| SSN 0386—5878
TARHRATEFHEI6S

N 7

IN— VI BT BREDOHIR
Ko N0 ok E R RO R

Fk114: 2 H

e R
1) | v )

5
5




Copyright © (1999) by P.W.R. I.
All rights reserved. No part of this book may be reproduced by any means,
nor transmitted, nor translated into a machine language w'ithout.the written permission
. of the Director General of P.W.R.I. 7
ZOWEEL, EAFAFROABEBTHITLALOTEHS, Liis
T, AREROLBXL—BOER, FRT. LAHRFROLHFL L5
ABREBT LT IART-THAE B ARV,




oA W o® o ' OW
#86164% 199942/

8= VI 51T B K EOBIR
B OB e SRR 4

WAENIFE £ E KU
2=y ¢ 1))

C- =

AHUL AR U BV BKE - %Kk%?éﬁﬂﬁﬁ&UW%btﬁﬂ%kgﬁm( Kt -
A EOBRR U A HDS D HIZONTOMIB 7 bDTH S FIZ KR IZ DT
FRROME . RIFESNTOSEETHHEEYE AT, WBREEROBAD & DMK -
%?é‘ﬁ')ﬁ.o E AN lﬂ(")?:)\@ﬁ%k’)t,\'cm H A T énfc‘étﬁﬁ'#%%@jﬁ] LT
| ARSI R R A R U,

P — Kby BRE L KE K R . S



4z =
/! o |

FHILI0BEITH 7 A5 12 I6EISANI T J | CAMIMIMRE Lk KMtttz o & —
(Water Induced Disaster Prevention Technical Centre : L FDP T C LT 5) BAK f itk iDE Sk
KIRES FEBUC IS B EAHNEETT 5 BRI o BRTHIZ B - Tl | IDETRBO M . 4 EIbk /i
W R TUERTF RO « A€ 7V ORBE . TISHRIEOIREFEROBED S 450 X S— Uiz 513
BILEWERBMEI OO TOREZMELR TIT - 12,

BB DMEIC 572 > Tl s KIRATE DD PT CITGR LTSI ) | CAMMIERE D |
28— VDK - ?AJK*)‘%@%WG»BQ?‘Z::@‘@QH%{E# U TIE M o fh BagnatiJll . NarayaniJil . Lothajl.
East Raptill . Lakhandaljil7s awz@ﬂﬁwnﬁ&Gﬁﬁm&aMﬁz&r% Fo 8= JUI T U i B R st
KDHYHFERECEIZ,

FHEB NS OBMME  BRERE M ULEREEDE LD bDTH Y . BUcE D E L4k
WRITRRIES596% TR LRI B0 2 MAFIEBEHERER = 27U (£) V] EhbT. 24D
Bk LRI BIKREEEL 55 ACOBEICRBEZEA TG,




H 1/

B1E HIE . maE - kS TSR !
BB A BRBEEEME 7
H 37 KEDIEIR oo 9
HA® 1993FETHKE [
FOE JRKICEEE T AR 8
6T EHINTOBEIKIE 20
BT JEIKEFB 08
FE8E ARBROUEFREHEDODLDS 30
B0 FEEW e 36
R BT 3T
BRETBR oo 34
Rl 39



“’E'F? 1% HUFE « TTIE - 7K ST

*m;»mmm 4zbk%§htﬁmﬁﬁu'mWWEf A6iEED# 2 52 3 14, ThHkn? O E -
¥ 2 :FTA(DA/% DUERE LTS o [E..l:(i bEes '\’Lljllﬁfbmﬂfﬁikﬁlt& L lil_td)}i“{iﬁ}fﬁlll HEE
B TH B8 HEDA I~&:@@ﬁh‘xfiLTermtf’béﬂ%@slzfﬁizii‘%ﬂ’&ﬁ lfCL\F’

7 , -
R VOB E LTI, [ lwiﬁl:iaa‘o‘trmitf)\bfﬂklhgh Himalayaf C¥lligh Mountains (il

58 | Middle Mountains B UrSiwaliks (EF’SE%‘B) . Terai’ CREFH) k. SRAINED , COMIBIRA VK
ﬁ#bk%@%«/b%ﬁkﬁbof&biﬁ%t77Vﬁmﬁﬁ®F%&bt%®T\a%nmhﬂéh
L XOBRMIZZMAERI . ﬁﬂﬁkn}o’Cﬁizﬁﬁl‘jki&ﬁf&%ﬁh\ﬁ;c’ctl% S TALVID - 9/ XL % L7
HEDOH A0 b2 ZRMTH B,

VBB OKHIHERE UIcEBE) 230k E Uy B - 20 146l & & = 5 VHERE . =i
Fiittin 5 QEALDAEE | Sivalik (HBH~HE=R) | M’ﬁ%j:?i%kj(f’llf%% b= I PRUERE A SSivalik
KE3 if@ﬂﬂ'ﬂ(iﬁl@ﬁiﬁ&ﬁ; L7b Fﬁﬂdxﬁ% UJPTL\%N&LH'C% D . hBEREO RS
HoTWHABY , @@ﬁﬂﬁaﬂé@%k% Hetaudafﬁi)\ bNarayam)Ilk[an\') FP(DLE%'C AN T D
ﬁiﬁlfﬁiﬁiﬁk& B~ ) B3 ﬁﬁﬁ. Shic,

5btﬁﬁkmxfxmﬁ®m*%ﬁﬁﬁ< TE@@*#&A@ iti@iﬁ@#ﬁ%bfbb?\
U R RS IR U TRIAD D 0 unluﬂﬂxfiﬁ{!&éntbé PEDPEFFERANS DI, W
HESER - 1 DX 31T, ﬁb\i@ibhﬁ’r%?c\o 3 UToHfE & B St ST TRHMEIC R LS
ATWh3,

[ )
B — 8 1%/ S— wkkﬁ%é%ﬁﬂm%vbtoﬂM%%ﬁEﬁwi%mﬁkrﬁd E- 10k,
| o i—l ?ﬁﬁ}ll@ﬁm—“ﬁi | |

Vo | ENERE T REIEE (kn) m "
df:&mammﬂu“%4M(W7MX‘4%4UM), %&yréﬁ
2 | kamallfil | 44,000 AL 360) | sso (4B [ 4
3 | Narayanigti 34,960 (31, 114) | 451 (451) g
4 | ehakalilll 15;g§o]k;5;138)i7 23722 | s
8| West Rapti/il | 6,215 ( 6,215)" | 257 (267 | A<~ VEM
6 [Bagmatil | 3,681 (3, 6@15ff15,163$€1655 R
7 fBabalJu a2 252>ff 190 <1go>f v




1

\vxwwua

A et P

B )

K- 1 g/ )VDER 4R

N —~~

M -’-’?/-\-\:\_/I PLS

LI S P

» L] L] Ll = - - \L\

= 5 w2 x z » PRI S -
x = x » a s » s = » sy
X _ 2 n a » = » a »

o N x © L

bl E 3 [ 0 100ke
Sivalik (ME~=K)
SRR ~AuR
v R

._.2__.




Sapta Koshili

Mahakal i)l Bagmal {Ji

Babaily - I K
' A=
Karnal i)y Narayan iji T ne—
0 100 200ka

X — 3 SR X—oLoDEEBEm K]



WA T4 BSapta Koshi)llHi60, 400kn? & b - & bURARIKE < . FURNOB 4 ETH B o 7/~
AT RAUL | PEREBEKarnal 111241, 360kn’ & b > & bAE L, WFHOFISHE . 12 K XY
V5T ati SIS D BN T B 1 | B HROKR MR IR AENET 54« J0E & OB
DODEEE 15 B AME DK « K RAHOUIBIEE L5 3 , |

SHASHE L LTI | BIBRARA L TSR TH 5 DICH LT . FiiinTerai B pB AR TH 3 o
Bagnati Il @i &t B— 4 D& 34c . Hiddle Wountaing THYI/50& FIERAREAE > < « SivalikTld
#91/500 . Terai TIMI/1T00&L 7> T3, mﬁkmeb)zﬂm:x}m LT G bTerai T2 D EHIRD 5 ~
QUL AL LTSS o 22y BAD L S IRARIC 753 LI ORI RS g, FSivalikiz b
T T VLRI D A TH D | HEHERDE > T B, &2 TORER USHORETERT . B
FHE P Teraliz A S B CRALABIC R A LA B o BORDTeraith Tl . TBHEROKBLH T,
TENBE Lod <, BOBARTERS LTS,

78— LT TR & &%&of\ﬂE#&bMmeéntn B & 7 0 8 DD %
ﬁ“%tbm\mMPE&M®M¢#ﬁ%T%D\MM%LM§ﬁ0ﬁ0§ﬁ#Ebn7(»E 2) o %
LT\ BN EOREMIEICE D . KBOLH CEE) DREL ., FRE~ERAT S o LabonD AL LD
K& BE . 2 DRMNTLBHEINBL C o HERIEAKOTIIE D 1HKE I . FIHRE LSRRI
b . 4%-KarnaliJl] . Sapta KoshiJl[Z/dTanar)lliZ 4 2 FRbEIENB UL (F— 2) o

Bagmati)ll & HARMYITIE LEREIE O HATIBNOA k= ¥ XU TR AR O fo b mE b
WILT S NITEDHNS NI ) | MRDHENO BB CHRINTOB 10 | WERERURBRYFE
THRL . FRRETERICS 5 o WA FV/XEﬂHmOTMT%oLkb WA B DA &
D | BT BERADUNE | mbﬂﬁﬁﬁbﬁ%b ﬁﬁﬁfﬁif%oto

% 2 ﬁm@miﬂﬁﬁﬂwmﬁ |

#1114 %ﬁﬁﬁ‘ WELDR &ﬁ%ﬁfj
(kn?) | (x10°w°/48) | (0°/km*/4F)
Karnali | 42,880 °f 2200 | 5129
Aron [ 36,533 | 34.6 T
Sunkoshi | 19,230 | 542 | 2819
Tanar 5,900 | © 29.6 5,017
Trishuli| 47100 [~ 761 | L85l
Bagmati [ 585 | = 2. 66 4 547,,;L

i 38), Labon : Field Bagmat1 River Erosion and
Sedimentation ‘in Nepal (1978) ®

LK) -
KL UTIE 6 A0S 10HIMNI TRIMERE D . BI2 T o 8 HISHoka® ¢ (478D Fes LT
% o HSHOETFHRKBIZIS00i T HE &2 i LED S BN LS TA5000m . R T4000m0 .
# b ZAERETI500m & RFHII OB OHBAS 5 (K= 5) o Bk a5k & &5 BRI A TR

