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QUESTIONNAIRE FORM TO INDIVIDUAL RESIDENTS Table C1.2
MASTER PLAN FOR RIVER TRAINING WORKS FOR TERM PLAN CHECK UST
FOR
HOUSEHOLD LEVEL SURVEY
Hate of Rhes My
Distnct Cas'e
VOO urscipakly Aza[Yeny) - I Sex M F
Wrd Mo Mrlage Farndy Membet ! o Cooupalon -
Data Lengih of Redxience {Yeas):
TG00 T FLOGD RELIEF MEASUAES
1 When wia the mosk severe Tood? (Ghe e yea) 41 We's you = ed G Bood? (YN} 1 i
1 2 How may tmas d-0 pou sufler pualy? (G nos § 47 Nyes whee?
13 Bow may beree &d you suffer Fom seveee Baod 1 past 10 L {a) Hgh ground
yeaw? . _ (b Puthe kg
1.4 How often you bre afectsd oncA in7 (G in monds) ] fc) Others housss
1.5 Cause of food {d) CQlher stes -
{8) Yoamuchean 43 Okt yous gt hood reied YN
b} Sedunentbow 44 ¥ yer©
[€) Bankerdsion {8} lntash E
[# Ochess {5] King
45 VWho grae?

2 EFFECT DUE TO SEVERE FLOOD IN PAST
2.1 Loas of human Kt ([She innix)
2.2 Loss of Gvestok/anumal hisbandry ([Ghe in nos)

{3l Cow

) Buto

{c}  ShteepiGoat
@ Pouly

23 Damage to fama land (Give in he)
{3)  Imgaiad land
) Unimigated lang
2.4 Extent of darage to lam and
2}  Sirple inundsion
®) Lossof trops
{f Pady @) Sugarane
i) Mx2s v} Olrers
<} Tolal washout
25 Exterx of damage 10 cweling and assel
3] Floodng €23
) Floodng depthin(m]
{c}  Oamage 1o house (severaimodeaia’onhray)
{d} Loss ofcashiRs)
{&) Loss ol &0l prains (K}
i Cling
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)  SeduTanl nihe fiver
e} Sediment inthe wngation canal
(g} Oonding watar pinblem
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U] Sahnty
[G1  Foding over lam land
M  Chers

27 Od you hae epdenic distase B e fona? (1)
28 Hyzawhat zre they

{a) Choiez
@  Oysentery
6] Typhod
iy  Owher

1.9 Wes theca any fatal causay? (YY)
2.10 fn your feeling, what & the reason of food in your 2237
{3) Toomwehran
©)  Oue o lack of food protecton works
€]  Due 1o weak river Imining waks
i) Sediment load b the Bod vater
{£}  Flood erted Tom pdianing I
211 Tzl damage intems of money (Rs)
3 FLOOD WARNING SYSTEM
3.1 Caught by surpniss
32 SelvVamung .
(8} Heavy rairdHgh fiood level
B Bank sicson
<) Srefled me st
[ Unusualsound

(e} Oihesw
3.3 Warned by oiters
{8} Neghtows
(b} instAutions (Get the nami)
(2] (.57 39

[#] Covtrs gvanmanl
1 {1 O
fc} vOC
{d) Cxrar nsidibont
{e} NGO
i wdeadua's
45 Bt Wy ?
{3) D ndt know wiere 13 tvaiunie?
(b} Didd et Wncrer fioDG was, Comung?
{c) Norecessyy
{9) Oters

Jad

S PREYENTIVE MEASURES ASAINST FLOOD
5.1 Prapapd et RESDONSE TEITFES
{2) Wamg
®) Evacuanon
(¢} Setiemert
$ 2 Non stuckral mepsures
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{b} Cash poois
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®} Spax
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VDC/MUNICIPALITIES SUBJECT TO INVESTIGATION

Tabte C1.3

River _District VDO Municipality
Ratuwa R. Shapa (Lelt) {1YDamakMunicipality, (2)Lakhanpar, (3}Kchabsa,
{(4) Khajurgachhi L e
Morang {Right) {1) Raj Ghat, (2) hahara, (3} Sijuwa, (4) Jhurkiya,
{5) Mahadeva
lohandrra R Morang {Le{t) (1) Bel Bari, (2) Kaseni, (3) Babiya Bina,
{4) Dadar Bairiya, (5) Kadamaha, (6) Sisbani Jahads,
{7} Majshare o
Morang (Right) (1) Kerabari, {2) Haraicha, (3) Banigama,
(4) Motipur, (5) Thalzha, (6) Katahari
Eakhandei R. Saslahi {Left) (1) Pipariya, (2) Pidan, (3} Haripur, (4) Shreepur,
(5) Sundarpur, (6) Padariya, (7) Bhadsar
Sarlahi (Right) (1) Ghurkauli, (2) Janaki Nagar, (3} Belhi,
(4) Laxmipus, {5) Phoal Parasi, {6) Simara
Narayani R. Chitwan (Left) (1) Mangalpur, (2} Gunjnagar, {3) Divyanagar,
(4} Meghauli
Nawalparasi (Right) {1} Mukundpur, {2) Rajahar, (3} Kumarbarli,
(4) Kothuwa, (5) Nasayani, {6) Pacsauni,
{7} Naya Belhani
Tinau R. Rupandchi (Lef1) (1) Sankarnagar, (2} Anandban, (3) Reinikawa,
(4) Hatti Bangai
Rupandehi (Right) (1) Motipur, (2} Sauraha Pharsatikar,
(3) West Amawa, {4) Mainzhiya, {5} Hammaiya,
(6) Sipuwa, {7} Bhagwanpur
Wesl Rapti R. Dang {Left) (3) Gobardiya, (2) Gadawa
Dang (Right} (1) Lalmatiya, {2) Sishaniya, (3) Scopus,
(4) Chailahi, (5) Satbariya
Banke (Lelt) (1) Baijapur, {2} Fatchpur
Banke (Right) (1) Kachnapur, (2) Kamdi, {3) Betahani,
(4) Holiys, (5) Binauna
Babai R. Bardiya (Lef1) (1) Baniyabhar, (2) Padanaha, (3} Dihadhawar,
(4) Muhamadpur
Bardiya (1) Baganaha, (2) Gulariya Monicipality
Khutiya R. Kailali (LeR) (1) Urima, (2) Phool Bari L
Kailali (Right) (1) Beladehipur, {2) Dhangadhi (Municipality)

(Remarks) VDCs/Municipatities subject to investigation of flood and sediment disasters are 81 in lotal.
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Table CLS

