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Abstract

The life cycle of glaciers in the Himalayas in India is affected due to climate change in the last few
decades. Due to temperature rise, the rate of glacial melting has increased and this has increased water level in some
of the glacial lakes. In Himlay many thousand lakes are present and few of tham are catergarised as vonubrable
lakes. Sudden outburst of these glacial lakes causes heavy flood water and debris flows in the rivers. Lakes formed
at the mouth of the glacier are formed behind the debris left by the glacier. These lakes are dangerous due to their
larg water-holding capacity. Due to outburst of these lakes a large amount of water flows downstream areas
suddenly for a very small duration. L Flash floods due to lake outburst is many times greater than the normal foods
is known as glacial lake outburst flood (GLOF).

Consideration of potential glacier lake outburst floods (GLOF) is essential for the design of river
engineering structures located downstream of hazardous glacier lakes. Computation of design flood is must for the
designing of hydropower schemes in the river vally. Due to impact of climate change it is now necessary to consider
the impact of GLOF on design flood estimation. In National Institute of Hydrology, a number of GLOF studies have
been carried out for the hydropower projects planned at India and Bhutan. In the present paper, methodology for
simulation of glacier lake outburst floods has been discussed with a case study.

Tiedl IS S EITS—2015 TS SAfdS GRIH, SSd!

Lg9y



e
IR fRArer &3 # drl Ul @) g @ e WeR §, a7 U

qaifas fearera @1 17 ufded fRwan TIf¥Rl | @ g © Sfdid a8l @i 30 |
fRHUTT BIAT €| Sevue WX R SEHics AiScd saoude (3Ts. W *fs. UH. el
@ MR RHATer &3 # 15000 TR 3R 9000 fRFFE e € (. 2005) | feHIe &F NaRS
qATEH URETRY, TTel Ak, S9—fafauaT 3R el HEEE 9 GST o © iR WRd gafaxer @1 Reifer @
AT B # Uo Hecyel e e weT | diedt wd @ ggell BERl & SRM dRad Sedrg gNade @
BRI UETS! fRHRl & GAORY R U SRRl H9d Q@ T fere &
#ell & Tod W gfg g B

ORRR & v ged @) uihar § ORRrR 9% ured 989 &R 3 ARE 9 R '
# foree rar 8, Fead, 8 drend ¥R o W §9d & | 39 drdEl & Si- U TR $ 9 IRER
e 9 v e g & g faar e e, i e @ ESil '
BT O BT 8| i @ 0o T Mo &9 | 9% 3§ fger e
@ HIEH H AaH Ha® & wHd W Sid @ ATScole ¥ g8 ol & | AR
RS AR 3R UF 9% | qad AR 2 |

UGR & B B U 9%

AN T STl W@Idd wU # SRR Bl § SR A wifeal # Red o faga uRareeh w@
@ fou W @1 e GIfag S & Sl waaR o el @ adi| 8 wedr 21 e fiRR fid @ fwee
B AW AR W TWRRER 3 faWple 1% a1 7% (GLOF) & ®©U H @8l ofidl &, W 3@md F4) H &l &l
HRU g1 © | RAeE &9 H, B8 Wo 9qE uRASei B Waed 8 W8l & 3N B SR IRaeEr
U] Tl FAEA! BT SR B b o o & F| A o FarE aRaemr wie fed Sared, [ ek
ge A & &9 H U 3R WHE 7g@ o €| 39 gRAeRi o T Ao iR yduE of i Suw
3R fEoegd, 9 &1 W) amded W R owar €| fiod $p uet # fRea #§ &3 el et @1 e
BT €, 3R AW (GLOF) &1 &% Hedrl 39 &3 # 3¢l 78 2| §iudl 91 a1 ugell uHEl & S dfvad
STeary Rad BT 9T UBTS! fRHAal @ TATGRYT IR eyl WTE UST § | @Rd Telee aifi fRaem &9 #
R & die ged /fge # aoi @ & forw ik uers Sfu shal # urht @ aed wEn @ fow ve g
BN B wT H @ A7 FhT B

