIIBAFETA RT A4 N2ESX, 48 m (1
%) L L7, HHIZRIZ6.0m TH D,
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d FEIT

MR EXXOREMERET L EIFXRETHL Z o, T ET 5,

JRANFIZ . i FREFTZR O E IS L O, FHADUS K0 DRI 2 FEER A L 721
WESIDH, AR CIEIKBIER DR E 720 . oL v 85EER KD 500m % ik 2 72
W L B ST 2N E 2 R E LT,

Z2AARF L OWIRIZ DUV Tk Mangdechhu HPP 72 5 ONZ JICA KB A K74 %%
ElZ LT,

Fo, U REITICHEREA o xv e LT R AL 7 —7 A LN L— 517
E % 1/25,000 P IZED Z 5HE LT,

e) K
FOKIEREDH 680m LBV &6 1 SOEEMTE v e Ui-, PNEIE JICA K115
WHA RTANTHESEZ, 77m & Lz, BHIEmIEE S 8.8m DERIE Th 5,

4)  HoknA
HoK X, — e 7R 2B LT,

(b) KEDOHE (BEXHERM)
BHEAEN380m & REWZ &, Fo, MBEHLFEOMEHKEOENRKE N EnD, /NN
BRENARESRVL MR BT L & L,

(c) BHPART
BAPART AR ¥ & VL {E X Mangdechhu HPP # &% & L7-, FEEPT LN & % i 2 F1
TAHEEE Lz, L, ZOFHEORESILEL 1,040m THhY, BEFHFZ7a 7 L-ULLEDE
150m FHWZ EMND, F—T 0 R R 150m DS I A 2 & & Lz,

(d) 1EEHO/RE
K R RV OIER X 8.6km Th D, | UPPOJE TIER A 2.5km L FICT 5720, 1E¥bU
E LTI R 1A (BbM& b oUWt ll) | KSR Tl (—o 2 7 56585) 12
I AR, ZOME2%5THEOIC 1 ARKOF 3 ARKZEE L, &K 48P THRLT 2,

(5) BMEEEEOHEM
S5E TR THEEEES Y F2HW TR TSEE2HH Lz, TO/fEE2E 813 177,
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% 8-13 Chamkharchhu-II X /IR EHEBEOME T EE

(10°Nu)
Cost Items Cost Remarks
I. Preparation Work 1,394
(1) Access Road 647
(2) Camp & Facilities 213 | (III. Civil Works) x 2%
(3) Compensation & Resettlement 534 | (III. Civil Works) x 5%
I1. Environmental Mitigation Cost 320 | (ITL. Civil Works) x 2%
II1. Civil Works 10,673
III.1 Intake Dam 4,359
II1.2 Intake Facilities
(1) Intake 106
(2) Desilting Basin 1,018
1I1.3 Headrace Tunnel 2,707
111.4 Head Tank/Surge Tank 502
II1.5 Penstock & Side Spillway
(1) Penstock 123
(2) Side Spillway -
II1.7 Powerhouse 1,050
II1.8 Tailrace
(1) Tailrace Waterway 272
(2) Tailrace Outlet 28
I11.9 River Diversions from Neighborhood Basin -
II1.10 Miscellaneous Works 508 | (sum of III.1 to I11.9) x 5%
IV. Hydromechanical Works 1,383

Spillway Gate, Intake Gate, Silt

(1) Gate and Screen 726 Flush Gate, Tailrace Gate
(2) Penstock 531
(3) Miscellaneous Works (10% of above total) 126
V. Electrical Works 7,397
(1) Electro-Mechanical Equipment 7,045
(2) Miscellaneous works (5% of above total) 352

VI. Transmission Line

(1) Transformer, Switchyard, Transmission Line 4,251
VII. Administration Cost and Engineering Cost 3,175 | 0~V OHEH x0.15
VIII. Contingency 6,350 | I~V OHFHx0.3
(Item I - VIII) x 04 x I x T
IX. Interest During Construction 3,683 | (Assumed I =0.05, T= 6years)
Grand Total 38,628

