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Fig. 31 Sketch of New Monumentation of Bench Marks
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Table 3—1 (1} Point Description

Operated by |MR, SHRESTHA

| Checked by |MR. TOYODA _

MAY 25 " 86

- e i e

Station No.

BM 1 |
" _lsurvey no. /ST

Coordinates of Station

Date

Zone No.

 Main Point  b-3048 534.07 |- 52979049 [° _ 808.36
Egcantric Point |-~ . - - . .. .
Supplementary Point |-- . - . - .

Sketch-map of Station and Neighborhood Photograph of Station
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Table 3—1 (2) - Point Description

Tt

45
©. Main Point

Eccentric Point -

‘| Suppfementary Point

Sketch-map of Sta

Station No.

tion and Neighborhood

_lsurvey no. P14
Coordinates of Station

-~ 3049 971.99 |- 528 622.32 |- 1330.58

Oporated by |[MR. PRASAIN

Gheoked by | MR. TOYQDA

MAY 25 86

| Date

E H

( Photograph of Station

Q




Tabla 3—1 {3) Point Description

oprotad by | MR PRASAIN

BM 3

Zone No.

— e

Station No. :

survey no. P12
Coordinates of Station

N

Eccentric Point

Supplementary Point

Sketch-map of Station end N

Checked by

"3046 188.24 |- 524 242.23 |

Main Point

Dets

E
- 1318.38

*
e

Photograph of Station

.
_————
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Table 3—~1 (4} Point Description

T Station No. | Oparated by | MR, PRASAIN

Checked by | MR. TOYODA

BM __ 4 ' _ | | e .
o lsurvey no. P9 . Date | MAY 21 "86

Zone No. - Coordinates of Station

I T T T

45 N E H

A ; —

~Main Point 3043 332-24 17 521408-51 _[° 1 566.83

Eccentric Point |- - .

- - i - — " M .
Supplementary Point |- o - .. .
pp y Pointp- ) , .

Sketch-map of Station and Naighborhood

Photograph of Station
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Tahle 3—1 (B} Point Description

Tovereted by | MR, SHRESTHA

S1ation No.

B Ry - Checked bvj‘MR. TO YO DA

BM b |MAY 29 '86

lsurvey no. St

- Zone Nt;.ﬂ o Coordinates of Station
45 N E H
Main Point i - 3043 748-_()3 519 4§§.65 - - 574;66 .
Eccentric Point - ) . .- . .. S '
— — ]
Supplementary Point |- IR T . - —

Sketch-map of Station and Neighborhood
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- Table 3-2  Record of Core Drilling Works {F/S)

Direction

E . i IJ EL
t L] [ - []
‘Location No. (m) (m) . Inclination Remarks
UDH~6 | 40,0 | 793.74| N30°W/-45° | Riverbed
7 80,0 | 884.57 | Vertical Desanding basin
‘Dam site 8 | 27.8 | 830.81{ N75°E/-20° | Folding zone at intake
9 20.2 | 831,21 ] S15°E/-40° | Folding zone at intake
Sub- Co
P-5 60,0 ) 546.70 | S70°E/Hori | Bedrock at powerhouse
Power~ ) 50,0 667.95{ Vertical Bedrock at penstock
house 1 20,0 ) B0B,30 ] Vertical Bedrock at pensotck
(Pikhuwa) 8 60.0 1 869.34 ] Vertical Bedrock at surge tank
Sub- A . '
Total 190,0
S P-9- 85.0 862,46 Vertical Bedrock at surge.tank
Power- 10 25,0 736.82| vVertical Bedrock at penstock
house - 11 30,01 630.89 ] Vertical Bedrock at penstock
(Kaguwa) 12 60.0 | 830 Vertical Bedrock at surge tank
. Sub-
B Tatar | 200.0
Total 558.0

3-15



Table 3-8 Record of Core Drilling Works {M/P & Pre. F/S)

Direction

. L
Location No. (m) Inciinat ion Remarks
UDH-1 45,0 Vertical Riverbed
2 40,0 Vertical Riverbed.
3 100.2 1-60° Right bank
Dam site 4 50,0 Right bank
5 25.0 Right bank
DDH-1 50.0 Vertical Riverbed (D/S scheme)
DP -1 40,35 Vertical Intake (D/S scheme)
Sub-
Total 350.55
Powerhouse p-1 45.0 Vertical - At terrace
(Pikhuwa) 2 22.9 Vertical AL terrace
Sub- -
Total 67.9
Powerhouse pP-3 25.0 Vertical At térfécé
(Kaguwa) P-4 28.5 Vertical At terrace
Sub- 53
Total *
Powerhouse B-1 20.0 Vertical Bedrack at penstock
(Solakhaui} | B-2 30,0 Vertical Riverbed
Sub-
Total 30.0
Total 521,95
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Table 3—4 Record of Seismic Survey Works (F/S)

Lecation Line No. L {(m) Remarks -
A 340 Intake - desanding basin
Dem site B 440 | Desanding basin _
C 200 Inlet of diversion tunnel
D 320 Right bank above dam axis
Sub-Total 1,300
_ A 550 ~Main line along penstock
Powerhouse 1 220 Sub-line at surge tank
(Pikhuwa) 2 200 ‘Sub-line at pemstock
3 220 Sub-line at powerhouse
Sub-Total 1,190
A 460 Main line along penstock
Powerhouse B 400 Main 3ine along penstock
(Kaguwa) 1 210 Sub-line at surge tank
2 200 Sub~line at junction of A & B
3 230 Sub-line at powerhouse
Sub-Total 1,500
Total 3,990
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Table 3—5  Record of Seismic Survey Works (Pre. F/S)

