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Ximi# (glaicer lake) ?»/x# (7'v7, GLOF: Glacier Lake Outburst Flood) izt 5
KERZ, =72V UREZPHPZE2PE (FXy b)) RN T—=F L RT T RAURDE R
THEINTWE, LrL, ENLEKRNLHRIIHBE I NTH D, £ELIZ, 1994
#£10~1181c, BEREHHBEFAJICA) nEHREFEMRL L T, 2 —nna—17) 7.
t<—/L (Rolwaling Himal) oKi#l & 1991F IC/REEL 7ok AE T o8& 41872, =
Z TR, KABMOBRPLEHREL 2BEOBK - LRBRICOVWTHREL 22 L 2BET 5,
WIS THVW 2, KETHOEE L, TROLHARAL S 2SHTHKEZERL, $BNH
DRROPBERESCERB OB b2 2B L7z,

Foe— VERNNDBERKENEREIIH MBS & XB (Sherestha, 1989 %> Sharma, 1988) T
fF- 7. GLOF icBi¥ 2 BEF0#%E (Feng, 1991 % Lliboutry et al., 1977 % &) 5, X
HNERL GLOF NERZIBIE L 72, GLOF DR 4 I 5 TRBERRKRICEL Tk, 3t
TERWDEER L HMN - RTHEEZITEL, tOBBOEELRFTL 2, 2 —LEHNTRY
fE&k & 2T % Tsho Rolpa K% iRz, BRIEEZHE -BEREEL Y TREL .
%8, ARETH7 Rolwaling RO 1T, 19814 74T Schneider E./ #FX 4 & &EH
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FAEE OB IL, JICA RYIRBEMRILBMIEL (bl R ERERIEM R T ER
FEM) 2)—F—sL, A= NVBROA 7 I ==} THEKIRANX—FERS

(WECS: Water and Energy Commission Secretariat) ¢ R.R.Maskey K & S.Joshi I,

JICA FHiREFEMROLCERKR (CABEKRR S - BRIEEEL), TP 25> F ORBILE
K (AbE KRR EEREM RRHE L3RR - SKWEFEEM) L EELTHSE, AHREC
i3, ZOREKNBIT—F 2HH L7z, Tsho Rolpa KT#ENEE - 1 - KRENT— 7 %3
IHEE+ - P.K.Mool i (WECS) - FIHEIK (£ HEBRK¥ERTUKEREN AT, 1992~ 19944
JICA ERIREEMR) - HHEHRA TR (LEEXFRMIRREREMRRME L RE - TERE
EF) 2 B8R B2 ZIT 2, £/, WECS Bf£#¢ Dr.R.Bhatte, IWHtEL, JICA &/ s— LEHE
FroBfR&icid, FAEDRITHR, R —NEERIZRLSEMLH N & Ci# L2,

UEnFHriz, BCHBEZET, '

1. /3= LDEER

(1) #% %

R e— LI AER0° ~88° - LHE26°~30°IcAriB L, WHE147 km?, AD1500HFATH 5, B
46200km DIRDOH T, BE86mM DT 7 4 FFH 5H8848m NI~V 2 } 2 FWlT 5 =T ¥~
ZLLTBY, 2OMEEICHE > TERED L BILKEHHE & BT ARBEIL LN S,
AN JUIIEFE S THRBRBEREL L - TN, /1Y FEFRV N EDTRBLBEL T LT3
EETIZONTEL, BAICE), BRIGERILOBEEI B LEDHDLN TS, LarL, B
NEEIIRELBRCKFEL TS, BBEEL LW 0 b, BFOMRIDAILZ, FL vy
¥ 7 - Bl EDOHFTRPEME LD L, ZNLE ) LR T, eI TIURDEELFAE
HERT25CHRE7 027 M P EHLNTWE, TNHIZ, EEREFENI ALY —IE
iz, BUBE~DZ AN M L CLFBIIN TS, &6i2, BEZIILHET
LEBEBHONRICL L > Tvd, 2O7uP27 OREN12ELT, GLOFICL 3
KR ERNESHITLN TV 5,

A= UE, A F7V =225 T7Vv— OBRICL DHFEEHICL ) L&
BOREL, ZOMERFIIERBCETIIRYSNSG, 05T 74FR - 27 71l -
Ry (2w FI2F) - Bl (F7e=eI¥) -~ fe=TFXicRainTwsd (@-1),
LI XIURERE L, 3KANTHIANFY - F>F7 - adh, FrPRAEYEK
ZURLARERRL T35, FKL, Rov—n@Eile picHRicomL s (®-2),
T #40% HEMRICEbIL T % (Sherestha,1989), L AL, EHED BHibL AR @R - K
ORI R THERIIBFICEISL T3,
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Fig. 1 Physiographic map of NEPAL.
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Fig. 2 Map of the forest cover.
After Sherestha B.M. (1988)

HIMNETATI7AFRBIAT P AMNDIBLARD—HTHb, ERFRIEICEL,
Acacia sp. * Dalberugia sp. - Shorea sp.%s K NEBENEENALNDE, 7)) Z71LHsh 5
AT BN, KEELCERBEERL, 8- 0 - BoOMBERRIZ5000m EL T3, 2
N oBoFNIIZELSICIZER, MPENAICKESAE LI, ERPEMICL > Tk BEL
Twad, T74FRIL, POURELERBETH), 1> FEIORAZBH TV, ik
FIIRAEIAEL, R NVDBAD D% EAR, R = NeTnDHNTOR%NBIEEEL, X
LEYOREMEL L TRERBL T3, —F, BREMEBEEOHMPLA > F~oBilict-T, &
B HTROBL A LND,