(H 8« JICA FR4)
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(6) BRILEITR
A EEEEYO LHEREEICK L, BATOERKEEEZ, a0 FN—3 v Mol LiEE %
Dorokha 7K /156 R & [AIFRIZFR 8-6 DV 3% E LT,
UHIROTHETROYZ VT 4 DN SATH I RER TH Y | AT HEHMIT 5S4 1A (4 424)
L7,
Wl THEZ G e L OIEIRAE COER THILREEZE 8-14 177,

# 8-14 HEFTHETITRE (Chamkharchhu-Il /K /13 EFHHE)

rUWelnvuse I A CA - 1 I 1 i e e S s e e Sl ) i e Ay I

Access Tunnel iArch SectionExcav.  [Cavern Body Excav. e Congete oncete Work

Generating Equipment

P

Installation of TG Unit #1

N

Installation of TG Unit #2

Switchyard

Trans. Line & Substation

Transmission Line

N

Substation

Commissioning

Unit #1

Unit #2

1) TG: Turbine generator, HM: Hydro-mechanical (8t - JICA FHAF)
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8.4.4 Uzorong (G-14) /KA EFHE

(1) AKX
& LY A REFZ Uzorong JIZKET (BLIIMI 21 48) 3% 0 | Wikl AELL (& 240 KT
X119 TH 2 Z LinbARILT —F OEREENRY @V, REHTRITIR 5-22 1R REHLT&E
D W, Drangmechhu O IR DOEZ HWCTHEE L1z, £7-, HHEWEIL 552ton/km? TH 5 Z &)

O, FHERHERS BT 0.66 million ton/year & FEHEHIZ N,

() HEHE
HIFZ HUE 2D T Appendix-1 (35) 1285 80 TH 5,

(3) ZEFHHEOFE
7 8-15 ([ZEMHERE LA R T,

# 8-15 Uzorong /K /IR EFE DFHEFE T

Items Unit Description

Type Pondage (I11-2)

g Installed Capacity P MW 840

(‘JDG) Designed Discharge Qd m’/s 614.7
Effective Head Hd m 158.4
Type Concrete Gravity Dam
Height H m 168
Sediment Depth m 23

~ River Bed Level RBL m 530

g Crest Length L m 330

% Dam Volume A% m’ 1,490,000

Eé Excavation Volume Ve m’ 2,663,000

& | Reservoir Area Ra ha 686.5

<§ Catchment Area Ca km? 10,175
F.R.L (Full Reservoir Level) m 670
L.W.L (Low Water Level) m 630
Usable Water Depth m 40
Effective Reservoir Capacity mil.m? 217.3
Intake Ve m’ 184,000

-, | Headrace L(m)xn m D=6.9m, 1,530 x 4

g Surge Tank D(m)xL| m 15x100x 4

3 Penstock (Vertical shaft) L(m)xn m D=5.3m, 265 x 4

= Tailrace Lm)xn| m D=8.2m, 180 x 4
Total Length Lt m 1,965

g qg) Type Underground
£ 2 | Overburden m 180
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Cavern Volume m’ 249,049
T.W.L (Tail Water Level) m 510
2 Type Vertical Francis
—g Number unit 4
& | Unit generating capacity MW 210

— T XIS L OUKESHEET X 2 2 2K 8-7, X 8-8 1ZRT,

(High : JICA FHA)
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Dam —

oW
af)e)\)e

—— Surge Tank

\ Powerhouse

Switchyard —

X| 8-7 Uzorong HPP EH L A 77 b
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Surge Tank

Headrace

i - e
X 8-8 Uzorong HPP /K B&AEMTIX (High - JICA FRA)
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(4) REREFEHREHORF
(a) TARMEEYORRE
1) BUKZ A8 KOG
HENRIFTHY |, BKED 10,000m’/s FRE S HEIND Z LD, SBIRICHKERFET S
NLEHAR= 7 ) =L LT, FLERTITER LARITSZ & &L, 10 FiERilkE
ERAEICM FIEONHHHEE L, 72k, BRE 23m L ME S D RHEREY 2 IR 535
720, PNz kY2 L ERET 5,

2) HBuknA
BUKIHERN BIFCTH Y, KBEENRE L 25X LA EFICHKET 5, KB T8 %
AL, TOAMAEEIL 2173 millionm? & KXW, ILPHLIZSLE RV, 7eds, EIERYSERD
(% 0.66 million ton/year T ¥ . 100 FFHERY &1E 66 million ton (50 million m*) & FHE 415,