Location

TLine No. L (m) Remarks
5LDU--1 65 Dam foundation
' 2 65 Dam foundation
3 80 Dam foundation :
4 165 Left bank rerrace downstream
5 385 | of dam
6 45 "
7 380 " _
Dam site SLI 1 215 Tunnel inlet (downstream scheme)
2 143.5) Tunnel inlet (downstream scheme)
3 75 . { Tudnel inlet (downstream scheme)
SLD 1 115 Downstream dam foundation
2 141 Downstream dam foundation
3 158 Downstream dam foundation
4 155 Downstream dam foundation
5 155 Downstream dam Foundation
Sub-Total | 2,342.5
SLP ~1 492,51 Pikhuwa powerhouse site
2 375.5| Pikhuwa powerhouse site
3 385 Pikhuwa powerhouse site
, 4 327.5| Pikhuwa powerhouse site
Powerhouse -5 225 Pikhuwa powerhouse site
6 257.51{ Pikhuwa powerhouse site
SLPU 1 115 Solakhani powerhouse site
2 122.5| Solakhani powerhouse site
Sub~Total | 2,282.5
Total 4,625
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Tabla 3—7 Physical Characteristic of Foundation Rock

Zone

Powerhouse Site

Physical Damsite
Properties .
Rock Augen gn Augen gn Gr
Natural 2.71 2,67 2,66
Bulk
Specific Dry 2.70 2.66 2.65
Gravity -
Saturated 2.70 2.67 2,66
Absorption (%) 0.7 2,72 0.5
Net porosity (%) 1.3 2,72 1.4
Water content (%) 0.3 272 0.5
Unit welght (g/cm3) 2.72 2,72 2,65
Vp (km/s) 2.91 3.45 2.87
Velocity . .
of Vs (km/s) 1.85 i.99 1.42
Supersonic Fdo —
Wave 5 2 5.41 2.59 1.46
Xa/s (107kg/cn®)
De 0.21 0.27 0.34
Unconfined
compressive strength 156 422 599
(kg/cm?)
Note: Edc : Dynamic modulus of elasticity

De  : Dynamic Poisson's ratio
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Table 39 Resuits of Component Analysis of River Deposit

Sample Number

Mineral Harduess No. 1 No, 2 No. 3 .
(Mohs) Compo- | Hard~ | Compo- | Hard~ | Compo-'| Hard-
nent ness x | nent nesg x | nent ness x
(% Compo— | (%) Compo- | (%) Compo-—
nent nent nent
Quartz 7 8.6 39.2 57.9 405.3 55.86 389.2
K feldspar 6 4.6 | 2604 1.2 7.2 - -
Plagioclase | 6 35.5 | 213.0 | 10.0 | 60.0 - -
Biotite 2.5 11,3 . 28.3 21.3 53.3 - -
Muscovite 2.5 43,2 108.0 9.6 24,0 44 4 11,0
Total - 100.0 | 414.9 | 100.0 | 549.8 | 100.0 { 500.2
Average of Hardness 4,1 5.5 5.0
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Tabte 4—1

Geological Groups of Eastern Nepal

.Pessible period Group Lichology
Recent Unconsolidated sediments
1. Cenozoic . gravels and sand, (alluvium)
: Siwalik shale, sandstone, conglomerate
Maln Boundary Fault
2. Mesozoic Tethys Shale and limestone
= Paleozoic
3. Paleozolc Kathmandu Mainly clastic and carbonate rock
= Precambrian . :
T Midland Mainly clastic and carbonate rock
. : : Main Central Thrust
4. Precambrian | Himal Gneiss and schist
: (highly metamorphic rock)
Igneous Rock | Granite and paragranite
“Table 4—~2 Probable Age of Geological Formation
Agé :  Paleozoic Mesozole | Cainozole
-Precambrian o M '
Group - Clojs)|plJc|jP|T{J]|KIP{H]|Q
{Recent ' ==
Siwalik
Tethys
Midland ] - —
Kathmandu
Granite| o
Paragranite U, N
" PBasic Rocks|’
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Table 4—3 Suspended Load of the Kosi Basin
by Dr, C. K. Sharma -

R Catchment “Annual’ . Sediment Load

ver Area (kun?) Sediment {suspension)
at Tribeni (a3d) (n3/kw?)

