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BTE i H

7.1 EtEhigi oD ith B E

F3— 134k )~ 5 -~ Tibetan — Techys Zone, Higher Himalayan Zone, Lesser Himalayan Zone,
Sub — Himalayan Zone, Terai Zone ? 5 > D MEREEXIZ4 T B D,

- Tibetan-Techys Zone X/ N—/L D bALANAIE L TR Y | HAER~EH =LOE
. AKGE. WEFEOHRBEEN OB SN TND, v T VILUROZL A |
~F AN T T T NTFEOLLL, T OMEMEIEXIZEL TV,

- Higher Himalayan Zone (%, Tibetan — Techys Zone DRl X OV FALIZALE LT |
Z O f%IE MCT (Main Central Thrust) C Lesser Himalayan Zone L #:L T\ %,
Higher Himalayan Zone (%, EIZ B, s, REAR EOERENHR->TEY
EEICIIEREE L A BN,

~ Lesser Himalayan Zone (% . dt fil ® Higher Himalayan Zone & il @
Sub — Himalayan Zone (Z $& £ AL 72 g @ J& W H#UE 8 & X T, JE Ml iZ MCT
(Main Central Thrust) 75\ mfR1lZ MBT (Main Boundary Thrust) 73, 210 B
EXOEER L 72> T 5, Lesser Himalayan Zone (%, et v 7 U 7 ~HE =D
MibE, TECE, i, a—Y 74 b, AKE, Ra~A MR EOHRS, Zis
MBi-oTEY ., HEMEST v 7RREEL TN D,

- Sub — Himalayan Zone (XJtfil# MBT (Main Boundary Thrust)iZ, F{flZ HFT
(Himalayan Frontal Thrust)|Z3 & iv7- HUEAEE X T, — AR A~METRE L 7238788 =4
OHFEFIZ L VR SN TS, ZOHEREX O FEIXI L Ma, ha, B4,
T ~HIRL D S . EEIEES KV 7o T D,

- Terai Zone X%/ S — LV OFEZRATK L TE Y, WHEENLZR->TnD,

T yX—t T 4 FHEH AL, BEFR S DOHEREEX O 9 B Lesser Himalayan ZonelZA7 & L
TEY ., Fig. 7.1-LIR-T KON 7 U 7~ d AR D Nawakot & #£ 12 J& 3~ 2 Nourpul J&
Dhading Dolomite, Benighat Slate73/34fi L T\ %, Nourpul& s X O'Dhading Dolomite| %1% 15 71
Y7 TR~ AERORE T, e~ A b MRS, TS, =2—Y 7 A b, Fr~<A |
Ha—YyA b, a—=Y7A NETHERENDL Y Benighat Slatel X% # o HiJE C,
Kb . THOE . AIKERRE LD BEOa—Y 7 A4 R bleoTnND, ZAHLOHEIL, B7 4
JNEARIZ AT 22 G 7200 LPEAEPE— - B O M T, FA~MER L Tofi LT D,
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7.2 HEHREIS
721 EBEMEREISE

Ty X—t T 4 KNI EFEIZE T 5 HE A THIL, 2000 4212 NEA (Nepal Electricity
Authority)(Z & Y 5Efi <41, Report on the Feasibility Study of Upper Seti Storage Hydroelectric
Project, July 2001 & L THV D SN TS, ZOFRECEMINZHE TFIILLTO®@EY T
D,

a. HIFERHVE A

A Hiv g, C AN X OSSERTHIS . KIRRGE R, Bk Hh)E
ERHIENME N 0 1/1,000 (& #0530 ERTHIE) . 1/10,000 (K& E ) |
1/25,000 (H7skuh)

b. AEAR—Y 7 (GEMIITable 7.2.1-1127~7)

AT Hids; D A LML KRS, FEERT - SRR (IHEHEH S
W o= : 74L 3128m

c. MR

FHAT Hu sk c AR FEEATHUS (IHFHE )
o & : 26 MK, 3,335 m

d. AR A

FARME Y b 2780

Table 7.2.1-1 Investigation Drillings carried out by NEA on 2000

Drill hole No. Length Elevation Inglinaﬁion & Dir.ecti<.)n Location Co-ordinate Remarks
(m) (m) Inclination Direction
DDH-1 50.0 308.6 90° * Dam axis, R/B 525464.41 | 3092810.39
DDH-2 7.0 309.2 70° N280 Downstream of dam axis (L/B) 525444.1 | 3092882.24
8.5 309.2 65° N280 ditto
8.8 309.2 60° N280 ditto
12.0 309.2 90° * ditto
11.0 309.2 45° N280 ditto
DDH-3 50.0 318.2 75° N312 Downstream of dam axis (L/B) 525500.19 | 3092993.88
DT-2 25.0 323.2 60° N165 Diversin Outlet 525623.88 | 3092955.64
DPH-1 50.0 328.9 90° * Powerhouse 527423.68 | 3092468.98 | Old Layout
DPH-2 24.5 299.6 75° N270 Alternative Powerhouse 527833.34 | 3092772.4 Old Layout
DST-1 66.0 472.2 90° * Surgetank 527168.13 | 3092494.15| Old Layout
Total 7 holes 312.8m
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7.2.2

SEEREShE-HMERETS

4+ [al7> Upgrading Feasibility Study 0 7= 8 (2 £ i S 7-ia THFHIZLL FO@Y Th D,

a. HuFRHUEFHA
A A A S LIS KO LR oK A #URE Bkt e
EEB:EPEAR YN 1/1,000 (& LMt KOSEEAT, MoK AR . 1/25,000 & L TF
1/5,000 (Fi7kH)
b. WEAR—V 7 (FEfllidTable 7.2.2-11Z7R7)
A AT B S LM ARPEKES, BOKES, #UFFERERTHS, HUK AR
o & 19 £ 1,623.3m
FKABR 194 [X[#]
c. A=V rarENRAR
ACERER U AT Z 4, BUKA, BokA
N2 = Gt = =P ESN ESSIN
% & — AR 28 BUBE, S| 5RER ; 15 BUEL
YRR (FLE - Wok=) « 22 30k}
Table 7.2.2-1 Investigation Drillings carried out in the Study
Drill hole No. Length Elevation Inclination & Direction Location Coordinate Remarks
(m) (m) Inclination Direction E N
B-1 150.0 515.00 90° * Dam axis, L/B 525,298.850 | 3,092,828.490 by NEA
B-2 100.0 408.00 45° N287 Dam axis, L/B 525,389.560 | 3,092,788.590 ditto
B-3 100.55 328.50 45° N287 Dam axis, L/B 525,417.220 | 3,092,706.400 ditto
B-4 120.5 328.50 80° N287 Dam axis, L/B 525,417.220 | 3,092,706.400 ditto
B-5 100.5 307.93 90° * Dam axis, River bed 525,459.840 | 3,092,798.930 ditto
B-6 92.0 307.93 45° N107 Dam axis, River bed 525,459.840 | 3,092,798.930 ditto
B-7 50.0 307.93 45° N287 Dam axis, River bed 525,459.840 | 3,092,798.930 ditto
B-8 100.0 401.60 45° N107 Dam axis, R/B 525,502.470 | 3,092,723.720 ditto
B-9 150.0 527.50 90° * Dam axis, R/B 525,590.680 | 3,092,749.380 ditto
B-10 30.0 308.45 90° * Dam toe, R/B 525,487.210 | 3,092,868.890 ditto
B-11 30.0 307.46 90° * Dam toe, L/B 525,445.510 | 3,092,875.740 ditto
B-12 120.0 401.60 45° N020 Dam axis, R/B 525,502.470 | 3,092,723.720 ditto
BP-1 100.0 370.97 50° N180 Underground Powerhouse (Option2) | 525,622.522 |3,092,888.654 ditto
BH-1 90.0 430.95 90° * Intake(Option 2) 525,567.697 |3,092,659.422 | by Study team
BH-2 50.0 320.09 90° * Diversion Outlet 525,737.629 |3,092,966.836 ditto
BH-3 50.0 331.79 90° * Tailrace Outlet (Option2) 525,634.116 |3,092,947.201 ditto
BH-4 90.0 427.02 90° * Intake (Option 3) 525,669.118 |3,092,472.343 ditto
BH-5 50.0 358.31 90° * Downstream of dam (L/B) 525,591.511 |3,093,103.786 ditto
BH-6 50.0 313.60 90° * Tailrace Outlet (Option 3) 527,052.143 13,092,078.266 ditto
Total 19 holes 1623.55 m
< Note> Three investigation drillings for the Option I11-b underground powerhouse are planned.

They are commenced in March, 2007 by NEA and are under drilling in June 2007.
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7.3 HEEDHADHE
731 Bk
(1) HiE

© 7« )I11X Annapurna ILUARIZIR % % L. Pokhara Valley %38 ¥ | BF/K iy Ko LRt Es <
A B EA~ E TR TV D P, KM KSR TRt o 7 &2 K& K Bz, & LEHE
EWRARE E T G L IZITERISTRN TV D, D%, Z Lffhr CIbriciin
DM EEEZ, X LOK 2 km Tt T Madi )l E G L7k, KE< =7 LTHEZRVL
FAREE T AN TN D, B KHLED O LR, Brakithod e 36 OV e H el ~ T it
TIHAE R EL.1,000 m a4 D@l 72 (L & AN HRPE #7220 A e B C I s 700 ~
800 m DRRAERLRIIAEE R L TVND,

FHEEFK AL O F 13K 18 km T, & A ML B 11 km 3 £ Tl AR OB RN)S 40°
FEDAIBRESZIER LTS, —F, 2LV BRTIEmE, 8ichFNc BB 0B
EHEBIED D & & HIT, FEERWV LED DGO IR TRAVAL, BIRITEEC D e HIE &
ELTW5, Ikl EEEsA o Jaruwapani 2> 6 Bhimad Bajar (FF/K LA K SAFT) 127>
JCL IR AT DB I & LRI S, BEPBAIEL TW 5D, 722 OFFE T,
[5G BE DAR B e HEREM 23 7 1 Il ORBAEHZ T & S 20 ~ 30 m OFEE R E 2 T4 ITTB
LT, BEOE LICIIREZSMMIAN > TN D,

T AKNLAE E EL.415 m TORMRIT, & L8 THI 90 m, & A Hl72s 5% 11 km 3 & T 300 ~
400m, N XLV FET500~600m & 725> TW5,

B, HHATKMLPNIC ITHIFE O HOZ0 KRB 722 B ¥ U 6 & OVl D eI & $29 2
MR TR HIZ5 720,

(2 HEH

Bkl 21X, Fig. 7.3.1-LIRT X927 ) TH~EEMRD Fa~ A~ kiR
. TRCE & B mHEREY) . EHEHEREY) . BUIRHEREW 0~ O 72 5 S5 DUACHERE ) 23 9 A L T
60

Fe <A MIZL2HE SRR IEEE COLEMICHA L TRBY, 1FEET 1)l &
AT 2R PG S OER T, FEfll~ 40° ~ 60°BF L TWDH, ZD Rr~A MIZIE, & A
FUTIRBW TS em ~ $010 em OFEEZER A —EICBIEE 41 5 25, A7k LS o0 B s AT |
WZe B EHFEORE R CIL, KIS I XA 2 WV 2 RBIG . LA M ITBIE S
720N,

MRS 36 T OVTBUA L, & A E B & HEE £ T oA A & B B o Ml 24y
ALTEY, Fr~A b ERERIHRE G M OER TRM~ 40° ~ 60°FFA L TWVWD, Fr~
A b ERBCE - TROEIR, X2V FOK 200 m B BT 4 IRV Tuttuwa F CTHE
O5BETHEL WL LD EHESINLD,

BILRCHERED) D 5 b | B SEHEREY I X ER 2 3 KA S EL.415m KV FERICHAA LTV
23, Hp/KH R ~ SR O ER & AT TR KA L 0 @ OERSy F Tl L T LTV D,