270 71331000~ 1500m O EBREOILTH S, EERIZERL T, F050
Bz, BREENECRBERDRICL - TBRENTWE720, BEOBIREEL TS, T



212 JtHE R RFHRBANTERE $£52% H25

FTAEBEANFENLFNOKPFIEZ OB EIEE L T3, EBEHBICIX, Pinus sp.- Castanopsis
sp. %% & DEMFHEECEFOWMARLIEFTL T2,

gl (2 FZ>F) i3#K1500~2000m O#ug T, ZE1000m HDEAF -4 b=
X ENEWEES, R—NDOBIERLOFLHE L TEL P HEKZTER, BRILL W
BE - WESHBREHZ2ZI L LAVERICL > THRIN TS, FllE ) IS
L, MEICIZEPERIAELNE, # e XL &L, »OTHMTH-72726, L}
R - BHE CHIML T\ 5, WWEILMICIZ Quercus sp. - Pinus sp.% ¥ O#kAT LT
W3, S OFEIZE2MAELNA RR L ZHRIEEN, R OFE TIIBEIITHONT
W, R, AOBEMICE L 5 BEDBBERRER - BEMHREIC L - TR LHH
ATWS, BEIZMREOEMICIZIAZ <, ILEDOHT ) MRBREO HBHSEMHEICREL
Tw b,

B LA I3 2000~ 4000m ICALE L, £ T Y ORHER T, KBOKAER S
EArHET S, 272, WREHBCLIBELANNRAERIC L > TEWE & Sk S EEAHHE
PREL T2, [EBEFIZEHEL LBEEFICEL, Pinus sp. - Abies sp. + Tsuga sp.%c ¥ D&t
i L ERLLEBOIAEFTL T 5,

BEE4000m Ll iR E A b= T LIRY, ST 23 ERKICE LN, KA FE
LT3, XKEFERALZECZIT LRSI, WEREVBESKHELEA TV, BRLAR
DIz, B 12 Juniperus sp. Ericaceae, EAXEHF A LN B, TEBORKELE W,

2) BRKEBOER
BRI - HE - KBRFEHEE WL TWB R/~ AT}, 82 &L TOHRKEN
REL TS (R- 1), 1984FENGEHFTIE, 1EMOBEK-HT ) KRETHI0AHTETL,

Table. 1 Types of natural hazards

Types of hazards Mo§t common Frequency of
. _region of Nepal * __occurrence
All over the country

¢ Destructive type

Earthquake and particulary in | once in a 50 years
 western Nepal '

Rainfall ! West to east Nepal Annually

Landslide | '

Midland and

Rostllde Higher montain Annually
Soil creep

Soil erosion  Midland and Terai » Annually
Flood : . . !

Debris flow ‘ Mountain and Terai : Annually
Glaicer lake ¢ Central and eastern

outburst flood | High Himalaya ' Once in a 3 years

After Sharma C.K.(1988)
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5000F 2B L T\ 2, EFIZ, FHROBLLTF ALK (Bhatta, 1994) i2 & 5, KEHR
BOVEARHIERHE LT % (Sharma, 1988),
a, b . 4

7TV —tOEET, FERME MBT) L EHREEME (MCT) HXBEL#ER
HAICE->TWb, MBT ah®Et s > 7)) 7L BRFICHMEL TH ), MCTidhsi
b EFBIcALE L T 5, BIEIZ, MCT o/l & R s— i lmEIcEFRIcaHB L T 5,
1934 FEDHETIL, & F <> X2 HFGICM00ASFET L Ao — N FRENHMBRETH - 12,
LL, EICE> TRELZHTN)RHEL ENGIIHR T I LM TE L 12,
b. & ]

T A=V EPNLERIA LN D, 2 — VERNNOEFHMREKRIZ, - 3R
L7z & 91z, 200~4000mm & ZHKE w25, £EFHIZI700mm & 3N Twb, & CICHEEAR
BNV FXINELN0M, Biizsy b= Xodtr b i e=SrETiiRicBWT, &
BEMTE LT BRI RET S, TNLNDEPFEMICL > T, IIRPEERLENKE
DREEFBESIN TS (BAITH, 1993),

88°E

Fig. 3 Mean annual precipitation 1971-1985(mm).
After Sherestha B.M.(1989)

c.RtRA
ELORERBLICECZA—VHICEZY, R NLEHTEL TS, FRGESFIR, A
O & 2 THEERCHEROBLS EHEL TREREESHEML, XTIV ETLIMED
L—IVBOHARN 2T Xk D LHRBICB T RRETHFEHBOMMELBEET 2 L b
Twa, TEBROMEIL, AORNMPRE - FEXIC L 5 2MAIHEI AL TE 2219605
ICA-> TEEIZLD, 22— NEETHEM0.2~0.5mm NEEHHAL T3 & &h, BHIC
BT 2R LBEBIIHRBTFD20~601% &L HEE b » 5 (Sharma, 1988), 7z, WK LR#
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MEOHMIZ, EKRORBDRWD L BKBORHBNOMME i, KERMES T F HE
BEINVERIL T b,
d. HEXE

B b= 7 PIRO WEMEIC I TN OREBBORER S A LN 55, BEHEE
PRI RE (L, ABEEL DL, —F, FRIIMTIE MCT DRRERIC L 25 %
WED2H, BRICHT)RPHMERFESREL TE), HMT~NY) LI HREL X EHE
FLE->Tvb, PRI A —AVIEDFLHTSH ), EEEBD DDA EITL T
Wb, INHDRARIC L B RBRLBKRH TR KEOHMAHEHEIN TS Y, 19935 7 A
DB TIZHIS00ASFET L T 5 (AT A, 1995), 7Y 7 ILbII BREHENTH G
BhbkoTwahizsh, HEARRFSRL IIHERIZZEOIHTEML TV T, HARIZT T
A FREA~FH T 5,