Sun Kosi 19,230 54,200,000 2,818

Arun 36,533 34,600,000 947

Tamur 5,900 29,600,000 5,016

Total

(Sapt Kosi) 61,663 118,400,000 ~ 1,920
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Table 4—-4 Geological Successional Column on the Survey Area

SO~~~

Geological Geological Thickness R K
symbol ~succession {m) emarks
_Talus deposit Gravels and sand
v48) Aluvium - deposit Clay with breccia
06| Terrace deposit Gravels and sand
£ —lGarnetiferous 370+ |Rock facies are soft, having
2 mica schist lamella structure. Miea
' biotite and muscovite, garnet
_— m/m in average size, some
: _ parts 30 to 50m/m
Yg?& ﬂmvc“oh Augen gneiss 610 Rock facies are massive and
oy hard. Augen is composed of
~O OO~ O porphyroblast . (feldspar) and
'”?3?%‘9:{;_@0 very hard. Matrizx is composed
~OT OO of fine mica, quartz and
~O~~00- 0 feldspar, having strongly
‘0\6‘?\;0_5?“ gneissosed and anisotropie
«o»»oﬂ:cy«\olo structure,
-+ ++'"¥ + [Gneissosed 330 |This formation is a composite
"'_r_++ ++ 4 {granite igneous mass, having weakly
4 4 + [{Intrusion) gneissosed structure. Contact
-+ ++'_"_+ ++ : points are damaged, and
444+ constitute sheared zones.
wﬂf; Augen gneiss 340 |Same as upper augen gneiss.
++++"+++- Gneissosed 370 |Same as upper gneissosed
-+ 4~ 4 +|granite . granite.
+++f*“+++ (Intrusion)
- Garnetiferous - 1,700 Rock facies are soft, having
mica schist lamells structure, Main
minerals are two types of mica
== (biotite and muscovite},
e feldspar and quartz. Lenses of
— : segregated guartz are included
e at some locations and said part
=] is slightly hard. The
e distribution area of the
formation has landslides.
+ -+ % }|Gneissosed. 420 [Same as above gneissosed
:i-+++"{'++ granite granite.
4+ 44~ {Intrusion)
‘0,_‘33"0“0“0‘0;"{-} Augen gneiss 100 |Same as above gneissosed augen.
+ +4¢ ++ ++ Gneissosed. 40 |Same as above gneissosed
4 4 »} -4|granite granite.
~O00=0~ I augen gneiss U415+ |Same as augen gneiss.
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EEEMBRHEFRSADCHNAEMRRL., BRANEET o 2ORRR,

Appendix-AC BT L TH 5,

@ FEBEORT~Db

HI~hionT

ﬂﬁﬁﬁmﬁﬁ?%ﬂ?dbﬁ\D%.&lkﬁf&ﬁbﬁ$6y
;ne@mﬁancxvfiﬁsnnm&mu‘@@&m;ﬁmﬂwﬁmﬁf'
AEBEALCE D, RAERYOREME CRET BT NDO LS K HH
cRae, | |
ﬁ%\ﬁﬂﬁmmmﬁﬁﬁm\ﬁ@ﬁ&?%&?%ﬁﬁ-ﬂ%(hﬂfﬂm5 
LLHEOBREERNBONRK LR ENET D (SHding ©® 2 OKHME
n&&%ieﬂrﬁto%E?ND&%%E:?E%%Tﬁw@mﬁﬁﬁ%i?_
BIeABD. COLSHRRY., AMERETOBBRALG TRBRYTS
13, -
MMyMﬁ\%M®ﬁ@ﬁiéb(ﬁ@-ﬁﬁ(%wnm)§¢%ﬁm%\ﬁ&
HEHRCELTRBLTL B,

MO M. REBEOKBEHRBBOT <D EMW(Slide) |, B
% (Rock falls) H RO - #E (Toppling) SHFPHICHSE L'“(Nb‘Z;o
Topplingid, MIMEENEME LT 2D A (flexural toppling) .
KDL (block toppling) b, €DHRAB%Fig. 4.*51:'3“:'6“., | |

Fig. 4—5 Pattern of the Collaps Forms

{ block toppling ) ( block flexure loppling ) '

_l/_, : Ashby, J, : Sliding and Toppling Modes of failure in models and
jointed rock slopes, M, Sc Thesis, London University, Imperial

Coilege, 1971
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BRSO~

175,000 ppRIic&Thattd~nid, DHG 61| OMEEMRAC+OHRO
CRBEHAEDHBEEMLTRLE, UTFEEBIRBES#8T 3.

Ml
AR i + Indva Khola Z Rt
MERES : EL % 1 040m
B B’ DR 100m x MR EM 500m

BOW R EBMY
HBOWw®E -+ Mica schist(ZERFH)

COWTRDREABOMEIDGS 2, B LBt Indua Khola ¥ TELT
VAL HERT AN BYGREBITHY . SR LB ~OHAOTERENKE L,
IR, 40 RORBETH L, BHEO Yica schistBRENMEH >EWSE
BHELRLOBRNTH S,

& ARE & OMEE.  — WRALAH J40mTHo,. ZOWT 0 BHEMIE.
B7EIndua Khola L T340, FABOEKII. cOBAFTRIER VS
%zanaoimwﬁﬁmmE\ﬁAﬁﬁtﬁc\kéﬁi@mﬁm%%oca
B yA0EAEHFE LAy, SEPCHAFTOISUAELFLL &N

RETH L,
M2
& o Y LRE
A mEEE - EE 925m~ §50m
B D #HIdm X HEEH 120m
I T SR 7 = K]

EROME - HEECEORAEMIL. Augen bneiss
FruREt BT, HEBYL - XHBEE (BRS~0m) T&Hh,
- iﬁ?ﬁblti%ﬁﬂ(tiﬁﬁﬁ.izifé LZvniiv, B, BEmoaiiril
Td, BB T, ¥EER- T3,
_ M3 |
fr & D T A INEMNRETE Il kiR
SEBES : EL 1,020m
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BoOo# v I m X FRER 100m
CRmERE o R
HEitod - B8, E®EidAugen Greiss |
BOBT~D I~ TMMIBETH BN, BERGI T, @H~LBNORAD
EREDNDZ, CORTNDR. HECORBTHBIIHTIETRE,
N4 (Bhimal Pahiro)
B B ¢ Num villege AESRME
AEmEs ¢ Bl L3THm (WUHERIR EL L 400m)
BO® o Width 150~200 x tLength 300m
#HEmE o 56
Exom'E : fine grained Gravite, partly gneissosed,
TN ORI |

AN ROBERER - T 5.