RIVER BED MATERIAL AND CHANNEL CHARACTERISTICS

River stectch River [Ground elevationf Ground}  Grain size River width
Reaches From | To jsegment] From | To | slope | dgy &T By (min-max)
an) | Gen) | eode | @) | m | om | @) | ¢mm) (m)
Ratuwa R.
RA-1 0.0 130 2-2 69 8G 1,180 ] 630 030 356 (188-500)
RA-2 i3.0 2560 2-1 80 102 590 1 034 034 446 (275-638)
RA-3 260 362 i 102 134 120 § 043 043 516 (300-688)
RA-4 6.2 437 1 134 178 170 | .74 0.74 348 {225-423)
Lohandra R.
10-1 0.0 14.0 2.2 60 67 2060 030 030 55 {25-104)
0.2 140 331 2-2 67 87 970 ¢t 027 027 89 {25-163)
10-3 31 420 21 87 96 570 1.2 1.2 119 {75-218)
10.4 420 496 2-1 96 120 320 24 24 200 (75-250)
10-5 496 588 1 120 170 180 19 82 221 {128-350)
10-6 588 615 1 170 285 86 23 81 178 {25-513)
Lakhandei R.
1A-1 0.0 210 2-2 16 93 1,240 | €20 0.20 143 (38-375)
1A2 210 370 2-1 93 124 520 | €31 0.31 326 (100-588)
1A3 370 430 1 124 150 240 | 035 035 371 {200-588)
1A-4 430 514 1 150 185 240 4.3 4.3 547 (200-888)
Narayani R
NA-1 {(Narrow reaches] - - - - 226 {(150-350)
NA-2 184 449 2-1 120 137 | 1,560 39 60 | 1,463 {400-2450)
NA-3 449 310 2-1 137 190 720 27 73 1,394 (300-2500}
Tinau R.
TI-1 00 12.7 2-2 92 96 3,130 | 048 0.18 163 (88-325)
11-2 127 310 2-2 96 105 | 2,030 ] 839 039 79 (50-150)
TI-3 310 410 2-1 105 115 | 11,0001 36 3.6 159 (63-325)
T4 410 530 1 115 143 430 17 42 557 (325-875)
TI-5 530 3595 1 142 203 110 46 96 450 (88-925)
W.Rapli R.
WR-1 0.0 23.0 2.2 130 142 | 1,920 ©29 029 417 (225750
WR-2 230 3530 2-1 142 171 | 1,030 29 55 790 {238-1700)
WR-3 (Narrow reaches - - 0.28 028 224 (75-950)
WR-4 1150 1320 22 225 240 | 1,130 ]| 0.31 0.31 760 (350-1400)
WR-5 1320 1635 2-1 240 258 540 24 47 827 (125-1400)
Babai R.
BA-1 0.0 30.0 22 137 150 | 2,310 026  0.26 427 (88-724)
BA-2 00 330 2-1 150 159 290 43 63 592 (338-700)
BA-3 380 430 i 159 190 320 38 71 858 (325-1325)
Khutiya R.
KH-1 60 11.5 22 - 058 058 346 (£75-650)
KH-2 iLs 270 2-1 - 59 15 167 (50-350)
KH-3 276 350 1 - 84 124 355 (175-650)
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Table C1.6

CLASSIFICATION OF RIVERBED MATERIALS

Classification by AGU Range (mm)
Very large bouldess 4096~2048
Boulders Large bouldess 2048~1024
Mcdivm bouldess 1024~ S12
Small boutders 512~ 256
Cobbles Large cobbles 256~128
Small cobbles 128~64
Vety coarse gravel 64~32
Coarse gravel 32~16
Gravel Medium gavel 16~8
Fine gravel 8~4
Very fine gravel 4~2
Very coarse sand 2~1
Coarse sand 1~0.5
Sand Medium sand 0.5 ~0.25
Fine sand
0.25~0.125
Very fine sand 0.125~0.062
Coarse silt 0.062~0031 |
Silt Mediom silt 0.031~0.016
Fine silt 0.016~0.008
Very fine silt 0.008~0.004
Coarse clay 0.004~0.002
Clay Medium clay 0.002~0.00}
Fine clay 0.001~0.0005
Very fine clay 0.0005~0.00024
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2. HYDROLOGICAL ANALYSIS

2.1 Rainfall Analysis

Rainfall records of 157 stations over the country were examined based on the annual
maximun daily rainfall and annual sainfall for 10 years from 1985 to 1994. Daily
rainfall (1-day rainfall) is observed in Nepal for 24 hours from 08:45am to 083:45am in
next morning. The annual maximum daily rainfalls of these stations are summarized in
Table C2.1. In consideration of location and data availability, 29 stations out of 157
stations were selected for further analysis.  Figure C2.1 shows the localion of the

selected stations.

(1) Probable Daily Rainfall

The annual maximum secords of daily rainfall were collected at the selected 29 stations
for the probability analysis. Results of the probability analysis by Gumbel method arc
shown in Table C2.2 with the statistical parameclers such as sample size, average,
standard deviation and coefficicnt of variation of cach station. "The results and observed
data for each station are also plotted in Fig. C2.2. In this analysis, two annral maximuim
records of 373.2 mm in 1993 at station code: 0905 and 453.2 mm in 1990 at station
code: 0906 were discarded, since they were abnormally large comparing with other data.

There are numerous class-111 rivers originating from the Siwalik hills and rainfall
stations for these river basins are small in number. Probable daily rainfall of the class-
HI river basins were analyzed based on the records as available. The class-11 river
basins extend over the elevation from 50 to 500 m,MSL. Thercfore for the analysis,
selected are 17 stations located at elevation less than 560 m,MSL. Figure C2.3 shows a
probable daily rainfall of the sclected rainfall stations. Typical probable daily rainfall in
the class-HI river basin is shown below taking an average of 17 stations.

(Probable Daily Rainfall in Class-1lI River Basin)

Return petiod {year) 2 5 10 | 20 S0 ___‘_!‘00{

Probable daily sainfalt (mm) | 147 | 200 | 237 | 27t | 316 | 350

{2) 24-hour Rainfall

The telationship between 24-hour rainfall (P,,) and daily (P,,,) rainfall is mentioned in
“Design Manuals for Iirigation Projecls in Nepal, M.3 Hydrology and Agro-
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meteorology Manual” as follows:
Pu=113xP,, (Using the Herschiield factor)

The relationship between Py, and P,,, was also examined using monthly maximum daity
data for S years from 1971 to 1975 at Kathmandu airport sta. Code: (1030), and the
result is shown in Fig. C2.4. The 24-hour rainfall can be estimated from daily rainfall
by the following formula which is applicd for the further study in this repori:

P,y = 1.16 x P,,, : Kathmandu airport

Probable 24-hour rainfall in the class-HI river basin was, thus, estimated using the

above formutla as follows:

(Probable 24-hour Rainfall in Class-l1 River Basin)

[ Relurn period (year) \ 2 5 10 20 50 100
Probable daity rainfall (P, mm) | 147 201 237 271 316 350
Probable 24-hour rainfall (P,, mm) 171 233 275 314 367 406

(3) Raiafall Depth for Short Puration

Records of monthly maximum rainfall for various short duration from 5 minutes to 24
hours are available only at Kathmandu airport sta. code: (1030) for 5 ycars from 1971 to
1975.  Figure C2.5 shows the relations of cumulative rainfall or percentage to
corresponding duration. Only the data whose 24-hour rainfall are more than 30mm are
plotted. As a typical rainfall pattern in shost duration, average of the cumulative
percentage of rainfall was estimated as follows:

_ (Cumulative Rainfall Depth)

 Duration (min) 5 [ 10 ] 15 ] 30 ] 60 ] 120 ] 360 | 720 | 1440

Cumulative percentage
of rainfall (%5) 7.8 | 1462001314 | 413 | 5497821927 | 100.0

The rainfall intensity in the class-}I river basin can be estimaled based on the
assumption that the rainfall in the Class-IH river basin has similar characteristics as
those in the Kathmandu. Probable rainfall depth and rainfall intensity for several
durations of cach return period can be estimated using the relationship mentioned in the
previous section. Probable rainfall depth and rainfall intensity is shown in Figs. C2.6
and C2.7.
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22 Runoff Analysis
(1) Data Collection

Discharge records are available at 62 stations in 7 river basins, namely the Mahakali,
Karnali, West Rapli, Narayani, Bagmati, Sapta Koshi and Kankai river basins. A total
of 1,217 data were cxamined for runoff analysis. Gencral conditions of 62 stations and
data availability of each station are summarized in Tables C2.3 and C2.4. Figuie C2.8

shiows the location of these stations.