._4_._




1,500 -

% 1,000+

]
(m) 500 -

Bagmatill

Sivallik

Niddle Mountain

Nanoharalil & i

¢ w1
& & & 8 8 8§ 2 8 y ® ggs
” L 3 L i l il i 1 1 T T.T 'I:
T L ¥ T T T T T T ‘l T ‘Il T
- -t :
gEl° 2 g 2 3 w 2 8w g8 gy gua
A Q . . ‘ AT

BE- 2 METE SR ) B

CB- 4 Bagnati)lIi gL

: w-‘@%"“? v
% oy




S A T

SPERR
TR T TR

THDo £l MM EFHORNS L EINTFIKRNE L 1 BIFE  FHEBOBFEMENKRE NI &TH
5o
19934F 7 }517J<%§U#0: i . Makwanpur @ Tistunghc BT o 540mmé 4> 5 FERUE BOK24BSTFAR (7 F198 9
W~ 7 H20F 9 BF) AFgkEhic, —H 7 AITB~28HOYIMA1SinraT228mm (266mm) DRy A2485 Y7 &
(RFE) PBlxh, £/28A7 E]'~l\’3‘E} tZ{IBiratnagar Tlidnm (263mm) . P‘bkhara'C*%mm (285mm) @D
B4 TR GRTER) ME X iz, FEFHOFAICFEL | Bagnati)llddPandheradobhanTid 7 F20 H 18
1216, 000m° /s & — 2 i B A R4k L1z,

R ror St %w'-;»r(ﬁ—tfﬂg-:;;:e_»yggN';j‘»;n G

ety o

B- 5 &/S— VEMMOkE (i) (by C.R. Joshi)




F2E s - BRI

€TI0
AR A R R L RN . Il Terai@]fﬁil:fi\‘b\f)<\ ACIDAHSME R & Terai i g - T
VB o WIEAR O RRENE . I IRE20000R o) L RN % TREBERIC R & | $HC AR SERF SIS R84 5
1@&@ﬁ«®kﬂﬁ*ﬂﬁavsbJmﬁwAmﬁm(%wvmwyué@ioAm%&@%zﬁéﬁm
EEAH KB L BY A = IR WIIRT BRICH B o — 7+ 35— LOEMA b= KA
LI L D R OWE D 1A B A8 Anmﬁwwuzﬁﬁﬁma<\AAu@mlﬂ%swrmao
-3 MBI IR ADME

i Ckn®) ADGEA) | AL (A/kn®)
WSS | 51,810 (35.2%) | 144 ( 7.8%) 28
B | 61,230 (41.6%) | 841 (45.5%) 137
Terai | 34,140 (23.2%) | 864 (46.7%) | 253
A B[ 147,180 1,849 126

ﬁ)ADﬁwmﬁﬁﬁmﬁfé7 _ .

Ho 8= AR TERK (39— ~NVERTHD | @i(mﬁ)%fli&UIEﬁA@%&j&ﬁéjﬁﬁi%
DETH 5 o BOFHIZLETRIZ SN BAL LML S NI IBBIIFE L TO 5B Rk - 2
EHERTH S, UhL., BENAPEEREEEICS D | 5 Ak ERERBEI RS Xh TN e
DEETHB o 15 B DRI M T LM LTS

F10y RS RS AT DYI%AE ¥ X — kT B 12 db . GBI S E LT h— 2 MDD B
—RENTIE A — 2 METRERIZ TS - BB . 7o % MUY (D) ST Y v (AL AL
BER) . va— K5 BER) 124 0EXN30, BEIcFOBSE LTT Y b GHD H—2 F 305 o i
SR AFEELITEL KFROEBEWEORRAFITOMUOENIITHOA TS, BUESN — 2 MR
BERIZH DN BARELTE-TO D, BE . BRIBEBICE D LA — X FOBBINTEEL L > Tl b,
LE RO EEO BEMN I S VETH BH ., PR TREEOT 2 MM LTEH D . HEBAEHSEL
AbE, LML A TRRESHBALE LTHRINTED . HEKEILHTLEEL 1< . 2ERD
BFIII8% LK TS 5 , BRI ZHEHEOMIIZ L b . 2EMIC BT P LOMIIS 3 o
G120

RN~ VD b & bREBHBBBENOBNETH L, LASKLHVOGNP (HRLAETE) 124200 KL
(99 HEHT b5 2) T HRBIRELE (LLIC) DHTHRIEL BT 50 GDP (HR4EE)

s Terai 713754 TS U 4 ¥ S I TH o fadt s 1060EABIRIC 2 5 1 PHEIRD 701z « AbhA I S e
HBHRDHES | BEDBRI SN & b & - T KL LO—KBAMMICIEHE E b2 . AL » BEXD
%ﬁﬁﬁ&ru%o ' |



(ST I0EPTH 5 BOMME (HIELD T 54 AN bETHTHS UMOT OB, 1 Asre b
DDGN PRIIA T o —H s 1994ELHIZ IR Ute ks S— A JUHE S BRI DTS & 2Tk 1
REUARDBIEL BEAD TS % S MRIILATE 2L BUY . BROCFEREIRERATL
%o WIZRERR A S0 00 . VIS B ARAIAWETS 7270 « B S NAcE MR TR WA 2T M L
ENTOROONBRTS 5 o |

GD PO 4 #IME (48 HOERAGER) AEDTODH . MBRKIER TS B e bic . Wb
FIRI A SNBRBUCH B o RIEL Y I —THE L — s FROBBIGEELEIC & 1 BB &1 TLo
kﬁ\ﬂﬁ?ﬂ—wvmﬁﬁﬁ%bfﬁkﬂwﬂm*Mﬁ&%wF4vrﬂ@&éh%%t:& KDt
A 2 FIESUREABISDGEA LI bIs « 3/ S— b CRBMB A 1T » Tl A o FORGERANA » Kie
R ol & BTk DEBENTHT S &3 > THOB o W77 BOCRIZIFIET . W5ET 3 BHROMGT 24 K
TV BRREARER DD 2 — /3= EHEMNTRE LTS,

78I\ HERBR SN B BRADRYE TS b | 194K IR BEBIR OB H N A HDET .,
O PRSP FIR T > TurB o 1969ELMORBAITRAUL . 401, UMEMAR SO BT > THD . 7
DHRIHRE Y 5 A 2T 5| RENBIAE 4 1/350ER TS, I [ CADSOIHEHDA
ML Yz s MAROERKBHNS D L 199110 BRI hic T UIAKBBiER€ 9 —] &
ED—DTH5, SDT 0V 2y MIIES Bt TH5FHTHD . EOWATIIERRL DIk
T34 @@ﬁf"ii&(} 1gnJ1cC AEE%EH&EFE'JL E!Iy‘i’\ﬁl L. %@i'ﬁ(i% 27 L/(Xc‘: b’C b
o wAX&/7L;D%ﬁ#ﬂﬁén5 aamarmao '

S e S S SR i




F3FE K =R

R8IV TR AR E RO B2 12 B RS DSEA: LT 5 A8 FEABUE RO DF AR g ~b | 8K
4&'%%’(’55 o TS EIZIN UTIZ19634ELARE | Nepal Red Crosshis— & UR%EAT » TUr ety BUFIofd 5
— % i3Ministry of Home (PIBFH) AULEFLIc D THS o 1992EBIMED P T C b S FIA A > T D
19924E2 5" Annwal Disaster Review” % . & 7-19954 05 12" Disaster Review” & 8 Uiz LAi— | 2 LS
TUTS,

st ISLERTIC 335 3 58 die & BICEMARGE . £~ 4 DL IS o WIRERL & . 2HKDY T EHHE
K . itﬂ'é"\ DICEDIBTE LTINS, bk « #id~h W& BIEHSUIETIY TR TH D . HAD BRI
@w;o\bzmmtmﬂ.»\u TORERNY TEH 5 HEZL, BI6ZATET LI 19934EITIE b » & bBIACA S A
7 )5J7J<§7b\§%¢ Ulzo SODEDULK « 1~ D10 X HWK RGBS ERE TH S, {ﬂw)k%'?'di
g&fﬁik_cl: BIEED G » & H% . SRR Z IS bo TR ( AVSHEDHSUIZLZHDTH 5,

% 72 19884E 42 ) - PR TR L MR TIT21 8 ATET- Ly W RB R 1 TR & . ERBDIINT
BERBERE LTS, Bk, £ [2nib) J DOFBELGHB . LARBEICLAPREELTEY .
BKBE (FIED) EAKEICEEH EXh T,

— T\ Bk TN L A REIRRIZE — 5 1R D . Sarlahil®l | Makwanpur!& . Rautahat2}z i
TREGTUEWEIE U 1993ED R S HENAZ L, L. PWHRBIH SR EHIRD Jhapall | Morang!2
TIREDFLE LI 1996 K E (o TOB o 20D 2 MO WREIR S = 7 11 T o 2KDH 9 BIA & 3Tl
Do 1B\ 1993 KETRS LIEROH T NI L DR LTS

£-4 KECLITEY

Py P | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 ] 1992 | 1993 | 1994
% 217| 521) 9151101 | 426| 0| 879| s503| 725 | 1128 | 100 626
Mok - stg~b | 203| 363 420 315 391| 328| 680| 307] 93| 71]1316] 49
K% 69| 57| 52| 96| 62| 23] 109 46| 90| 97| 43| 43
oMt = =0 = = - sos| 48] s7| 63| 22| s3] 47
& &t 579 | 941 (1387|1512 | 879 1157 1716 | 913| 971 | 1318 | 1512 | 765
e~ 1905 | 1996 | 1097 | s | mon ety

KlpE T~ ' i

% % | 520 486] 47| 606 | 1128 C1992%)

Bok g~ | 203 | 258 18| 344 | 1316 (19934

K% 73 61| 45( 64 | 109 (19894F)

ot | 1| ass| s3] o1 | s0s C198ete)

& & 873 | 940 | 1123 | 1106 | 1716 (198948)

TE) XM7Y I TSNT | EH YR
T el



L E-5 Bk HIT DI K B RSERiRY
. S| 1083 | 1984 | 1985 | 1086 | 1987 | 1988 | 1988 | 1990 | 1991
FEHH (A) 293 | 363 | 420 | 315 | 391 | 328 | 80 | 307 | 93
S AN ] ~ 0l 3 02 0] : 41"
FEM () 7,566 | 4,620| 3,035|33,721| 2,39 6.024| 3.060 | 817
WA : 4R |
s 240 | 37 | 58| 16 | 2,000| 1,087| 2.505| 44 | 21
| 1092 | 1003 | 1994 | 1995 | 1996 | 1097 | ey | ok Comtde
FEHEH (A) 7L L8649 | 208 | 258 78 | 344 | 1,316 (1993)
ERBTE g6 l4oi1as| 0ms [ 20980 | 28,420 1,700 | 10,976 | 40, 143 1989)
W 4E | (4 | ao0d| o | | |
Kim ak [L | 4.904] . 59 | 1,419 | 10,859 95 | 1,624/ 11,859 (1996)

H) INRs CRAs=Jb obPy = o

=10




Ew4E 199 347 HkE

HEETH » & bARETIKEE N » 72199346 7 FKBOKRAERTHS .