BlEEHE L TR, AEKEST AN ERPEVHETOMA ML 4R
OHBICX DToppl ingNHIBOFHURTH 5.

BMEREMAS VAL RBRESTI2HELBREIEV, FESNLLD
OABAHE, TTHRPKITLIBELNRARIL > CRAXINLLO LYK
Ah3, BAXNLPRNm Kela 2BLTT A CEEO, €D~ 8.
Kum — Aran&H A, BREROHEBYMELTEFL TN S,

SOWT~YRITAEEICRAE L, HEENTP T, SoilBlAHFIELFE
RETHETHMENS,

- RBHBE S OMEH

VDEOXSCBARHTORS ~0 T, LAOARBELAKE L, EEEX
N TRYFEECTFTHEIIEBIA TV ALV XU REEL VLI BRREDT
v R ORI T0MOUEEEC S, BBIAS XRT 2 ERN
HbHo to>T. HWHTIZ Nun Kholad AWM O LWMI & 2 WEBE LA,

No 5

B B :  khokda village FHI#
simmMme  BL. 1,320m

B OH . Width  80m X Length 130m
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#AEfsag 0 30
EROWMAE @ Talus deposite, FE® L Mica schist,
ST ORI
COMTNDRERABICYIMARERERS T~ ORRARRBOEN
B (BE4~5m) &HKY (Hica sch)ORIEREEZATV S, BBHOMM
BBICA, BRBARIIBRER > T3,
<YL & OB
HENLTEERZIL 0 EEI O S,

No 6
Br B . Kharsu villaged EH A5
CREESES : B 1L625m
BB o Width 400~600m X Lergth 1,000m Btk
#AEHE 25 Average
HEo® : Talus deposite bedrock 13 Mica schist,

Mo 7
F #®  : Kharsu viliage Hij|
HEsEs o BL. 1,62dm
BOE o Width  b00m X 1,000 m
HamE - Y
EBOWH : Talus deposite bedrock i3 Mica schist.

Nob, 7 M ~pFICEL LE2Omi KBRBAPNBRRKERBER > T b, B9
NP E->TRESAE BN, XBESHRASH, FRCIBBESE N L
T b,

ShooRI DR, BEINBEOEBRMBMKRIRL L,

N8
BB : Kharsu-Diding village B peak(1,775.8m) S dLPEH R
S B RO R T A

SEmES o BL. 1,550m

o o A (AFEBW 1, 000mxXBEEK 2,500m)

pmAaE 25 ~30°
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b oBRE
W MIZ 2. Darbote Khola & Kaguwa Khota@fﬁ]ﬂ)ﬁiiﬁiltﬁhf\ Bl., b5

LI00m{ i ABBENNRERTEBRMNCBRENE, COTHI
E%Z%m®§ﬁ&brﬁbén5°:@M%@ﬁ@ﬂﬁ(%ﬁﬁmﬁbhao
SOREBORRBER. LHOE L0 EroRMETEHIDTH S,

COMBORNE. MENIC AR EDRT OB R, TR,
MEOT~. AHCHERERED SO D. NRERVRIABAS RSN, B
RAEAHT A 2R &L THERRELTWS LW ENS,
- REH A E & oBHE _

Pikhowalt I HE T2 BEABOL ST L 2 I~BET I 2801, BL.77Omb
S EMi. B clbhd, I CoRERGRKI. BRImE LOER
(MEHEBHRT L ) RRETS, bLREFRIR LIRS LEBE, BHRO
HFCAELSLENCELCR., ITFRBELOELORE, FLRBEL
OTH (Anchoring®) MAELEDL, FLRREBLIFNTLTRORBH M
OBRTYEROLDIK, BRUAOKEHRROLBLED S,