(2) Instantancous Peak Pischarge and Daily Discharge

Annual instantaneous peak discharge and maximum daily discharge are available in the
“Hydrological Records of Nepal” published by Department of Hydrology and
Meteorology (DHM). Relationship between the instantancous peak discharge and the
maximum daily discharge of corresponrding month are examined and shown in Fig. C2.9
for all of the available data at 62 stations,

According to the result of examination, the relationship between instantaneous peak
discharge (Q,) and maximum daily discharge {Q,,,,) in Nepal can be expressed as
follows:

Q, = 1.21 x Q,,,,

This sclationship may change depending on the runoff hydrographs of the respective
floods. However, for the planning purpose, this relationship can be applied to estimate
the instantancous peak discharge where only daily runoff data are available.

(3) Prebability Analysis

Discharge probability was analyzed by Gumbel method based on the annual maximum
(instantancous) discharge records at 62 stations. The annual maximum discharge
tecords of 5,210 m%s in 1968 at station code: 445 and 3,300 m’/s in 1981 at slation
code: 610 were discarded, since they were abnormally large comparing with other data.
The results of probability analysis at cach station are given in Table C2.5 with the
statistical parameters. And the result and observed data of cach station are plotted in Fig.
C2.10 extracting the stations which have records for more than 20 years

In consideration of accuracy and availability of data, results of probability analysis
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bascd on data more than 20 years ate to be used for further study. There are 32 stations
which has annual maximum discharge data more than 20 ycars.,

(4) Relationship hetween Probable Discharge and Basin Area

Probable specific discharge was studied to grasp the relationship between discharge and
catchment arca under the same return period. Probable specific discharges of 2-year
rctura period were examined and plotted in Fig, C2.11 with its catchment area using
data at 28 stations located at elevation less than 1,000 m,MSL.

Creager’s formula is also drawn in the figure to verify application of the formula to this
study. Creager’s formula is given by:

g=CAW ™D
where q is the specific discharge (im'/sfkm?), A is the catchment area (kim?), and C is the
coefflicient depending on basin characteristics.  Three (3) curves in the figure show
Creager’s formula for various cocfiicients of C=25, 6 and 2.

FFor reference, a relationship is also shown in the figure with a dotted line cited from the
“Design Manual for Hrigation Project in Nepal, M.3 Hydrology and Agro-meleorology
Manual, February 1990, This relationship is expressed by:

Q, =1.8762x A**™

05743
q, = 18762xA 77" | 8760 401

A
where @, (m’/s)is the probable discharge of 2-year return period, g, (m*fs/km’} is the
probable specific discharge of 2-year return peried, and A (km?) is the catchment area
below 3,000 m,MSL.

Bascd on the distribution of probable specific discharges of 2-year return period shown
in Fig. C2.11. H is judged that Creager’s formula can be applicd for the estimation of
discharge with the cocllicieal (C) ranging form 2 o 25.

(5) Ratio of Probable Discharges

Using the results of probability analysis of the 32 stations, studics were made on the rate
of probable discharge (Q,/(2,), namely a ratio of any probable discharge {Q,) to 2-year
discharge ((2,). The ratio of probable discharge is shown in Fig. C2.12.
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"Thick solid lines in the figure are probable discharges of the stations in the Babai code:
(290), West Rapti code: (360) and Narayani code: (450) river basins. Thin solid lines
show probable discharge at the stations in the Siwalik basins.

The ratio of probablc discharges ./, for the above three river basins were determined
base on the discharge records of their own basins. The ratios of class-Ill river basins
were assumed taking the average ratio excluding Narayani (sta. code: 450) as shown in
Fig. C2.12, since no discharge records are available for these basins.

Based on the results of above discussion, probable discharge at a specific point of
respeclive rivers can be estimated by the following equation:

Q. =(Q./12,)q,A

q,=C AT
Where Q, (n/s) is the probable discharge of n-year return period, {((2,/Q,) is the ratio of
probable discharges, g, (m*/s/km?) is the probable specific discharge of 2-year retura
period, C is the Creager’s coefficicnt depending on the basin characterislics, and A
{km’) is the catchment arca. The values of C and Q/Q, for respeclive rivers are

sumimarize below.

(Ratio of Probable Discharges to 2-year Dischaige)
. C Relurn period (year) _
River ) 5 I(r 20 1 50 1100 Remarks
Ratuwa 60 |1.00]1.62]202]241]292]3.201 Siwalik Average
Lohandra 60 ]1.00]1.62]202]241]292]3.30| Siwalik Average
I akhandei 60 | 1.00]|1.62 2023241292330 Siwalik Average
Narayani 25.8 | 5.00 | 1.34 | 1.57 { 1.79 { 207 | 2.28 | Station 450
Tinau 60 | 10O | 1.62 2021241 ]292] 3.30 | Siwalik Average
| West Rapti 8.1 ]100]1.57]1.95¢23%]2.78 ] 3.13 | Station 360
Babai 1.1 | 1.00 | 1.72 1220 | 2.66 | 3.26 | 3.70 | Station 230 ]
Khuliya 60 11.00]1.62]202]241]292]3.30 | Siwalik Average

Coefficients C and Q, for Narayani, West Rapti, Babai river basins were estimated
based on records at the stations of Narayani (code: 450), West Rapti (code: 360) and
Babai {code: 290), respectively. The Creager’s coefficients of other river basins for the
Study (Class-Ill rivers) were assumed commonly C = 6.0 taking the average (Fig.
C2.11).
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2.3  Flood flow Analysis
(1) Methodology

Flood flow analysis was made using a unsteady flow simulation model. The model
mainly consists of channel and flood plain models.

Channel Modcl

1} Fundamental equalions:

nov a o o

4 vH =0
g 2g ox ox R
dA 0@
T T
a ax d

2) DBoundary conditions:

*  Upper end: Discharge hydrograph

*  Lower end: Water level hydrograph or stage-discharge curve
3) Channel data: Channel scctions surveyed

Flood Plain Model

1) Fundamental equations:

tov, &,
———t +f,v, v, |=0
R ATt
rMe o o

(ﬂ T RKm our

2) Boundary conditions: Various types of boundary conditions such culvert, canal,
cmbankment, ete. can be incorporated at the boundary of plain block.
3) Flood plain data: Plain arcas at various elevations for cach plain block.