e. FHAKE L TRRKE

LB TR AR BN EE DS D UL T2, BEKEELAL N WD, KEDRKHER
THROMERREN S TRRE %> THT T 5 WRetEL R E », F72, PRINBEDIT 0 KRS
ARV EREARILL Two %Y, RBOMEERICL > TRET I EWBBHEI RS- T
W5 (A, 1993), AKRENIRLBFEICHLbNINE, TIAFRTHS, 7Y 71U
LMY 5 2B E BRI L - T, BRHTIE, REBESHOUKILEIREICREL T2,
& IS LNNI2004F THBEH115km L FEICREBY L 72 (WEIZ A, 1992),

f. KTHARBHKE

KAERRRERBUMBNA T L {, WK TROECERIZHZ > TROFECR
BROBBESIERIT, £/, ZERACLIMEHESCHTNINREL - 2K KE
DTREMEDL H 5,

A= VT, Bl LA EAZRER, RERACHMT Y - fki LD KEHIE
BicREL, KEMEBE L TRRELMABL DTV, UL, KTBRBICLZKENR
RRIRENT, THOLECERICOZ > THEE2BLIZT. ZOLHDEFER —LBIFIES
AR L OBETL KELBLE LE T3,

2. KAHRRIZBT 5 HRORARK

W, B3P URDR A= F Xy } T 2T RINRDO~IN—THKIAHRE (GLOF)
BT 2 RBEN L ESRKRCTIThbL:, 22— )L T3, Yamada(1993) 75K WD 5 4
& GLOF RENFEE TE2HL T3, 22— BT 2 GLOF 0 %4Eld, £— 210k L2 L5
IR EINTE Y, 299 L12MEH 1960 LARRIZRE L T b, R/ v— VEBUFO KT
IR T2 1980F A 5 WECS # .02z UsH & R, 198741213 Arun /I & Sun-Kosi JI|
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WK EARFABIZBNT, PEE R — N EFEITbI Iz, BAND ODA i3, WECS
BATYF—r—} ELTKRMBOTNE - #hE - WEGBRRZ &icBI T 2 2R 7 92 # 19904
oDz, BIEETIE, KEDIERE - KO AKNZRLBINT 4 & IcBT 2 BB L T — 7 ¢
EMEh, BATHEEL %) D DH B, GLOF 2Bl Tz ({ 2D ENAZOBEYH 5,

Vuichard & Zimmermann (1986) i3, Dig Tsho GLOF (19854E%4) 1IN 2841
T35, THBENCET 2 ICHERIZ LV, ERRFTESICBBEIN TR LIS,

V,
Table. 2 Records of GLOF in Nepal
Date Iﬁ)::igi Glglc%geﬁ;fk e Cause of GLOF Note
yea‘tt'goagoi Seti Khola Ice-cored moraine collapse gg&_?so?of,gir‘élé
1935. 8 | SunKosi | Targling | lce-cored moraine collapse |
1964. 9 Arun Gelhaipco l;ggr?;ﬁiengoig?gﬁglfglfg
1964 Trisuli Longda
1964 Sun Kosi Zhangzangbo Moraineszgggg:e due to VZ;tﬁ'g lgr\;;al
1968 (Mtf]kilw’/lgll'est) Ayico

' Arun | . :
1969 (Mt Everest) |  Avico :

)

Arun ' :
1970 i (Mt.Everest) | Ayico

1977. 9 Dudh Kosi ;Nare Glacier ! Ice-cored moraine collapse
1980 Tamur Phuchan Vr"igit:; jevel
1981 | (e son | Zhangzangbo | Moraine colanee e to B o
962. 81 Anm | Jinco | Moraine collapse due o
1965. 8 | DuhKosi | DigTsho | g Morteconamse, | Peak dlecharge
1991. 7 | Tama Kosi | pChubtE, | S

% After Yamada (1993)
RETIE, FEREROKTEERINF R G E % - T, KATBHOBMRITHN T
%, Xu& Feng (1994) i35~y M2cBWT2R20KMEENRICEALEL, 209 bN1II9NE
V=2 F AN 5 534(24%) 125V TiZ GLOF sl d 5 2 L 2B L T 5. Zhbid,
10~50X10°m* DR K B2 H Y, £/ 3= WIZKRAT 5 WD EFIBICALE L TW 5728, FXy
FEEbica e —ERNTY GLOF Do E T %, GLOF 2w Tid&R - 3N &
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SI2Blic oW ToBEH ), FEFEERIKEHN (88) - 4 > 7 (14) - KimMoH]
# (16) »HIFsnTv5s, #AkETIZS0kn TR TERKKRD12ENFEEL120km T i
T10000m®,/ s DFHT, THW TIF40km T HF T4.8X10°m* D WA L 2= B4 & Hie# S
ntwa,

~XN—DKFAETIE, Lliboutry et.al (1977) %%, TV —> FADNEERS KB Z 2OV T
LT3,

KA EHEL T b 7Li2it, tRnaNEL —> - LBk H B EL— -
KANKILL BT NI DNDI A 7HH %, GLOF DRERRIZ, HHBENSHLHMIZL -
T A —"—7 00—, FLREYVBBLRAEICL > TRETIHAL, ALfENOTA
2K - FRIKTA~NDREICREAT 2 HIRIC L > TREPRBT 27— 2, F/2, KED
BIMC & 5 7 2REDBWRIRBESIZERITEE L EHIREEN TV 5, HMEBORED, K
EOBALRPREKNFILAFIER THRELH 2, LrL, Znsn@EL L3, L —VRK
DOWNEHEE I AL H0°% <, 72, GLOFNRERRICBE§ 2 KR LHRL L3 Twicw,

Table. 3 Records of GLOF in Tibetan Himalaya

Date Locate Lake Cause of GLOF R?fl:tusr%:f Note
1935. 3 l Bhote Kosi Tara Cho Dam Piping (Xlgér%xs) l