BlEoksctk - BEHBRE Lo OB iIcb 2 RBRGEIZ, TR
REM LT 2H A LLBICENTV S,

4.3 Favq FEDOME - BR
431 jics

HROBBR2MENS 3. 000mBOLXY AR F Ny PEREEKRRETET
i, WA Y- VEHBOAFHND—-2TH 5,

T, HEKELAREE v 3 Y iilAMECHBLCRAAATANTS
5, $HbL, RELBRELHET IS V%, TOBELHBICE > THRAA
BECTHE - TRANETL TV LTS S,

TAYMEEOT, —BEREERYY - AHBAVERICHREL, MECEY
ZHEORERARTHD, BHLEERLOGNANTEARCRLIOETH D,

Foad 4t EETHEICRESWDmOMERE (—BBREEOBRLELOEE) &t
by, HBHKCEHTELTERL T 5, |

HEOHEI oS 100mEHIRGCBREDEBMLOHT LM, €O D K

416



CAVERBARETLCHERETRIBOIEMG R R0,

OB, RAKYEIOANREEAZ L RLONE, thol. BB

ﬁ#ﬁﬂﬂ'&"ﬁ‘%"ﬂ”\'@f&ﬁﬁlﬁ\ MR ELOMEE 258N (Toppting) P

OIEREBRMI ORI BHMATHRTE S,

Wy ~oWREI., YArRMAE AP N, ATEOREE & BB & RA SR —

THENEEBIET D TH 5,

4.3.2 FLovaohR
Fad4rRAVORER., WEKRRE., DG 6-3 . 6-4 L 6-5 . 6-6 WIRT &
¥ ThkbH,
FoyA4riibL20E - RAKRIE. KOLEDTH D,

CRROY IS, Augen gneissTH B,

- Augen gne?ssai\ R 1l XEE2~3a0BRN0REREIChIVBROAE
HKrowh. la/n ~Bo/n OFCEREEN > T 5, ERBORLIIZK - TH.
EhobdRIGBEAEL D,

- Augen gneissid 1 mB D Anphibolite | Granite % {# Smica schist~micaceous
gneissd i, FAH A4 F TR, 2WOnica schist D ST 5,

"« Amphibolite . Gramite #X. Augen gneissPiz ZOR& s BN ICHA L KRS
KChd, chLoDBERATHROERIT. AENRELSEBERERL TS,

« Wica schist (RERFBHAREL.,. BOTHRCORARLE L, S8 dgreissic
T,

CHEOBDRBORERIZNBEET, BAKEOHREBIY T80m<H 5,

A4 PlcB i AGneissOBEIR. N20~40° EEm. 50~60"° EMEICELT

B ARMKEBRAMRLEMRG, N3 Edfl, 600 EO -BOBELHE -

 %5

CRSTHAFA B TR, B L. AR SERICHMIO. 50° ROMEMER

CLTEREEEAHLTY S,

) adi |
C Y LA HE!%%HEE‘?‘-B&@E&M\ Augen ‘gneissTdH B,
SRS, S0, S0SMOMEARIE. BT0° . BL 850mF T | LBHAER
25° OEMEEUL B,
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{ii )

(iii )

-ﬁ%@ﬁﬁm&m\ﬁﬁﬁ%mﬁm°@ﬁ%m@%?%wh@&mnﬁﬁﬁ&ﬁ

o T B, I~ ORLLBOVRABELRLTV A,

CRL 810mAr S S5mE . BRABERAmMOEBERCL > THEANTEY.

CORUORBRRBATT 0y 7REREL T 3,

W6 K=Y S OBER, BEMmMI0—34m 75N AT 2 Mica-schistiks 1i st

WMETFHIIMCRTEER - THAT L, COFRBIbORKNLE S,

C YA A PR R . BN RIS B RO — B TR D R 2

Hnoh s,

& 4 B BR

CRMEOEGRE 19 THY . SOES COMKRIR. KIIM TS5, B

twfﬁ&%%@ﬁﬁmmﬁﬁﬁ%%&L\ﬂ%mmTyvmmiﬁ%%mbf
Vi, (IR TIomkET S, )

LR ANAERR. SHOKTI LB I mIcd b,

M. B@d o MEOEEY 4 Kopeissh EhE LEBRISHR IR A,
HEOAugen gneissit. WIR TRELERTCHHH U] V-6 T 2 DYica
schistd B Lk, 2 7HRES I CFEKKR (Lugeon tesl) ORI LN B
DOBBEERTAHTF VERPPH (574 v) BRERTIHN., ¥ LER
g L CREBREO,

¥ hER

CERABRT EMERO TG, Augen gncissTH B,

BN A S EL 830m NS R, K75 OARETH S, =hEDELE 850

M. BHELT OREHREBEL TS, S0mIEI, A LEROME S ¥
MYy REBHEICEBELTWE,

C FROGBE ., WIRCRF L Avger gneissAREETFNL. Y2 BEERELT

Fﬂﬁgg‘id}fi AN

CELY S10m it iz, BIE20~30co @ Anphibol itOBNEHN IHED NS, &

MTOWR®RIT. Augen greissOFBERBEEBMBAI T, ERBIREHL TV S,

fneissiCIE~ T, £ PHhoOrTHLIHNBRERNIVOTHBEIRE LN,
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433 knowR
BAD B, 7 Y DL Y A B L TRESNS, FAM RIS T,
ﬁ%%bé?wym%ﬁ0,E¢MK@06E%%#560Eﬁ@ﬁ%uy$éaw
WEAR LT, BHICEBEXOW TV A0 CEROMRLIBERL EMNTELL,
U9 ORI, S AMHDOEEE & [, O~ U D Augen gaeissd b 12
D BELLEBIODERSR S, ChoOBERIZ DHG. 6-5 KR,
WATOE R, UH-9 O FHRWERET 2o EAENTHL LM IO B,

ey FoRBERIHER

Examples of Quality Classifications of Rock in Dam Foundation

Glassifi-

_ Characteristics
cation ) -, o .

Rock-forming minerals(l) are fresh and not weathered

A or altered.. Joints and cracks are very closely
adhered with no weathering along their planes, A
elear sound is emitted when hammered, .
Rock-forming minerals are weathered slightly or

B partially altered, the rocR being hard. Joints aund

cracks are closely adhered. A clear sound is emitted
when hammered. , .
Rock—forming minerals are weathered but the rock is
fairly hard. The bond between rock blocks is slightly
reduced and each block is apt to be exfoliated along
Cy . | joints and cracks by strong hammering. Joints and
cracks sometimes contain clay and other material which
may be coloured by limonite. A slightly dull sound is
emitted when hammered.