199347 A . A b v XHITETH6000n, 3 H DI FRFIAIE Ui ith . MakwanpurBodTis tung C2540
D FAUVIFR (77198 9 H~208 95 ZRI Lo —H7 A 178 ~23 5 DY 11 Sinrac228m0
(266mm) DRAUBFIITHE (Rml) PSS h, £4887 H~13 K idBiratnagar Tl 14mm (263mm) .
Pokharé’c*%mm (285mm) @ﬁjczmliﬂiﬁﬂ (ROFIH) AR ES hic o T DEFIOFeL:IZ4 T | Bagnatifilod
PandheradobhanCi3 7 20 1 &% 16, 000m®/sD & — ?)‘r‘.ﬁ:’&?f_’.@ﬁ Lie (H8RY 2 — A1 14En®)
%@#%#Mfémn LY BOKIREI & D BUOTEE \ WIERBIGRES D & & bIES | R
ST L EDEELA DT 7)5&;;%\.2;)(*4%&%70‘%{4_ L7z The Kathnandu Post News Data®. dhid,
S A CIRTEE - T HRYIE, 4604 | BICEHA96, 3344 . LIERIRIS, 3227 . MAMAMEIR0, 7
L | ik Ure 433kn® | EARAMTIENRS & 75 > 72 o

%ﬁﬁéikiﬁ'.&}%b‘ﬂ&:ﬁh(i . Sarlahiﬁ\ Makwanpuri . RautahatBLORBEHA S (E-6) . EDRREH
R UK S ROBEY 2 7 2R | B - THRPRO LHIOWAAT 1S DRI T LTL B 2 & e
SINB o HEISarlahi MOBBAKE { | FARRO LM - M RBREROBENE 5T,

%o 8- 6~ 0 KM ROV IO ERARBA TS o 1038 Uic 3 RBUL T « F6% - R

(3Sindhu LR, B¢ B (X Chitavant, Sindhulifh . Dhanushalft, Kabhre e & AHEL 4 5Tl B s
DhanusaL%'— Parsaift . Okaldhungaﬁk b\f%%ﬁ@%ﬁi%@i)\%é b“Cln% k. E-6 EPd)ﬁvy(iu'FOJ
@ﬁ&%%ibfhéo_ '

: (DC hitawan @R auta ha't . @Dh anu s'a
@®Dhadin ®Sarlahi” @Siraha
|®@Parsa @®Sindhuli - ®Taplejung
: ;@Makwanpur @Okialdhunga -~ ®Pachtar
|®Kabhre. @Kh'otang -@Do t’i -
©Bara ®Mahottari ' ’
ES6 1093KTORE BIHEOKEAD)
NHE | 768« 17 [ | s | g | k| g
) | AUHEH (R KEB | Gkn*) | (EHFNRs) |
Sarlahi | 743 | 83,265 ‘7.539 | 9,169 | 260 | 1,119
Vakeanpur <| 249 | l0L.4s2| L1at | Lene| a1 | 1199
Rautahat 226 | 89.146| 1976 | 444l | 14 900 -
o | L4600 | 496,33 | 18,82 | 207l | 43 | 4720
(Y27) (83%) | (55%) | (58%) | (15%) | (74%) (68%)

Hi#t) The Kathmandu Post News Dataiz#3& . S AWEk










19934F 7 JUKH T . LIRS O TLA WP~ D LWATE U . FRIRTIE LT A1k - 7okl
ﬁ&%@ﬂﬁﬁﬁﬂ%&bkoik\%(wﬁmmmﬁﬁhfi@%m#%mbkomm®8~7%mW%
DRI > 702 EbYHAERE L U—BTH S o & DIKBHFIT FL S N7k < DA DB 72 e ST ) 4 121
FTRTH#5'V,

- AR

TR R > T PORIDEAR S NS | 4912 LR TIRABD LFHIC & 5 L HREEIRE Ul . B

¥~ 3 tPalung Kholai|3Z/IldCharti KholaJll CR4E U7e +- MK M T | BRI Palung RS UHBF Sl
it —2BODFL I, TSR L TS,

© EE A S BOKIDE

Bagnat )11 o CUt I, O TILBMF AT Lot 461<Bagnat UINIUKAE (19939E5808) A0 SHNTE5
ﬁ?ﬁﬁ&iﬁbk%‘?ﬁh@é&%!:%ﬁ%%%ét bféo COBBUDKRBIZ K DICBAMWEORHICERT 55605 5
CEERLTOD , IBEBKICIEHIBO LIS 28 b & inrko\ﬂﬁmmﬁﬁﬁttﬁkib£ﬁb
LTS (BE-4) , IR K B IR R BB T EDRT TR & | VIV MRD B B O
ﬁ%ﬁbfh%ﬁ%#ﬁ#%(ﬁﬁ 5) o

—% . iGi w%uﬁ¥wtﬁrn< BREMIIC BT S I Ule o BYEMIBIC 51 BRERIRE LTI
Makwanpurﬁ@ﬁ-z*&}bﬁké‘)%')‘Aﬁ’/lx YU | TR S #1000 B X DOFEBY G sl LT e
P4 BOKICAENICKED TEAYNERD IO | BRI ES U HEBK S 0 TH B .
CARRE | | | |

HRITHIE | #%ﬁﬂﬁmmitmﬁMﬂ%%ﬁ%<\ﬂﬁﬁﬁ%ﬂgbbTwﬁﬁéﬁzrm7 5R
-6 4;Uog1mara;&( @PI‘ltth/\’f % = A DRFRILT ﬂﬁﬁﬁ\b(iiﬁbfaﬂﬁb TrlSUllJ”iJ‘b(iﬂfﬁ{i
RAERY | B Tﬁ"‘ﬂ)lkf@fi)% IRBHOBIMEE DBRIZ b . Hetauda’rﬁ;b\bNarayanl}llk_[‘]iJ\7 BHPTS3
D14~ Dﬁ%%ﬁkb\ DI b i bﬁbﬂ“b\ﬁﬂﬁﬁf#ﬁ%ﬁ LTW3EEx3,

k&%, D’ P TCORIESITLD %&k%‘f\c?)/r VHE - DER XN, -’cwnaﬁéiz\/\~/wu7kfﬂ‘
%&{IFI)JFAJZD PO AL HsS— IVI993E 7 HKFHWKFEDES'V ) & LT, %¥|Jé<nrc\5o el
ST BEENEL VY Ea—Hg @W%%MTMT?“O
CFUM TR (358 Sarlahilg)

177 =V EH’!%“C% > 128 BokiZ & OJIHMJ\‘T“# SR 251 N }%ﬂm;mrﬁé: b, j:iﬂm b&Ec‘:
Hot, THAK S M&&iﬂ%}"'(ﬁ%ti Laprabs. %’ﬁ%ciﬁx@f /M:%To'cﬁb\om\to 2HTK
HFdFDOL Uletetd  MREICHT 'H'*/v (Aﬁﬁ) 0)&$kﬁhﬂ.o bb\b ﬁ%t:&l Haibh
10/ 5400/ Tdo - 7z o

U PIT 4 Tl: 827 VR A (#ﬁ)ﬁzSOﬁ Sarlahﬂ?)

ﬂxﬂiﬁhb@?@bﬁ —~Z b T HORI R AR T B2 tﬁ#ént ﬁ@mﬂkmééﬁrrﬁ
AT, it:t’r’r?%f&%tﬂé\ ') A—=)bEBHETHEA ’co)iﬁ%ic‘:iiﬁ ¢ﬁ%7§;ﬁt¢>0)%
B DD TH oI, ét?kb\%éﬁ‘?‘rs& s RRURMEHIBE 1< MENTUE 72, Bk S
8 EHICHIBMR R & . WIEORBIUEE 57, UL 7% b H—2 F OBz OMES

14—

e

TR A A DA TR T R
Ay B L R R N




HH -8 Gharti Kholajilh & +HHIDE
+F Wi Palung R O M L & — %L
o L

HE -4 BagnatiIIf o RE WS
% ¢ DRBEAUEA E LTI L ) L7



HFH~-5 Bagmati)lllft o<y b s —IZHBi 5
LEDHF
Bagma ti)IIQK B & DEAOTEMK 212 & b L EEPR1-
BB Tt

HH -6 TrisuliJIIAEI & 2Prithvissg ™« o
(Jogimara) Dy

e RGBT N IR ) ity in o st
BRI TS

e i A

Saiarey




BASNT B> T Th | MW SN~ DT B 2 ENTE D 2Tz o A ¥ FOKH DB
PRBEOIKT ARER > TETCNED T, —HIB A EMES DU o KM% L HEEBLEL S &
BOPRRMERDT Y I N0ME L DIFTFE S & LicE D A BUIDSTUHERZIR D 4 5 & &0t
D\ HTERDETE D o1,

* 107 5=D YT (408K : Chitawaniil)