1940. 7 Ahmchu Qun‘téi})‘coiama Ice Avalanche 12.4 Peally(z(c)léﬁgl/a;rge
1954. 7 Nianchu ESangwang Choé Glaiﬂfuﬁ‘;‘;{‘gm’he% 300.0 4 P ponarge
196. 8 Trisuli | Longda Cho | Debrisflood with i 1o ¢ | Peak discharge
1964. 9 Arun Gelhaipu Cho Ice Avalanche ﬁ 23.4 Pe%lfzg(i)ﬁgx/asrge
1964. 9 Nyang Danéir(x)lahe Ice Avalanche 2.0

1970.8 | Arm | AyaCho | —~ 000 PO o "
1972. 7 Xibaxiaqu ' Poge Cho Ice Avalanche -

1981. 6 g:;lglg(g) Zari Cho Ice Avalanche —

1981. 7 l Bhote Kosi Zhangzangbo ' Ice Avalanche ' 18.9 '

1982. 8 Arun Jin Cho Ice Avalanche 12.8

1988. 7 f:rllgg% Mutui Cho Ice Avalanche 3.3 Pezilfsggigl/a;rge

# After XU D.&FENG Q.(1994)
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BAER/ =V 5 2OKTE % BERICHEL T2, 20 %5 T GLOF &0 EKRA K
EWw b TV 3 KH#ElH Tsho Rolpa KMH#TH 5,

3. Rolwaling JII

(1) FEOBR

Rolwaling MR IE X < — NV DITEX Tit Janakpur i2& L, # F <> X4uFE#5500km (36
AE28°RAE86°) ICHIET 5. KRt Rolwaling 5 Bhote Kosi /lj—» Tamba Kosi Jil— Sun
Kosi ik %Y, 7> ZNMIZEWL XY ANENEZ TS,

WIREK300km?, &3 Bhote Kosi JI| ¥ D& 571400m %* & Gaurisankar (7146m)
OBEB010m oB\E s 3T, Lz F~y F L DEET6000m Ll EOBE LA H#E L), B
Khumbu Himal 283 3, HBOH30% (100km?) 12 1 £ 4B L TKBICEALNLEHILRTH
N, Zotic Ripimo Shar & Trakarding @ 2 D0k p5H 5 (F— 4), ®IIE 2 415 DKHE
ZHREL, KX F» HKEED, FXv } & DN 2 Bhote Kosi INICAWRT 2. FIRNE
Bi3, Beding £8%F£Eic L T, LHEBIUIFEHI2% THERIZ30%TH "), Bhote Kosi JIlic&H
T5L10%i12%5 (- 5), 2 o0kmd, E&H4500m fFirice> FEV—V2FEERL TWw 5,
FROTERNEE2000m 1212 Simigaon HH*» 1), BBRLSFETFFIFEI TS, &
E2500~3700m OFEKIZE 2 - VIIRBEOEGHERE AL N 7 FY - FT N F
BOBRTHKT, SIETHTIIWEER 1 mOKERD AL S, EEPHRIRICIIH204ERTIC
10km?%2 B2 2 HFMA K EEL TEY, BEREEKRIALNS, EH3T00m L ETRREKR
Wi3A %L %0, v 7Fh7Rh < PBEL Twb, 4000m A TI3, HEDGHL 726
ThHN, BRENA LY D,

WROMADIZHI00A T, 12 A FitSimigaon 8u & L Tw b, BEE3700m
N Bedingicid ¥ x o SEAFIB00AN RT0HH) L AEFEL Twb, ERIIBENIEEETHY,
Simigaon Tl t = L #(&, Beding T3P+ ¥ A € & 7 Dt HH 0 TH 3, Simigaon T
12, —EICHO DAL NA, BHETIZ L  —RI L BURL D 7o DI ABDTET 5/
B L 0T, B E 5 T & v, Beding T, ERAICIZEE4000m cfLET 2 Na
EFEICBEL T3, Beding icB#T 5 TH (Gyabrug,Chameka) IZI3%ZDRE 2NFAI
DA REHHY, TOMIIKE L BERIRET 5 LHAAT, ZOMICSERIE
REICE > TWb, Beding R EE— 1 TALNS & ) L EHMTE, BHEAIC L » TREECKIC
LTREMEES> T b, BEICIZTFRy MABDOFRNELL DY, V2 WROEFEDH
L% >Twa, Na (BE—2) BUFESDEVHERICHY), HEDWL DHLD/NERD
RN » 74 B E D> T 5, BHEIL, KFILEREDRAZE C2HIC 1 mAT
BOEEORBEICHIN TS, FERYZ - £V Y - YXIHRMRPHHRBRRALL L H 3125
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A Gaurisankar N

Simigaon

Bhote Kosi

Kathmandu

Fig. 4 Location of the study site.
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Fig. 5 The Longitudinal Profile of Rolwaling.
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HEN, EHOBBMIZESS000m (HEE TLEY - Twb, BENY 7 (¢TI —1})
DELALNI,

ERIZBEDMIZ, Rolwaling X KhumbufEld F L v ¥ > 7D Ax 2 xRz L7244 FRoFR
— 7 —nfEHISH N, BEELHRENAFETH S, Beding n o = V%37 A FoEELF S,
MIZ=~XL 2 FELNEIISAL VDL EE - T, I XL LERL Ty, FEIi
x VT OEEREEOITIIL, Y2t AN TIOKPREEEAEL, My
JHENERIHLLOEHBEL T, (ERIAHEANE#ETHY), R &, HAD-E

Phote.1 Beding village.

e
Photo.2 Na village

The arrow shows the end moraine of Tsho Rolpa.
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Table. 4 Discharge of Rolwaling river

Catchment Average Discharge
Area Velocity
(km?) {m/s) (m*/s)
June . November June ' November
Research Date 1993 | 1994 1993 | 1994
Tsho Rolpa 79.0 0.73 — 3.3 1 0.7