e el @ REor @ SRV

9% & qEgaH & fou fRwe el @ w3 9a @ AT U9 ga faweed ¥ o 9 @l
fageiyor &R AEAeEd €| T Sl & T WMl Ud g &3 H BF & HRY, oy Hded Ay Fre
FTaTel 8 | 39 A g I W g WA @7 Ao [hAT S Ghal & | ST Selfdse weq
§ ITR—dl fearerd # fifdd Ud srevEe vew, edrd fRAe & g & 9T ye-Red §e IR g
& SR AT oA T B 5T Al H F I A A G @ ® 9 dE 6 A B oed! e B
ol @1 Sav—qdi a1 oy Rwrera e #-Re #liel €1 Rifdew § &9 14 el qen Remwa uew # 16
el Fag=eia e &f gt § el €1 39 il @ TH—uHg W) AR @A OeY & g9d hR §
gRads 1§98 I & &3 # 8 @& Tafafat @RadE) & fou g wWdeT a1 R wwg & af &9 #
ST} Fege by O R ARy | g9 @I & A 7@ gU fUed §p aut d dfiel @ ez # gfg o &8
g

A% (GLOF) Afsfefm a1 1 fRwe shia &t erggifere wfea a1 &% a1 awex § wirdy
FIHROT B SUAT PR DI S Febell © | Tl (GLOF) Arefei & oy ve amygfe |edar wad st wmdt
g 3R g Sger RMer g™ g8 FRoRar ok ware &t iy & sl @ & axar 8| fEmes e
T Y e ¥ I aTell 918 DI MO ASiT U sl fagelwor a1 &) omar fveyy & W @ @
Hhdl 2| b AT fAvelyr 9, 91 & WAHEAT @ IR H WEGR, T, o TaE (F874), YaE BT T AR

el S e GIS—2015 TS A GRIM, $S31

W3

5




et TR qAT GHI B G 39 @ I B sa fhar o Gedr 21 < s faver & At |, 916 89 @
aR ¥ afaRed TFa O 6 W Hearg 3R <1 smamE # A Y Fiear & A qearde fbar o Wb €|
9 e H HeeRudge (multispectral) SUUE oAl @1 ' '
frar war 21 37 el &1 fOaR 9 faverwor SiRkew & [

2| femmel @ el @ e # fiwga Sfafa wderr oe |va T8 o

e WHEN U Ried tferde disa (S15eH) & farelt T €| 8fd R (Image enhancement) @1
FENE o AR R AT RRRET 3R fEael & siiel @) ugae @ forv SudnE g €| gwe S,
3o B Refd SR 3R 9T § ¥R ok femal sfia @ W, $79 &M darel 9elid B eI
forar <1 9dar | Uh, A 9l (False Colour Composite)ff AR areT—arel §8 & WA BT ST B
RRRRS 3R ReEl & Nl B ugEE B o1 wHdl © | AHEiGd SR aewta gadie (NDVI) (B SR
T, 1999) BT TRE, T 3T 7 i BT g T & oY U FEhed SR Ul ahih (NDWI) (BT,
1998) T LTS fobaT 7T 2 |

NDWI = B nig-B pie (1)

BrintBoiue

FA-F quig lafde & BRe Brifha &5 sl & wU F TR § aied 8 O § | Sk g
e § el & W @ foru NDWI B &1 1508, & SR Y@ aX 9rid fHar T 2 |

ifde TavaTe fRFal @ diiel o Jgas

TR EaRTe RATal @ el @ UgdH BY @ 1y a9 MY AMEs for W SRG € 98 &
P -wuaHe 3R Y-abAie) Advar qur &a @ Hife Reftar | wafia @awe REERl @ el B
TEA &R B for AT wieiel g1 Shel @7 &, Sl § Ol @) A, e § SRR wgd, $ie 3R
IHD AU P BTeld Bl AFCS a1 & (R1T TS e, 2012, W U 37T, 2012, SAIEHI U 377ed, 2013) | §90
yaS $ Iy e ef @ | gy Hded Sel B A UF SUAnl §Ige WeH yal §| 6 @ HW
SrereYr ¥ feAeel didll @ avafos Refy @ Sfa 9gd & we@qf g | TIf¥aY & UfAfereer (abalation)
g A Rerd & a7 4= TIRRR & W1 ST g9 ¥7 1 B & fodl #H N & gl @ gy et & qur el
BT fIdR g 27 FAGR A & UEAH IR B 916, WAl B e | BN
e NomSTH 3R ERDAS WITedaR &l iRl &% GAGR et & 1 3 941 & Hra—awe (el T | 34
e ¥ Up el Mex &) g8 W H-—JwH e e Ared 4 IuAN fbd T |