Vv v 7B DN T Chi tavanili | 1950454CD D D THARIC & 5% T ) ¥ BB AU Uiz |
m&%#BGQEWQMén\M%ﬁ%b%hko%Bﬁm&~%uﬂxwﬁﬂmbf\wﬁbféko
19934F- DIKHED R UL NI & DI > I BT T & T L WOLEA TOIHILARFIZIZBEA 8 AN
WFRAATEINEETH 5720 T VA TRODHDE I I, LD REFEAHEN Tz o LML S0
W\MKL%m?uﬂﬁmﬁﬁmﬁﬁbrmtthﬁma\W&EVﬁﬁMW%%éﬁmokwmo5V
AIE » AEFHBER U TN  RdIBMT 22 &b TEDIT-



§§55E§ 1B 7K I BE 1 ?rESiﬁﬁ%

RS8NSO TI S TEKR OB B2 20LL LD 2 1 HUEENBIS LT B o BEDERR U e T st
WO 7= DOERITHRE'? ) IKRMENTOSBIEBBETE . LUTO@ D TH 5, b () WM

DI TH B
< Aups > < TFRIBSB >
+ Ministry of Defence —— Royal Nepal Army (RNA)

+ Ministry of Education‘and Cul ture (MOEC)
» Ministry of Finance (MOF)
» Ministry of Foreign Affairs (MOFA)

* Ministry of Forest and Soil Conservation (MOFSC) -—— Department of Soil Conservation (DOSC)
- Ministry of Home (MOH) ——[; Central Disaster Relief Committee (CDRC)
District Disaster Relief Committee
(DDRC)

+ Ministry of Housing and Physical Planning (MHPP)
» Ministry of Industry (MOI) ——[: Department of Mines and Geology (DMG)
. Federation of Nepal Chamber of Commerce
and Industry (FNCCI)
* Ministry of Information and Communication (MOIC)

« Ministry of Science and Technology —— Department of Hydrology and Meteorology
(DHM)

+ Ministry of Water Resources (MOWR) “1:: Department of Irrigation (DOI)
Water Induced Disaster Prevention

Technical Centre (DPTC)
* Ministry of Works and Transport — Department of Roads (DOR)

- Z DAthDBEE
National Planning Commission (NPC)
National Cadet Corps (NCC)
Social Welfare Council (S¥C)
Tribhuwan Univ. (TU)
International Non-Government Organization (INGO)

CHhoDMBD I B | BKICEERRT 3 EELMBE LT, LM SRT
CFAE . LB RAE HRR LR P
COAHHEEEEHERR M~
KRB IRETERR R
BEMHB, DPTCIZIRI NS SHMISMENRBEH T2,
KRR FI & 18 > TN DD | KEBETH B o RBBE IR &K TSEBMS 5 o MERIE
HizPlanning, Design & Evaluation#}. Surface Irrigation#f. Ground Wateri# . Irrigation Management

A\ River Training, Environment & Mechanical @M 578 - Tivd , E7z. KX & HRiECo-ordinationdt .

Climatology#® . Hydrology#®. Meteorology and Weather FOrecasting%Eb\E,ti—DTCL‘ZSo OUNT, EHiE

TGS B2 & a D1y F iy OB ORI O RISSE | . B0 % 5o
MBI RS2 B TH D L BiSE & - THBMDBRABIE & U o 1B S O SENETH S




A OEEPERiTTRETF>2DPTC (Bl - T7) (illffafzﬁ'bf: BB S IR XN RS v 7 hits B a3k
%wﬁ@mﬂr\mmowﬁ&mw%mznmmmamﬁmm@@o‘mmoW%mthﬁw%%mma
bTm\ﬁM?béoDPTCM*N~wKBU5%%M%@MK%®5HMT\JICA@TDV;&%
ﬁm&mmﬁ&br\mmmn$ﬂ—wmﬁMﬁmwwmm&br\ﬁ%ﬁbVVXKMiMK?ﬂénko
W%¢3ﬂuﬁ79717FMNﬂ%Tb\%$MK5@@H$AZ&v7ﬁﬁ@?%?%?&%oDPT
cvm&mﬁwﬁm\Mm&mmw%\%%MW@%~&&~xmﬂ£%ﬁorsb\*N—wAmﬁww\
5@®H$A19v7(%—77FN4W—\J[CAW%E\3z®JICA&N%)Mﬁﬁbfhéo
DP T CRIPTEDT . ASHEL. BONPASEH GFIEYS) | DHEIR (BB .« NPREL (M9~ D) HEers 44
BLTHS, |

B8 DP T ORI LT & UTMBIE TR IREATT » fo bty MM 0 30/ TR LT
DN TH5,

IR S R IUEE B S

CREEERES

AR 12D DI - B

« kPTG E)

IOERWE TR

- B K fE It R

CIRERT TV

CREHBETF =y

AP =Ky ab—4 (EFA)

BH~-T7 DPTCOFE (HrevX)



HFOE EHINTOAHRKTHE

F8— IS BOTH . MBSO E L . ShE THE DMKMRRITHAITI B ots, LML, B
AR 72 & DHF DIz L DD RGN A LB & ENTE Iz, ARTIRINE CIITF b TE 1K %D
— I DNTHRN LT AHDH D IINEFHLAE T E I,

[/y— F3tie]

13 &AL OIBRMISMSET . BARITBIATE LR > T B o SIS LT, 1993487 Ak Tk &
I ARSEL U 2zBast Rapti)l|RUFZ D) DLotha)l] (Chitawanll) Cldsksik . HRITOREICL > T,
BT~ 8m, WR22kmODMELHA 2 4L D THRIKEN I o BIMTIZOH AR . KX REXh TS
(BH—-8) o

7o AR IR IT & BT D FF SO RLBI LD 2k | TSR SN TS o WRHEH
BHMRL D b . M THEOLRRP I EARDNEHEN TS (BE-9) o BmmiEgs (HREMN
W HIH?) N TRRNGB XN . /NN TSR IRE XN BYIR LTI TS v/ SRIKEN
BIBEIL > T,

FINE & » T AKEIRHC & DT DM R AIKEER L L TOBBANH 2, BE- 103 b - L b K&
T RIRIm A 2% 4 5Sapta Koshi)lldDSunsarift[X iz &4 & Wik IR €. kBic Xk hfilENFoh . REN
DR Ic NV TO BB TR 5 o SEHIM L2D P T CO/KIEERBICH O TH  KHIBOERN DI
Tz,

BRI E M LB O AR B 70HIC . RIEDIRRIN TS EFbH 508, HEDTEHED
TH 5o #HIIN S D LBOWHIMENTIEZ I EARNL HOSN TN D, —J7 HIFT~DHEE LT 3
EARIRETPATAUEA SN TS , NZELAEHR L TOS LEOAE X, IKE) I3 LAD
OANFRBEOREXTH Y MIDKEIZIE > T (BE-1D ‘

19934k ETERILEAR L & bz BB ) LB (LA 1Kk 5%@0)%6&4&%73% < Roehic, 2Thi
%L C < Bagmati)l£i Bk IR D Rautaha t il CIZ £ D L s Bipk 79\7!5 el &k - T, REDRKEY
U ERONBTHNR SN (BE-12) 19,

[V bt | N | |

DPTC GiBagmati}lI’F‘(ﬁﬁfﬁ@SérlahiL%&URautahatLEi&::b‘H% 1993¢7ki§®f§?k¥§§®' (Flood Hazard
Map) % 1994EISEIE LA (R —10) o 2= v THAESA ., DP T Cfﬁ}"ru\“—)lz@: vy b
KL 24 AW UT, ﬁ%ﬁﬁ&@#x&t;~ﬂ§k&bﬁotém ﬂﬁ#%kﬁo(%@fé7oam
udlMxlmx//awwﬁﬁmkgﬁ%Sﬁrjv —TERIN, E%&@Mkﬂm\ﬁ% IKHHY B
HEAFNTOD . 2Oy PHIERITE L TETHBM, m<o#mﬁ@%50‘ﬂ§@h#tﬁﬂ@ﬁ
21T - 1e o AN .

CREERASRRAZRTOARD

RAIMHHHRAZNTED, THOL . B E LTS EBICWY 3 LK OBk

e s




HH-8 KREGRIRREIC & b 785 UlcLotha)I32B)
BEICL D 2EMTRRL/cEEL (BET7~8m)
DiEFHE , 22knDEEEH T 5

B~ 9 Lakhandal)l|DkREREIZ & 535
BRI A RS IR A A U R A
bhTk: ] |



HH- 10 K X 20580

Sapta Koshi)lldSunsar ittt i/ MBEMET S h .

MR AL X

11 IIcHERT A 460
SEMNAZTT RS F U A ami &0, impicis
IKEDZRURDS ATANE COAX XDOENE SN

— 22 —




g3t
Lt i A

; }i‘:ﬂ:’}”"“”f “‘.4

HYi— 1 2 Bagmati)IFBEIZ b S FHIB DR
Wil Xt Hia
L S OLE KDDL T L S35 5 T8 5 7o D3k
WX D FEROWELNIXhic &b b

v_..23 —



E

MAJOR DISASTER IN RAUTAHAT DISTRICT

e

land
Loss

AT 3
DIARMAPYRES 1014
Rl e R

'-"'BA“E ‘ : .. : 70

SNo

Hydrograph at Pandheradobhan

Heod Hydrograph of Bagmati River
- {8AMm, 19 July — 16:00 P, 220uly 1993).

Paak Flood: 16,000 m¥/s §

416,000
415000

{e661 A0 T WvBo — Anf 0Z)
“SIBIU JIGND LOJ[IA OO | | HWNIOA ool

DAYS

o

838
s
21 July -

80338 '
[y |2. e
F1501
50800 ¢
1201
<1600 +

JULY-1993

e~ |
Lavy ar: K/“,o'

g

;
Q. 1
- F i
]
3,

° P

- - ‘xl

- - 23

%
=7

— .f“)
-
7

\9

A, 400 K.

ROAD

S.No.J1

N o s

0

s
bl

—

MALANGWA

€ ’NL'W'_P_ . P .

(a".;‘ N 1250k (256m 37508 $230m

: iem2em e Sem

!