Na 160.0 1.80 E 1.19 14.14 2.09
Beding 197.0 2.25 : 1.80 27.22 ; 6.54

# Data of June 1993 : after Mool et al. (1993)

(2) Ripimo Shar KA O RIR = 5 TRHBE O REE

19914 7 A Ripimo Shar »KE#/Ri#E iz & - T, Beding Tl kEA A% 1 m AL, AR
DEENLGEIB TS N, BAKIZ BB E, FICRINGEWREERE L BH 72D T DR
CIREATVWLINRIBEBEL 2. BKIZ24FMEICILEE OKLICEBL 7245 Hkick-T
RENEFESRMFOTRM % & OWEL S - 72 (Damen,1992) . JKFATHAE D 2 Bt i L
TWHNRNEEIC LS &, RELZKEBZZ Y FEL—2 201 km LBifRICEEL Tz
Vv, 2272L, T EICIRBAELHIDEH DY, ERLMEIITHETH S, REBN
By FELV—2 501 km B Th-72%%, =2 FELV—>DOREMEE LRTOENLE
(¥ FEV—YTEERL D 2 m ) (SRR #MEY & B 5 BHEMI R ERICHHL T
5Z kb, RELZE,LRBLZKEIZ Y FEV—VERRRIC—EICEEERL, =
DY EEL FEL - ORBELF[ERZ L2 LHWL 22,

Iy FELV—DREFFI—ZBTHY, ZOKE X IEOM-FEE15m-E2300mTH %,
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FEL— KA H500m DEIFIZIZEFENCHREL Twiz (K- 6), HEMEMBORMFIL 1 -
L2 (B—7) izfkichREBIzEEES S (, BBEEDL 5 L RBORLICIIHERRO LR H
EHFERTE 72, ZOHBEDHE T O FEPMMRIIN 3 m TH ), HEEITI80X10°m® & &
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KEIOM DEH L¥EE TEIN T2, REICIIEL m OB S 4o L Tz, HEK

1
A LN t//,n"
I S VRS

VAR AN

E=] Grassland ] sizable Deposition 00 o
Wall, YT Scouring Area cm 5

Fig. 6 Planimetric view of deposition due to Ripimo Shar GLOF.

MuwnGrassland

m ) 100

Fig. 7 Cross profile of the deposition due to Ripimo Shar GLOF.
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72, Na®* &5 Beding® X ic 13 +# 0 #EIET 2 MR % 2 BnfEl L 72, RR - HEREZEY K
Lah T LT &2 EWIIMEDAEN G 2 Ze T T o 12 & L e WHEFEL T

flpl e i 2., e

Stereo Photo. 2 Ripimo Shar GLOF.
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%o M — 8 IT/RL 72FAIRROMERRILFH)1m T, HEEHOBEIZ20X10°m*TH - 72, Beding
BETOWIBZEM T, —Hic Eiid 5 NERIC & 2 HBIAITR S LT w205, Bt
REMEIZH > 72, Beding 2 &5 THRISWELEIKREL &), BREAEEHY < VFES (BHE—
3) PR LB, TN, FROBRIZIANC LB TE LD - 2T HEL T2 2%
Mit 1A TH-7: (EE—4), —%, Bhote Kosi JI| THBEZE TIZ Ripimo Shar GLOF
LB EAYRoN L 572,

GLOF 7*%A& L 7286, 2OTRTRBRIZARELH 7 H 22 oMk LicgET
LBRRENBAK T LB B RET 2 L FHEINE, 72, TRHOBEHIZINERA T
RREERINTE Y, WIHE & MRIROAEE LW E S HDRET 2B 245 2 & s
VETH D,

Cross-Section view
L

20 0

Planimetric view

Valley wall

0 100m
7= Channel ! !
=% Trace of channel
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Fig. 8 Profile of the wide riverbed section
at the upper parts of Beding.
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Photo.3 The condition of Rolwaling river at the
lower parts of Beding.
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4, Tsho Rolpa ;AR

(1) KAMDFE LT/

EEH4500m (LB L, KEOKRIZH 5 ¥ AR D Tsoboji ILENMBIE, => FEL—
WA FEL—Y - RKAXKICEEN TS (BEE-5,6,7,8,9-M—-9), ¥4 FEL
—>Dd 5 ERATIIHERHL0m O VFES (Abration Valley : EE— 7) # & CILEME
2o T b, ARENE, BWZAHE T, WD SRS L - BEEEY S A LN 5, ILEMNE
REESZERL, —HICHEE (ER) oA L Twah, EEICIZ/INE WKARKESH 5,

N
\ Valley Wall
112 \\’:\>'-T'-'\\"//$/<§\\"//
. e o AR TN WD W RN TN a7 S T A
Ripimo Shar o2 LTI
B\ am ==

A=
Glacier

——————————

Abration Valley
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Fig. 9 Planimetric view of the Tsho Rolpa glaicer lake.

KMl 19934 2 HOFETEEN 3 km - 180.5km - TT%1.37km?ic % D, H&AKE1IIOm -
FHKES0m - K BIZTIX 10 mA & T 5, =2 FEV—> Lilfiizid, 770 28 CHEEL
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S b D, KUBICHAT BTV 25, KRR L VBoKkZE-LTEY), #KER
EHEAMTI mE#HT 5, > FEL—>D—3d LKAEHOFM (Spillway © MAKBERE—
3) #HY, FHHRHERIZ2.3m® s (FKR1om?/ s-&/0.2m*s) Thb, v FEL—>
THREEICIZEKD S ) RHEIZ20/ s T, HAKER & #KEDSHEEIZS0M TH D, KA
HOERERISIZI0C - BREAEIZ-1BCTHY, 11A»54 A THIIKICBEbNLS, Kk
DEMEIIZ 0~ 6 CTH DAY, KEAM LT TIEH I CTTEEL T b R, 199), #K
24 FEL— 2 RKAMEERDBMEE KD L EB SN MR O E - SV PEEL TwB )
BHBLTWwS, $72, KEAEED L OWHKIFHEEI LT3,



226 LB R FRAINRE M RRE H52k $2¥5

Photo.6 Tsho Rolpa glaicer lake.
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Photo.7 The abration valley.
The arrow shows the side moraine.