SREAMKISY - BRAIERNSHE



XIN=IVBP v /IN—E5 1 KDhRESBEHBERE
21 FILUIR—

X FEHERR ) X T K 370 0> Geruwa 70> B BT /KL K ¥ 32 > Bhimad Bajar (27> T oy
FiLTWD, 2G5 EHFIC LD & 6 BB A fERs S, fix Eifio> Bhimad Bajar {1t
T EL.440 m ~ 460 m, fx Fiii? Geruwa £3TC EL.380 m |ZE: RRINHER SN D, DD
B EHEREIX, AIKE 72 vV b~HRiib 2~ N Y w7 A& L, ¥HCE . AR E D/~
HHED B 22> TN, HBATIZ L VFETOMEROBENAR S, v h~fkiib 2 Bk L L
MaikiE e LTHIEL TV DG L, BN EERE RS> TVWDIEERH D,

Z DB mHEREY X, Yamanaka et. al (1982)37 R T g L4 S HEICE L T\ 5,
Yamanaka et al (1982)%. Pokhara Valley OHERW) & € Da 1 & NEGBIR 5 9 DOHEIZ
I ZDIHORTTEO—RRFHE A LT D X S ITE~TW 5,

(R TEIEL. BT )N L VRSN R T, AlKkaE. ARKEEAEEEVED
sk, fERa. haodifg~dHEE, I~ s | JR~BBEOAKED IV b, kL
WD ) v 7 ANBIERINTWD, N7 BTN E R E MR,

F 72, Hormann (1974)i%, AU T7BITHY T HMIEZ | SRR S 7oK HERE
MCdHDHE LI=AY, Yamanaka et al (1982), Fort (1987)23 7 - 7= iR FBHEMRMEIC L D &
RH 7 J@OFELIT 400 year B.P. ~ 1100 year BP. TH U | R 7 @A KB OHERYM TH D5 =
LERLTND,

(3) HWE T2METEAM
1) Ak O R

PR MBI A < AT DRHCE « TRCE IR, —RICERE O BUL P LA Tl
FARPED R EZ IRy Efe T2 Z L3, £70, ¥ 2B XOPKELIZB T, 2
S DOEA DA TIIPUTTARDFE O Hiv, #FRMALHENTE L Lo TnDHZ &
ZRLTWD, —J, IR RER O P OL I Re <A MRS LT D
N, ZOFRa<A MMy AEICIIBEE 2V A N IBITERO 5T, £72. Fa<A b
DEROIANT ITEHCE  (Benighat Slate) . T#cA (Nourpul J&) 23A< 4348 LT D,
BT, HIEMIZ HIRAKD RS S D K5 s, W BRE TR, BLED X 5 2l
B, HERDLD DT 5 & IR ORAMEIZ SRS b0 EE X BND,

2) JEIOR D% E M

Ik EO R Oz EMEICERT 2 b0 & LT, MKt RISy A4 2 A, B
HeRE 5 KONkt B CEZTERL L TV 5 B mHEREM 3 % T B b,

a) AREEM - EHEHERIY

P 7KL R ~ B IS 23T TN 70 AR Y - FABEHISHUE L TV D23, Z
U513 EL.500 m ~ 700 m D EAEmEICALE L TRV | kil g e 52 56 DT
F2ew, F7o, EHEHEEY O —ITmAES IV &< ETHMLTHD, BURIT

INEL | BIZFO—EITRRENIEAE Lz LT /K-S B NS I E S KT
HDOTIX RN,
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b) Bt EHERY
K BB O Geruwa 7 5 i K ity K £ UL ¢ Bhimad Bajar (22> CToAi ™5
B EHEREWIX, T 4 IOREBIEMIZE Y 2L OLFTCREREZFEL TWVD,
INHORBITBRIZB N THREABICZE L TND DO TR IRa ICHREENET
LEMIMICIZEERIEREZ RS TZEED LTI~ EZIBL TS D EBZ 5
N5, Bl z1X, Bhimad Bajar DRFEDE FTOE (H3f25m) 284 5L, ED
THIZBWTE S 3mEEORERENMIEFTNCTRAEL THY ., EPETICEW
THEICHTRBANBEIND, Ziuk, #AkovT 2 )IlOREF72I3RHIC
K HHEREM DOMELIC LD b D EHEE SN D, IR OFHEEAKAL(EL.415m) 1%
ZOREOTHIAET DI &L WKICEYEORE, WMESLEIEEST D
BEMERDH D, ZHER T XD ZRMIE, Bhimad Bajar @ T 6 km ¢ Jaruwapan %
TEL OEFIFEL TS, D DEICK LTI S ORNER NS MLE L 70
2, O, FIEOFEMIZOWTIL, D/D BT, 1/1,000 ~ 1/5,000 O FEH
eHIEK . FIUCHESHERAZER L7 ETREFTT 22 ENHETH S,

732 HL
(1) HE

LML, BT 4 )1 & O3 Madi )l & DA VER XL DK 2 km J:?fﬁf@l{i[% L. & il
L OWIREER TR 300 m ThH D, BT ¢ )L, IR KEG T HIZIZEFRAT ’Eﬁxg
WALWANTWDN, X LEOK 200 m EjifE T, ZomE 24051 ”ﬁx_ IHIZ
i N YA 200 m AHE TR OE AR~ SO E EEZ TN,

A WIS DA FEILARLE, £ 500 m ~ 1,000 m OFFALF I IEND FERARN S . B S5 1)
WCIRAE L7245 500 ~550 m OEE7-ZEMR LD 7o T b, _@)?%*E@{%Mﬁ? EL.415m
TORARME \ﬁmﬁmmfhé — 7 ZE AN AR IR LIZ I > THIE Y A 4% 15 1,000 m
AT O JBIR DO TIRIZALE LTV 5,

A LS DA BRI, TR HAZE 380 m AT £ TKI 75 EOMRL, A 380 m ULk
T 60 DR 2 /RS, F7o, AR I, PR HAZ R 410 m {131 % T 70 ~ 80 FE DEAL,
T 410 m LL BT 45 ORI Z 72 LT\ D, ZiuH ORNAIZITA RO R 410 m BL EOE
DERNTREITIFEAEELS . X AflH 5 EifE 200 m, FiE 100 m KNI IFE S 23 F H
LTW5,

5 il T OMRIEIX, %9 30 m, TilAKNLAR S 415 m TORMEIZ, K190m TH 5,

(2) HE

A AHSIZIX, Fig. 7.3.2-1, Fig. 7.3.2-2127~x9 & 9 [ZDhading Dolomite & FEIEXAL 5 % #14: 7
Y7V TR~ RO e~ A b EENEE D EHEHEREY J X OBL IRSERE 23 75 AR
L—(b\éo

1) Rk
A EDIEBE AT, K~BFIRaD Ra~<A bbb, 2O <A ML, —REIC
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IXERE CEUE 725 1 CTH DM, FTxll, BE 1~2m Ok LT WTHCEE Ka~ A
FMEEEEL T D, Fiz, E&7J<nﬂ£,ﬁ CIRHI &7 HB-1 LTk, Fe~A FoHZE
S3~dmDa—Y 7 A MBI P R~ NEa—YrA NERRLND, ZHbOH)E
inm L@LfimwAﬁﬂ#éWMNEE&wLEW@%mf -~ 45 ~ 60°fE 4}

THA LTV 5D, JBLOREE XM/ S < iR O @S Ic B W TEE 1~5m
%if;%\ AL BN DN DR TH D,

AHED Fa<A ML, 8% em ~ %010 cm OIERZEN, B4 ICBE SN 5,
BRI b IFICBEIN D DIX, AFRBROTESISIVVER 530 mfHITh o, &
BEMORREIT L mIZET D, ut,e Lfowbi‘ b, ZOHETHRAI S B9 L TIE,
£ 20 m (EL.507 m)f3fr £ TIFAAE IR » TIEEBRENHEEINL DD, FRLIET
i%ﬁﬁ%ié— Enn, —H, Eﬁﬂﬁf T 330 mHEOERVT, HiBE/N
Wil 12k > THem ~ 20 cm FREE DES B2 AN T 2 IR S5 1F)y, B-1 FLICIH WV THE
F£ 138 m (EL.377.1 m)T 60 cm X[HIZ D72 V IEBZHAD R STV D, £o, A5 Tkt
ORI CHEHI E 417- DDH-2 fLClE, ¥ 3 ~5m (EL.304 ~ 306 m)D X[ THIFLH 3
TOICHEREZIT TN D, ¥ LR CHREI S L7z 15 L (B-1 fL ~ B-12 fLi5 L O DDH-1
fL ~DDH-3 fL, #E&,1290 MDA —V > 7 TR—V 7 a TR BEENBERINL D
L, iR U7z B-1 FLOTEEE 138 m, B-9 fFLOEEE 4 ~20 m 35 L U DDH-2 fLOEEE 3~5m
DHTH D,

& LHEICIIHIBE O K & 2 W8 I HIE £ TO & Z AMER SNV /NRBL W (I8
20 cm ~ 200 cm) AW ONE GBS, T OWIEIZIIWIER LX<, BB 1~
2em B CRELE Y — o TEY, ¥ LI TIX N-S 205 NW-SE DM TR
PEIZ 20 ~ 30°MEHAI L T A L TV D, 2D OWELIACid, Bk L7 THACEE Re <A1
FMEIZENERFEL TR, BB RiE 2L T b, HiFX

- WNW-ESE, 40-50S
- N-S,80E~90

- NW-SE, 50SW

- NE-SW, 80N ~ 90

D 4 SO RNED HiLd,

2) RIEHERW
a) EHEHERED
JEHEHERE Y 1T, A TTIR A L8O T 100 m ~ 400 m O A5 7R ARALAIA 12
<AL TS, EFAAITHE, 5 410 m DLEO/EAID 40°FRJE & o0fme i e it
HNZHEE S A LT 5,
b) HIRHERE Y
B RHEREY O S 1%, # L8O 50 m T O K THEI S 7z B-10 LT
15m, B-11 fL°C 18 m, & AHl{R WO PRE CHHI 7z B-7 fL (f#HAL 45°) T 18 m
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3)

AT
R OAMAE DI LV A%

(R—=V U JEETITI25m) Thd,

AT

s

R AEORE,

HUE% Table 7.3.2-210 77,

REGEAM & SEhE L 7=, 4

TN AR 3 ERIZHESNHTH
ST FREE R AL YE 2 Table

TEEITW., £ 3
7.3.2-112, HAEEM

Table 7.3.2-1 Standard of Rock mass Classification( for Drilled Core)

CLASS WEATHERING HARDNESS JOINT SPACING

Very fresh. No weathering of Very hard. Broken into knife-edged

1 mineral component. pieces by strong hammer blow. over 30 cm
Fresh. Some minerals are Hard. Broken into pieces by strong

2 weathered slightly. Usually, no hammer blow. 10to 30 cm
brown crack.
Fairly fresh. Some minerals are Brittle. Broken into pieces by

3 weathered. Cracks are stained and [medium hammer blow. 510 10 cm
with weathered mineral.
Weathered. Fresh portions still Very brittle. Easily broken into

4 remain partially. pieces by slight hammer blow. 1to5cm
Strongly weathered. Most of Soft. Able to dig with hammer.