LEGEND : .
Water depth <0.50m ’ River
Water depth 0.5C ~» 2,0m Road
Waterdepth >2.0m ~—” Canai




TH—~13 1993EKEIZ BT 5K
KB WA LR U i Bagma L) DIDEIC & b idoksk
Yol o TOWDENBSFNEYIFEXh TS

HE— 14 Eksith
HEAR R T o L BB B 2 M) . KGO fil ¥ iy &
ULTHEN TS, BERGEUE AR D o ka2 i
Hesd TR

— 25_



TMPARYTH D o HETHERINTOB N Y — Ko 2y P Tl SRR ATRAT 5L 512 L
Tid,
FBUKBIE S 5 2 TRRENTOBH BKRNLLLEEA SN TE ST 2HABKT 5L I D0 -
FEBEE M TR B & 512, BUKIRS 7 2T~ THS
© (BOKIUREMR R EEMR U T) <y PEBHTIICRY C I, D7 7 7 9 — %2 ANABZ &
WKRUFEDT | HAILTLEAKD BRI < » 7 LICEB TS . TS 5
C Ty PONEERRDPMRTE B LI, 2y PIICRBICE D120 | BIBEA SRS B S 5
TEAUL L SUEREID T, = v TORITE U & T BB HE IS 5 & &b

L U2 BRI L BB O & LT SEVIHE R DL — b | BBk DR - BB ST - D
MEPFREERBLTHS | EREIMNERENRENS X Y LTHL
$ %y TEEKKRNORFIEAT S & & bIT | BOKITCIJAG BHTS ORI E b > A TSR
9 5& L IEH M‘J;kﬂ}éﬁfaxf%bo SEWEE S NIcT y Fidt 3 F— 2T HNT . BN L i — 3ol R
KUDRATSATORNEDI & TH -7 ERIRERH T 199341 B4 BN RO KU <RI
IKBLERB S BUIKE IS D | BEHEDIEU NG £1T - P s S . BEBEED 25 D & 493043 LT RSB D 1 B0
WEHEHTET Uz o ZAUIBS BRI E SN Turioflh . BB BT O B8 R 4 i L
107 Ly M AWK EIE (THE SRR BF LI EK & b o 7'

IRENRETEBHETH B,

BUE « BUK TR (Flood Risk Wap) Z{ERRT~C  MEEED THY . HH b B CME I 1
WAELT > 1o Z8—IVDPE | IDEETIIIIKBER Y FEFVERA L., LEF 7 = v 212 D0 TR AA
THRAINTOB AR ZEMT B EHNTE LOEDOEEAT -1 bDTH 5,

199347k # TldBagnatiJIIEUKHE* (52 5 DBKIDEI & D 2 { DEBRWIBK Utz o FlhIc 2K E KIS
HERER OISR THE . FI— 130D & 12 19932 K SIFDRUKHTH £ IO A FIE ISR U | M R~ 0
CBELTOS, MEBIC LI BRI 2 M T, 20 BABR ] mEEER L ED & TH - o
HAR BT, - 7kTT¢7k§<@E@%L%hT§ﬁ@/muﬁﬁﬁﬁbnrhb”’ ZOFik
BRI B0 T b > LA YA EDERETHS, |

ZA—WkH%MLEﬁ—M@J7mm%fL%ﬁEbnéohndﬁmﬁﬁhﬁTéﬁm LTt
Ml bD TR, ﬁbvamWLmv/hﬁbm%#zm#\Wﬂfu*v BT TE RS R
bF o ARUmATREIT I R E AN L N kﬁbfﬁﬁ%%%ﬂ?%&%zbhé i, &
nm¢%m1Muumﬁﬁmﬁnﬁ%%vi§*m7%mkurwmgnrmao

D*L%hfd&ﬁ%fﬁébf\a&nfiﬁ%rw#khfbéh zn~»fﬁ%rw%ﬁ
0 I_I'ﬂn”Cér ARSI RO A S E DB UAOBRER Y KEFba st Ui o SHdike LT, L
ARUFFIBEINBA005 TI0E Y S ab—Ya =227/ -(R) 'L REBLTOS A v & o Shddyik .
BB R ik . R« BIY « s — O T i ﬁﬁ?&k DT Uie,
* 2 Bagmau}lll&/}(flﬁ(i1983'13\.:%1b\ lOi}‘(DrézFJ ’&i)\¢711993 E6HB0RIZ5IE Uico RHET A 1 M
MR MR Ura sy 7 H20H SR CRIK Uic o BEEHAD BT it 73 & o I8N S ITGH2 TR 2 bt
MR 20 U Tk g h Ic RS THE U . $shUEREI B LAY




=T BUKEHOBIEG~DRR®

RIELAR | SR | 2NRIES | ATFAN% N |
MLTH FHiliflb | S40. 8 | S40. 7tk | A4k, KT 183 2
JMPUTZH | NTifk | S44. 8 | Sdd. 6tk | 4 115
ZRIW | =Rl | S47. 8 | S4T. Tk | #iRiR 104
PAF Tl BFTT | S50, 9 | S50. 7tk | mA: 100
T B UL ARl | S50, 12| S49. 7k | A 181
MY [ mHilifl | S51. 8 | S47. 7k | &K 112

) TR - Rk

INKK ¢ 21 I P B LR — b L 19954F



BTE 1B /K 5 W

RoS= NS GAS B B SRR 75 € | E 2P B IR . LU« WEAI S A TIN0D 72 5 DT 5
ﬂmmwﬂ”%f-b'k*%ﬂ@VTU#%ﬂﬁfh7o:@v%U#@UﬁKHyiénﬁom&ﬁﬂﬁ
PEEDAENTED | A“ﬂth“bT%(%?m%7ou®ﬂ W85 5 W B 1 IASE M~ D S TRk
SNTHBEDT, UTFRIEYFIADS B, Nkﬂﬁk%ﬁT7(MK&%M%@&*k%MQT%)I?
BHEEE Y 27 v 7 UTHHE U S%DEKDSH D FOBEES S,

v%Uﬁ%ﬁ%&ﬁ#%mb\M%&ﬁ%ﬁﬁ&&&ﬂ%éhf%b\%&ﬁ%ﬁ?5®é&h5ﬂﬁﬁ
RHBITHS o LU HEHRHROFHOMBNS . H#HED () WITRIhATRIEEE Clogiish
7= D3 Bagnat IR Terai iR 1< 354) Bk RGE (19944E125EK) &L T UM L BRIzl -
BHCHED > TOBRIIRA L, 7k (RERD) SIXEMET AW & T H C Y « ST R4
D& EIUS LB (RIS bR U,

@28 2007)

- B R R OB [k B s
FEEE - BIEEORE (199651 : MOH
RO (1996) @ MOH
ERMBCER O FHEOEM (1996) : MOH

W KX SIS RBBET 2
RKEBEDIER : Koshi | Bagmati. Tinau. Mahakali)ll (1996) : DOI (DPTC. DHY. DOI)
IR KRR DIER, : Babai | ¥est Raptijil (2000) : DOI (DPTC. DHY. DOI)
BERTRER O/ERL (Hk&s) : DHM
K FEM S X7 LDOHE : Bagmati)il (1996) : DOI (DPTC. DIlM)
HOKFEH Y 27 LD : Kanala. Bast Rapti)ll (2000) :DOI (DPTC. DHM)
ARSCBAR v b7~ DAl (1997) : DHY
BUKEHROREROE (20000 : DOI (DPTC. DHM)
- fEIRE
RIKIEIRIED B DOWERR (1996) : DOR (DMG)
RIKfERREE DFEM (1997) : DOR (DMG)
SRDEZE (1997) : DOR
KRBT Y 27 A »
Tz "/X'F‘A@h&ﬁ (1997) : MOIC (MOH. RNA. Police ete)
IR 351 B HURED DM . 1B (2000) : HOIC
%%ﬁﬂ@ﬂ%~ﬁﬁ®kb®@%m&%ﬁﬁﬁﬂyx%A®M§(mw):MHUM%\Mm)
(5 i)

RE L. M. By
ﬁﬁm&vﬂﬁ%mmm¢5BMﬁ@®ﬁ%<mw>:wW(mm
MU B 2RO REZ (2000) : DDRC
mmu%urgmmmmﬁﬁoﬁM% A@ﬁ&(W%) : MOH (DDRC)
BONEE (B 2 MOH (RNA . Police. Scout. NCC. SWC. NGOs)

[

gy

G

e,

T B o B T T N S 8 eV s i P T, ity S A e e i e
T R S K s LA s R e B




- i | |
MURE V& — s SBRANEA R LU~V g v vy — DB (1996) : CDRC (RNA. Police ctc)
BTSN TR D+ v & —~DEH (1999) : CDRC (RNA. Police etc)

HURIC 3613 HIIEE R v b7 — 7 DX (HEEE) < DDRC (RNA . Police)
LR Y 2 POMS R U (k%) : CDRC (DDRC)
Bt BAIGE0 72 DD YL 6% B DR (Bkg) : CDRC

[ HBIRR UL

o S SRR 4
KBILBNDBRN LT AA b+ T x—<y MOLEE (19965051 : MOH (MHPP. DOR. DOSC. DNG .
pol)

TRAAV D+ 74—y MIREDIDOHE (e YOI (DDRC)
HUR L AR CO K HIRROD 7o HDIEANF — ADIK (B : CDRC. DDRC
PR HOINE « T« fzd (Bkkt) : MO, DDRC

< BIIH - STREE
IR L ANV COUIIH - BREFE D 12D DEAME B SOFM (19965301) : Mol o
KHEFMLAR— b2 VY 2 —F 500 KEERBIOEANEMER I IV — O (1996515]) : MOH
BIH « RO DDH A K5 A OFER (1999) : MHPP. DOR. DOI ., DPTC. TU
BN  HREB DIz HD 2= 2 TIVA~DFE (1996) ¢ MHPP -

WEED I HOEIREBEDOIER (1997) : NOEC

(#koBfl

WoEEMEE

EAREORAETBRO R (1996) : CDRC
BIEROREROES (1996) : CDRC

o SR KR
RARFELN G R EERRUWEIEHEE O FPERS (g5 : HOF .
KEBFHOEVRCRRBO IO FHIERICHT S FF—E~ D& (B : HOF (HOFA SHC)

s BR R — )V TO R EHE
BZR 2~V TO LM HEFEORE (1998) : HOFSC (MOWR)