3) K72 b ONHL AT
AR/ — MIHTZOHE Se & 2612, Manaschhu OZEFHANCELE L, BUK 0 & ok 0 2
JL— hTHES,
7272 L, ARG GOk OALE % KA EL. 510 m (Kuri-Gongri HPP @ FRL : 500 m (2315
10m ZEE)E LTHLKBERE LTWDN, X AFEEN EL.530m Thod Z Enh, WREx
B ClI & L& IR ET T 2 B B D

a) BRI
EKEIIES h 2 TH Y, NERIXIICAKDBRIETA T4 NZHESEZ, 69m@5R) &
L7z, fEHIRIEE S 8.1 m OBEIF &35,
oA, 87 ) — MI XV BENTS,
TRHIRF IR AT DAL OE AN « BRMEOLUBE DB LELRGEIE, a2 Y VT —v =
Y77 NOFERE R 5,

b)  EUKEE KA
KRR KAE 1 T HVEL 2N BT 72 BARE I KR O K ns o 5 X 9 IChlE T %,

c) IKEER
IS BRI KIS 2> D 48 0 23 50m LU RIS 7 B 7en By RESE TARL 10%, Z 1L
FEIZNZYLC A N8 OKEHDMES) £ TEHET 5, FEKERTCAD R E#ERSE 5,
i TACERWCIIHREISE T#%., KEEK LA E 0EREa 7 ) — N TRET 5,
FEIZOWTIER, LT LB ThD,
AT O KIEE R b 2 2 ONERIL JICA KB AT A K74 IS E, 53m
@45 & LT, MEIKmHIES 6.9m OB TH D,
SEHUE O KIEER b o RV OWNRIX JICA KIIBAFETA RT A4 N2EESX, 53 m ¢4
%) L7z, EIRIZ65Sm THD,
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d) FEIT
HWIEICH EROREFRARET D2 L BRHETH D Z b, HITRET5,
JRRIAOI, U FREATZER O E R L OH AL, RASIC L 0 DRI 2 SRR L7121
WESIDH, AR CIEIKBIER DR E 720 . oL v 85EER KD 500m % ik 2 72
W& A SRR E 2 R LTz,

e) MUK
FOKBIEREDH 180m LW L6 4 KLOEEMTE v e Ui-, PNEIE JICA /K 1158

WHA RTANTHESE, 82m & Lz, BAHINmILES 93 m DERE TH 5,

4y kA
HoKBE, —#xe 7R 25l L=,

(b) KHEDFHF (BEXERM)
BRNEZEN 144m E/hSWZ e, fiih 7 7 o v AT E L,

(c) BAPART
FEEFTELOHIZITAIRTH Y, # EXE T2 2 ENREER720, HTRD GIS TET5

FHE & L7,

(d) TEEHIOREE
EOKEE B RVOIERIL 1.5km TH D Z & D, BKER Pk (B—T % o 75 356) 121K
ZELET HEHE & LT,

() BREXEOHUN
SETHRA_THEERAY v PV TR TERLRH L, ZO/REE 8-16 1T77,
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% 8-16 Uzorong K1 EHEOMETEE

(10°Nu)
Cost Items Cost Remarks
I. Preparation Work 2,453
(1) Access Road 647
(2) Camp & Facilities 516 | (III. Civil Works) x 2%
(3) Compensation & Resettlement 1,290 | (III. Civil Works) x 5%
I1. Environmental Mitigation Cost 774 | (I1I. Civil Works) x 2%
II1. Civil Works 25,796
III.1 Intake Dam 18,310
II1.2 Intake Facilities
(1) Intake 699
(2) Desilting Basin -
1I1.3 Headrace Tunnel 2,540
111.4 Head Tank/Surge Tank 404
II1.5 Penstock & Side Spillway
(1) Penstock 282
(2) Side Spillway -
II1.7 Powerhouse 1,895
II1.8 Tailrace
(1) Tailrace Waterway 316
(2) Tailrace Outlet 122
I11.9 River Diversions from Neighborhood Basin -
II1.10 Miscellaneous Works 1,228 | (sum of III.1 to II1.9) x 5%
IV. Hydromechanical Works 2,773