Notations of Above Equalions
t : Time
X : Distance along river

vand  : Channcl discharge and velocity
H,Aand R : Water level, flow area and hydraulic mean depth
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H : Manning’s coefficient of roughness

g : Acceleralion of gravity

n,a : Coefficients depending on velocity distribution
v, : Velocity at the joint of plain blocks
I : Energy loss at the joint of plain blocks

0 H,/ 0 1: Surface slope in plain block
K H, : Surface area and water level of in plain block
Q.and O, : Inflow and outflow of the plain block

The Manning’s cocfficicat of roughness (n) for the Lakhandei and Babai rivers were
assumed as follows:

River/Stretch Perennial Channel | Sand riverbed Flood plain
Lakhandei R. -
Seg.2-2 (0.0-21.0km) 0.030 0.050 0.1
Scg.2-1 (21.0-37.0km) 0.035 0.060 0.1
| Seg.1 (37.0-51.4km) 0.040 0070 0.1
Babai R.
Seg.2-2 (0.0-30.0km) 0.630 0.050 0.1
Seg.2-1 (30.0-38.0km} 0.035 0.060 0.1
Seg.1 (38.48.0km) 0.040 0.070 6t ]

(2) Runoff Hydrograph
Base-flow Discharge

Base-flow discharge that was the assumed channel flow befote and after the flood
runoff was studicd based on the runoff records for 20 years at Babai river slalion
(No.290). According to the study;

1)  Average of annual maximum monthly discharge: 388 m’/s
2) Average of monthly discharge when the annual maximum discharge occurred:
382 m'/s

Based on the above, basc-flow at Babai siver station was assumed to be 390 m’/sec.
Base-flow discharge at sespeclive river sections of interest of the Babai and Lakhandei
rivers were assumed applying the same specific base-flow discharge assumed at Babai
river station as follows:

g, = 390 m¥s / 3,002 km® = 0.13 m"/s /km*

Q, = 0.13 mYs/ km? x A(km’)
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Discharge Hydrograph

The triangular discharge hydrograph was assumed as shown below for the present study,
since the actual runoff hydrograph was not available.

Q Q : Peak discharge
Q, Q,: Basc-flow discharge
T. 2T, T, : Time of concentration
[} .

Recession period of flood is assumed to be twice of time of concentration (T,). The
timic of concentration (T} was estimated at the Chapani river junction for the Lakhandei
river and at Babai barrage for the Babai river, by Kraven’s empirical formula for natural
mouittainous basins as follows:

(ftems) (Lakhandei R)  (Babai R)
River length 20 km 154 km
Propagation velocily 3.5 m/s 3.5m/s
Time of concentration (T) 2 hr 12 hr

Hourly discharges were estimated as shown in Tables C2.6 and C2.7 respectively for the
[akhandei and Babai rivers. Runoff from the residual basin is estimated as a balance of
discharges at adjacent river scctions for sunoff calculation.

{3) Resulls of Simulation

‘The model was first adjusted for cach basin condition using the latest flood data, 1997-
flood for the Lakhandei river and 1995-flood for the Babai river. Then the model was
run under the following cases for different magnitudes of runoff (1.05, 2, 5, 10, 20, S0
and 100 year probable floods):

1) Flood flow under the present channel conditions
2) Flood flow confined within the present river area,

Results are shown in Fig. C2.13 and Table C2.8 for the Lakhandei river, and Fig. C2.14
and Table C2.9 for the Babai river.
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{4) Hydraulic Effects of Grass Belt
Equations

The grass belt placed atong the riverbanks will resist against overflowing river water.
The grass belt will also trap sediment in the belt and alleviate sedimentation damage in
the flood prone arca.

The water flow in the grass belt can be expressed by the drag formula as follows:
Cd D

le=(—"—5
G 77

).VZ

where
V: Flow velocily
C,,: Drag coefficient (Cp=1.2 for cylinder)
D: Diameter of grass
T: Center to center distance of grass
le: Energy gradient
g: Acceleration of gravity (=9.8 m/sec’)

If the conditions of grass belt are assumed as D=0.5 cm and T=2.5 ¢m, the following
relations are derived from the above equations:
le = dH (W = 0.48%° (m,scc)

where (dH) is the loss of head through the grass belt width {W).

On the other hand, it is gencrally known that the sediment particle setiles if the shear
velocity (U.) becomes smaller than the settling velocity (o), ie, Uto, <l. The
velocity coefficients (¢ =V/ U.) of the Lakhandei and Babai rivers were estimated as
approximately ¢ =20 for the depth-grain size ratio (11/d)>1000. Therefore, the scdiment
particfes will seitle under the following velocity:

V<pUi= dw,=200,

Critical Grass Bell Width for Sedimentation

Assuming dH=1m, the grass belt width (W) necessary for the seltiement of various
grain size were estimated using the equations mentioned above as follows:
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Items - ~ Graia size (mm)
0062 | 0.125 0.25 05 | 10
Classification Very fine | Fine sand | Medium | Coarse Very
sand sand sand coarse
| - . sand
Settling velocity (wo: cny/s) 0.4 1.5 35 6.1 9.6
Critical velocity (Ve: m/s) 0.08 0.3 0.7 1.22 1.92
Critical belt width (Wc: m) 319 23 4.2 14 0.6
| _fordH=1m

The above result shows that the fine sand and coarser bed materials will settle within the
grass belt of about 25 m width.

Flow Resistance of Grass Belt

The following equation is derived applying Maaning’s uniform flow formula to the drag
formula discussed above:

n=R" 1" [V = 0.699R°7  (m, sec)
Where n is Manning’s coefficient of roughness and R is hydraulic mean depth.

By using the above equation, flow resistance of grass belt can be evaluated in the term
of roughness (n) as a function of hydraulic mean depth (R) as follows.

R(n;)

0.2

0.4

06

08

1.0

n

0.24

0.38

0.50

0.60

0.70

Based on the above, roughness of the grass belt was assumed to be n = (.5 for the ftood
flow model.
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Table C2.1 (1/3)