ferel @ e fawpie 918 (Glof) Rigele

fReel @ el & <ed | o el 9T A W I g B FHars, drerg, 9 AR AREE, OF B
Rperdr, e @ A @ SR e, iR F W w2 | e N W W sl Glof RIER wre B
@ fou, S RFE @ At @ 7 & uar a9 AR | Raer ¥ ReAdt @ M @ A= F e @
foT0 SUeer &1 A A 8| ETelifh, Huggel Ue 1t | (2002) Raw aesy § RAwal & il @ forg go
Sl @ o e war &1 @iid wov s el & Siell @ A & AR A GEeR @ Mg # TE
UGS HET ST € (R UE 3T, 2012, 99 T e, 2012, S el 2013 <IEH) | &7l YT Ta (2002) &R
grTe fhar srgwasTa day 9

et | 1 V= 0.104A (2)

&l V #iie @ wmEr (89 9ex) & 991 A e & (@ fie)) 2

Tiedl IS ST EIS—2015 IS ARSI SR, Sga!

Y2



A e D =0.104A% 3)
et D #ia B TENS (WieR) ®

~#~xsec at lake
xsec at 1km from lake
xsec at 2 km from lake
—#—xsec at 3 km from lake
5000 ‘_,‘" —e—xsec at 4 km from lake
. —+—xsec al 5km from lake
.]!. ——xsec at 6 km from lake
g ——xsec at 7 km from lake
xsec at 8 Km from lake
xsec at 9 km from lake
xsec at 10 km from lake
xsec at 11 km from lake
xsec at 12 km from lake

Elevation in m

xsec at 13 km from lake

xsec at 14 km from lake
| ——xsecat 15 km from lake
xsec at 16 km from lake
M“i +—xsec at 17 km from lake

Sl ! xsec at 18 km from lake

! #—xsec at 19 km from lake

| —=—xsec at 20 km from lake

i —#— xsec at 21km from lake

| i - xsec at 22 km from lake
| | —+—xsec at 23 km from lake
3000 b |
1 4 7 1013 16 19 22 25 28 31 34 37 40 43 456 49 52 55 58 61 64 67 70 73 76

Disctance from right bank to left bank in m

R 1: I ¥ 1 1 el Ao B SR R HE-—ARE

#e o SHaAlg 4339 Wex 2| 3 iR T aur s &7 difere—1 & far mar § e 9 A @
VAT S &% 125000 I HIeR of BN GHIG0—2 BT SUANT B B T qUT g 1.79 fAfeE w9 diex
WISl §8 | GAPRUI-3 BT IR IR S S| Tes @1 AT B S 8 AR TE 15 Hew U g | Teorwd
g @ Wi W Pw B 2 SR Soeled Ueled WK dd N 8| Wl B MR B @ g, US YAl B
aifermes ReR u @ forw 30 fime &1 §ig e &1 a9g o mar

drfersT —1 fewal @ Ml B Ham—e= Red

——xsec at 24 km from lake

w B (AT 1.79 Mcum)

ey (e wE & (a1 Wiew)
4323.000 115000.00
4324.000 115000.00
4339.000 125000.00

A e H S REgered & ford w8 7 T @ 6 e e @ ced @ wHg 100 W @
Aty & are f T4 H 2| A R IuA 25 fbaAr diex A 100 Aot B A€ BT UEd yarg F Al f
T R R 2 | R a1 WEd 11 HitediR @1 WM e 50 ey diers @Y dg W I 918 @
fygerer fohan war | fedee eia g 9 25 fhariex 919 91¢ @ a1 & §HG 97 Vale @] difere—2 A
YT T § | ¥ A6 RRER A o |ge W 808,66 TG ® SR 25 fhall Hex W W 6529 G b

Tidl TS T SS—-2015 TSR ARSI G, TS@!