Spillway Gate, Intake Gate, Silt

(1) Gate and Screen 2,010 Flush Gate, Tailrace Gate
(2) Penstock 511
(3) Miscellaneous Works (10% of above total) 252
V. Electrical Works 16,712
(1) Electro-Mechanical Equipment 15,916
(2) Miscellaneous works (5% of above total) 796
VI. Transmission Line 4,382
(1) Transformer, Switchyard, Transmission Line 4,382
VII. Administration Cost and Engineering Cost 7,276 | I~V OHEH x0.15
VIIL. Contingency 14,552 | I~V OHFH)x0.3
(ItemI-VIID)x04xIxT
IX. Interest During Construction 8,440 | (Assumed I =0.05, T= 6years)
Grand Total 83,148

(H 8« JICA FR4)
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(6) BEFRITHEIRE

HEEMEY O TEHEICKH L, BATOEFLEEZ, FarR—3r Ol LiRE %
Dorokha 7K /)58 B 1] & [FAIERIZER 8-6 Dl X E LT,

HHIEOX L@ SR 168m L@ 2 &, KB 4FBLUORERER4ETHLZ LD, THE
TROZ VT 4 AR ATH A KEZRLRNIHFRENTH Y, AR TEHMIT 68 B H (54
8HA) & LT, 72, WIEHEOEIRMMGE TIX 9 WA TH S,

Wl LFEA2 G e L OiEIGE COER TFEIREZE 8-17 1RT,

* 817 EFTLETRE (Uzorong /KJFHEFHH)

1) TG: Turbine generator, HM: Hydro-mechanical (8t - JICA FHAF)
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8.4.5 Jongthang (M-6) /KR E3

(1) &3
LA NEEFIZ Bjizam HIZKPET (B 21 42) 2360 Jkimfgit (X 8105 HIZKET)
13085 Th2Z LnbAKILT—FOEFETEV, REHTREIEFR 5-22 IR TBEHLREDN,
Mangdechhu @ il OfEZ FHWTHREIE L7c, £70, HHEWEIT 153 ton/km> THDH Z &0 b, F
VAR HERD 0T 0.18 million ton/year & /07200,

() HEHE
HZHUE 2D T Appendix-1 (21) 1285 80 TH 5,

(3) ZEFHHEOFE
7 8-18 I[ZEMHERE LA R T,

# 8-18 Jongthang /K /JZEEEF H D F HFE T

Items Unit Description

Type ROR with Pond (I1-2)

g Installed Capacity P MW 227

(‘JDG) Designed Discharge Qd m?/s 83.3
Effective Head Hd m 316.2
Type Filled or Earth Dam
Height H m 51
Sediment Depth m 26

~ River Bed Level RBL m 2,100

g Crest Length L m 140

% Dam Volume A% m’ 720,000

Eé Excavation Volume Ve m’ 227,000

& | Reservoir Area Ra ha 4.5

<§ Catchment Area Ca km? 1,176
F.R.L (Full Reservoir Level) m 2,120
L.W.L (Low Water Level) m 2,110
Usable Water Depth m 10
Effective Reservoir Capacity mil.m? 0.3
Intake and Desilting Basin Ve m? 110,000

-, | Headrace L(m)xn m D=5.1m, 13,030 x 1

g Surge Tank D(m)xL| m 15 x 100

3 Penstock (Vertical shaft) L(m)xn m D=4.1m, 501 x 1,50 x 2

= Tailrace Lm)xn| m D=6.5m, 1,390 x 1
Total Length Lt m 15,052

g qg) Type Underground
£ 2 | Overburden m 300
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Cavern Volume m? 90,800
T.W.L (Tail Water Level) m 1,780
2 Type Pelton
—g Number unit 2
& | Unit generating capacity MW 113.5

— P X ES K OUKESHERT X &2 £ € 8-9, 8-10 lZ/RT,

(High : JICA FHA)
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Dam——

Surge Tank

. /
Switchyard Powerhouse

X 89 Jongthang HPP SEH L A 77 b
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Headrace Surge Tank 0