ANNUAL MAXIMUM 1-DAY RAINFALL

- {Unit_mm)
| JCoda} Station Elovation] M| 19a5] 1936] 19e2] 10as] 1089] 1o99] o3| 19m2| 1993] 1593
1 | 0103 |Patan (Wesy) 1.2665| 10 79 100 75 836 Bl.lﬂ_l 75 798 o) 9 916 as
2 | o104 |Oandetdhvira 1,865| 10 122 123 524 a0 62 |1_§|_§»‘| 92 496 825 £2.4
__3“ 0105 Mahendlg_Nagal 176 5 e 297.5] 135.4] 1537] 1416] 1124
4 | 0106 |Betaun Santipur 159 8 — 1205 84.9§ 2253] 2305] 1154] 222.1] 1453 933
& | 0292 [Chainpur (Nest) 1304 © 107 100 LS 705 &7 84 715 Fi] . 802
& | 0203 |Sitgadi Dot 1360 9 105 101] 1132 78.3] 1353 91,4 855 545 672
7 | G207 |Tikapun 1401 8 152 74| 1036 296] 1872| 120.8) 2i0.7] 1149 I
_i_ 0208 |Sandepani 195] 8 139.2] 1953] 1302 200.4) 1322 160.2] 1353 75
9 | 0209 |Dhangadhi 170] 10 144 99 135 1858} 97.5] 203.4] t44.2 192 1196 100.4_{
10 j 0212 |Sitapur 152 8 120 184 127| 1062] 1343 165 122| 2332
11 {0214 l_(_o_!a_\ Gayn 1304} 8 856] 1206] i21.2] 1251 93 2 837] 16805 745
12 | e215 |Godavart (West) 2881 10 150 150 822| 175.7] 2455] 1655] 1717 228] 1525] 1765
13 | 0218 [Ripayal (Dot) 617§ 10 0 113 &5 5921 107.2] €56 674 452] 1484 628
14 | 0303 flumla 2.30Q) 10 61 53 635 394 Ass 404 46| 245 5349 425
15 | 0307 {Rara 048] € g0 93 41 a7 93 6 288 686 3
18 | 0310 {Dipayal Gaun 2.310] 10 64 89 70.2 432 354 %55 534 325 365 56
17 | 0401 {Pusma Camp 950} 10 161 &2 55| 1247] 44| eas 18 958 93 935
18 | 0402 {Dailekh Y402} 10 79 79 675 724 &0.4] 1004 619 756 951 6.9
19 | 0405 [Chisapani (Karnal} 2251 9 1E0] 988] 1586] t41.7] 2003 88.7 127} 1153 1ig5
20 | 0405 [Surkhel {Birendra Nagar} 7205 10 133 291 83¢ 1€9] 1374 847]| 1032] 1005 112 706
21 | 0407 [Kusum 235 7 882] 1463] 2009 954 91.9 121.3] 1812
22 | 0408 {Gularlya 213 8 1243 236 105] 1302 95 123 159 94
| 23 | 0409 [1Gajura MNepalgun) 190] 7 115] 87.7] 174] 17e2| o15| 1317] 162
24 | 0412 [Naubasla 135] 8 702] 1438 167 o925 892 9581 187.2] 1352
25 | 0413 [Shyalo Shree g2 8 170] 171.5] 161.2 127] 1062] 121.5) 203t 102
26 | 0414 |Bafjapur 226| 8 1151 822 849 843 405] 803 854 120.5“
| 27 [ 0415 [Bargadaha 200| @ 551] 2iss]  237] we| zas| w] 10 92
28 | 0516 [Nepalqunj (Reg O} 144) 190 114 $16] 1551] 21858 237 tia] 1005] 1825 §19 90
29 | 0417 [Rani Jaruwa Hursery 200 9 112 942 _1_&}'_5 123.4| 1344 50.2 7| 1444 42
30 | 0419 }Sikta 195 8 144 164 149 145| 1416 755] 1456 100_
31 | 0504 [Libang Gaun $.270] & i04.7 o24| 1004 742 863 &0 2 862.3 128
| 32 0505 [Bijuvar Tar az23] 8 1257 7 82.% 88.1 169 784 786 ard
33 | 0507 jHayabasth ([Dang} 693| 8 146.4] 192.1] 1323 £25 757 1152 76.7 903
34 [ o508 Tulsipur 725| 10 161 82 96.9] 1012] 1206 £53 68] 131.5] 1075 60.4
35 [ 0509 [Ghorahi (Masina) 725| 8 144.3] 1156 968] 1156 81.2 734 853 1127
36 0510 |Lotabas J20] 8 1592] 1095] 1703 91.7 80A 825] 1924 1653
37 [ 0514 [Salyan Bazat 1.457] 190 13 o4 63 286 95] 805 58 81 70.6 52
a3 j 0512 |Luwamnjula Bazar £85] A 955 834 933 492 812 512} 1234 415
29 10513 [Chaur Jhar Tar 910] 10 " 80 121 95 852 &5 9.4 5 67 &6
40 ¥ 0514 [Musixol (Rukumko) 2.00] 7 120 96 £33] 928 5.5 141 170
41 § 0601 |Jomsom 2.744] 10 a7 24 43 12 18.4 7 20 16 312 185
42 | 0504 |Thakmarpha 2566 9 75 a7 536 262 21 19 25 24 40.3
43 | 0605 |Baglung 934] 9 93 100 93 768| 1044 97 852 044 121
44 {0606 |Tatopani 1.243] 5 70 74 51 58.2 56 8
45 Y0507 Lete 23343] 7 152 8u 73 68 444 49] 6385
46 { 6608 [Ranipawrsa (M.Nath) 3se] 7 16 5] 163 t45] 11.3] 104] 1i3s
47 10609 |Beni Bazar B35F 4 9?7 706 702 200
48 ] 0510 |Ghami (Mustang) 3465) 5 43 27| 18s| 113 26
49 ] 05612 [Mustang (Lomangtang) JIG5) 7 26 20 451 12t 18 18.7 20
50 {0613 [Karki Heta 720} 7 120] 120.% 119] 1632 1257} 1047 120
51 | 0614 |Kushma B9I} 8 949 15 109 150 95 131f 1065 113
52 10615 |Bcbang 2273 7 1152 £82.4 102 805 1055 1.5 1290
53 | 0516 [Gurja Khani 253 8 854 71.1 632 &0 62 602 72 &5
54 | 0619 |GRorapani 2.742) 8 937 110] 130.8] 1405 100 95| 10156 110
55 | 0620 | Tribeni o] 5 111.3] 1008] 1536 $35] 9941
55 | 0701 |Ridi Bazar 442§ 8 1005 7.4 98 8 80.5] 1304 795 107 113
57 | 0702 |[Tansen 1067] 5 123 123] 1184 e8 1556
% 58 | 0703 |Butwal 205§ 10 131 190] 2404| 2005] 1638] 2905 143 91.5 171 178
j 59 | 0704 |Belurwa (Gireari) 130} B 166 4] 204.3] 203.4] 270.3] 171.8) 197.6] 132.4] 2692
60 | 0705 |Bhairhawa Airport 108} 10 102 145] 1158] 166.1] 171.6] 1541 140] #11.3] 130.6] 1765
61 | 0706 |Dunkauli 1541 10 158 128) 103.8] 1172 1155 269 140 1139 239 220
| 62 707 Bhairhawa (Agric) 7201 10 o5 175) 1408] 177.1] 1934)] 1822 88.4 045] 19341 1742
63 10710 |Dumidbas i64f 3 503 azo 173
64 | 0115 |Khanchikot 1,760 9 155 123] 1663} 131.7] 2583 79.8] 104.7 82 1108
65 | 0716 |Tavliibawa o 4] 9 142 292 i17] 1122] 1716] 1385 186] 1092] 1672
66 {0721 |Pattharkot (Wesl§ 200 B 206) 1285 116 a3s 75 178 178 180
67 {0722 [Musikot 17801 8 130.2) 1282 a5 80 127 80] 200.2] 1202
68 | 0723 [Bhagwanpur a0 8 154)] 224.5] 1952] 11386 104 112 206 126
£9 | 0723 |Tamghas 1,530] 10 142 115 142 8r.5] 1325 584 935 895 94 107
70 § 0726 [Gagaikot 500l 7 1325] 127.5] 2364 173.5] 1152] 1637 944
74 ] 0727 fLumbini T as| & 853] 1447 110| 2009 &54 123| 1623 209
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Table C2.1 2/3)