5 minerals are weathered and altered under 1 cm
to secondary minerals.
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Table 7.3.2-2 Standard of Rock Mass Evaluation

Joint Spacing

Weathering | Hardness 1 1~2 2 2~3 3 3~4 4 4~5 5

VNQ

a) X LfifE

F R E A S TR S B9 LTI RE 42m E CCHM A ERET DR
7R R L V7R DM, TRE 42m 7D 105 m DOXFE T CM B LT CM ~CL #& &
720 BREE 105 m LAETIL CL k& EARE T HEIE OIEFITHZE LR L 7o
TV, RQD I, HESM~42m OX[HTO0~74%, V¥ 34%, % 42 m~105m
DIXET 0~ 44%. 1) 6%, ZEE 105 m ~ 150 m DX T 0~ 37%, F¥ 4% Th 5,
ARSI IR S AL72 B-8 FLTIE, R 33 m ETEHEE 91 m ~ 100 m DX T
CM ~CL #%& LN CL MR DEIFLE OIEFITHE LI B L /o> TWDH A, TR 33 m
~91 m OX[ETIL CM #k, CH #kD Ll BAF 7 ik & 72 > T b, RQD I, TRE
0~33m TO0~26%., ‘¥ 2%, EE 33m~91m DX[HETO0~49%, F¥) 12%, HEE
91m~100m DX T 0% TH 5, [FU <K FIEEH CHEI S 7z B-12 FLTi, F
ALE DFEE LT= CM ~ CL kDA & Hhigi) B 4772 CM ~ CH #k D55 73 FLIE Tl
DI LUHE L TH Y, RQD (X 0~67%., T 9% TH 5, #i FEs TNl &7z B-6
LTIE, BETAMUETCM~CLEB X CM RO EE L /o> TWD N, L
SR Tl CH fk & R & L7z iy BAF 728 & 70> T b, RQD IFIEE Om ~74m
DX T 0 ~82%., ¥4 32%, 1 74m~91m DIX[ET0~22%, FH 5% TH 5,
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b) {RIERH
AR CHEHI S 4172 B-5 fL. B-7 fLCiX. CH#%. CM #k& —¥5 CH ~ B #k D b
W BAF 72 = D 7> T b, RQD IE, B-5FLC0~78%, V-4 15%, B-7 {LCT0~
78%., V¥ 21%TH D,
A==
Fe ARk A S G X7z B-1 FLIX, CH k% B E T2 RFREBTH D
. ERZERO RS HEEE 138.0 m 5D 144 m OXKENIENH D% CL DA
Mgl 7o T 5, RQD I, 0~89%, ¥ 33% T 5, RhmH A CHHEI S iz B-2
LTI EEGAM ETIIENEDORELZ CM~CLED AR TH DN, K 6.4m
~65 m [X[HE B #k & FIRIC L7 IER I B 725, TREE 65 m ~ 100 m o X f#]i% CH
ks L ONCH ~ CM kOB R B AT aiE & 72 > T, RQD IE, 1E£ 6.4~65m D
X[ 0~93%., ¥ 59%, 7 65 m~100 m DX [T 0~69%, ¥ 30%Th 5,
A TS CHRAN S 7v7z B-3 4L, B-4 L ClE, CH k. CM fk DOk B if 72 m 6 72 >
TW%, RQD % B-3 LT 0~89%, V¥4 35%, B-4 L C 0~ 88%, V¥ 42%ThH 5,
4) HUTFK
a) X LhE
A A5 5 CHEEI S u72 B-8 FL.B-9 FL.B-12 FL CIZ AL KNI ZHERR S LTV 720,
L2y B, & Lfilhioo<o0 Fifi] < Option 11 o #1 T 38 B AT A6 L CHEEI S
72 BP-1 #L (fHA 50°) <Ti&. ¥EE 56 m (EL.328.07)C. F£7-. & Adih EFOBUK D
Ho CHEEI S 72 BH-1 AL TR 81 m (EL.350.70) THl F KNS HER STV D,
ZOZEMD . FHEATIEM T RMITEO S OO LN D> THEUR KLY E5A-
LTCWAZ ERMRIND,

b) X LS

LR TREI SN A HLDOR—V 7 Ho 5 B FJINSIEV B-3 FL (4} 45°)
TR 21 m (EL.313.65 m), B-4 fL ({#H4} 80°) TIXiAEMEE 20 m (EL.308.8 m) Tl /K
NERFER SN TN D, —J7, R RS ICHRE] S 407z B-2 L CTIEALNKNL X2
T, R B THRAI S 7z B-1 /LTI, SEERITIT AL AR R S 22003, [
ZRITIRTERE 139 m ~ 144 m (EL.377.1 ~ 376.1) 2l F KA MVEEZE SN D,

5) @K
A Hh T S A7 B KRB O fE B & Table 7.3.2-312 779,
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Table 7.3.2-3 Results of the Lugeon Tests at the Damsite

Left Bank River Bed Right Bank
B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8 B-9 B-12
Depth(m) Lu Depth(m) Lu Depth(m) Lu Depth(m) Lu Depth(m) Lu Depth(m) Lu Depth(m) Lu Depth(m) Lu Depth(m) Lu Depth(m) Lu
0-5 NT 0-5 NT 0-5 NT 0-5 NT 0-5 NT 0-5 NT 0-5 NT 0-5 NT 0-5 NT 0-5 NT
5-10 NT 5-10 NT 5-10 NT 5-10 NT 5-10 NT 5-10 NT 5-10 NT 5-10 NT 5-10 NT 5-10 NT
10-15 1.35 10-15 53.0 9.85-14.85 35.86 10.8-14 12 10-15 NT 10-15 1.8 10-15 NT 10-15 NT 10-15 NT 10-15 NT
15-20 8.8 15-20 65.0 14.95-19.95 34.56 153185 3082 15-20 NT 15-20 1.2 15-20 NT 15-20 NT 15-20 NT 15-20 133
18.3-21.5 443
20-25 NT 20-25 63.0 20-25 4.49 22.8-26 36.74 22.5-25.5 3.4 20-25 10.0 20-25 NT 20-25 9.11 20-25 29.0 20-25 NT
25-30 2.7 25-30 55.0 25-30 3.19 26.0-30.3 NT 255285 268 25-30 1.40 25-30 NT 25-30 11.0 25-30 31.0 24.4-29.4 52.0
28.5-31.5 4.14
30-35 17 30-35 34.0 30-35 453 30.3-33.5 43.8 31.5-345 1.37 30-35 27.0 30-35 7.75 30-35 NT 30-35 28.0 30-35 NT
35-40 NT 35-40 38 35.6-40.6 5.33 37.8-41 2.00 34.5-39 1.86 35-40 1.48 35-40 3.10 35-40 31.8 35-40 18.0 35-40 0.13
40-45 23.9 40-45 26.0 40.5-45.5 15.09 41-44.2 257 39-435 2.93 40-45 1.30 40-45 1.70 40-45 NT 40-45 22.0 40-45 5.18
45-50 NT 45-50 17.0 45-50 NT 44.05-47.25 645 43.5-48 3.08 45-50 2.10 45-50 2.15 45-50 1.23 45-50 25.0 45-50 1.0
47.2-50.4 1.57
50-55 16.21 50-55 15.0 51.3-56.3 211 51.3-54.5 2.45 48.15-54.15 4.33 50-55 1.60 50-55 5.02 50-55 15.0 50-55 NT
55-60 223 55-60 14.0 56.75-61.75 2.71 55.8-59 1.64 54.15-58.65 4.61 55-60 1.0 55-60 2.88 55-60 14.0 54-59 192
60-65 117 60-65 13.0 60-65 NT 59863 162 58.65-63.15 1.46 60-65 1.40 60-65 121 60-64.95 12.0 60-65 NT
63.4-66.6 522
65-70 1.0 65-70 18.0 64-69 2.50 67.97-71.17 2.38 63.15-67.65 0.90 65-70 2.90 65-70 NT 65-70 NT 65-70 0.61
70-75 1.7 70-75 5.0 69.9-74.9 2.00 72.3-77.3 1.05 67657215 126 70-75 2.35 70-75 18.0 70-75 NT 70-75 NT
72.15-76.65 0.93
75-80 1.49 75-80 6.0 75.05-80.05 179 77.4-82.4 1.27 76.65-81.15 137 75-80 NT 75-80 45 77-82 2.0 73.35-80.35 1.36
80-85 1.67 80-85 NT 80.2-85.2 210 82.65-87.65 2.00 81.15-85.65 0.46 80-81.2 1.38 80-85 18.3 80-85 NT 80.65-85.65 3.86
85-90 1.04 85-90 7.0 85-90 1.50 88.6-93.6 1.30 85-90 NT 85-90 6.49 85-90 NT 85-90 NT
90-95 11.7 90-95 9.0 90-95 NT 93.7.-98.7 105 90-95 NT 90-95 224 90-95 NT 91.3-96.3 3.86
95-100 0.57 95-100 10.0 95.5-100.5 2.55 96-100.5 0.88 95-100 139 95-100 7.0 95-100 NT
100-105 NT 99.1-104.1 1.42 100-105 NT 100-105 1.72
105.8-110.8 4.49 104.3-109.3 2.09 104-109 6.0 105-110 12.6
110-115 NT 110-115 NT 110.2-115.2 10 110-115 NT
115-120 1.76 115.5-120.5 3.39 115-120 NT 115-120 5.08
120-125 NT 120-125 NT
125-130 0.84 125-130 NT
130-135 NT 129-134 7.0
135-140 NT 135-140 NT
140-145 NT 140-145 NT
145-150 1.6 145-150 5.0

Remarks: NT stands for No Lugeon Test
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a) XLfiE

R A R S 72 B-9 AL T, EE65m ETLu=10~30 & K& 7
B E R T O L, RE 65m~150m DX Tl Lu=5~ 10 & @AM/
S poTWVD, fHL, ZOXMTIEERBICHNENEEL TWAHTZD, LIF
ARERNEM N TWD DI 40% DX DA TH D, Fm I CHE S v
B-8 fL. B-12 fL CIEHFEAE30~40m £ T, Lu=10~50 & k&<, ZHLIETIE Lu=1
~ 3 FRE L ARICHEKMEITNEL o TS, L LR, EEICBWT HIEK
PED R E 725 MIFAEL TR Y . B-8 fLOTEE 70 ~ 100 m O X[#TiX Lu=10 ~ 20
ZRLTWS, B FESCHAI S 72 B-6 LT, Lu =1~ 3 @AM/
SV, TEEE35m £ T Lu>10 DX 2 TR 6N D,
b) AT

AR CHEHI S 4172 B-5 fL OV oA BRI X[ 22.5~100m) | B-7 fL ()b
AR IENIX R 30.0 ~50.0 m) Tik, HMEEBEOB AL LU=1~4 L/hE0,
B-5FL® 15 m Tt THEHI STV % DDH-1 FLCIEIEE 27.7 m £ T Lu>50 & FEH I
BKMENKRE L, RERZMLUETLU=1~4 L/NESRFBAMELRSTNS, 2D
END, B-5 FLTHRBRDN TN S LTV RWEE 0 ~ 225 m K BRI RE VG
DEHESND,
c) X AIFE

Fe AR i A s ORI X A7z B-1 4L CIEL TRFE 20 m ~ 55 m O [X[# T Lu =15 ~ 30
EBAPENKRE VA, ZRUATIZLU=1~2 EFEAMEITNEV, LLARND,
TR 100 m LLE Tl VA v ikBRI% 40% D X C LovEf S TH 59, £560 cm
DVERZEFAPHER STV DIRE 138 m (L Tidk, KERBAEICR->TNDH D
EHEESND, AmPIEE CRAI &7 B2 JL Tk, BETOM ETLu=13~65 &
RERBAMEZRL TSN, RETOMLIETIE, Lu =5~10 L0/ S8k
M7 oTD, #hm T CHRAIS Lz, B-3 L. B4 4L TlE, HE25~35m £ T
Lu=30~40 L FJAKMENRKRENA, ZRLIETIE Lu=1~5 E@AKMEIT/NE W,