Penstock
Powerhouse .0.. ----------

- =m A
X| 8-10 Jongthang HPP 7K E&AEMTX] (EJk : TICA )
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(4) REREFEHREHORF
(a) TARMEEYORRE
1) BUKA L3 X OFEH
HERHEY BIFTROWIED, ZANVETLERITT—AXLE LR, 72720, BkEN
3,000m¥/s FREE S ABE S ND Z LD, RSk Z R ET 2 0EN B H, ¥ LR IR
WMLERTHIEE L, 30 FERIKEZLZEICM FSEoN55HEE Lz, 728, X 26m
AR D IRHEREY) & JRHIBR 59 2 BT T, TN IR Y) 2 A 23R & L7,

2)  BUKA RS NI
BUK LA A B FICERE T 5, 2 A3 223, 2 DOA A EIL 0.3 million m? & /)
SV, AR T OIVERD D, £1-, M ARt OBR IINEETH D = &
Mmoo, EH R AR ET S,

3) K72 b ONHL AT
KV — NMIHIE OV S50F 2 212, Mangdechhu O A2 AN ELE S 5, LovL, BUkH & ik
KAZREL— N TRATZSGAEMEE N FVOIEEN 2km 225 Z & 72 81 3,500m
OWMBHY . F RO THEY MR 1,000m ZHZDHZ END, BRFEOBLREDBIERT HL—
N2,

a) BRI
EKEIIE h 2L TH Y, NERIXIICAKDBRIETA T4 NZHESZ, S.Im15R) &
L7z, fEHIRIEE S 6.2m OB &35,
o RAREI%, 8o 27 ) — MI KV EBENTS,
TREIRF IR AT DRI OBE KN « BRMEOLUBEDBLELRGEIE, a2 Y VT —v =
Y770 NDOERMERGT D,

b) EUKEE KA
K A T )8 B 70 AR IS KA O R /s i (2 2 K 9 IR iE 35,

c) IKEE
IS BRI KRS 2> D 148 0 2% 50m LU RIS 72 B 7e 0 By RESE TARL 10%, Z 1L
FEIISTHU T NNy R OKEHOMER) £ TEFET S, FEKERT 14005 2 RITH
L. AOfpEEERISE S, i LICBWTIIRHIZE TR, KEEK S SBEOEREa 7 U —
R CTHRET D,
FEIZOWTIE, UTFD LB Th D,
AT O KIEE R b 2 2V ONERIL JICA KB AT A K74 ZEKSE, 41m
(15) & L7, HEImHEIES 5.7m OB TH D,
SEHUE O KIEE R b o RV OWNERIX JICA KBTI A RT7 A4 N2 ESX, 41 m (1
%) L7z, MEIRIES3m THD,
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d) JEFEHT
MR EXOFRENZRET 52 EIXRETHL Z L0, TR ET S,
JRANEYZ, HUFIEERTZHR OB KOG, RS L0 BRI 2 FE /R A L 7221
WESAD D, ARG CIREHEBIER D RE L 720 . ol v 28I E R KD 500m Z iz
RNZ & EBHIT, Trongsa TN B3R BEREZ I D 2 & 2 SR 24 E 28 0E LT,

e) MUK
HOKBIEEDK 1,390m ERWZ 0D, 1 ROEEME F o xv s Lz, NEIT JICA KJ)
BB A RTA NCESX, 6.5m & Li-, BEIKEIZE S 7.5m OEEIE CTH 5,

4y kA
HoKBE, —#xe 7R 25l L=,

(b) KEDOFHEF (EXHERM)
HEZEN 316 m EREWZ &, T2, MBELFEOMEHKEOENRKE N END, /NN
BIRENARER L F R AT AL & LT,

(c) PBHPART
Trongsa TiN2> 5 FL 2 72 WAL E OFEEERT E il 3?351{25@75’*'J)5Hﬁ_5 FrE & L7z, LarL,
O EREBEHTOMENREIL 1.5km <, 2, &I EL.2,0600m ThH Y, BEH 7T L
ALK E 250m BV ENDL, T— 7wk/xwiﬁM3uW®ﬂﬁ$% gaHZEE LT,