ANNUAL MAXIMUM 1-DAY RAINFALIL

I (Unit: mim}

Code Stabon Elevation| N 4@;} 1935] t1om7]| toss] 1939| 1s90] 1991] 19%2] 1993} 19M4
72 | 0728 {Simani 58| 9f T19a] 16| 2128] 1zes]  vaa] teo]|  Ea| T sd 13
| 73 | 0201 [agal (Setihas) 1333 8 I | 1s05] 419] 42 124] 198
74 | 0502 [(Khudi Bazar 23] o] 1150 281] s8] t3o] 117] 13ss5] 138|150 123
75 | 0503 [Pokhara (Hespital) $66] 0
76 | 0804 [Pokhara Airport g27| 10]  2as]  t143] 1964| 1866] 168.9] 157.8] 167.4] 148.1] t452] ig992
| 77 | 0205 [Syanzia ges| 10|  i20] 0o} 1068] 1885] 1055] 13s5] 1215] 1605 ov2| 42
78 | 0806 |Larks Sando 3650] 8] 255| eos} B0s5| 458} 2571 208| 457] 96
79 | 0507 [Kunchba 8557 8 1305] 163.5] 1632] 276.4) 1452] 1652] 1413] 13586
g0 | 0808 [Bandipur 965 7 126] i60| o6.4| 1262 504 45] 604
81 | 0e09 |Garkha 1097] 9 §9 05| 1343] 100] 25¢] 105] 902 7] 1172
82 | o810 [Chapkat 460] 10 gg] 27| 155 1a1] 1505] 135] 150 o4] 1365] 9i5
83 | 0311 [Malepatan (Pokhara) sss| 8] 208}  11s] 13as] is546] ted42] 152 1792| 261€
24 | 0813 [Bhadaure Deurafi 1.600] 8 123;  300| 1706| 201] 1%0] 10| o04 o0
"85 | 014 [Lumia 1,740 10]  163] 170] 18as} 158 i56| 2057] 216] 1638] 272 25235
[ &5 | 0315 [Khairini Tar scol to] o] to0e] 1e6] 1sa| 1407| 120| 09| t425] 1622{ 1733
87 | ca18|Chame 2580 5 423 32 27 42 32
88 | 0517 [Damaus e 197] _1z8] 143 79 81 78] 872 79
89 | 0818 f[Lamachaw 1.070] ? 140| 1785| 160.6] 1508] 1482} 1406] 1406
90 [ 0821 [Ghanduk 1560 6 89.5 93| 915] 7i.4] 1622( 1132
21 | 0523 |Gharedtunga 1,520 8 181.3] 131.3] 1235] 128.3] 1453 1026 §5] 14386
o2 0824 |Sidesh 1820] 8 242.1| 135.4] st92] ie58] 1248| s3] 1195] se2
93 ] 0902 [Rampur 256] 10]  147]  113] 2034] 13s]  110] o6s| 12614 866 227.5) 175%9
| 54 | o903 fihawani 2r0| & il 62 55| 162.4 oo 847 74} 208
95 | 0904 [Chisapani Gadhl 1.706| & 128| 1068 ga] 17| 16| s8] 295] 964
96 | 0205 [Daman 2314| 0] o7} i51] 1245] s15] 78] 1008 69 55| ara2l 745
97 | 0906 [Hetaunda N.FA a74] 10] 159] 190 223] 1035] 52| 4532] 944 t132| 2577 124
98 | 0809 | Simara Airpon 130] 10| 240] 267] 3003] icom 77] 150.7] 2057 1188] =228] 1378
99 | 031t [Paremanipur 115] 10 210 227 320] 2527 833] 1187] 1435 120] 1823] 1175
100 | 0912 [Ramoli Bairkya 152} 8 14086] 1278] 85| 1725] 1854] 25| 1955] 1705
101 | 0917 [Hetaurda (ind Bis) 465] 4 1557 so| 1668] 438
102 | 0919 [Makwanpur Gadhi 10%] 7 58] 1293| 247.5] 200] s554| 2053f 105
[ 103] 0920 [Beuwa 214] 8 1088] 1132] s2o] 2304] 131.4] 704 220] 3043
104 | 0922 [Gaur ) 2365 1137] 83| es5] 90| 235] 146 1055
105 ] 1001 [Tunure 1900] 7 156] 84| 3r4] 1992 40} 405 4z
106) 1002 | Avu Ghat D Bazar 518] 8 140 94.4 80.4 20 845 90.4 90 91.4
107 | 1003 | Frishiol 595] 1 1348
108 | 1004 {Nuvakot 1003] 8] 128] t32| 13 60) 624 551 555 15
10¢] 1005 [Dhading 1.420] @ 115 74 75]  o5] 624 55l "s55 45
110 1007 [Kakani 2064 8] too] 18]  es] m3z2] 13z2] e76] 855 852
111§ 1016 [Sarmathang 2625) 3| s23] s 84
112 ] 1022 |Godavari 1,400] 10 120 26 172_{_ 635 632{ 110 o8 B84.2) 1133] 1176
113 | 1029 [Khumanar 1350 9 72 73] 118 78 51{ s&28] 442 ss2| 85
114 1032 [Kathmandu Alrport 1336] 10] &3] 78] 1244 66| s7f 732| 742] 452 e28| 3
115] 1035 [Panchihat sss| 7] 121 743 52 74| s545] &e5] s03
116} 1038 [Dhuntesi 1085] ¢ 7o 108] 1023] 1247] sos} 865 o25] 1o4] sss
117 | 1030 [Panipokad (Kathmandu} 1335] 5]  &s] 03] 1476 22| 484
158 ] 1043 [Nagarkat 2,163 7 179] 90s8] 724 iot2] e25| s58 98
119 ] 1054 | Thamactit 18a7| & 2t] 214] 21 18 12 3 9 g
120 | 1055 |Dhunche fesz2] 2 a2 338
121 ] 1057 [Pansajakhota 1290] 4 100 105 82 43
122 | 1062 {Sangachck 1322 6 7 i IS 752| 624] 8O
123]| t1oa s 2003 8 6] 87 7a5] 1138 71 85 722 796
t24 | 107 {Sindhuli Gadhi 1,463| 4 172 110] 895 118
t25 | 1103 [Paltharko (Easl) 275| @ 1902| 302! 1098| 1262] soe| 1752] 4ar] 1334
126 +i10§Tulsi 451| s 2338 122.9] 1182] 1235 ie42] e604f 1453] 1143
127 | 1111 Banakpur Airpon ool 10] 132] 1es]  3o2| 1236] 1135] 73s] s10] 1008] 1e2] 1514
128 | 1118 {Manusmara 100] 7 283 1692] 196] 1063 as]  iz0] 132
120] 1119 |Gausala 200] 7 1155 66] 505 50.4 60|  eo] gos %
1301 1120 [Malangwaa 150] 8 363.9] 1282] 107] 156] 252} 1o4]  s28] 108
131] 1121 |Karmalya 131] 4] 23 183] 121 1234
132§ 1122 [Jalesore . 0] 4 [ 82 126 86
133] 1206 [OKkhaidhunga 1720} 10| 81 73] 140.3] 12349 oe7f 1055] 50| s11.4| 754] 654
135{ 1212 [Phatepur 100} 7 ss|  ns] 270 o5l 201 izof 102
135] 1215 [Lahan 138) 10 183 7] 228} 1438] 128 e7] 126] 10| its] 1715
125 1220 [Chialsa 2770} ¢ ] T EX 9] 24 57 es| 6] 65
137 | 1223 [Ratiraj goif1o] ta9]  o7] 17e] 125]  s2] 143 go| es2| 4s59] 137
138 1303 [Chainpur (East) 1,320 10 70]  as) 1232] e93| s34] c02] ti03] 67.8] s592] s83
139 | 1304 [Pakhrvas 1680) 8]  s14] 113] 1323] 737 a7.3] s122] 842 1037
140 ] 1307 |Dhankta 14850 10 77 66] 1642| s76] 814] 1047] s18] 532 s92] aas
143 | 15311 |Dharan Bazas 434] 7 s0z28] =235 180] 1292] 962] 87.4] 2453
142 1312 [Haraincha 152] 8 2236] 184.4] 1412] 1207] 1305 1567] 152.4] 1338
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Table C2.1 (M3)