(3) HUWE L AYRHM

iR OHER DI LG KRR EZ G AR —U 7 ORI LHETT 5 &0 F LA HURITxt
L CULF O EARMERIRHI 2 e S b,

1) F SIS T TR L EERO Fa~v A, RS H LTS, 2O RKa~A
NI R ER A CREYE OFRE & /N S W3, ﬂhﬁ@%ébt?ﬁ%mmﬁﬂmﬁ_m
oD, X LAHME TR SR =Y o ZORER T, 2L CH DS BifkD
BAF e s TRERIX CH k% ER L 32 CH ik ~ CM OB R BT 728 L 0 725
TW5b, —J7, AFRNERIRISEVEAR S 2 RV TR E 838 ZE L TEB Y |
:7DX@E%%Eﬁ%:7®%\#§w@ b H R CHEE < B-12 L (i
ANAEE LD 15 m F) Tik, #5225 30 m LLE T CH ~ CM #k o ELEREY B 70 5 A%
DA LTV D,

PLEDZ et Ao EMEERIIEm S 140mkoa 7 ) — hEHRNA LEREE L
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TR 2 A3 5 b D Ll SN s, L Lensb, AFMOERIRIEIZ OV
TIX D/D B IC BV TRARSLZHI L, SBIEREHERET 5 & & b, RALERERIC &
DETE, EABITREOMHREZ1T O ZENBETH D,

2) NWIFURBOFGRIZL D & Lu=10 UL EDO K& 72B K VE A R 3o 138 T HER
DOIRET0m, ARERITTHENSIEE 40m £ TORMTHDL, TNLETITARRE
%@*%%@%@m¢imé<ﬁb Lu=2~10 £720F Lu<2 & 2> T\ 5, JilEH

TREE 30 m AHT & THAMEN K E WA, TNLUETIZ Lu=1~4 @ KMEIR/hE
<ﬁofw5 AR CIRWVERE £ TEARENRKRE LS 2o TN D DL, Ak
D= DEEIR N OREADPIEIBICE TRATND Z ENFIN EHEE SN D,

ARHR OIS OB ARMEIL, LT OB N OERZEHOZEII/ NS, HEAOH
HEOANEREHIC I INTWDEIHDEE X BND, LTeRno> T, dAREDOE N Y —
AR LTI RSN TWD A N IO F o T aEATHZ L1280,
o3 IEAKALEE A R BE & flr S D,

- EEOB KRR Mo TIRAZ /NS g5 TWNWH I &
- HITFAMREEE BIEWS OO LN ST ERLTWAZ L

- X AHUE TR ST RIER 1,290 m AR — Y o 7 CHIFE ICIR BB AR B 2 X
NOOBRMOTINTHDZ &,

3) 7 I v M EFEMICKRETT D 720121, A OFE KM & T KA OHEHE A3 A AT
KT D, AT T AN TLENZE 2> ThTMIZ ER L Tnd Z L
BERTETWDEHLOD, BRI TWDH I KRAITE AN LY 70 m L EKWZE T
HD, 1o T, DIDEEICRB W TIETMFEE H. S HICHHAITTO R T KN ORI L E
Thd, )TRRZFEBIINNS DR —V IV ERITHENSDODERR—Y 7%
Fhid 5 L E2RET D,

4) HAHSIZB W THT R i35 < . X AIENCKEE X723 X 9 IRV R
R S oA L7y,

7.3.3 K& - HEmH#A (Option-ll)
(1) HE

Option-1l D LA 77 M, BUKA, #FFEIT, Bk A 2 /A7 RICHED S 4 R RARED
IZRIT 2D TH D, BKKE b RVORE ST 170 m, FokKEE b2 2L O X135 100 m
T, B#EVITRK230 m TH D, M FREITFEHLRIE, BARFLE &0 ABARE 2 E
7o, VI, ERES A THRI 90 my ARIRHAE N HIFKI 50 m LR o TS, BUK AR
ROFERIRFEIZALE LT Y | i OBRHIK 50°Th 5, ok DT RAR O ALARIR 1A E
LTWb, ZORmIX, 25 390 m LLETiX, 55~ 65°D 2t m & 72 L T\ D25, 425 390 m
VLT CIEEHEHEREY DR 0 LT D728, 30 ~ 40° DR/ 728 & 72> TV D,
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(2) HUE

K - FEEATHLAIX, Fig. 7.3.2-1, Fig. 7.3.3-LIZ R T LS IZX 2% A4 FEFRIL Re~<A b
DB KoK RT3 IRHERE Y & IR EESEHEREM A3 04 L T D

1) HUNFEERT - KB v

FEEEATHLSICHREI &7z BP-1 FLOFERIC L 5 &, i FRETH A 2EICE N E O
FBELI-Ro~A bbb, EE10~77m T CM#kZE FiAE L, —#5i2 CH #&,
ﬁ%ﬁ@?é%ﬁk&OTWé#\%E7ﬁnuﬁfiﬁhﬁﬂ%§LtCLﬁ®E@&
725 TV 5, RQD I TEE 10~ 75 m DFEIT 0 ~ 47%. P-4 9%, %% 75 ~ 100 m T 0 ~ 13%.,
V1% TH B,

FHEDOBE KL, BP-LILTONL YA U HBOMERICE D &, EE10~52m FTLY
FUEA LuU=10~30 L REVWHOD EE L L BTV A EITNES 2D EE 52 m
~70mTLu=3~6, BET70~100mTLu<2 &£72-> T35, HFKNIZ, ZEE 56 m
(EL.328.07 m) CHER S LT 5,

IKEE N VBRI Fa~ A MLV 25, KEREHIZ IR D K& 2B i
LD EDEZ N HH, BH-1 L. BP-1 fL. B-9 ?L@ﬁ%z’» %#I I35 & KRR oD
Fa<A4 MIZERNEIZRZELZEHONZNED EHTEINS,

2) Huknm

BUKAPEMSOREIL Re~A bbb | BEERREHERWIZ AN LT,
HoK s CHEEI S 72 BH-L ALOFERICE D L. E39 m £ T CH#MAE EiRE Lz
P B 72 a0 A LT D A8, TREE 39 m LAIE TIL CM ~ CL #%. CL#ROEILH @
LT AL > TS, ROQDIE, FE3m~39m DX TO0~88%, 1) 32%, &
FE39m~90m DX TO0~31%, FH4%THD,

S DT KPEITIREE 15 m~45m T Lu=28~90 & IEFITRE VS, EE 55 m LIET
T Lu=05~3 L/hEL<L o TV A,

3) Huokn

HOK O T ERAIIIFES O Ka~ A N EZNEE D FIRHEREY) ., EHEHEREY 0 545
LTW5, EHEHERITHOK 0 ME T 5 & L4 R RAR O IR IR 94 L TR Y,
Kok O HREl S vz BH-3 FLOFERTIE, F30mDEX, BH-3FLEL Y 40 m &ML

WCHEHI SN BP-1ALTI0 mDES LR ->TW5, /-, Fu~wA b ERHEREY O
B RSV 39.9 m (EL.291.9 m)ICHERR S5,

(3) HVE TorAUREAN

1) FHHINTWAHIFREO 7 —F 5, BP-1 fLOTEE 60 m fFiTIZfiE LT\ 5,
BP-1 FLOO#E B CITVEEE 10 m 1 HIEE 77 m £ TO XM TIE ER A B3R E 0 CM #%
DEBENHR Y | FEITZEN FTEICHEY T 2E 77m 6 FliVH 0% L7 CL &
DML IS TS, T —F EUHEOBUE 50 m ~ 65 m X[ RQD X, 0~ 47%,
¥J18% L 7e > T 5,
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2) HITRE

175 RMR =43 ~ 48,

D], ZER L TE

3) LR L7-HF¥E

%Xﬁjﬁéﬁfﬁb

N5,

ma AT DA
DIFETE LT~ CL MM DSATIREEDS B & 73l
HHH 5,

4)  ZEIRYEEIRFOEKIZEI L Cid, #F KA ARV 2
LoV F RBROE R TIE

AT O S IR BE X, Deer (1967) @ RQD D4y
V) I, Bieniawski (1989) @ RMR D43 4E T, Table7.3.3-1 12777 L 9
FEEEFTZER TS RMR =27 =37 & 720 | 7 —F i [ i
VER ] LRSS,
FHMX, BP-1 FLOFER DRI SN2 D TH .
Lo TELY, 7T—FHEkIC

PETTIE,

& (T—
IRPED NS NI &b

FHEBOKI5m LER)
FBBAKEIT DI b O LT S

f}'El% —icn b\J

[

T —F AT

ElLH
CL #hAan

BP-1

5) HuK O S CHERI X7z BH-1 ALOFERIC L 5 &, REE 39 m & Tl CH %D B 720

MR L TR, BUKA 7 — hLyiofiEl

F 72, Buk o ofinE
6) Sk HLEIZ

N N D0 D,

Table 7.3.3-1 RMR of the Underground Powerhouse of Option-11

[CRERIIET RN D L S D,
T D BHANZ VTR W EFEHERR Y O~ 0 #1355 40 L TVh7Ruy,

LR S SEHERR Y & R HERE 23 5 L CR Y . UK DEIIE &4 10 m
DO RHEFEM O FITAIET D 27D, 2. EEH 20 m Ofokn

EREmITT

Arch Lower portion of Cavern
Strength of intact rock material 50-100 Mpa 50-100 Mpa 25 - 50 Mpa 25 - 50 Mpa
Rating 7 7 4 4
RQD < 25% <25% < 25% < 25%
Rating 3 3 3 3
Spacing of discontinuities 6-20cm 6-20cm <6cm <6cm
Rating 8 8 5 5
Condition of discontinuities SR&SW. SR & SW. SR&HW. S'SR“j‘(;i':j/ZdtO
Rating 25 25 20 15
Groundwater condition Damp Damp Damp Damp
Rating 10 10 10 10
Discontinuity orientation Fair Unfavourable Fair Unfavourable
Rating -5 -10 -5 -10
RMR 48 43 37 27

< Note> S.R; Slightly Rough, S.W.; Slightly Weathered

, HW.; Highly Weathered
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7.3.4 JKEE - FEEH A (Option-llib)
(1) HE

Opition-lllb D LA 7 7 ME, ¥ LflO#K) 250 m LA AR ICBUK O 23R E L, & 2
O BT MK 1.5km O/KER & HUFREIT A4 3% (T, Madi Il & O& AT H K& <
H—T L TCHET 22T 4 (F2HBEOK5km Fik) ([ZHKkTH2HDTHD, KB
FoUVE, B AKHA F A R AL TS A SR 600 ~ 1,000 m D EARICEA LTV, L0 i
K LR HEC 200 m ~ 650 m,  Hi N RS EEATHIA TIE 300 m ~400m Th b,

(2) H'Z
1) HUTFIEEFT - KB b oL

K b RGEHIIZIE, Fig. 7.3.4-1, Fig. 7.3.4-2, B X OFig. 7.3.4-31Z7 T L H1C
BN TRCE (B LORHBCEE THOE) 23, Tl Re<A E34Sfm L Tnsd, B
KA DD FHEA) 700 mO XEIZIZ THCE 23, £ O Filo, KEEFER, HFRETT, Hok
0% &T0KEROK 60%DXEIZIE Re~A ERGALTHDHO EHEEINLD,

THEE., Fe~vA NBXORZED FALOMHGE O JEEm O FmiL, E-W, 45-50S 7210 L
NW-SE, 45-50SW T& 0 . k> R/VENCSEATIZHEW ST & 7> T D,

2) Hukno

UK O RS, TARCE ., MSHCEE THCE 23040 L5, Bk O s CHEHI S vz
BH-4 JLOFERICE D L, HFENDIRE 35 m AL E T, BNHORELETHEND R
0. FRIZEE 15 m 25 35 mIZ/ T Tk, 27 B ARBINS /NS i v B RS
NTNWDEDHTH D, EHEOFAMET Lu=2~8 & &RIT/hE < HUFKALIZRE 18.7m
(EL.408.3 m) & E\MLIEIZH D, BUK H2MIE T 2 R ZER 40°FEE & HEHFEC T
HDHNEVEHEHEREYII M L TR LT, I EL GRS,