FHEIDHEIT (Hkkk) : MOFSC (HO¥R) ‘

« ) 27 FFE
HOWHLATORBIHTE VR FES 0T LOMF (Mg : CDRC
HRITROENTY X7 FEEREZET S (RED NG

R ERRTRIC Y S E0R e
N GO%DLmi s »BFKFHEDIER (1998) : CORC (NPC. SEC. FNCCD)



F8E SBOBEREHEDOH VS

GRS IVIZBI BIOBP AR T B 7 bITid . SRR S O LB RO TR DO RN & &2 8 L
T IREGUEMOMS A E X 1K DTETH B S ,

F28= B BILBEHOBRD I DICIE . 5 2OKA Y M 1S5

1 LW S O LR OTIKRDU I A M5 12 hRbE « BRI « TR 24T 5

2 BEUEOED . BERAGIRD SRR O RS AR 1L T4 30 5

8 JLRINBLTH. HEIPEABLS . BEROKUERBBATRD T L& bIc L kB KR

TR R OB SR TR A M LT ¢
4 BRI RO RIS & D RROBIIAFEBILLE U K E5%OEETREEN D 23

LTS
5 KERUEICWEIARERICWEST B7010 . ) B2 A ERT 2 (R7— U2 Y B D
VE =B BIBE)

CNSDONERERFEEZEMCLSDON. B-1ITHD . DPTCIBIFZBEDENTER L&D
EHEFTUUI LTS, B RS VOB 75 RIS » E b REVDT, T HFEA
HUMOFERERPICHEROT V85—~ 5 4 o THRE Ui,

FS= BT SHIEKAISET S 1o DIC S 3R - k4L - fﬁﬁm%ﬁ%¥15%§ﬁ$5m
RSBV BT % OREICHE U7 UB BB R AA LT o amﬁgrasoﬁﬁﬁgﬂ%m%
NG — VAT HE L UTOE D5,

< LB OFBME R . BRAHOELRD

» FUKDREHIHHA . 2hRO% E | KBNS

« B - B BL T |

CICEBEOIE>SSE | MBI & BKBIED

CIOBROFIE B RE  aR

-ﬁﬁwﬂ@ﬁmﬁrﬂxe—w—'em%4f& ﬁiv:wﬁ~

k%&%@mﬁ»Uftzu SHHIRE

ZhODOFEEDI B, %A«ﬁkﬁ@%@@ﬁﬁ#&%@f\hmﬂﬁ%ﬁmbhm%ﬁﬁm mmt—
7 WA Z U LB RO AR NS BT | IR R I AR Rk L 5,

70, COF A REBEAVS STV 2 lB0T, $A 2 0 UHERO Y 2 V5 — GBEF) i sh

TBO ~ 19915130)")‘47 ju} ‘/%\ 551’!9'5‘47 D\/:‘/J‘_/l/y'_‘ * 7FD9.5A75\’%%$“T(I\620) ZI)vo '_‘jj\ ’

Wik s 2 V5 — RO BRI BUO TR SN TOSFHT . SEORWANIL L0 ASEYO 541
REUI DKESRTS v bh— L) LERORBIETONS THOT Sy fhk—A) ho1i D, 19924
TR Ty bk~ AKRTIRANELE | TR L3500 12 b & 360 THE™

— 80 —

PRAGATSRE

R B L R R N Y S




Collection of flooding dala

by project team

Proposal of watershed managementl

Action system acgompanied
vith some incentive

Display of past
inundation depth

Protection of city
using secondary levee.
- (road)-

City

===
\rr-,,,f 2 %% %

Flooding
Afforestation

45’// Detention in
_ &9 ' school. yard

Consolidation work
using gabion

_Protectioﬁ’by
green zone

Measures against scouring a

(vane work or revetment)
landfill of

farm pond
i

Flood. fighting by
fire;fighting,squadron'v. H

[ 2

Notice of
Loudspeaker

flood hazard )
for evacuation Landfill-type sheiter using

dredged boulders and sands

Pilotis-type
school building

B-11 /8= Uilh 500 EERRR R



RIS = IR U2 8T 3 B B S BARIC DU TS IS5 o BiSCBIBR & (3R D L Helie &
DR E & & o BRI LA RS 5 2 LISk 0 L HBUSHEM T BI0EOKORAMS) (HM? XK : v2h)
BAEREE . REOWMREYILLL S EFBFIED ETH B, Wik ek 12« 19934FKIDE 5 S— L
KBOTOHMMAHC X D RBOWLMIL SNz L RbNBBERR SNz L. BRI BT S 19984 8 f
KETOWET « IFNSN D RAENPEIU 0T LIRS - e KB OUIHDS . BHAINKRD
HIRDUIMBIE TS - 1o = EIAREEND o TNE T MRS CIRILMTET « KIS | 0
AR LT %%mﬂwk$5igﬁkaw%®&ﬂ%noT%Lw T F VRIS 51 5 0
FRELUTICRT, ’

AT 250m X 500D & FNVHHREL. 50X 250D A v ¥ 2 (2T A 92 2) 1REL T 17 1o o TR EH
BERHIR0. 05852 72 o RHAE L OIKIRGHE (BLMURSE) & U TIRLEHENL, 218n° /s (RR ARk SE 2
WHANDERTHS100° /T L) | WHSHORAGNT . BHAEORT S B L BUHANS (B8 [ %
BEATRHEENT o 10 o BREMBHEY —~ X THBL =150, 1 =2 dudIBADEKTTIMS S5 215
BOUAII v * h AT DR OB ADEEDRAS v o2 h o TH - 72l DATIZE ~ 120D TH 5 o B
MAFERIC 1 DI DRI . SRAIROMIRIC A L TN B Z ETh B o — L THICH 13 &
A DK B = & mﬁm#bﬁ@btﬂﬁmk&@mﬁ SR L b BER B 12 8 - TR AN
TBIEREBODTH S,

PRI ISR RIS TR & U o BRI IR T 1200 24852 U C . OMIARIRS A2, dnic il LT
BHHORIT SR EE Iy — A& | QIITERE £ 15012 B U THADMB AR A 127 — 242 513 5 48
mmﬁﬁﬁ%l—w&UE~Mkrbtounbmgﬂbﬁ#5;7k\mﬂwkibﬁ&nﬁ%bmo&v
1 &30 | AT RT SR EDE B I T | RT3 ~ 4 M0 LT s o 2 LT . Bl
HHOBITEREAE 7D | BIARRAME S 752 = &L&O\ﬁ%ﬁbﬁﬁénéh&bﬁméwu
DFREFUABINIC & BILERDHEN RO B TH 5%, KEEDIBI B TA DEAE £ DU D | i
B & E B LB HBIMHPICIRT 52 LIk o T\ MISRAD DR TR 5 o 15t
A — A DHRER 13~ 14 @EITH L., | | B

—F L*Fﬁbb#ﬁéhti%#ﬁ%%hﬁé&ﬂﬁb@?(LLO\Mﬁmtéguiﬁﬁﬂdn\
FRIWEEBIZTOT, ﬂﬁ@iﬂ%u&?% EIKETH B o SEDOTHBETIE . FLEAD
k%@@%%@*%#%b(%mém?)\&%#MLbfTﬁ#H?#kOMTMTWT%aL# b L
THECH L | &&iﬁ@atmﬁémﬁﬁﬂ%m%ﬂﬁ$m1%7

rﬁémwtﬁmbl |
T HILD F L X o%mﬁﬁ@mﬁ

et 2 G DR

TR IO 12 SO BB B D A - .

BERMBHTES L, IR & armﬁklﬁnswmﬁﬁt&amr ﬂmfﬂkiofﬁwTaaa%

DOIIGHFIZSHRD > BEELD, |

B 5 DHDORA v b THEN SHRBZIT S K~ EREYI0 22k S A HIRIRE AT Ul
s

3 . U N SN SISO TR NP e L ”
e e S e I i N S i B Y e s A T Y B A SR e

e RS




N SRODT | 4RI TEBMD Y T GOV BATT N S 5 085 5 o 19984E 7 FIkstt
B BSOS « BRI X DRSS E N . F IR TS » Tt ddic o RS IS
TLOVHRICHBETH - 7co THTHHYFINIY - W< D DD | 18805 B UL S sl ThtiE
WAL« EHTFRIC 3 B IUT E T > THERIT > 7D TH B o

PLLA PRI MR « S0 & TRIEWISHITH 5 o INMIEHE (ZZ DD 2K 5 Uk
THRERETHNTHS o THET HKITMT A ML) Chiltek 512, R/ S—LDBE . FELLL:
KA D TH D L 2 ) UIRAMAFRIS OO TR ANMIMER UL OB SH S, LIL. DP
TCRr UMDY » 7 THIRSN TR D « &9 UM 2 BB kA RE T 301253 b L
EZEZSN, R~ DREMIZDT &SIk LTH O,

Fly LA ) URFHDBRIShicE LTS ZhERITE B4 o5 1 70 hid L e
DIFH GEHD ICBBENL, - Ty ROMLTHEN TS D5, & IBIEDO THAMIR JLLL)
KA U € DT THROEIIENE INIGAI . ROWHEANRT v 77 v P TE B K51, €FR—
Va B ERD, T T, MOMDLRNUEELLLDTH S,



—15

» X (m)

M—12 #RTHESONHRE

— 34—

CINO—CXOCO™NOXUIT AR

O X




l r T
vih
Ty e
BARIEE 2. 4m
0 -‘ -
0 10 20
| ‘Qﬂﬁé(m)
B-13 WRTkEDOERDE (AF2)
SEE T
v2h
Vogho : ‘
- ¥4 ¢
HiF% 15m
0 -t ' , 4

 BUAM (m)

- 14 WRGTRENOERNE HOAMR)



HOE X L ®

R IS= JUAZ B TR DD LA« BLE Tl ) 12 SRR Gl il k3, &
£\ BRIFHBE) AR LTOA, £ LT SHSOERMBEOICEE U » T KD k2 Hld
U~ SUBTRKSEEEE R~ O BHB AR TV B EFEA D, TS ORBMREVIZT 5103 . AHI0HE
uxm%mammmﬁﬁvﬁbaﬁﬂmux TGN TEH B AR TERS NIHANEDS T
50 HRIIFZONT L B- 150 & 5 KB ARAT . HICEERERISOOTR . ZERTER U,

b= I vk
D 1EE)