Photo.8 The side moraine of Tsho Rolpa.
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Photo.9 Digitized topographic data of Tsho Rolpa glaicer lake area.

After Mool (1995)

Mool et al. (1993) (2RI F 20452 %+
L, 1958FEHIZ/NE With D3R o3y 5545 L AR
[fE120.23km* TH - 7255, 1960F R I21d—D
D& 7 ), 19774 LA BGH 12 k] A T ) S
P K L19904F (2 13 1 F§ #°1.27km2 & 7% » 72

(M—10), 94 6 ~11A 7 1 Bz, kT
K3 #730m B L, KA s3n Kk L felT <
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BB DRED H - 72 L HaE (R, 1995) L T
WBZEDb, #HS0FERMTHOITKERIZEEIC
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MIZBRICEFT L TW A EAE (BEE-10) (2,
HEBREMIEARDH O, HEARDERHII20F T
FTEROFEwAIFETHL Z L, BLHIKIC
EVAEBARDFEHRAHIFER L D AE (4D
HEERENBE L >TWBEI Ehsh (BE—
11), M 10ERTZHEFEAR 5345 L T A AL (238
KABAL TE72 L HEITE, Mool et al.
(1993) DK E DT> FE L — > FAANDIE
KERE—BL 7,

T 1957~59

2

*~-.. 1988~'90

9__1—‘2;(,."

Fig.10 Development of Tsho Rolpa glaicer lake.
After Mool et al.(1993)
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Photo.10 The end moraine of Tsho Rolpa.
The arrow shows the sampling point of tree discs.

Photo.11 Tree ring of Akurir; (Sherupa name)

at Tsho Rolpa end moraine.

Upper : Dead trees

Lower : Growing trees, show the bad growth within last 10 years
2 EL—roniEs

I FEL—>DRKIT, $EE300~450m (EE—12) - &EZ2E150m O EEFE T, LK

BUH A FEL—22%d - TWnad, EL—>rO TRMEDEIZ FERT30%, FEEETI15
%7 (M—12), TV —> FHBIFEIL, RAXTREHLIOM OB SIEL T30, BHEIC
ZED L b AR Dy DR E oA (BH#820~304F) SREALEEL (EE-12), ik
HE L THREESNTWEZ LS, ¥B0FEMIITERECH -2 LKLz, =~ FEL—>
BARER & MK EDEIEET 2 ~20m TH %27, #KOFE OoARA & R T2 AR A
I, > FELV—YICRBENTE O M, EEL 22 Mty 4 &b 5 (H-13),
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Seepage ®

0 200,

The end moraine of Tsho Rolpa glaicer lake.

MP1,2 : Moraine profile line
AL1~AL4: Profile of the trench at the end moraine

ES1~ES3: Electrical survey profile line
V : Point of tree ring observation
Seepage : Seepage point

Fig. 11
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Fig. 12 The longitudinal profile of Tsho Rolpa end moraine.

ey, AL3

10

Fig.13 The cross profile of the trench in the end moraine.
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Fig.14 Profile of the electrical survey line.
1000 ohm-m : Infiltration of water
4000~10000 ohm-m : Mixed ice and debris
Upper 10000 chm-m: Ice area
Surveyed depth = 50m After Kita (1995)

End Moraine Glacier
\V4 /

Seepage
100

ice Core
m B Saturation

0 1000

Fig.15 The assumption of moraine structure.
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Ripimo Shar
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Rock Wall

Fig.16 Estimation of the debris deposition area in Small scale Tsho Rolpa GLOF.

Potato field

o 50 Gabin Box

Fig.17 Valley cross profile at Na and Beding.
If the water level will rise 10m due to Tsho Rolpa GLOF,
potato field may be washed away in Na, houses washed
away in Beding.
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' -
Photo.13 The condition of the Bhote Kosi river at the lower parts

of Suri Dhoban.
The arrow shows the even age trees after debris flow.

Photo. 14 The condition of the Bhote Kosi at Mid-Land.
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Summary

Glacier lakes are mostly unstable as the moraine and ice dams are susceptible to
breakage. The dams are generally broken due to being overtopped by rising water.
Overtopping and seepage of dam is caused by the rising water level, melting and avalanche
powering into the lake. Another factor leading to dam breakage is the probability of
earthquakes. The sudden outburst of glacier lake water is commonly known as a Glacier
Lake Outburst Flood (GLOF). There are 14 historical records of GLOFs in NEPAL.
Almost all of the GLOFs occurred after 1960. In the last thirty years, GLOFs have
occurred more than once every three years ( Table.2, Yamada 1993).

That is a very frequent rate compared to other natural disasters. Sudden high
magnitude flow caused by the GLOF causes disasters in the downstream areas. The effect
is proportional to the volume the water released. Typical examples of damages done by
GLOFs are that the hydropower stations, bridges, fields, paths, and also some people are
drowned. The study to predict GLOFs is now continuous in the Water and Energy
Committee Secretariat (WECS) in NEPAL. A great deal has been studied about the
actual condition of the glaciers and glacier lakes as sources of disaster (Yamada,1993).
The studies to predict GLOFs are not only research on how to eliminate the glacier lake,
but also to understand the influence of the debris movement and flash floods. Very little has
been stated about the debris movement caused by the GLOF. The large magnitude of
GLOF damage has its aftermath continuing for several years (Hey, 1979), because many
unstable sediments deposited around the channel flow out again after the GLOF. It is
important to study the cost of damages caused by sediments progressively deposited at the
time of the GLOF and in the few years following.