3) kK

HBOKOHLEIX, Fe~<A I 62 2B0F SHEANIAIE L TRV | FEITHLR) 5 E
T D Re~A A0 L TWD, ok s odbdb i 100 m oS OE TIE, K
~ A MIEEE R BEAKHCS S L TR Y, LR RIC D> TERHD G 5 IT7EW
MEHCEE TS, THREE~EZE LTV D, BokOoMimix Fe~ A b & BaSa, K
MU E THOE & ORI OUBINLE L TS Z E0E, R~ A ISR, kit
AETHABN —HICHIES N TWAREEMENH 5, HUK D HLRIZIE, BWREHEREY

I3 LTz,

(3) HVE ToEAUREAM

1) EKEE R 1,000 m D H B BUKE D BHEKE b2 kLRI OK) 70%0 X [H
IETRCE . MBCEE TRCED B2 0 . Tlo 30%DXMiE Fe~A MLV 7edb0
EHEESND, ZOTHEA E Fa~ A ME, - IS BRI IE N2 Bk s
Tﬁ%?i%@?%bfwé%@kﬁﬁéﬂfwéﬁ H LA FRITCIE IS b |
HIRBEIHIZ BT HHBO K eWifE 2 R 2B IR I TWARY, £, T
&Ewﬁﬁﬁ@%mm%/zw%k (T AT THI 45-50° RN BR L TV D 7ed,
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BRHZIR 9 ¥ — AR S DB H BT 5 L 90 2 55121X F U xVRANZ & 5
TP LHHFE LVIREE L ITF 2208, F o RURHINE LS REEC e D 2 & b7
,

2) KEEK, HFREFHAIZRe~A ML s, HFRETHAMI T Re~<A
N B O & 13 200 m LR GKOFE L TolE 300 m FREE) & HEE S, TR BT,
K 2 RE S 5 DI+ R7RIEN Y 2> TOD b0 L EZ BIND, AHUED Ka
~ A M, HIRFETE T OBLEE CITEEE T EIN A O D720 RIS TH D28,
HIUF YR 351 B MR ES K OV R D I3 0 13HERR S LT wy, BIFE, JEETHE
SUEREC NEA 2ATAER— U v A EHTCTHHA, T 6 OTER REBRAT 5 L &
b2, DID BRI\ T, BAMYIIS L OFHAREIN ) b OFA R —V o 7Ic kY|
EAEOMEIR & HKDIER Y &R T D 2 L ALETH S,

3) MukpHiSiL, BEAHEEFECRER o~ b6 TEY, K& ARETR
WH O LTSN D,

735 H#EShLIEREBOMMKE
(1) HAENRBRAE R

AREFEHLE THREI SR —U v 7 a7 OERNRERGE S 4 Table 7.3.5-1, Table 7.3.5-2.
B X OTable 7.35-3127~F, Fu~A b, ¥ilCE RS OE « WK, — il G EE
SRR IILL FoEY TH 5,

Fr<o b

Lo 5 2.64~2.82 (V¥ 2.74), Wk ;0.17~0.79 (*F45 0.38)

— B EARTREE ; 20 ~ 100 MPa ((F-#) 54 MPa) |, 513E5REE ; 6.9 ~ 20 MPa (*F-¥4 14.8 MPa)
ttCE / THRCE

Lo ;267 ~2.78 (¥ 2.71) WoKER ;027 ~0.69 (% 0.52)

— Bl EHETREE 5 16 ~ 105 MPa (“1-¥ 59 MPa) . 513RIEE ; 7.6 ~ 18.7 MPa (*}-¥) 14.2 MPa)

—HREAEIRAE T R~ b OGS THCE & BITRESIEEOV TN DA, it

RIENOWUINT T 7 OFFER F B ORREN AR RICKRE KRB L TWDH D EE X
5o,
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Table 7.3.5-1 Physical Properties of the Drilled Core

Drill Hole Depth Specific Absorption
No. (m) Rock Type Gravity %
B-2 25.00 - 25.55 Dolomite 2.75 0.52
B-2 59.15 - 59.75 Dolomite 2.76 0.43
B-2 99.00 - 99.50 Dolomite 2.74 0.35
B-5 37.55 - 38.10 Dolomite 2.75 0.35
B-5 63.65 - 64.50 Dolomite 2.72 0.19
B-7 33.00 - 33.50 Dolomite 2.76 0.37
B-9 32.00 - 32.50 Dolomite 2.75 0.17
B-9 85.00 - 85.30 Dolomite 2.75 0.36
BP-1 64.00 - 64.40 Dolomite 2.64 0.32
BH-1 44.00-45.00 Dolomite 2.82 0.54
BH-2 36.65-37.55 Dolomite 2.73 0.14
BH-2 47.35-48.00 Dolomite 2.71 0.45
BH-3 49.55-50.00 Dolomite 2.73 0.79
Averaage 2.74 0.38
BH-2 4.00-5.00 Dolomite (Fragment in Colluvium) 2.66 0.38
BH-3 3.50-4.00 Dolomite (Fragment in Colluvium) 2.75 0.84
BH-5 5.50-6.00 Dolomite (Fragment in Colluvium) 2.66 1.44
Averaage 2.69 0.89
BH-1 24.65-25.00 Dolomitic Quarzite 2.62 0.38
BH-5 26.00-26.50 Dolomitic Quartzite (Fragment in Colluvium) 2.74 0.48
BH-6 5.10-5.70 Quartzite (Fragment in Colluvium) 2.71 0.24
Averaage 2.69 0.37
BH-4 43.53-44.00 Slate/Phyllitic Slate 2.68 0.27
BH-5 42.00-43.00 Phyllitic Schist 2.67 0.61
BH-6 22.13-22.50 Phyllite 2.78 0.69
Average 2.71 0.52
Table 7.3.5-2 Tensile Strength of the Drilled Core
Tensile Strength
Hole No Hole Depth (m) Rock Type (MPa)
BH-1 7.28 t0 7.50 Dolomite 6.9
BH-1 8.65 t0 8.93 Dolomite 8.6
BH-1 14.41 to 14.64 Dolomite 13.9
BH-1 30.15 to 30.51 Dolomite 20.0
BH-1 30.63 to 30.89 Dolomite 15.9
BH-1 31.03t0 31.30 Dolomite 19.6
BH-6 31.60 to 31.84 Dolomite 13.8
BH-6 32.17 to 32.46 Dolomite 15.9
BH-6 32.50 to 32.76 Dollomite 18.9
Average 14.8
BH-1 25.08 to 25.39 Dolomitic Quarzite 20.7
BH-1 27.67 t0 27.98 Dolomitic Quarzite 20.2
BH-1 29.30 t0 29.60 Dolomitic Quarzite 19.3
Average 20.1
BH-4 53.80 to 54.10 Slate/Phyllitic Slate 16.2
BH-6 23.48 t0 23.82 Phyllite 18.7
BH-6 35.13t0 35.48 Phyllite 7.6
Average 14.2
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Table 7.3.5-3 Uniaxial Compressive Strength of the Drilled Core

Nam;tz)fleDrllle Depth of Sample(m) Rock Type Umgﬁ:};?lr?&szs)swe Remarks

B-2 25.0-25.5 Dolomite 72.3
B-2 59.15 - 59.75 Dolomite 91.6
B-2 99.0-99.5 Dolomite 77.8
B-3 11.35-11.70 Dolomite 42.8
B-3 55.68 - 56.17 Dolomite 44.8
B-3 97.70 - 98.10 Dolomite 35.1
B-4 18.55 - 19.00 Dolomite 89.9
B-4 54.17 - 54.50 Dolomite 140.2 *-1) Crystallized
B-4 104.78 - 105.16 Dolomite 60.0
B-5 37.55 - 38.10 Dolomite 49.5
B-5 63.65 - 64.5 Dolomite 22.3
B-7 33.0-33.5 Dolomite 14.8 *-2) Foliation
B-9 32.0-325 Dolomite 74.5
B-9 85.0-85.5 Dolomite 34.8
BP-1 64.00 - 64.40 Dolomite 19.9
BH-1 4.24 t0 4.39 Dolomite 99.0
BH-1 17.00to 17.15 Dolomite 78.0
BH-1 37.351t0 37.51 Dolomite 24.6

Average 53.9
BH-1 8.33t0 8.50 Dolomitic Quartzite 125.7
BH-1 15.47 to 15.61 Dolomitic Quartzite 13.7
BH-1 24.17 to 24.35 Dolomitic Quartzite 169.4
BH-6 8.3510 8.56 Schistose quartzite 22.9

Average 82.9
BH-4 44.76 to 44.89 Slate/Phyllitic Slate 82.8
BH-4 48.86 10 49.00 Slate/Phyllitic Slate 75.5
BH-4 51.65to 51.79 Slate/Phyllitic Slate 104.7
BH-4 83.22 to 83.37 Slate/Phyllitic Slate 17.3
BH-6 26.00 to 26.17 Pyllite 3.1 *-2) Foliation
BH-6 36.47 to 36.59 Pyllite 15.5

Average 59.1

*-1): High compressive strength because of the crystallization. This data is excluded from the average.
*-2): Low ompressive strength because of remarkable foliation. This data is excluded from the average.

(2) FHEEYH R OHEE SR

ARG RS W TR E OB RRER DY FHE STV RN oo, SAEIEY SERE O A%
WPk Table 7.3.2-212 77 3 &3l £ RMR(Rock Mass Rating) 2> 5 LT D L 9 IZHEE L7z,

A L Option O FREFTHIAICE L Tk, MEREEORE, HER—V 70
R BN a7 RBRORE B DAL L RMRAZ SR, Z O & RMR2)> & JEfE 4%
OYPEEHEE LTz, MEOHEEIZIT, BEIE SR o [EBEEAM & & 8% M o B % )

(Table 7.3.5-4) . [RMR & J{4:£5%8 D B4R ) (Hoek and Brown 1997) . RMR & & AU Wris & o
BAf% ] (Bieniawski 1999, Aydan 2000)% H\ 7=, —J5. Option IIbD 7K, Hi FHRERTHLAIC
B L Cid, BUKOH S LAMIAE THENFE S TR N oD, HREEORE RN OHT
G DR & RMROHETE 217\, & LS & [FEED 515 CEBmME 2 HE Lz, #EE
SN T BAEEY LR A O % Table 7.3.5-512 187,
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Table 7.3.5-4 Rock Mass Classification and Mechanical Properties

Modulus of deformation Modulus of elasticity Shear strength
Rock Class > > >
( kgficm?) ( kgficm?) T o (kgflcm?) ¢ ( Degree)
A-B > 50,000 > 80,000 > 40 55 - 65
CH 50,000 - 20,000 80,000 — 40,000 40 -20 40-55
CM 20,000 - 5,000 40,000 - 15,000 20-10 30-45
CL < 5,000 < 15,000 <10 15-38

( Kikuchi et al, 1984, JSEG ; Rock Mass Classification, Engineering Geology Special Issue. )
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Table 7.3.5-5 Estimated Mechanical Properties of Foundation Rocks