ANNUAL MAXIMUM [-DAY RAINFALL

{Unit: mm}
Code Stabon Eievabon| N 1935] 1936] 1oar] 10s8] 1989] 1990 1g9s] 1ewe] 1oea] tues
143 ] 1313 | Biralnagar {City) §7] o0 e ] _
144 £319 |Biratnagar Alrport 72| w0} 123] 101] z19.4] 933] 1ee] i2s4] ssz| 1393] 11a| e0s
145 1320 |Tarahara 200] 9 6] 180] 3776 o8] z40] 131 1259 182.1] 1144
125 1323 |Dharan British Camp aco| s £6) 3156 97| 10a5] 285
1a7 | 1324 [Bhaipur 1.595] 8] 108 1067] s47] 1032 535! s542{ as5| se7
148 1405 |Taplejung | Tiaa] 10 ga] &3] 1296] 158] es2] 1317] ss58| 47| eod) i29s
149 ] 1407 | Tam Tea Estate 1acol ol 27] 7] sre] e2]  v24] 123] sos]  ea| 778l 1312
| 150 | 1408 [Damak 163] s 3005] 1525} 1935] 156) 02| s02] 1621 1318
151 | 1409 [Anarmani Bida 122] 8 178 s3] e8] 73] =210| 1962] 1852] 1377
152 | 1410 [Himah Gaun 1651 8 201] 1595] 170f 1529 255 0] s7s| sia
153 [ 1411 |Soklim Tea Estale 530] 4| | " {tessj 1aasf 5] os9
154 | 1412 [Chandra Gadhi 120] 7 155] 1o} Zoot| 2023 934) 2113] 1208
155 [ 1415 {Sanischare 168] & 2271 153] 12| 1es| 2as| 1esz] 28a] 164
156 | 1416 [Kanyam Tea Estote vere] 10| ase|  zze| essz| e8] at53| 14| rear| 1s1.8] 1284|112
157 | 1821 [Gaida (Kanka) 1as] 0] T207] T1s0]  2a3] taz{ vei| 28] 10s] 15181 1s0]| 1834
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Table C2.2

@

228 1262 (592 |OP2 (41T [SLL (86'19L [£4820'0 1%6) [89'CE |621 LL| evZ | evt (leyuey) epreD| LZrl (62
Z2r 222 1062 1682 i9v2 |18) 148°09L 196L10°0 [%ee 126'L9 [06L (821 268 | 8L9'L QIBIST ©o | weAueM! 9Lyl |82
252 1082 1661 [941 18SL [Sii 188201 {9L0E0°0 [%0E [8v'SE (021 {62 ‘08L | 00F'L apelsg es well LovL |22
QL2 ¥SZ 1€22 (861 (2L (PEL 108'12L 1286200 (%2 (ZSLE 621  [SZ | L'BLZ | 2L vodiy rebeueagl giet oz
662 |2L2 (962 (80T 1641 ISE1L [09'02L 1646200 [%0€ [68'2y |1t (92| ‘az2 | 8Et weyet| szt [s2
ove 1608 1692 (022 i08L 102L 196'66 [0L8L0°0 [%SY [9£'8S |82L  [S2 | '20£ ! 06 wodany nayeuert LLLL (2
voL (2L (L1 190L (96 [SL (Y69 (261900 [%e2 (8941 [8L FAEXASEET Modiny npurwyRN | 0801 |62
112 261 [69L (151 1221 [£0) {286 |0£6E0°0 [%98 (L4228 1201 |se| "eii | oovp'L LRARPOD)| 2201 |22
96¢ |pSe 1862 1552 (0LZ [2¥L |69'6LL 1E99L0°0 (%EP (1969 (261 82| 028 | SiL indivemred] LL60 {12
iy (28 (SLE [L22Z 1622 [96L (2288l [i9O10'0 (%0 (2289 |99  Iv2 | £'00e | OtL podiy ereuwiS] 6060 {02
SSE (228 1442 IEPS 1802 [PSL JLLOEL 12L120°0 1%28 10218 |29 82| 'L9T | viv I'3'N BpunedH| 9060 |61
£62 (£9C (22 [L6L |8C1 1601 {90'EE [L6220°0 1%L¥ {L02¥ |91 82| ‘vEZ | vie2 ueweqg) G060 [81
128 [162 (152 {022 |98L 0¥ (202t 168820°0 {%ee (499 |IvL (G2 | §4Te | 952 ndureyd| 2060 141
622 [122 |26 {081 {191 12EL |1L°22) 8SBE0°0 {%02 (2042 |98t 12! g8l | 008 Jey wureyy| $180 (9L
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LIST OF DISCHARGE OBSERVATION STATIONS