This first study is to understand the forms and structure of the moraines enclosing the
Tsho Rolpa glacier lake in Rolwaling Himal, which is the most dangerous one. The second
analysis is to measure changes in the river-bed in the view of debris movement and flash
flooding in the Ripimo Shar GLOF. These may give us some ideas to plan the counter-
measures for GLOFs in NEPAL.

The volume of collapsed moraine depositions and the riverbed changes define the
mechanism of debris movement and the flood. In Tsho Rolpa glacier lake, the forms of the
end moraine and water level were measured. Tree ring analysis and the growth process
of shrubs explain the stability time of the soil surface. Electrical survey is used to
understand the structure of the end moraine. These data suggest the distribution of the
glaciated debris and the ice core in the inner portion of the end moraine. Finally methods
of depreciating the glacier lake and planning for the prevention of disaster due to GLOFs
in Rolwaling valley could be set up.
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1. Study site

Rolwaling valley is located at the foot of Mt. Gaurisankar(7146m), south of the
border of Tibet in east Nepal. This valley is surrounded by mountains of about 6,000m.
The study site lies in the elongated latitudinal Rolwaling valley. The upper part of the
valley is covered by the complex, Ripimo Shar Glacier and Trakarding Glacier (Fig.4).
The Rolwaling valley slopes are generally steep and narrow. The total catchment of the
Rolwaling valley is 300km?. The slope angle of the Rolwaling River at the upper part of
Beding is 12% and below Beding it is 30% (Fig.5). The mean temperature is 2°C, and
from November to March is well below zero when the valley is covered with snow of
about 10cm depth.

The matrix is large scale mass movement consisting of various mechanically
weathered rocks, resulting in different structure and rock types. On the steep slopes one
finds large rock fall and scree. At the foot, there are talus slopes and wide rock fans
in the high glaciated areas. Flat areas are found only near the glaciated valleys around
Na village.

The Rolwaling valley is covered with forest due to humid climate conditions. Ranging
from 3,000 to 4,000m, there is mixed forest of rhododendron and fir, and above 4,000m
very scattered low pine, herbs and low scattered shrubs.

Rolwaling valley is only sparsely populated by less than 1,000 people, of which
approximately 300 people are living in the main village of Beding. Na village is a
settlement for cattle farming and potato crops during summer.

2. Conditions of Rolwaling Basin

(1) The debris movement of Ripimo Shar GLOF

The size of the scoured area of the end moraine by the GLOF is 300m long, 80m wide,
and 15m deep. The total volume of scoured sediment is 220X10°m?®. The scoured
sediment from the end moraine is deposited within 1,500m in length and within 300m in
width; immediately downstream, and most of the sediment is deposited within 500m of
the moraine(fig.(j). It looks like an alluvial fan. The cross profile shows a remarkable
trend of deposition in the center of the alluvial fan(fig.7). Field observation also points
out the deposition forms. The average depth of the deposition within 500m of the
outburst is 3m and its total volume is 180 X10°m3. Seventy percent of the sediment that
was scoured from the end moraine was immediately deposited after the outburst. The
deposition consists of many types of rocks of sizes ranging from 10m to the size of clay.
The scoured end moraine triggered the debris flow, but the sediment particles settled
within 500m downstream, and the great volume of water which continued flowing
downstream caused flash floods in the lower basin. This point is also suggested by
Vuichard Zimmerman(1986) about Dig Tsho GLOF.

Around Na village, a number of depositions and bank erosions describe the river side.
Two wide river bed sections lie between Na and Beding. In these river conditions, the
debris moved from the upper part of the basin are deposited by decreasing tractive force.
The average depth of deposition is 1m, and the total volume of deposition is 20 X 10°m?.
Understanding these river conditions is important to predict the debris movement and to
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protect the people and establishments. In the Beding village, there is also a wide river
bed section where deposition of sediments are found. But according to the total trend
of sediment movement scouring surpasses deposit. Near the lower part of Beding, the
river bed is narrow and steep, except some parts, where it is wide. In the confluence of
Rolwaling and the Bhote Kosi, the influence of the GLOF is not significant. The
riverbed is slowly changing after the GLOF due to repeated sediment movements.
These changes sometimes bring about small magnitude disasters such as floods and
debris flow.

(2) The state of Tsho Rolpa glacier lake

Tree ring analysis in the end moraine shows that growing trees are 30 years old and
dying trees are 20 years old. Dead trees located near lake shore were influenced by the
change of the water level of the lake in successive seasons. The growing trees’ rings
show the bad progress of growth within the last ten years. This fact shows the lake
water level increases to a certain level every 10 years, which supports the development
of the glacier lake(Fig.10).

The slope length of the end moraine is 400m and the height is 150m(Fig.12). The slope
angle in the upstream slope is 3% and the downstream slope is 30%. The difference
between seepage points and water in the lake is 50m. The moraine is formed of several
types of rocks. Between the rocks, small material like sand and silt are sandwiched.
Almost all of the material is rock where stunted trees about 30 years old are growing.
Tree ring analysis suggests that the stability time of the moraine is at least 30 years.

The result of the electrical survey makes clear the different structures of the end
moraine which are highly resistant. The existence of ice in the moraine is found above
10,000 ohm-m, from 4,000 to 10,000 ices mixed with debris, 1,000 to 4,000 is saturated with
water and below 1,000 ohm-m is water(Fig.14,Kita 1995).