Option 11 Option IlIb
Dam
Underground Powerhouse Underground Wtaerway_ _
River bed Left bank Right bank Arch Lower portion of Cavern Powerhouse Dolomite Rock Coveris | Rock Cover is
less than 40m_| larger than 40m
Strength of intact rock 50-100 Mpa 50-100 Mpa 50-100 Mpa | 50-100 Mpa | 50-100 Mpa | 25-50 Mpa 25-50 Mpa 50-100 Mpa 50-100 MPa 25-50 Mpa 50-100 MPa
Rating 7 7 7 7 7 4 4 7 7 4 7
RQD <25%, 25-50% | 25-50%, 50- <25% < 25% < 25% < 25% < 25% 25-50% 25-50% < 25% < 25%
Rating 5.5 10.5 3 3 3 3 3 8 8 3 3
Spacing of discontinuities |6-20cm, 20-60cm| 20 - 60cm 6 - 20cm 6-20cm 6-20cm < 6cm <6cm 6-20cm, 20-60cm | 6-20cm, 20-60cm <6cm 6-20cm
Rating 9 10 8 8 8 5 5 9 9 5 8
Condition of discontinuities | SR&SW. | SR&SW. | SR&SWI I gpesw. | sR&sw. | sSR&HwW. | SR&HWIO | g pesw. | SR&SW. | SR&HW. | SR&SW.
S.R.&HW. Slickesided
Rating 25 25 225 25 25 20 15 25 25 20 25
Groundwater condition — — — Damp Damp Damp Damp Damp Damp Damp Damp
Rating — — — 10 10 10 10 10 10 10 10
Discontinuity orientation — — — Fair Unfavourable Fair Unfavourable Fair Fair Unfavourable | Unfavourable
Rating — — — -5 -10 -5 -10 -5 -5 -10 -10
RMR 54.7 61.8 47.6 48 43 37 27 54 54 32 43
Good to Fair Good Fair Fair Fair Poor Poor Fair Fair Poor Fair
Rock Evaluation CH CH-B CH-CM CM CM CL CL CH CH CM-CL CM-CH
Rock Type Dolomite Dolomite Dolomite Dolomite Dolomite Dolomite Dolomite Dolomite Dolomite Slate/Phyllite | Slate/Phyllite
oc (MPa) 35 - 100 (Ave. 65) 15-105 (60)
Specific Gravity 2.64 - 2.82 (Ave. 2.74) 2.67 -2.78 (2.71)
Absorption (%) 0.17 - 0.79 (Ave. 0.38) 0.27 - 0.69 (0.52)
Estimated Modulus of elasticity
Ed (MPa) 1) 7,900 11,900 5,300 5,400 4,000 2,900 1,600 7,600 7,600 2,100 3,900
Ed (MPa) 2) 4,000-8,000 | 6,000-8,000< | 2,700-6,000 | 1,500-4,000 | 1,500-4,000 <1,500 <1,500 4,000-8,000 4,000-8,000 | <1,500-2,700 | 2,700-6,000
Estimated Shear strength
C(MPa) 3) 2-3 3-4 2-3 2-3 2-3 1-2 1-2 2-3 2-3 1-2 2-3
C(MPa) 2) 2-4 3-4< 15-3 1-2 1-2 <1 <1 2-4 2-4 <1-15 15-3
¢ (Degree) 3-*) 25-35 35-45 25-35 25-35 25-35 15-25 15-25 25-35 25-35 15-25 25-35
¢ (Degree) 2) 40 - 55 48 - 60 38-48 30-45 30-45 15-38 15-38 40 - 55 40 - 55 26-38 38-48
¢ (Degree) 4) 47 51 44 44 42 39 34 47 47 36 42

1) Ed=@ qc )/10 x 10RMR140 Gpa  qcB < 100MPa, Hoek and Brown, 1997
2 5

) See Table 7.3.5-4
3) Bieniawski, 1979

4) $=20+05xRMR, Aydan, 2000

5) Average uniaxial compressive strength for the calculation Ed 1) excludes the test results affected by micro cracks or shistosity.

* Relationship between the shear strength and RMR proposed by Bieniawski is applicable to slopes only in saturated and weathered rock.
The cohesion is one order of magnitude higher in the case of tunnel. (B. Singh & Goel, 1999).

According to this statement, C proposed by Bieniawski is decupled in this table.
Bieniawski are somewhat conservative. According to Mehrotra, 1993, ¢ values are lager than that of Bieniawski.

The difference between both ¢ values is more than 10 degree.

3-*) Furthermore, Mehrotra, 1993, pointed out that values of

4= L£ L C
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(1) WAETHE
ARFHHE S CHRERERMEBI O 27 U — MEMIZE LTI, NEAIZE D BT )11 &
Madi)l| DT PR 2 kp 52 & U 7= A 23 F M S v, 2 DG F X Feasibility Study Report on
Upper Seti  Storage Hydroelectric Project, 2001 (by NEA) & Additional Geological and

Geotechnical Investigation Final Report, 2005 (by NEA)IZH D £ L BN TS, ZIH O
At i, FHA LK E % Table 7.4-112, FAANLE % Fig. 7.4-1LIZ777,

Table 7.4-1 Investigation Area for Concrete Aggregate

Name of Area Location Number of Test Pits | Number of Sample Remarks
GMA Madi River 4 5
GMB Madi River 2 2
GSA Seti River 4 5 Feasibility Study
GSB Seti River 3 3 by NEA in 2001
GSC Seti River 2 3
GSD Seti River 2 2
GSE Seti River 2 2
GSAA Seti River 4 9 Upgrading
GSAB Seti River 5 16 Feasibity Studey
GMAA Madi River 7 10 by NEA in 2005

(2) FHERR

FRATHE SR A Table 7.4-23 L U'Table 7.4-312 7~ 3, RZEEAHAIZBE L Tl H\Aric &k 221 kR
RE L BRI R VMEINNIC & 5, LT 2.67 ~ 2.74, WK3(1E 0.15~0.35, Z1E
PEIL 05 ~21, T OIY EEIL29.8~373 TH Y, WTILHASTMENE JISHEZ - L
TWb, 7B VEMBIGEER ((B5F%) TiX. Sc =530 ~ 1,300 mmol/l, Rc = 15 ~ 65 mmol/I
EWIRERDEFLNTEY . RUSHEZ AT 288 LRl S D,

BAF RIS LT, JldE S 7z 10 MR oA 3T, 14,200,000 m* L 72 0 | HiRISY O 720
M A RE LA T b KR THE L 72 5 1,300,000 MO E A IZ BRI o e
TEHLDEEZLND,

RWHELISNTIX, FLERERO Fu~A FadRe LTHAESHLTWD 2, MEIC
DWW T I Table 7.4-2iZR" 4 X 91287 4 I, Madi)l| OWRWEEL FIZR L THL, ZOF
VA MIYLAHEICEBGE T DD TH Y, Z LIS D Fr~A b bIRIEE Tt
WeEHEE SN D,
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Table 7.4-2 Test Results of the Concrete Aggregate (2001)

GMA GMB GSA GSB GSC GSD GSE

Particle Size Distribution

Gravel (4.76mm <) 0-615 29.1-58.7 6.3-70 65.9 - 74.8 0.2-35.8 55.5-59.6 60.0 -61.8

Sand 37.4-94.4 40 - 68.6 26.1-86.8 17.7-32.0 62.3-93.6 35.8-42.7 338.3-36.8

Fines (< 0.074mm) 1.0-5.6 0.4-23 4.0-87 1.3-15.2 1.8-6.2 1.8-4.9 14-17
USCS Classification GP, SP, SP-SM GP,SP GP,SP,GP-GM GM,GW SP,SP-SM GP GP,GW
Area (m?) 160,000 700,000 21,000 120,000 74,375 393,125 297,500
Thickness (m) 2.05 2.35 1.75 2.85 2 25 25
Volume (m%) 328,000 1,645,000 36,750 342,000 148,750 9,828,125 743,750

Table 7.4-3 Test Results of the Concrete Aggregate (2005)

GSAA GSAB GMAA Left bank upstream of dam

Particle Size Distribution ( Dolomite )

Gravel (4.76mm <) 2.5-60.2 0.5-63.8 1.6 -63.9

Sand 58-474 30.1-72.8 39.8-944

Fines (<0.074mm) 45-915 2.9-65.1 01-121
USCS Classification ML,SM,GP,GW | SM,ML,GP,GW | GP,SP,SM,SW
Soundness(Na2S04) 18-21 05-25 1.3-1.9 12-14
Abration 29.8-34.3 28.9-337 33.9-37.3 225-233
Alkali Aggregate Reaction

Sc mmol/l 527 1305 664 - 693

Rc mmol/I 65 15 32-33.3
Dry density 2.73 2.72 2.67-274 2.67-2.70
Absorption 0.15-0.30 0.17-0.35 0.2-0.3 0.15-0.23
Area (m?) 38,500 80,600 427,500
Thickness (m) 2 3 1.97
Volume (m°) 77,000 241,800 842,175

(3) HUE LAY

1)

2)

ZAHE T RO' T 4 )1, Madi )1 ORI AR HIRL S 23 2V MBI 8 5 A3,
Koy DI WHLE 2 RET D Z &, kiSOG EITH)> 2t Tar s U — ek e L
THATFEELEZOND, £-, MERDOHETH FOICHLERENHERTE D0 Lf)
Wrsh o, 700 VEMBISIZE L TR, BOSHERE &V 9 BBREE RS ST
DM, BUESER STV DEEORBRIZ Ka~A b X 9 22 RIS 21358 LTV
RN ENEL . DID BB TCIEEA X A A—EER ST S SICEEMAR TR - EE ElE
THZERRETH D,

RSN ClE, X LHI AV 227 V— MEM e LTRIHT 2 2 683F 2 60
5. BUEE TORERBTIX, FLEMEZMEL TWD Fa~ A MIIRDE L 12T
FEROMBEZALTREY a7 ) —MeM & LTHIHFREE BEX DDA, IR
DA LFRRRIC T VB VEMBIGIZE L TiE, 5% EMRRFN0NETH D,

BREFAMKASH - BFRTEHISH



<note>

This ‘?eologitfa.l map is compiled from "Geological Map of Parts of TANAHAM and NAWALPARASI Districts” (1,/50,000)
and " Geological Map of Parts of TANAHAM,GORKHA and NAWALPARASI Districts” (1,/50,000) published by
Department of mines and Geology , Nepal , 1999 & 1996.

LEGEND
BURFACIAL DEPOSITS (Quaternary to Recent)

Aluvial Deposits ¢ Silt, sand. gravel in ierraces, food piain and
stream - channels.

SIWALIK GROUP (Neogene)

[El Upper Siwalik : Congl with subordinate sandst g
shales.
EE Middle Siwalik :  Sandstone with shale and siltstone.
E] Lower Siwalik . Vari-coloured shale with sandstone and
siltston.

U . NAWAKOT GROUP (? U. Paleozuic )

E Benighat Slates . Darkslates and phyllites. carbonaceous slates
with Jhiku carbonates and rare quartziles.

L. NAWAKOT GROUP ( U.Precambrian to L. Paleozoic )

Dhading Dolomite  :  Light blue-grey stromatolitic dolomite

Nourpul Formation
ni},, tUpper . Pink 1o light cream dolomitic quartzite (o
silicious dolomite, thin vari-coloured
cale- phyllite and impure quartzite.

Middle :  Grey todark greenand purple phylliles with
subordinate impure quartzites,rare white
quarizites and minor discontinuous
carbonates.Local bonlder bed in Phundi Khola

E Tower . While to greenish grey ripplemarked

orthoguarizile to impure quartzite with
vari-coloured phyllite intercalations.

Dandagaon Phyllite ;  Green-grey phyllites with rare quartzites and
minor carbonales

. Fagfog Quartzite : White ripplemarked quarizite with minor

phyllite intercalations

Konchha Formation :  Light green-grey gritty phyllites, quartzitic
phyllites , metasandstones and gritsiones with
minor amphibolites

BHIMPHEDI GROUP( Precambrian )

E Reduwa Formation : Grey 1o dark-green , gametiferous mica-schist
with white micaceons quartzite beds.