YLR




&H BT 8, §U <dai—3 H 9@ O Wl 8| ¥ Wige 9 25 fhell Hex H amsede @ o 9 & AR
B AT BT GHT 20 e B |

TIferdT—2: 100 AT 19T P Ay §1¢ D forw 79T ™1 Ured g

HH A= | I 100 Wel 91 O | URd FAE B °d | &F (@ Aie”
Aex vfay vdbs Arex uft Tos
1 M 215.11 215.1143 138.87
2 e | 7.85 fharl Alex A 325.37 110.2602 71.18
3 T 9 10.25 Tl Hex A 370.31 4493747 29.01
4 3T ¥ 16.75 foelt Hiex =g 47462 104.3119 67.34
5 el & 20.21 fhell Alex = 602.63 128.0121 82.64
6 Nt & 2521 franl Arex g 1082.00 479.4259 309.5

aifereT—3: fRHg e ¥ SO 918 TR Ir=T 99

W 0 Ga ¥ A=, e | d= AR 50 Hiew
i)
e BReR yarg (99 | amEn 99y (Se-e)
HeX wf Hbe)
A & geH W 0 808.66 00—00
25 fopetl Wiex =l 25.0 625.87 0—20

— TP — 25 fFar Hex FA
A3Tole 9T

yaE (a9 Hiel 9 499)
19, ]
o
o

o , ‘ 4
00:00 03:00 06:00 09:00 12:00 15:00
AT ("er-fAee )

Fig. o 2: 7e% PR vare

Arifere Eem ool (ansew) & wrer gea oiR ffvea Bfy fiveww Rue el & see &
forg aga SuAl 8| U ERovIe e & e § 9ga 8 WeEd § | ARl e @ e W o drell 1@
& Rmerse @ o 7156 11 WivcRR & Ahaargde fafts weddist grr @y fear mar €1 adae #
Srerary gRad dor gsT RAE el 1R wHa @ ere ¥ ved gy A & il s aRdrere

Tiadl IR STl S 1—2015 AE A R, TD!

Y33




% e a1¢ & Aher @ oY [TaR X 90y WRANAIS Sidl & egs 7 a6 Bl Rygele fdar S
ATITIF & |

GiEL]

1.

grel, . . Te R, AR WAL @ (1999) | THele SffE Sl BR HHCNT Algag® g7 ol

dofiede ey e ) G I, 3. BICHITAEG unanT vs Rale A=, 65:603—610 |

T, 9. (1998), HTersiiel WH g9 qba-9s WaleTdas | fem i, fucie sifw R,

FAGRICST 3B SR |

gE, ¥, BT, U oEvdel, s, <IEN, W Us ofd, U, (2002) | RAfe ¥ dve vwwHe i

TS BT THRRR O STSEHET: T 39 WS §9 & Ra¥ ToTd | B SAed of 39:316-330 |

O, T, B, e, U, Rig AR S, A, U S SaRd, T 3. (2012) | TORE e Us TolliRie

o ANCHE Bos 31 U Ruem R R Refle SR de oflemgcsmi| Ale &S 2012)

62:887—899 |

AR, U P OF, TE. B, Us g, AR S (2013) | Nie Sl SRR ot WRge ded iR
He[sd, 3ftedr arer die—2013 |

133tﬁ$(2005)%%%@%@@@%6%@?1970@620003?@3?%?%a—é‘rc'

AR o, MR A1gT | Iuferers Rule a8 rgHiangamaiiel, denrg, urd, Us BRI, T4,

qrgT |

M, T, A, 99 . . U T, 41 (2012) | SRS TifRrgd ofdd aeTae Uels (TAllh) WEl

BR @lfgd i, WW?&WW%%Q—WWQ@%WWW

T, 10—14 3 2012, 78 fReell |

WA