(d) 1EEHIORLE
EKEE R RV OIERIT 13.1 km ThH D, 1 UPONE TIER 4 2.5 km A FICT 2720, (F¥
HL&E LTI PRI 1 AR (k& o xonicinll) | EKEER it (h—T % v 7 FR)
I IAR, ZOM%E3%5T5E 5102 KD 4 RKZEE L, KK 6 UIPTH LT 5,

() BEFRXEOHRH
SETHRA_THEERMAEY v b2 AW TR LFRAHH L, ZO/REE 819 17T,
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7% 8-19 Jongthang KA1 EHEOHME T EE

(10°Nu)
Cost Items Cost Remarks
I. Preparation Work 1,181
(1) Access Road 647
(2) Camp & Facilities 152 | (III. Civil Works) x 2%
(3) Compensation & Resettlement 381 | (IIL. Civil Works) x 5%
I1. Environmental Mitigation Cost 229 | (III. Civil Works) x 2%
II1. Civil Works 7,625
III.1 Intake Dam 919
II1.2 Intake Facilities
(1) Intake 58
(2) Desilting Basin 637
1I1.3 Headrace Tunnel 3,268
111.4 Head Tank/Surge Tank 356
II1.5 Penstock & Side Spillway
(1) Penstock 89
(2) Side Spillway -
II1.7 Powerhouse 766
II1.8 Tailrace
(1) Tailrace Waterway 405
(2) Tailrace Outlet 19
I11.9 River Diversions from Neighborhood Basin -
II1.10 Miscellaneous Works 363 | (sum of III.1 to I11.9) x 5%
IV. Hydromechanical Works 925
(2) Penstock 351
(3) Miscellaneous Works (10% of above total) 84
V. Electrical Works 4,983
(1) Electro-Mechanical Equipment 4,746
(2) Miscellaneous works (5% of above total) 237
VI. Transmission Line 2,913
(1) Transformer, Switchyard, Transmission Line 2,913
VII. Administration Cost and Engineering Cost 2,112 (I~V OEF) x 0.15
VIIL Contingency 4225 | (1ov &) x 0.3
) ) 2450 (ItemI-VIID)x04xIxT
IX. Interest During Construction > (Assumed I = 0.05, T= 6years)
rand Total 25,781

(H 8« JICA FR4)
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(6) BRILEITR

A EEEEYO LHEREEICK L, BATOERKEEEZ, a0 FN—3 v Mol LiEE %
Dorokha 7K /)58 B 1] & [FAIERIZER 8-6 Dl X E LT,

BHEDO TETROZ VT 4 IANRTKEEMTRETCTHY . RETHEHMILS4 VA 4
) L LT,

Wl THE 251085 T DEEMAE COBRK THFIEELE 8-20 17T,

# 820 ZEFTHETLTFR (Jongthang /KFIFEEEHE)

7£) TG: Turbine generator, HM: Hydro-mechanical (s - JICA T )
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85 WATFTyAlTMiFi=ETraryrIsv
8.51 KIXXHKHFE

€ Dorokha /K /)R E R
Dorokha 7' — > J AT —3 a » DKLT — X OFEEL - 54T,
€ Pinsa /K /) FEEF ]
BUKMEE PR T\ = o T AT— v a VERE L, KT —X 25t - oW 20
b5,
€ Chamkhachhu II 7K /)38 767
Shingkhar/Bemethang ’7—“//7‘7\7‘~“/ 3 VDKL T — X OB« S3H7
€ Uzorong /K /)3 ERTHE
Uzorong 7 — > 7 AT —3 9 » DKLT — % OIKEL « 4547
€ Jongthang /K /) FEERTH
Bjizam 7 — 3 F AT — a3 Y OKILT — X OFEH - 5

852 HWHEHRAE

(1) Dorokha, Chamkharchhu I, Uzorong 33 X Uf Jongthang /K 713 & & H]

TR IR AL B B TR R & F N2 OB ISk D HUE R A S L OENREB O —
7 821 \Z/RT,

UK & DAZDW TR, PENLEE D OB A S 2 #2525 72 O O MR HVE IS A 2 F2 05 2 130>,
H LY A FEEIZ 100m D27 Y v RERE LEXREZ FEMT 5, A=Y 2713270 v RO
RO L, FEEMED O TR A BRINCHRE T 2, A—V U VLRI, & Al E TR
Y0 60m k., TR S0m ke L, RILTA U U ilBa FEid 2,