BASIC ROCK

- Amphibolite

—
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8.1 ImEEENE
8.1.1 HFrEMARBDIGEOERE

1897 FLARE R/ — Vi CHRAE LT~ 7V =F 2 — R 7.5 & 2 5 KB HIEE X Table 8.1.1-1
\ZRTHY THDH, AssamiiiE (v 7/ =F =— K 8.7, 1987 4£ 6 A 12 H¥/E), KangratiiE (~
J=F2—NR86,19054 4 H 4 H),BiharthiiE (v 7 =F 2 — N 84,1934 £ 1 A 12 HFE4) .
Quettattiz® (v /' =F =— RN 8.7, 193545 A 30 H). AssamiiiZ (=7 =F =— K 8.7, 1950
F8H 15 H) NESHMONTEL#ET, KEEZH V-,

Table 8.1.1-1 Earthquakes in the Himalayan area of Magnitude over 7.5 since 1897

Occurrence Latitude Longitude Location Magnitude | Seismic center
date (North degree) | (Earth degree) depth
(m)
1897.06.12 259 91.8 Assam 8.7 1,600
1905.04.04 33.0 76.0 Kangra 8.6 19,000
Valley
1908.12.12 26.5 97.0 Burma 7.5
1916.08.28 30.0 81.0 Far Western 75
Nepal
1918.07.08 24.5 91.0 Assam 7.6
1934.01.15 26.5 86.5 Bihar-Nepal 8.4 11,000
1935.05.30 29.5 66.7 Quetta 7.6 30,000
1947.07.29 285 94.0 NE Assam 7.9
1950.08.15 285 96.7 Assam 8.7 1,526
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K7L — FOBERO—FHTH 5,
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(1) ~7=F a— NZXDERGAMRN
INGDOTFT—=2ICB T~ =F a— NORBAEMEILTable 8.2.1- 101V Th 5,

Table 8.2.1-1 Occurrence Frequency of Magnitude among the Collected Data

Magnitude Number Amount
of
data
<3 69 69
<4 137 206
<5 2,479 2,685
<6 1,010 3,695
<7 315 4,010
<8 50 4,060
Total 4,060

Table 821- 10K~/ =F 2 — R L~ L TERSM A My T 5 & Fig. 8.2.1-1 ~
Fig.821-6D L 5175, ZNOHDOREIVLUTDZ &3 L7z,

FIR— IVERNICEROHHAHMEBII~ / =F 22— F4~5DL~LDH ONERIZEL
WWTE5~6DLLDHDONEN, ZDoAhIT e~ 7 PG SIZIE—HLTWD, Fi,
v/ =F 2— N7 225 HEIZFHE ST TIERAE L TV,

BREFAMKASH - BFRTEHISH



RIS-IWEP vy NN —EF 1 KHREFHERE
P4 FILUIR—+

£ — - 111 -
.| {r:-_
B . % |
Loy - I
Ll I JR A
CET A B M St ¥
_ 1. it Project Site
N - S
- ':\__-
. | .
;
| ?/

¥ om ~
-
! 1] ’ =h
E 75E &OE BSE OE 95

Fig. 8.2.1-2 Epicenter Distribution of Earthquakes of Magnitude 3 to 4

BENAKART - BATEERAY
8-4



RIS-IWEP vy NN —EF 1 KHREFHERE
P4 FILUIR—+

Project Site

30K
25H
-
I~
20H L o
b
[ - -
| A r'«."
r“' | P 1
i [ - L 4
H ! , . d 5K
JOE T5E BOE BESE S0E 95E

Project Site

. [ hol

L, * | &

# f - :

an i

1 L] _F" o
154 | i | 3
T0E SE 30E a3k = 95E

Fig. 8.2.1-4 Epicenter Distribution of Earthquakes of Magnitude 5 to 6

BREFAMKASH - BFRTEHISH
8-5



RIS-IWEP vy NN —EF 1 KHREFHERE
P4 FILUIR—+

.| il

| -~ f
— | o e
15M - ! = 154
70E 75E B0E 5SE 30E 35E

Fig. 8.2.1-5 Epicenter Distribution of Earthquakes of Magnitude 6 to 7

7 il
40H 4 B 40t
L a1 | i
ol B . | .
— . I
| . i B '.‘-. |
pr e "‘T-.__ |
b
ae ] =T
| 'S
. N . . .
A g Project Site
[
e | -
I [
|
[ ‘ -
_ . _
1 ey
" | e :
“e | i i
210N - | - -
T G
¢ bl
b .-'.
.’F 4
SH i l \
7DE 1SE A0E SOE 35E

Fig. 8.2.1-6 Epicenter Distribution of Earthquakes of Magnitude more than 7
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(2) EIRR ST X 2R R AR
AL, ARETHOLNT-MET —XIZOWT, TORAEME L BRFES CEE LD

73Table 8.2.1-2Td %,

Table 8.2.1-2 Occurrence Frequency of Seismic Center Depth among the Collected Data

Seismic Center depth | Number of data | Amount Regards
(km)
<6 113 113 Surface earthquake
<10 53 166 Crust floating earthquake
<20 333 499
<40 2,915 3,414
<60 401 3,815
<80 158 3,973
<100 42 4,015
100> 45 4,060
Total 4,060
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Fig. 8.2.1-7 Epicenter Distribution of Earthquakes less than 6 km in Depth
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Log A=3.090 + 0.347 M — 2 LOg (R+25) ....cceiiiriiiiniieine e 1)
By C. Oliveria

Log A=2.674 + 0.278M — 1.301 LOG (R+25)....cccciiiriiirereiirere e 2
By R. K. McGuide

LogA=2.041+0.347T M =16 LOG D .oooovvieiree s (3)
By L. Esteva and E. Rosenblueth

Log A=2.308 + 0.411 M — 1.637 LOQ (R+30).....eccvrreirrirrirneeienene e 4
By T. Katayama
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Table 8.2.2-1 Annual Maximum Acceleration during Observation

YEAR Attenuation Model 1] Attenuation Model 2] Attenuation Model 3] Attenuation Model 4]
ACC. |LOG(AcC) ACC. |LOG(AcC)[ ACC. |LOG(ACC) ACC. LOG(AC(M
1905 0.69] -0.16079 9.41] 0.97339 1.02| 0.00763 4.46] 0.64937

1906 ) 1) 0 0 1) 0 0 [
1907 0] 1) 0 0 1) 0 0 [
1908 0.69] -0.15969 8.34| 092131 0.89] -0.05263 3.31] 0.52025
1909 0 0| 0 0 0| 0 0 0
1910 0 0| 0 0 0 0 0
1911 0.99] -0.00638 10.3] 1.01267 1.16] 0.06632 4.21| 0.62398
1912 0] 1) 0 0 1) 0 0 0]
1913 4.26| -0.62983 27.85| 1.44483 4.25] 0.62832 15.27[ 1.18375
1914 0.24] -0.62765 3.99] 0.60069 0.35| -0.45765 1.26] 0.09966
1915 0.57] -0.24568 7.39] 0.86851 0.76] -0.12038 2.87| 0.4581
1916 2.48| -0.39449 20.17 1.3048 2.74] 0.43735 10.63] 1.02661
1917 ) 0] 0 0 0] 0 0 )
1918 1.07] —-0.02993| 10.27] 1.01172 1.18] 0.07179 3.91| 0.59229
1919 ) 1) 0 0 1) 0 0 )
1920 0.22] -0.64826 3.79] 0.57893 0.33] -0.48451 1.15] 0.06233
1921 0.39] -0.41444 5.38] 0.73102 0.51] -0.29175 1.79] 0.25259
1922 0 0 0 0 0 0 0 0
1923 0.56| -0.25117 7.33] 0.86494 0.75] -0.12493 2.84] 0.45363
1924 0.61] -0.21767 7.37| 0.86739 0.76] -0.11893 2.71| 0.43312
1925 0] 1) 0 0 1) 0 0 0]
1926 0.21] -0.67881 3.62] 0.55905 0.31] -0.50959 1.09] 0.03745]
1927 0.63] -0.20077 7.56) 0.87838 0.79] -0.10484 2.8] 0.44684
1928 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0
1930] 0.75| -0.12674 8.83] 0.94588 0.95] -0.02172 3.59| 0.55476
1931 1.58] —-0.19997 12.86] 1.10926 1.61 0.2059 4.98| 0.69682
1932 0.32] -0.49169 4.56] 0.65934 0.42] -0.38012 1.37| 0.13692]
1933 0.33] -0.4851 4.61] 0.66363 0.42| -0.37464 1.39] 0.14228
1934 6.86] —0.83649 41.24] 1.61532 6.9 0.8391 27.6] 1.44096
1935 1.01] -0.00512] 10.29| 1.01231 1.17] 0.06776 4.11] 0.61384
1936 19.48] -1.28958 73.12| 1.86406 1716 1.23441 48.31] 1.68405
1937 0.28] -0.55627 411 0.6142 0.37] -0.43723 1.25| 0.09643]
1938 1.6] —0.20454, 12.86 1.1091 1.61)] 0.20721 4.93| 0.69261
1939 0] 1) 0 0 1) 0 0 0]
1940 0.32] -0.49438 4.78] 0.67902 0.44| -0.35784 1.54] 0.18758
1941 0.43] -0.36297 5.94] 0.7739 0.58] -0.23922 2.12| 0.32587
1942 0 0 0 0 0 0 0 0
1943 0.4] -0.39448 5.96| 0.77537 0.58] -0.23886 2.22| 0.34604
1944 1.64] —0.21468| 14.34] 1.15647 1.79] 0.25333 6.35] 0.80298
1945 0.95| -0.02057 9.9 0.9956 1.11] 0.04611 3.92| 0.59302
1946 0.31] -0.51457 4.63| 0.66589 0.42| -0.37449 1.48] 0.17115
1947 0.97] -0.01278, 9.82| 0.9923 1.11] 0.04399 3.79] 0.57855
1948 0.22] -0.66286 3.71] 0.56942 0.32] -0.4965 1.12[ 0.05044
1949 0 0 0 0 0 0 0 0
1950 0.24] -0.62571 4| 0.60195 0.35] -0.45606 1.26] 0.10124]
1951 0.93] -0.03274 10.88] 1.03682 1.23] 0.08995 5.07| 0.70469
1952 0.64| -0.19152 8.27] 0.91733 0.87] -0.05998 3.43| 0.53564
1953 2.74] -0.4373 18.22| 1.26051 2.59] 0.41304 7.58| 0.87957
1954 28.75] —1.45869 90.75] 1.95786 26.07] 1.41615 59.29] 1.77296
1955 2.15] -0.33207 15.85 1.1999 2.12) 0.32538 6.53] 0.81499
1956 0.53] -0.27544 6.6] 0.81967 0.66| —0.17938 2.34| 0.36907
1957 3.69] -0.56722 23.88| 1.37796 3.57| 0.55252 11.68) 1.06737
1958 8.02| -0.90435 37.7] 1.57635 7.11] 0.85189 19.17) 1.28261
1959 0.39] -0.40423 5.49] 0.73923 0.52| -0.28151 1.84] 0.26475
1960 1.37] -0.13587 11.6] 1.06443 1.4] 0.14751 4.34] 0.63729
1961 1.62] -0.21042] 13.16 1.1192 1.65] 021771 5.17] 0.71313
1962 10.38] -1.01606 41.71] 1.62027 9.22| 0.96491 19.7) 1.29456
1963 0.78] -0.10772 7.35| 0.86624 0.8] —0.09876 2.19| 0.34115

1964 1.49] —-0.17372] 11.81] 1.07232 1.47] 0.16646 4.22| 0.62563
1965 7.46| -0.87274 35.74| 1.55317 6.62| 0.82083 17.81) 1.25077

1966 14.57] -1.16332 51.2) 1.70926 13.5] 1.13042 24.58| 1.39054
1967 1.72] -0.2366 12.89] 1.11009 1.66] 0.21968 4.66| 0.66819
1968 2.47] -0.39302 16.29] 1.21184 2.29] 0.36028 6.22| 0.79347

1969 15.24] -1.18291 52.72 1.722 14.22] 1.15292 25.45| 1.40566|
1970] 11.72] -1.06894 44.45| 1.64787 10.59] 1.02494 20.77| 1.31745]

1971 3.5] —0.54409 19.21] 1.28345 3.1] 0.49069 6.99] 0.84475
1972 0.93] -0.03358 8.3 091917 0.93] -0.0302 2.59| 04127
1973 3.01] -0.47854 17.66] 1.24708 2.69] 0.42964 6.44] 0.80913
1974 3.47] -0.54078 20.1] 1.30325 3.12] 0.49429 7.93] 0.89917
1975 12.9] -1.1106 46.63| 1.66869 11.92] 1.07616 21.51| 1.33266|
1976 1.76] —0.24544 11.87] 1.07454 1.59] 0.20243 3.71] 0.56975