Rock—forming minerals are weathered and the rock is
slightly soft, Exfoliation of the rock occurs along
Y joints and cracks by normal hammering. Joints and
cracks sometimes contain clay and other material. A
somewhat dull sound is emitted when hammered,
Rock—-forming minerals are weathered and the rock is

_ softs Exfoliation of .the rock occurs along joints and
Gy, eracks by light hammering. Joints and cracks contain
" | clay. A dull sound is emitted when hammered. .
Rock—forming minerals are weathered, and rock is very
gsoft, There is virtually no bond between rock blocks,
.and collapsé occurs at the slightest hammering,
Joints and crakes. contain clay., A very dull sound is
emitted when hammered. '

(1): Except quartz
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434 WMTRABHOWLR _

Ty SRTBHBOXGMIT. 7 Il &Khoktak Khola @'éﬁﬁ‘ﬂ'%’aiﬁﬁﬁ@mr&ﬂt
Frtfidhb, cOld, FMREISLBHEICHE S, SMOMTH., wWIOb
60° HEORMBEEREL. MTERLBBARENT ST PR RR-REHF T B,

OB, UI-7 ORBPES . A - B2AOBEBRELLBLI, TOR
Fix. WG, G-6 MEMERIKRT. '

TSI . MRS AR N 20~30% ., MAN~METHESLLETHENL, <
OB, BEIImMOBESE T, BOBEHE Open joint) HRF L. — M Nicadt®
ELTHOEHEERERL TS,

thabith o> WA X EF_.ICEI. 850mEl FdAugen greissh oMk X h b, MK
BAECBRT I REAFBRROXO>TH S,

- DHG, 6-5 OEES BT IR RERKER, L SSGmH'FQ&ZOGm?)Eﬁﬂf%%B

(|25m., EMAE 100m) | ' |
R WEAREIS OV - v ORREOVNIE 4. 4~45 knsec ER L. &b

OAERC, BU/OBERPIRITRL ELONE.

BRBIAEIR. BEREE T T B IMBEOBESEY (RREEBI LR
Micaceous zonei %) MAHT H, COBEBOVPEER, LD 2.3~2.4 kn
Ssec EEREDO 4 4~45 kassec OBMEEERTRACHETIEEAON
Bo EBICUE~XTHBEOZOC: BUOERT., S8MES LTHBEORVIRET
b, BB DODOTCEDLOMBINES.,

CUDH-T DT YEOMER, DK, 6-6 KRLZ. BEOSVHBA TRAIL Y

SHV. BMNIALG Ay, B 650V F v CH B, MVF VER, BEAEIN

Sl O I mYhoEKBEERLTWA, BB ARARKER. 4~5

ke /ATHLOC, CORTOEBROBEANER. REMBELNS .

Fho, KERAELEETEBSIR, €4 ¥ FEALLZRRNEZ SR 5 M,
CORATOERDEKIER. z‘%&#ﬂtif—lf“ﬁ‘a’)ﬁj&i:i&én‘(t‘réo)‘?\ 75
UL BEKBEOKRIIEBRNFERETH 5,



4.4 MWKk bR
L40 H H
Vgﬁ%by%w@ﬁ@ﬁﬁ\ﬁﬂﬁ%@ﬂMﬁM@%ﬁafmaah7$wﬂ@ﬁ
B IR ERIC G287 % Solakhanikt A & B HEMIE . NE-SW S HE8 5 BEE L, 500
S 2 000mOXHEE I ABRR SRR LT B,
=%, SolakhaniM S KRB, MBS~ THRBROBER K. 1,100 ~
L300 MO T VI ARBEICHEE NS, CORER. Suki Khola, Rara Khola%
DARNFEREEL ’-t‘*fi:_Suki Khola., Rara KholaifuBith i O EEE WInAATH 5,
PrAAOLEDE P YAR2EO52% M EORET A00mB LERL, BAT
LOS0mic T 5, BoM 0mBl FORMIE, b ¥4 LiBDKhotak Khalaft i
@ U0mb 5 Suki Kholad 200mORMT, F YR LED 4 %EEH T B,
442 WKErFRIOHHE
HEi R A A N — Lo, DWG. G-1 B L X DHG. G-2 KRTEBDTHS,
SO BT A BE L, Hetanorphic rockd D ALITH A L ZcGneissosed granite
TH B,
Hetamorphic rockid, MEFITCREWRMHFEAOME DL SGaeiss& Schistd 2 BHTH
3,
GneissitbH W AREKROHERER LS UCHBMMIWEL - T 5, Augen gneiss
OEEE, AR CRETH 2, REROBS (sBRASaicEd ) 1. BRER
(EREA) BX-TRRSN. FRKEL, BRARDECARDI., BROB R,
HRBLOCEDRELIORD .. BOABERBEERIRAB TV 5,
SchistORHRBVHNEAEL, REATHL, SchistRBER (REB-GTEH) |
EE;E%ﬁaﬁ%ﬁﬁén\it%ﬁmﬁ¥ﬁﬁ%lwm\ﬁml~5mwﬁh$
'?.f*’E“%ATU‘%;ﬁﬂﬂssiﬁﬂjﬁbf(ﬁ.@iﬁ!%‘i\ RASRHC, FhvyXHhosy
'%ﬁﬁﬁﬁﬁ&té%némc®%ﬁu‘ﬁﬂ@é@%ﬂ&b&b@womﬁKSV
Ti., CORBOAHMBEE ORI~ KB SN B,
Granitic rock i ~RMIEBOHEREEE S S, WEEERULERERT, W
h@ﬁg@%ﬁéﬁﬁ\mﬂ®%ﬁﬁ®%ﬁ%$tm\Mwnmﬂm@ﬁﬁﬁ?&o
RAFMI ST BERBERE - Y ISR RERICE - CHRR L B S T
kﬂﬁ@%%%ﬂ;%ﬁmkﬁﬁﬁwkﬂéﬁﬁfﬁéo%m%ry$»®¥AMK
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;
SHETHIOERL. BERCFOT Im~ImBORLHEHE TV S,