This field evidence shows that the structure of the end moraine is unstable. The
electric survey suggested the existence of an ice core within the end moraine. The ice
core inside the end moraine has the advantage to trap the water which is melted from
the glaciers forming the lake(Fig.15). Accumulated data suggest that glacier lakes keep
their water in an ice vessel. The following are important to understand the relations of
the equilibrium of the end moraine. Understanding the melting speed of the ice core is
vital for prediction of GLOFs. It is necessary to understand morainal changes and the
development of the glacier lake. The ice core melts due to water and the pressure of the
lake. If the water reaches the bedrock, it flows in between the bedrock and the bottom
of the moraine, which causes the moraine to slip and collapse. Electric survey of the
entire Tsho Rolpa glacier lake is needed to understand the transformation of the end
moraine.

The measuring of seepage points and electric surveying of the moraine reveals the
saturation zone vividly. The results of the electric survey show that the saturation zone
is situated at the average depth of about 50m, and also the depth of the seepage point
from the water surface level of the lake is about 50m. This shows that the spring might
be the water from the glacier lake. The enlargement of the seepage point to the
saturation zone from the lake causes the moraine to collapse. So it is significant to
understand the changes of seepage discharge and the area of the saturation zone to
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understand moraine stability. If there is a small quake the rippling of the lake will
increase, and the overflow may carry the GLOF. These conditions of change in the
ripple waves when there is a small quake may easily bring on a GLOF.

(3) The conditions around Tsho Rolpa

Around the glacier lake, there are many phenomena which will trigger a GLOF, like
ice collapse, rock collapse, landslide, and avalanche. The ice clinging to the steep slope
of Mt.Tsoboji (6689m, more than 2000m above the lake) may be collapse and fall into the
glacier lake. This would certainly increase the water pressure and cause high waves
which might overtop the morainal dam.

The talus at the side moraine will be destroyed by the erosion of the contact between
lake and slope. The yielded 10°*X10*m?® sediment may change the condition of the lake.
At the opposite bank of the lake there are small glaciers which deposit sediment
cumulatively. This cumulative deposition is an impending danger because if the deposit
falls into the lake it causes waves of about 2m which might spill from the lowest trench,
increasing the possibility to collapse the moraine. The probability of a GLOF is higher
if the wave is bm.

3. Predictions for the GLOF

(1) The countermeasures for Tsho Rolpa glacier lake

Meteorological observation, hydrological observation, studies of the distribution of the
ice core and the transformation due to melting of ice at the end moraine are continuing.
The development of the Trakarding Glacier should be also measured. In addition to
these words, it is important to measure the side moraine collapse around Tsho Rolpa
glacier lake. This survey and other operations should be continued, such as a project to
decrease the water level by using Leverage to remove the rocks in the spillway. The
objectives are to decrease 2~3m of water level blowing up the moraine is not needed
only the use of leverage and tractive force is required. The siphon method is not
suitable because of the high cost and is bulky. Remeasuring the shape, the transformation
of the moraine, and the seepage condition, to understand the influence of the operations
after a 2 or 3m reduction of water level, might be necessary. Repetition of the survey
and the operation will have to continue until the water level is reduced by 15m. All that
point, large-scale works can be started for completely eliminating the lake water.
During the operation, it is possible to collapse upstream slope of the end moraine by
changing the balance between the water pressure and the moraine. Measuring the
water level in the lake and observing the structure of the end moraine might be helpful
to predict the effectiveness of the counterbalance measures.

(2) The disaster control measures for Tsho Rolpa GLOF
Using the information of the sediment movement in the Ripimo Shar GLOF helps to
predict the influence of the debris movement and flash flood in the Tsho Rolpa GLOF.
We assume the follwing small scale of the GLOF, within 20m in height of the water head
and within 10°m® in volume of the scoured sediments. The debris flow due to the Tsho
Rolpa GLOF may reach Na village. Between Tsho Rolpa glacier lake and Na, the edge
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of the Ripimo Shar end moraine and the talus will be eroded and will form the bulk of
the debris flow. In the glacial valley the debris flow will spread and be deposited over
the wide valley floor. Crashing against the vertical right wall will decrease the tractive
force. Seventy to eighty percent of the sediment produced by the GLOF may deposit
around Na.

The river at Na and Beding may show greater erosion than that of the Ripimo Shar
GLOF. During the flash flood the water level will rise by 10m which may wash away
the potato field, bridge and path at Na and a temple and another 10 houses in Beding.
Prior to the GLOF, the houses at Na village should be evacuated to the upper slope and
Beding village to Gabrug or Chameko in Beding. It is possible to lower the riverbed about
5m if we blow up the falls at the lower part of Beding. If there is a rise of about 20m
in water level all the houses of Beding will be destroyed (Fig.17). It is not appropriate
to build dams to protect sediment because of high cost and large volume. At the lower
part of Beding the slope will collapse and bank erode, and these changes may bring large
scale landslides after the GLOF. Once the debris is deposited, it is easy to be
transported by the following flood. There will be repeated deposition and scouring at
the Bhote Kosi river. Noticeable movement may be shown even at Malepu. Below
Malepu only fine sediment will reach. Around Midland the land is intensely used, and
pasture and deforestation are causing fine sediment production constantly. These
sediments and GLOF sediments will combine and bring the flood disaster in semipe-
rmanent wet land, by rendering fertile land less productive.

(3) Further planning for the prediction of GLOFs

Thorough knowledge is needed to recognize the debris movement and the development
trends of glacier lakes. The following is necessary to predict the GLOF hazards.
Further observations should be established in regard of debris movement and flash
floods. The land use plan should be changed. Hazards of disaster may be reduced,
which may facilitate the construction of hydroelectric power plants, if they are useful to
the local population and not threatened by frequent Himalayan earthquakes, which could
cause a GLOF.

The GLOF problem is not only a problem for glacier lakes, but also the land use of the
whole basin. Several branches such as river topography, forestry, and resource man-
agement should join to clear up the GLOF problem in NEPAL. Also, the projects should
be jointly studied by many scholars. The project demands the consideration of the
neighboring countries from the source to the mouth of river.