1977 0.78] -0.10522 7.83 0.89401 0.85] -0.07256 2.56] 0.40866
1978 13.77] -1.13903 48.08| 1.68196 13.01] 1.11434 21.89] 1.34024]

1979 8.38] -0.92331 30.49| 1.48413 8.66| 0.93737 10.35] 1.01509
1980 1.63] —0.21335 14.05| 1.14776 1.76 0.2446 6.06] 0.78232
1981 11.6] —1.06462] 39.06] 1.59173 12.32| 1.09057 14.68| 1.16663
1982 2.73| -0.43643 15.06] 1.17787 2.41| 0.38127 4.64| 0.66645

1983 3.16] —0.4996 16.76] 1.22419 2.78] 0.44468 5.37| 0.72994
1984 5.99| -0.77717 26.02| 1.41536 5.49] 0.73996 10.49] 1.02098

1985 2.53| -0.40327 14.51] 1.16153 2.23| 0.34851 4.51] 0.65411
1986 14.68] —1.16664 55.17| 1.74174 13.04] 1.11519 29.86) 1.47515
1987 14.02] —1.14689 50.8] 1.70589 12.76] 1.10586 25.84| 1.41226
1988 20.16] —1.30453| 63.87 1.8053 19.58] 1.29176 32.41| 1.51069|
1989 10.5] —-1.02114] 36.6] 1.56345 10.8] 1.03332 13.6] 1.13363]
1990] 3.88] -0.58924 19.4) 1.28773 3.43| 0.53549 6.52| 0.81414
1991 1.21] -0.08372] 8.99] 0.95366 1.11] 0.04507 3.51| 0.54499
1992 1.23] -0.08871 9.83] 0.99258 1.16] 0.06586 3.24] 0.51022
1993 5.26] —-0.72096 25.09] 1.39955 4.64] 0.66623 9.7[ 0.98687
1994 3.61] -0.55714 17.72] 1.24855 3.22] 0.50755 5.5| 0.74013

1995 12.65] -1.10211 4263 1.62971 12.93] 1.11159 l7.1‘2 1.23345
1996 17.15] -1.23431 50.12) 1.70003 22.05| 1.34335 19.41 1.28809
1997 6.99] -0.84438 32.92| 151747 6.16] 0.7899 15.25| 1.18326

1998 4.24] -0.62754 24.08| 1.38165 3.85| 0.58499 10.59] 1.02486
1999 72| -0.85721 28.25| 1.45106 6.9] 0.83879 10.8] 1.03324
2000 2.78] —-0.44333 15.87] 1.20065 2.45] 0.38954 5.25| 0.71999
2001 25.83] -1.4122] 78.28| 1.89364 24.92] 1.39653 44.05| 1.64398]
2002 6.07| -0.78296 2465 1.39178 5.81| 0.76427 8.15] 0.91137
2003 7.91] -0.89832 3253 1.51231 7.14] 0.85361 13.13] 1.11842
2004 9.6] -0.98205 36.04| 1.55684 9.05| 0.95662 14.32) 1.15609
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ZORIZBWTRRLVESIT 1954 FEONEE N R K E 72D, Z OGS 5 i
BT 19549 A 4 BICRAE LI~ =F 2— K 6.6, ERIEHE 59 km, EJFEIE S 30 km OHIE

Tho,

R R I IS S MERE T V2 WA U CHESREINCR T 2 R KIE M OHEE 217 -
Tzo 7B Y=y MR ORKIEE OMEREBUIRIMTH 508, ZOMEE F o ~VE 3 i
EIZXVHEE LT, TR %ZFig. 8.2.2-1 ~ 8.2.2-41277, ZhZEmic&=c X5 50 4, 100
£, 150 4F, 200 4, 300 4=, 500 4=, 1,000 4=, 10,000 40> R8BI 63 2 fie KM il %
B L7z, ZOfER % Table 8.2.2-2127/ 7,

Table 8.2.2-2 Maximum Acceleration Value by Each Equation to the Advent Period

MAIN-CURVE
NO. Return Period| Probability | Attenuation 1| Attenuation 2| Attenuation 3| Attenuation 4
1 50 0.98 32.5316 78.4983 23.0424 38.7179
2 100 0.99 42.9713 91.5436 28.1659 45.4992
3 150] 0.9933333 49.3353 98.6746 31.0141 49.1623
4 200 0.995 53.8979 103.4791 32.9455 51.6087
5 300] 0.9966667 60.325 109.8698 35.5243 54.8318
6 500 0.998 68.3022 117.268 38.5155 58.5133
7 1000 0.999 78.6862 126.1414 42.0955 62.847
8 10000 0.9999 107.2284 147.0039 50.3481 72.5741
REFERENCE-CURVE
NO. Return Period] Probability | Attenuation 1| Attenuation 2| Attenuation 3| Attenuation 4
1 50 0.98 21.3023 75.2575 20.6293 47.5956
2 100 0.99 26.943 87.4151 24,9746 56.9454
3 150] 0.9933333 30.2738 94.0416 27.3733 62.0627
4 200 0.995 32.6204 98.4988 28.9939 65.504
5 300] 0.9966667 35.8743 104.4197 31.1507 70.0657
6 500 0.998 39.8387 111.2629 33.6429 75.3129
7 1000 0.999 448933 119.4556 36.6137 81.5363
8 10000 0.9999 58.2942 138.6613 43.4174 95.6761

CORERA T 5 & (2T K DHERMMh oA L i L TRE VY,
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8.2.3 EREIKERE
(1) RSV OMMPERR IS IS < FHMm
=L OIMM R FHEMEIL, Fig. 8.2.3-LUInTHUERMARE~ » IS, RFEEE
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Fig. 8.2.3-1 Seismic Hazard Map in Nepal

(2) A ¥ FOMMFEEREELECHES < FHh

A > ROMERGHEEIC T 2 EGRE~ » 713Fig. 8232080 THDH, 1~ KD
FEHETIIET 5 ORI Y — A2 nEI ST %, Fig. 8.2.3-1 £ Fig. 8.2.3-2% %
&L ARV OMRSERAEK 3 231 v ROMBAERIEK 5 (MY T EEZx b, L
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X OHIARE B N 1, X LT HEBEE I N2 EINTWND I Enb, FEERM
67//\~’6745'A0>7J<¢—m+ ZREIX A RORHEIZE AT 5I121E, 010 & L7a< T
ANSPATAN

Table 8.2.3-1 Basic Seismic Coefficient in the Indian Seismic Hazard Region

Seismic hazard region Basic horizontal seismic efficient
\% 0.08
v 0.05
I 0.05
I 0.02
I 0.01

(3) BEAEMERGFCEkIZEL D < FHMh

T N—TT 4 LAY A MBI DRBEEREIC XD R RN E OFE 2 R 5 &
Table 8.2.3- 20 L H 272 5,

Table 8.2.3-2 Summary of Maximum Acceleration Estimation at the Upper Seti Dam Site

Date Location | LAT(N) Long(E) M R Depth D Eq.(1) Eq.(2) Eq.(3) Eq.(4) Remarks
18970612] Assam 225 91.8 8.7] 1036.04 1.6] 1036.04 114 14.33) 1.72 114
19050404| Kangra 33 76 86| 1077.32 19| 1077.49 0.98 12.78 1.49 0.98
o 19081212 Burma 265 97, 75| 142757 142757 0.23 142 0.39 023
Dgﬁ‘;’”;' 19180708| Assam 245 9] 76 84322 843.22) 0.71 9.20 0.99 0.71]
Eanhqgakge 19340112 Bihar 265 865 84| 20743 297.43 973 5568 9.96 9.73
19350530| Quetta 29 66.7 76| 1958.00 11 195804 0.14 3.14 0.26 0.14
19470729| NE Assam 285 94 79| 1086.12 30| 108653 055 8.08 0.84 055
19500815| Assam 285 9.7 87 138631 1526 138631 0.65 9.88 1.08 0.65
Near Field | 19540904 283 83.8 66| 59.188 30[  66.357 28.75 90.75 26.07) 59.29) Max data
Eag':[ﬂf:;es 19960127 28067  84.267 45 12.63 22 25.37) 31.66 51.35 22.68 17.67
Site 20010716 27967 84717 59 51.08 20 54,86 23.70 69.07) 20.21] 21.51]
Return Period (year) Probability (%)
50 98.0% 32.53 78.50) 23.04) 38.72)
100 99.0% 4297 91.54 28.17 4550 Main Curve
200 99.5% 53.90|  103.48 32.95 51.61]
50 98.0% 21.3023| 75.2575| 20.6293] 47.5956
100 99.0% 26.943| 87.4151| 24.9746| 56.9454| Reference Curve
200 99.5% 326204 984988 28.9939|  65.504

R DI KIMEE 2GR ICAHT 5 5EIL, UTO@EY Th o,
aeff=R*a =R * Amax /980

aeff D B ARG R

R s BORARE (REBRA) 722 fi THE42. 0.55 ~ 0.65)

ZTC, BEAER ZEETHHBX

— ERAOMENTIZ, RHTE T VICHIERE & L CEARIBIE D AT L, IR LA AR
TH2HDOTHD, SVHR D & FRIIT AT Wlco DRI A HIES1 & LTASL
T —HOBRIT L B2 bId, Eivlk, BUKREEBE L & REHEE 2K
IZRHHLCLE S,

- RIZ. WIDITRBRA 2 ENTRIC DSV THRRE S0, [AER O R DS B AU AT R AU AR
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PFromrFEThmE Sh TN D,

FEEAEEE LT, ERRICKVERIEENSBEELZH T 52 L L, Table 8.2.3-21T7°
9~ & 9 (ZUpper Seti % LA DK FEEREL 0.06 & 72 o7,

Table 8.2.3-3  Seismic Coefficient Based Upon Maximum Acceleration

Estimated Value Basis of Estimation

R=0.6 The estimated maximum acceleration by statistical analysis is
controlled by near-field earthquakes.
Near-field earthquakes—Excel in high frequency—High reduction
Amax =97.12 gal a. Maximum acceleration of historical earthquakes by attenuation
models
90.75 gal on September 4, 1954 by Eq. (2)

b. Statistical Analysis
103.48 gal: by Eq. (2)

Amax is estimated as the average of a. to b.
aeff =0.06 aeff = R*Amax / 980 = 0.06

(4) FX—VEHEANT— K~ v IS <G

HHFHA I8V TFig 8.2.3-3l R T R/ N — VEMEANY — K~ v 7 7&)\%(% 7= ZHUCT
KV EFHEHSICB T DR RKIEEOHEENRRETH D, ZILIT . S O E
HEEME 1T 230 gal & 72 5,

I &Y, BIAICR U7 BB O R KIS 2 3 GRS A # 9 5 Fikic K iud, LT
X VIAKEEREIX015 725,

oeff =R *a =R * Amax / 980

=0.6*230/980
=0.1408 =0.15
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Fig. 8.2.3-3 Seismic Hazard Map in Nepal

(5) 7 v/S—E T A RHEORFATELE

H70 2 R K D% EKEEE OB S B % Table 8.2.3-412 777, ARFHIBWTIE, %
IN— L DMERRFE, X LY A N ORARSA Z L ORI BEEOE R 25 E L CUpper Seti
A EOFEAEEEIT0IS T2 L& L,

Table 8.2.3-4 Result of Seismic Coefficient Estimation obtained in Various Ways

Evaluation Basis Design gg(r;fzf(i)ggar:tSelsmlc
Seismic Design Code in Nepal 0.075
The India Standard 0.10
Estimate based on Earthquake data records 0.06
Estimate based on the Nepalese Hazard Map 0.15
Proposed value for the Upper Seti Dam 0.15
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