wﬁﬁ%m‘mm:N%‘~%°E\ﬁﬁ:%°~%°E%ﬁ-;ﬂ@hﬁ@ﬁ\
B E. FHM GRAMM) K TiHomE. LN (i) chitoRErRET
%,

AR v ArOEHMEBEMOENE OB, BAKRbD ToMER, B
Thb,

PLEOKE . Righ Hinalays OMBICRET A RBOUERHEBE T HHRNC
L HHLT S,

AL RO~ PR BEBERIR, DH6 6-2 KRY,

AR A ARBEICI. BADE ™SI Augen Gneissosed Granite, Augen
Gneiss, Gneissosed Granite, Mica Schist . Gneissosed Granite. Augen Greissht
NHT B

Fig, 4-6 IAB b v 2 M EHHRER SR T,

BAB 2 LOREERVILeThs, 2RI 2ERBOR MR, K

DY THb,
Augen gaeiss i 22.3%
Greissosed granite 31 49%
Mica schist : 46.3%

¥ fGneissosed graniteld, FORMBTHRE EEMF - L BHER L B, Selakhani
HLEROBRICHICHELED»OND, ChoOBBERE., P YA BEEEITE
TEELTVWLILELZONSE, TOEEDOREIZ 130mTAH b, Gneissosed granite
3,550 mEHLH JLIRORETH B,

CONSDOWE AN BBRBIE. PN Yaday L UArun Fault@ LB ER K
B L. Arun FawlUi BT 2 HEMN A S O, (Fig, 4-48IK)

Mica schist ONHEM. tELORCEMPBEHII. Py I rTHELRET S
LCHBELMEEEATY S,

P TATHIEY - T, PHBO R RAUZKBENLZ B L TRLOMER
., ERBEUTTPHETLIEVBETH S, |
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443 MEIPHER
() &N oY b | |
R BRI S CRIE Qg B PR E LCRABERRETL, £ORBE
S A S R Y TERER LI, £ORRRTable 4-5 KRTEHY
T |

Table 4—5 Physicat Charactaristics of Foundation Rock

Physical Zone | Daw site Powerthouse site
Froparcies
Roek Augen gn Augen gn Gr
Buik Hatural 2.7 2.67 2.68
specific 3 Dry 2.70 2.66 - 2.65
geavity S$sturated .70 2.67 2.66
Absorption (%) 0.7 2,72 0.5 .1 -
Het porvesity (1) 1.3 2,72 1.4
Vater content {1} 0.3 212 o o5
Unit veight (g/ead) . 2.72 2,72 2,65
Velocity vp (ka/a) 2.91 3.45 2.87
of
supersonic | V3 _{(kufs} 1.85 1.9% 1.42
wavae kufs | Edc
(105xg fem?) 5.41 2.59 1.56
I 0.21 0.27 .34
Unconfined
conpreasive strangh 156 441 599
{kg/cnl)

Rote: Edc: Dynamic modulut of eleasticity
Dc ; Dynmawic poisson’s ratie

Wica Schist H. Z®EME (Soki Kholag e LT AHT5) £4MME
CRBEL TV, # Abneissic AT sHica schist B, HBIZBLT, HER
~EFRCERE A, RRRORNE S0 -1,

MRt o MR R E RIS S B RTE D . UMK 600k /ol M
B LT 5, Creissid, BEHMOTME 140k /od i 5 L TH A MO T2
B K 150ke/ed AR L. M3 BOKENELSE S, COZRE, tneissORHE
BRERT2b0CHD. AEOEREOE, WM AYOENE L TELL
ORI, THbE, FREORBOEM. (REFMIERE 20 £ K
K LI R B R B : 505 10° ) ORIk - Cy — WIS ERRE B RMEL
1bOTH5, .