Zofh, KA, Buka, BokoicBn T, BEREE L R—V U IREOMAR DY ZEA
LT 5,

KEEIE, FEARITESIRE TH N—T 5, BUKBEKEETT ClX, RNLOHR—V 7 L4

HWEMRE, MK T LA kg Ehiid 5,

MR IEEATIL, TEMMERIDOMEREZ IR 5 - OB MBS A2 EfT 5 & & bio, H
TR E L O BRI AR T DT DR—U T a2 MR B R EFT B OE R £ TOR—
Vo7& L, 2SR S Eo 100m K DWW TIPS EERE 72 & O _/v/zh/nfc%ﬁ
T ERT D, BERNEARBR A S EEEMICHOWTERT S, 7277 L. XRD X HREHFOHT) |
5 S U IS = Lfb\éﬁfﬁb‘fﬁéﬁ)%éﬂftmmf—) Y7 arIicR L CEmT S

B, F LY A b RAILR XU FREFTICR T DAL, BN O (BTERER D 5
PRREATRER 2 & ) AL EEARTER, HT 2 M%Eu% BT DHSTTRE 7 EIXFHMERE
AT — T TEMT D,
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# 8-21 Dorokha, Chamkharchhu II, Uzorong ¥ X U* Jongthang /K /) 3B & DO R B FHE B L C

VELRRE—EE

xF G B WA BE A T 5%

WK 2 2 > HVET R DR 1. B A HIF AT 1T, BUK A A
> 4 DRSS OB 2. HBAHRA TR M S A 4 k2
> & MR OB KM 3. R—Y L IHE

4. FLINB K (Lu)ikBh
5. RN
JFA I >Eha L7 — NELA | 1. BREE
B O S 2. R—VU v I
3. BNRAB
WM (R | > CWE A OB O | 1. malEh
VFIV) o 2. R—VU v I
(& LN IR @)
3. BN
K KM | > KEREOMEILR O | 1. EaEE ERERIT, KRR
BB LOBKEE |2 R—U L rHE Z I S
72 CIBOMRIEL TV D (& LN IR )
ﬂ‘ﬁg‘lﬁ) 3. }LW@ﬂk(Lu)?ﬁ%ﬁ *ﬂﬁi@%ﬁ@i\ gé;7k1ut%7kjf%
4 kB B LU TR ERTEL &
HURFEEAT | > HUEHEYE DR 1. Hhs HE kAT S
> M RGBT e oMK | 20 AU T RE
(& LN I )
3. FLANZEK(Lu)iRBR
4. ENRABR
Hokn > HUEE S DR 1. M MR A HIEREEIL, Bokns X
B P T >y ) — Iz hHFED | 2. ERRE V&2 B 7 T 7 5o 52
TR O R 3. A=Y T
> JRL DR DR 4. =R

(2) Pinsa KIFEEH
IR AL B TR N SRV & 2N OIS T 2 UE A S L OENRBR O —HE
K 82217,
HOKBELZ DN T, HE R OR300 0 VBT A S 2 4R 9 % 72 00 D R B N A 2 52 M3~ 2 1%
7, 2R K ONEW AR 100m D27 ) v R &2 GRE LSRR & Ehid 5,
IKEEIZONTIE, EANICITEXRRE THAN—95, EKEARM@ET CTid, kNP R—-U >
7L AL RE, R RALLUR TAv A il e BT 5,
KB RE A OV TS, HEARE 28R T 5 72 O OB MVUE N A 2 F2hi 9~ 5 137>, B
REET H7-DBREEL TS 5, LEILECTR—Y 7 L fLNHERE % T 5,
FEFEAT. BRI PART, oK D, JEND O WUE S 2 4R 9 5 7o O MR MBI 2 FEi 3 5 & & b1,

AT 100m D27 Y > R4

U RORZRTIER 10m OAR—Y 7 iiE % Ehid 5,

(H L : JICA FHAE])

WE L ERRAEZ Ehi T 5, AMEOMEMER 2R T 57290 100m 7
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% 8-22 Pinsa KR EBHBORYPFAEEM CHLELFHE—ER

XIS R VB A T K=
BAIE | > B O 1. iR *HERBE L, BUKHES &
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