Flooat | | wRa . | | s v | [ ADS0 | [k ;
IS RARLEAL | | MH WKEPER EREADFR 2 : 4
] -
BKEENDIET |-
| IR kiR, .
\ - \ 5
LI [k Rty AL : 3

3 LR || B 3

mﬁtﬁ—e{Tﬁﬁf@iE KLt | [ ke k-1
L Tz aAniE L NS @*&W -

gt

Hokiz & A6 RN

Lol AR . i
U

i -
P - o
I

V

pre—— 5 nf sl ook e
oo GEsE ||

‘b

’E-E O B R R S O ML

m>mmm&mn—+om&twrm< ﬁﬁﬁé i3
BEDYT LOMELEATNS

R R TR e S B A B SN i

~ 36—




\ =
fE e

RHUZ T T CAEMIMMRE NS | IS MIN D1 ATOBR » DRI T & B b . BUBIZEH Y
RUBSOEREFHEIED « 57 LI bDTH D o Zhdh S DIMSEE LRI 543 B 1k RHIE R okt
RODBRICH I > T BHINSD EEZ SND o 4ikitBagnatifll FHRIRIC 151 5 BOKIUESEHIX REI O
KR LTI & & bic . BMMOBK KB DEI B LT | HIPASHE: & IDEAFHE & O MR A
SN L BICHOE SRR P iRE T MFE~ORMARNUL LN EZEZ TS,

BT | STOBERY LT, o SRR LTI & & bic . BHIIAD 72 50 B4 - T
PRAEE T T C AMMERUK. P Rizal a3 UHETHD P TCHADKWHICEM OB L L LE o &

12J 1 C ALRBIR I E—EROD LN EITiE . A0 Il Tt 3o 8 U T « SRS EHER I A - 72 o 4T %
Y TEELELES, ' ‘

— 37 —_



= S

1) RRIE . AT | WA HFRHZ S [PEEA © WIS LIS 5503 2 BT SR IS s = = o T
V(R R AR 5585965 . 19984F

2) DPTC : Annual Disaster Review. 1992

3) W . LR gaARMZ VL] Nepal@i’I}Ilé’i”IJlUé% PRSI I605 19974F

4) WM BARE . iR 20 8= VDTN D A B8 & 57K 55 4 [T D KR & 7)1 | 14 5

Y URIY LR 19984
65) IO J‘ﬁﬂ[ﬁtﬂ%ﬁ\ﬁz ﬂJ*‘i)‘C"}] Nepalwﬂ)”&ﬂ)llk%’ BRI 605 19974‘-

6) Labon : Field Bagmati River Erosion and Sedimentation in Nepal . 1978 E

7) DPTC : Annual Disaster Reviewl{FDisaster Review

8) Ministry of HomeDMAICL D
9) The Kathmandu Post News Data. 19934 9 F24H ;
10) Ministry of Home & DPTC : Photo Album "Disaster of July 1993 in Nepal” | 1993 F

1) KHHEE | khzE. 5400 3455 ko Ax %A"ww%¢7ﬁm%wkﬁwﬂm\
F 8= )VIEIK HE RS T4 | 19984

12) Ministry of Home : National Action Plan on Disaster Management in Nepal . 1996

13) Ministry of Home & DPTC : Photo Album "Disaster of July 1993 in Nepal” . 1993

14) K.R. Pathak : Flood Hazard and Flood Control by Structural and Non-Structural Measures in
Nepal | Proceedings of International Seminar on Non-Structural Flood Control Measures ., 1997

15) BEBREE L RRIEE] | MK : BOKIC X BTB1S Y X2 & fapBIEEE — 4 & 1 (T DL I R S T ) A2
v b GREE — . LAWRBTEEHESST0E . 19954

16) BEGREE | RUGRE] . KB ; mﬂﬁkﬁHLMkVT b~ ﬂmk%®%k%%®ﬁm— 19954

I7) EsEa KRBT . BPEA. MEBY DBV L—vay R a7V (FR) . A

juP)?E?H%MOOH\ 19974
18) RHAKE , eBMZE, I5 4 V0 0455 WHRHD A2 /9019984 7 Bk E K EDIEE |

;I'\/\—“/I/?'é‘7k5'/%&{'ﬁ§ﬁwx . 19984
19) Ministry of Home : Nat10na1 Action Plan on Disaster Management in Nepal . 1996
20) H)ll—  EABMSSERETE ~ NV T 5FU DY A Y DYy ey —— | FRFELEE, Vol 8. |

9964F ‘
2l) Egre. Fk?k*"]\ﬂl?ﬁﬁﬁx HEEFC . EHREA Bﬁ%@t@kkn‘%#ﬂﬁiﬂ)llﬂi’#”r HWE=aT

W (ER) . :l:?kﬁz‘fni")?ﬁ#%%%v\ 19984 ,
22) Yang Qingan and Luo Qimin : Strategy for Dike Breaching and Floodplain Risk Management in the
Yellow River. Proceedlngs of International Workshop on Floodplain Risk Management. 1996

23) KUEE « SHAE—AD | VAERE : Fﬁkﬁﬂ*m@(ﬂf“?jﬁﬁﬁﬂ{ﬁm% LKW E35385 | 19984F

— 38~




z % &K

AEOFREDOEHMED P T CHEIE THUKIDBARKRRY FEED 1251C | S8 B AIZ 513 B I0E RO
IKDLIG BB FERRIE « IDBRATE FVREF 7 = v 2 B U KOTH = JUIZE Ui THbkiD
BRI S PRI DO TR T A ETH ot o UL N5 DTkIiDER et o D
1Y = UINE IR0 S & o TREFAFIE U5 T ML BN B BIE 2 G4 » 7o o
FEFHID P T CIZH1F ZMBATHIN LB EETT L Y Uk bD T REOBER GER) b5
ABODTHD o WEICBMTE o7, RIFAHD P T CHE &7 5 % S~V ABRIC3 L TR
BEHZ L FHDBHERME U,



fitigation Yethod for Flood Disaster Prevention

Urban River Division, Public Yorks Research Institute
Yinistry of Construétion
Tadashi SURTSUGI

[Flood Disaster Prevention Measures]

¥To reduce flood damages, various measures must be taken in combination

Staff in charge need to consider non-structural methods besides structural methods

OBefore flood
* Proper setting of flood protection facilities — dam, levee, diversion channel and retarding
basin
- Improvement of flood protection facilities — waterproof sheet inside levee, gabion at the
foot of levee :countermeasures'against overtopping
+Set-up of flood disaster prevention facilities in inner land — infiltration facilities
(infiltration pit, infiltration trench and permeable pavement), stormwater storage facilities
(disaster prevention adjusting reservoir, storage using underground space and storage in
parking lot) _
« Improvement of flooding control facilities — secondary levee, flooding control green zone and
networking of waterways
+ Indication of flood prone area — map (past inundated areal map, flood pfone areal map and
predicted inundation areal map), indication of past inundation level on the telegraph pole,
display of the predicted inundation area on the personal computer through hazard simulator
+ Land use considering danger of inundation — proper land use against flooding and disaster
caused by sand and stone avalanches, land use regulation*
+Collection and transmission of information (among publié organizations) — high-speed and
simul tancous facsimile, stationing of staff in charge of information, arrangement of staff on
duty at night and on holidays
+ Collection and transmission of information (public organizations—residents) — collection of
information from private sectors (chief of town associations, and taxi drivers), information

transmission to residents through loudspeakers and wireless devices

% According to Building Act No.39 in Japan, local governments can regulate structures (floor
level, type of foundation) of residence and prohibit housing construction in the designated
disaster risk areas '
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* Education on disaster prevention —» textbook, announcement of evacuation places, confirmation
of flood prone arca by residents, seminar on disaster prevention

* Announcement of danger degree — distribution of flood risk map to residents on purchasing
land or renting houses

Oln emergency

* Flood forecasting — it is difficult to collect the data of inlet volume from such facilities
as a pumping station

* Flood advisory and warning — information transmission (problem in hard and soft)

» Operation of drainage facilities — sluice gate, pump and gate (overtopping levee, waterwdy)

* Flood fighting — volunteers' activities at the time of oveftopping (with sandbag), seepage
and scouring

+ Evacuation and rescue activities — opening of evacuation places, guidance at evacuation,

rescue of isolated people by helicopter and relief activities to wounded people

OAfter the disaster ,

- Relief activities — temporary residence, disaster condolence money, insurance — with special
contract of fire insurance

* Economical support - tax reduction and exemption, financing with low interest

+ Counseling service — especially for children
[Presentation of flood risk] |

'§§Cbhcerning'the measures to pfesent flood risks, notice on telegraph poles and simulator using

computer besides flood risk maps are considered

OPast inundated area map
Recorded inundation area in the past is dlsplayed on the map
Maps compiled by M.0.C., local governments and mun101pal1t1¢s
The purpose is to inform residents of flooded area and to raise their consciousness

Various countries have so far investigated their inundated areas'(400ﬁ?3000 si tes/time)

OFlood prone area map
This map is based on the results (design flood level calculated by non- unlform flow model) and
elevatlon in 1nner land
4.0.C. complled maps for all maln streams in the )urlsdlctlon / 1nvest1gat10n of accumulatlon
ratio of ' populatxon and assets — about 50% of populatlon dnd 80% of assets are dccumulated in
flood prone area
Tokyo Metropolltan Government shows mul ti-stage flood prone area in dccordance Wlth the
results of each exoeedance DFObdbllltY by non-uniform flow node
— 4] —



OPredicted inundation arca map
Predicted inundation area is simulated and shown in the map

O e - St st o

Some municipalities compiled flood hazard map (scale=1/7500~1/25000) based on the maps :
compiled by M.0.C. 'ﬁ
Evacuation places are indicated on the map
This kind of maps are made for all main streams managed by 4.0.C.
Calculation model : two-dimensional unsteady flow model (53%), pond-type flow model (27%) and
non-uniform flow model (17%) i
Mesh size : 500mx500m (48%), 250nx250n (45%) and Iknx Ikn (4%)
¥hen the maps were published, several concerns arose, eg. drop in land price in the predicted
inundation area, degradation of town image, public anxiety etc, however there seemed no
influence out of the maps