COWKR, BRREAEAL LTHENRRESX TV A, Tab5, HHM
BICE - CHERBEMAS CET 5 EMTFRENL, SR, BHROKE
AKEVLERERBCO¥RMBTH S, | |



EBHAER. MIHCRATmMEN S MR, £0HE —BERHRE
Bl RA 100ke/ARETHS S,

@ b o B R 0D MR & MR U R |
Ctable 46 12 b v v BRI WD YRR U r o BUE B RORE A B o T
mryiwtﬁm@5&¥mén&mﬁ%WMLfnm,mzmﬁbko
R, BRORNBEET & B TTable -7 1R LT,

(3 TBM (Tennel Boring Machine) I 7k @ i kbl
imAﬁnm&axau:@ﬁm%ryi»ﬁﬁﬁﬂjmmas\¢Mﬁ%m¢b
Lﬁ%TJmmﬁmmmTwI&%ﬁmﬁa;&ﬁﬁ@énfwao

CfQ)EiﬂﬂQ)ﬁth{iAugen gneissd Jk Fhneissosed graniteiﬁ55§6\ Mica schist
_i)€36%\ ‘Sheared zonedt g %é}%ﬁ.b'(b‘ HEMFE XN D, Avgen greissH LU
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Table 4--9 Grain Size Analysis

S{it % Sand % Gravel &
under 62 w62 m ~ 2 mm me-SOms_nL
1 6 28 72
p/s 2 13 41 " 46
3 10 29 " 6l
Pikuwa 1 12 - 40 48
P/5 2 ' 22 48 _ 29
Kaguwa 3 15 42 43
P/S 4 30 34 _ 36_
Arithmatic 15 37 48
average '

D/S : Dam site
P/S : Powerhouse slte
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Fig. 47 Plannad Rock Quarry Location on the Dam Site
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Fig. 4~8 Earthquakes in Nepal
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Mb: Magnitude of body wave { 1984~1977)
Table 4~11 Major Earthquakes in the 20th Century
Date | Eplcenter Magnitude}! Location and Dawmages
1816 30,00 W 7.5 Far Western Nepal
8.28| 8l.00 E Extent of damage unclear
19341 26,5 N 8.4 Nepal - India Border
B6.5 E (Ms) Deaths: 8,519 (Nepal), 7,253 (India)
1.15} 27.55 K 8.3 Houses Destroyed: 80,893 (Nepal)
87.09 E {Ms)
19361 28.5 N 7.0 Western Nepal (Dhaulagiri)
5.27 83.5 E Damages unclear
1966 ] 29.6 N 6.0 Far Western Nepal
6.27] 80.8 E (Mb) Deaths: 42, Houses Destroyed: 3,969
19801 29,6 N 6.1 Far Weatern Nepal
7.291 8l.1 E (Ms) Deaths: 178, Houses Destroyed£ 13;258
1/: Richter’s local magnitude
Ms: Magnitude of surface wave
Mb: Magnitude of body wave
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Table 4—12 Distribution of Magnitude and Epicentral Distance of the Seismicity Data

Epicentral Distance [km]

FAN

Magnitude_
0< A<50 | <100 <200 | <200 | <400 | <500 | <600 | <700 | <800 | <900 <1000 | Total
3.5¢ M <4, 0 0 0 ol 1 1 0 2 3 2 31 12
oy 1 of 4] 4 s1 10| 10| 17| 21 30 33| 135
<5, 0 siouloaef 220 26} 49) 49 90 122) 112 496
a5, 2 8 4 6 7| 16] 22] 33| 30| 64 581 250
6. 0 0 'l | 3 4 61 10 9| 12 11 53
w.s| o 1 1 1 0 0 0 4 2| 3 3] 15
<7. 0 0 0 0 0 0 0 0 0 3 0 3
ibtai ; 3 14| 211 22 38| s7| 87| 1is| 155) 236 216} 964
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MAXIMUM  ACCELERATION
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Table 4-13  Maximum Accalerations for Five Return Periods

unit: gal
Model Return Period . Tr (year)
(Eq.No.) | Froposer(s) 50 | 100 | 200 | 500 | 1000 |
(1) €. Oliveira 26 34 42 55 65
1 (2) | R. K. MeGuire | 71 84 97 | 113 ] 125
[ : L. Bsteva &
(3 | 5. Rosenbluetn| 28| 411 57 85 | 113
(4) T. Katayama 38 48 59 75 87
() | s. okamoto 166 | 231 | 208 | 381 | 436
Fig. 4-9 Return Period for Maximum Accelerations
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Tahle 414 Earthquakes of Magnitude Greater than 7.5

in the Vicinity of the Himalaya Frontal Arc .
since 1897 (After S5ingh and Gupta, 1980)

Magni-

Date Lat(:j;;l;de LD?%E;‘M& Location Death tude
12 June 1897 25.9 91.8 Assam | 1_,6..00 8.7
4 April 1905 33.0 76.0 Kangra Valley 19,000 8.6
12 December 1908 26.5 97.0 Burma ' - 7.5
8 July 1918 24,5 91.0 Assam - 7.6
12 January 19347 | 26.5 86.5 Bihar-Nepal | 11,000] 8.4*
30 May 1935 29.5 66.7 | Quetta 30,000 | 7.6
29 July 1947 28.5 94,0 NE Assam - 7.9
15 August 1950 28,5 96.7 Assam 1,526 8.7

Source: Bulletin of the Seismological Soclety of Amefica, Vol. 76,
No. 1, PP205-295, Feb. 1986

Large Artificial Water Reservoirs in the Vielnity of the
Himalayan Foothills and Reservoir-induced Seismicity by
H, K. Gupta and K. Rajendran.
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Fig. 4-10 Seismicity of All Data in 1963 — 1985
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Total Number of Plols in the area of A 21000.0 (km) is 964 .
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