Olndication of inundation level on the telegraph poles
Recorded maximum inundation levels in the past are indicated on telegraph poles and standing

signboards, and also informed in community centers

In Japan, local government (Shlluoka Pref.) shows the recorded inundation level on 18] tele-

graph poles

Flood levels are sometimes shown on the bridge pier

Ollazard simulator
Inundation areas calculated by computer are displayed in personal computers ‘
Public Yorks Research Institute of M.O0.C. developed this system / Tsurumi River basin is the
target — Based on this system, Kanto Regional Construction Bureau made interner home-page on
the predlcted inundation area
On the display, besides hourly inundation sifuation‘(water depth, flow direction and velocity
of flooding water), evacuation places, flood fighting depots, crltlcal parts for flood fight-
ing, distribution of time needed to evacuatlon places, list of flood damage amount and danger
zone by sand and stone avalances are also shown

[Matters of sp901al attentlon in the dlsplay of flood risks]

¥It is necessary to pay attentlon to the usage of dlsplay, target area for 51mulat10n and
characteristics of flood plain

OUsage of calcﬁiétioh results
lndication of the most dangerous zone — accuracy 1n survey and calculat1on is not requ1red
For the purpose of evacuatlon and flood dlSdSter preventlon — to some extent accuracy in
survey and calculat1on 1s requ1red

QOTarget area of calculatlon

Vide' area - SurVey den31ty 1s low Mesh size js)bié fnumbéffcf”mééhés ic'léss'tﬁan'lOOObf




Narrow area — Survey density is high. Mesh size is small

OCharacteristics of flood plain _
Narrow flood plain with steep slope — Non-uniform flow model can be used
Flood plain with gentle slope — Inertia (acceleration) term must be considered
Landfill may effect flooding flow

Obisplay method
Inundation information : water depth, velocity and flow direction of flooding flow — inunda-
tion period is significant in case back marsh and swamps are continuously located
Supporing information for disaster prevention — location and specification of disaster
prevention organizations, evacuation places, flood fighting depots and hospitals
llazard map for evacuvation must include dynamic information, such as propagation time of flood-
ing water and so on
Areas prone to sand and stone avalanches must be shown on the map so that safe evacuation
routes could be selected
Careful attention is needed to indicate evacuation routes : when the direction of main flooding
flow becomes different from the predicted one, the routes may be dangerous
It is better to show the effect of flood protection facilities (improvement of inundation

situation)

"[Flood simulation technique]
¥It is necessary to carefully set up flooding conditions, such as flooding discharge and dyke-

break width, division of target area, ‘not to mention the seledtion of flood simulation model

OTarget area
A little wider target area must be chosen so as not to cause water stoppage in the.surrounding
target: area

OFlooding discharge and location of dyke-break
Flooding discharge : Flooding is basically caused by dyke-break or overtopping — inner water
must be considered in the area where small-scale ‘inundation often occurs
Location of flooding : Actual flooded site, predicted dangerous site (confluence, transition
section of river bed slope, closed section of old river and scouring cave close to levee)

- Depending dn the purpose, locations where flood loss amount is the biggest, or the elevation
of river bed is higher than the ground elevation (flooding discharge is large) are selected
Flooding discharge can be estimated from water ‘stage using the following modified llomma's

formula :
(dyke-break]
[>1/1580 Q. Qo=(0. 1440. 19*10g10(1/1))*cos(48 15%10g1o(1/1))
1715802 [>1/33600 Q.7 Qo=0. 14+0. 19%l0g,o(1/1)
1/33600=1 Q. Qo=l



[overtopping)

[>1/12000 Q./ Qo=cos(155-38%log,0,(1/1))
1/120002 1 Q/Qo=l

(Hlomma' s formula)
Q=0. 35 + Bh,v 2gh, : free overflow

Q0=0.91 - Bhov™2g(h,-h;) : submerged flow
[: river bed slope, Q, : flooding discharge calculated by Homma's formula

OPDyke-break width : real value, predicted dyke-break width
Predicted dyke-break width : x(m) river width, y(m) dyke-break width
at confluence  : y=2.0(log,,x)%- 2477
at other section: y=1.6(log,¢x)*® 2462
Hlourly change of dyke-break width : If there are actual values, they must be used, and if not,
close values should be predicted as follows :
¥hen dyke-break occurs, a half of the final width becomes damaged, then in one hour, the
whole "dyke breaks out — This is the final dyke-break width. The breaking velocity is

constant

OFlood simulation model
l-dimensional flow model : Storage function method, Muskingum model and simplified unsteady
flow model - :
2-dimensional flow model : Pond-type flow model and unsteady flow model
An appropriate model is selected corresponding to cost, labor of calculation and accuracy of
calculation — 2-dimensional flow model is normally applied, unless the target area:is a basin

of steep flood plain

Calculation for 2-dimensional unsteady flow model requires 6 to 15 times longer ‘than:for 1-

dimensional flow model
%The calculation condition for 2-dimensional flow model is as follows::

ObDivision of target area
Basically speaking, accuracy of calculation results is-promoted, when the aréa is devided into
much smaller meshes . : '
Mesh size is determined according. to collected infOrmation.Volumep»labory»éalchlatibnﬁtime.
interval time for calculation, and purpose
If the mesh size becomes half, time needed for c.p.u. calculation becomes 6 to.8 times

longer, and also longer @ime is needed to collect information
When supposed mesh size is Ax, At must be less than 40 seconds for Ax:1km




OProcess of calculation
Flooding discharge from dyke-break section : flooding discharge is determined according to the
recorded maximum flood discharge or designed flood discharge (hydrograph)
Ground elevation of inner land : mean elevation in each mesh
Arrangement of facilities (location and specification) : landfill, vaterway, sluice gate,
culvert and pump — facilities are allocated at the boundary of mesh
Particularly, landfill affects the behavior of flooding flow
¥aterway, having more than 1/5 of mesh width, must be considered

OCalculation model (main flooding flow)
+ Pond-type flow model
<Continuity equation>

dH _ .
F'a—t—_'an Qoul

<Motion equation>

2 1]
‘]E'%%‘ (hy+2z,) - (h,+2z,) —L & Ihv4/3lv

F:horizontal inundation area, H:water level, t:time, Qin:inlet discharge, Qout:outlet

discharge, L:distance between ponds, v:velocity, h:water depth, z:elevation, n:roughness

coefficient in flood plain

Roughness coefficient in flood plain is basically determined for each mesh — the same

coefficient could be applied in case of ponds with similar characteristics

Exanple) n=0. 1(paddy field, farm land), 0. 3(urbanlzed area) — roughness coefficient of each

mesh is estimated by compounded each coefficient and each aréa

- 2-dimensional unsteady flow model -

In this model, mutual effect of x~direc£ion flow and y-direction flow is considered, which
is different from pond-type flow modél. As a result, érpss—sectional5inundation depth of
flooding flow is close to the actual value (cross-sectional inundation depth remains in the
same level by using pond-type flow model).

<Continuity equation>

2h . 2M . 9N —0o
2t T ox ?)y

{Motion equation:x-direction>

oM E? CuM) L2 M) —gh DH .

2t 2x 2y 2x 0
._<Mot1onfequatlonty—directloﬂ>

?)N a(UN) '()(VN) — ?)H Tyy

L L 2x 2y h oy 3

1nert1a , d;ffusion term water surface resistance term

‘term ‘ ~ slope term

_pognluy urFv® _pgnlvyurFv?
[T h173 n Ty = “h1/3



h:water depth, t:time, M:discharge flux in x-direction (M=uh), N:discharge flux in y-
direction (N=vh), u:velocity in x-direction, v:velocity in y-direction, H:water level,
T xv:Shear stress in x-direction at bottom, 7 ,,:shear stress in y-direction at bottom,
o :density of water
Roughness coefficient in flood plain is determined for each mesh basically — The same
coefficient could be applied in the case of meshes with similar characteristics
Example) roughness coefficient in flood plain

[
100— @

noles ni2A,+n.?A,+n;*A,
° A +A+A,

0 :occupied ratio of building(%), n,=0.060(farm land), n ,=0.047(road), n ;=0.050¢other
land use)

n?=n,%+0.020% % h473

OCalculation model (discharge by drainage facility and so on)
Landfill : improved Homma's formula
Waterway : uniform flow model or non-uniform flow model
Sluice gate, culvert: following Doken’s experimental formula -

No. relation between calculation formula
water levels

1 | he2H | Q=0.1BBH/ Zg (h =k
2 hlzzﬂi Q=0.51BHY 2 g h,
h,<H — ' &
Q=079BH\/_2g (hl“hz)
3 | h, 38 .
3 h,< —H }incase of — =2 — _ h, is

2

replaced to (2,/8) h,

h, : water level (level is highér than h,), h, :water level,
H : height of sluice gate and culvert

{Others] ; B ,
* Instruction manuals must be published to explain how to read the map, or-a seminar for
disaster prevention must be organized | | ‘

People who guide evacuation (it is bétter to assign people in charge) are supposed to
understand the map well 5

« It is necessary to think of the measures so“that”general pubffdfwould»not discard théémaps
Example) calendar, makfhg‘a“li§t”0f’éﬁaf1éﬁlefteIébhOne number, hariging it in a transparent

sheet . o -
+ Maps must be fully utilized in case of emergency
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ixample) using waterproof paper, re-distribution of the maps before disasters occur (at
flood time)
» Instruction manuals should include the details needed for evacuation
Example) Evacuation speed on foot at inundation time is 1.6km/hr when water is below knee
level and I. lkm/hr between knee and waist level
Not to be swept away, two or more persons evacuate together hand in hand, or with rope or
bamboo pole
A stick or pole is useful not to fall down into waterway or gutter
The aged and handicapped people must be carried using ladder, and babies in a baby bathtub
When inundation level becomes higher than the height of cars’ muffler level, car must be
left behind on a roadside with car-key inserted, and evacuation on foot is safe
« It is important to know the history of past inundation,_which gives information on the land
condition in the residential area
» [f there is a special telephone that informs residents of rainfall or flood level, its
telephone number must be shown on the map
» Land subsidence may change inundation condition
. [t is necessary to pay attention to the secondary disaster due to inundation
Example) Melting aluminium or iron powder may generate steam explosion
Gas explosion may occur by metal kalium and metal sodium

Unplugging is important at inundation time, not to cause electric fire
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