Table C2.3

No. | Coda River Catchment | Qmax | q=OmayA | NIN220 Remarks
1] 120. |Chamela 1150 417, 0.36 25] O [Mahakali Basin
2| 170. |Swnagad 118 373. 3.16 |19 _|Mzhakali Basin
3] 220. |Ti#aNala 1870 420. 0.22 g ___|Rarnali Basin
4] 225. |Sinja Khola 824 320, 0.39 13 Karnalt Basin
5] 240. |Kairal 19,260 5,050. 0.26 32{ O [Kanali Basin
| 6] 250,  |Karnai 21,240 9,600. 0.45 311 O  |Kanal Basin
7] 260. |Seit 7,460 7,030, 0.94 31| O  |Karnali Basin
8| 265. | Thulo Bheri 6720 | s370. | o020 |8 Kavnali Basin
9| 270. |Bheri 12,290 5,610 0.45 28] O |Karnah Basin
| 10] 280. |Karnah 42,890 | 21,700 0.51 32| O  jKarnali Basin
1%] 290. |Babai 3.000 6,480. 2.16 20] O |Babai Basin
12| 330.  |Mui Khola 1,980 1,100, 056 27] O |West Rapti Basin
13] 339.5 Jhimtuk Khola 683 2.170. 3.18 20] O |[West Rapti Basin
14] 340.  (Jhinwuk Khola 595 263. 0.33 & West Rapti Basin
15] 350. (Bapl 3,380 3,000. 083 16 West Rapti Basin _
16] 360.  |Rapii 5,150 5,730, 1.4 27] O  [West Rapli Basin
17] 404.7 |Myagdi Khola 1,112 892. 0.80 7 Narayani Basin
18] 410.  |Kali Gandald 6,630 3,300, 050 29| O [Narayani Basin
19] 415. |Andhi Khola 476 1,590. 3.34 27] O [Narayani Basin
20| 417, |Badigad Khola 1,920 1370, | 069 15 Narayani Basin
21)] 420.  |Kal Gandaki 11,400 7,400. 0.65 25] O |Narayani Basin
22| 428.  |Mardi Khola 160 406. 2.54 16 Narayani Basin
23] 430.  |Sefi Khola 582 900, 1.55 21| O INaayani Basin
24| 438, |Madi 858 2.570. 3.00 13 Narayani Basin
25| 439.3 [Khudi Khola i51 124. 0.82 10 Narayani Basin
26| 439.7 [Marsyangdi 4,083 2,560, 0.63 7 Narayani Basin
27| 439.8 |Marsyangdi 3,850 3,790, 0.53 13 Navayani Basin
29| 440. |Chepe Khoa 308 826. 268 {30] O [NaayaniBasin
29| 445.  |Burhi Gandaki 4,270 5,210, 1.22 27| O [Narayani Basin
30| 446.8 |Phalankhu Khola 162 510. 3.1% 15 Neyayani Basin
3] 447, |Trisuli 4,110 2,280. 0.55 26] O [Narayani Basin

| 32] 448. |Tadi Khola 653 1,760, 2.60 19 Nerayani Basin
3] 450.  |Narayani 31,100 | 25,700. 0.83 30] O [Narayani Basin
34) 460.  [Raptli 579 1,290. 223 28] O [Naayani Basin

| 351 465.  |Manahari Khola 427 1,450, 3.40 28] O |Narayani Basin
356} 470.  |Lothar Khola 169 650, 3.85 27] O |Naayani Basin

37§ 605. |Bagmat i7 53.2 313 j29] O _|Bagmali Basin

|38} 536.2 |Bishnumati Khola 4 7.3 1.83 18 Bagmali Basin
39] 540.  [Nakhu Khola 43 181. 4.21 18 Bagmali Basin
40} 550. |Bagmati River 585 876. 150 |18 Bagmatl Basin

| 41] 565. [Kulekhani Khola 122 136. 1.11 3 Bagmali Basin
42| 570, |Kulekhard Khola 126 671, 4.53 15 Bagmali Basin
431 589. |Bagmeti 2,700 7.600. 281 12 Bagmali Basin
44] 590. |Bagmali 2,120 9,000. 3.31 15 Bagrmati Basin

| 45] 604.5 |Arun 28,200 4,190, 0.15 16 #oshi Basin
46i 606. [Arun 30,380 5,550. 0.18 5 #oshi Basin
47] 610. |Bhole Kosi 2,410 3.300. 1.37 25] O |Koshi Basin
48] 620. |Balephi Khola 629 1,450. 23} 29| O [Koshi Basin
49 827.5 |Melamchi Khdla 33.1 4 Koshi Basin
50| 630.  |Sunkosi 4,920 5,100, $.04 27| O [Koshi Basin
51| 840. |Bosi Khdla 87 167. 1.92 221 O [Koshi Basin
52| 647.  |Tamakos! 2,753 960, 0.35 15 Koshi Basin
53] 650, |Khim!i Khofa 313 2,420, 7.73 15 Koshi Basin
54] 652.  Sunkosi 10,000 | 15.600. 1.56 21} O iKoshi Basin
55| 660. |Lkhu Khola 823 £60. 1.04 26! O  iKeoshi Basin
56| 6668.4 |Teklor Khola a7 356 0.41 5 Keshi Basin

| 57| 670. {Dudh Kosi 4,100 | 11,600. 283 |27f O [Koshi Basin

58] 680.  |Sun Kost 17,600 9,390. 0.53 20] O |Koshi Basin
59] 620. [Tamur 5,640 6,700, 1.19 26] O  jKoshi Basin
£01 695.  |Sapla Koshi 54,100 | 23.600. 0.44 10 Koshl Basin
61| 728, |Mai Khola 377 1,516, 4.01 8 Kenkai Basin
62| 795, |Kanka Mai 1,148 7.500. 6.53 20] O _[Kankal Basin
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AVAILABILITY OF DISCHARGE DATA

Table C2.4

61
62

. . 1960% 1970 1930% 1950%
Cole Basin Rivet 2[lals]sfaalolofiT2alals[sl7f8 s oly NNEGEEE0DEER
120 {Mahakali Basin _ JChametia N o e S S
170 |Mahaxali Basin _ [Sutnagad Ot i e e et e L R TS O IR R
220, |Karnati Basin |TilaNala || t=i=) b=l=i=k=] b=l | [ ] 8
225. |Kamnali Basin__ |Sinja Khola 14 ; === ] o 1]
240, {Karpali Basin ___|Karaali o o i el o M i I i ] 2
250 [Karnali Basin Karoali i sl EE o et 5l o ol 2D
260, |KarnaliBasin ___ }Set =t i ol et i bl i & b B2
265, [KaroaliBasin _ [ThuloBheri ENNRER RS el et B G SR
270, |Karnali Basin Bhen k== =t=l=t=k=l=}=i=8=) ==l =f= 28
_2_5(’. ; Karnali Basin Rarnali =fsf= 1= === ===kl L= =1=}=]=}= a2
290, |BabaiBasin ____ [Babai = o o i S o e i B A1 11420
330, |West Rapfi Basin_ [M2ri Khola o ot o o ol Sl o o e ] et Yl ==L ]27
339.5 [West Rapti Basin [ Fhinquk Khola BEREE R b i bl =}= 20
340. |West Rapti Basin  |Jbimsok Khola =i=k=l=i=l=L K
__}Epﬁ\\':stkaptiBasin Rapii - 111 =i=t=i=i=l=l=z k===t ==tk 16
360, [West Rapti Basin__|Rapri e S il fud i i i il ot B B e b B B i ] B | 27
404.7 |Narayani Basin___ [Myagdi Khola b , ENN o i 1 o o B A
410. [Narayani Basia Kali Gandaki BREEEEEE R S i il el tal el o 5] i ol g bl ) i e B e kO 24
415, INarayari Basin ArdhikKhola = sh=f=l=l=|slzz}si=]= =l=|= 27
417, [NatayapiBasin _ iBadigad Khola - =i=p=t= =l=f= is
420. |Narayani Basin Kati Gandaki =t=i=f=l=l=f=l=i=k=tz 2= b= === k=] delb=re] b=i=)es 25
428. {Narayani Basin MardiKhola 1| ]|, = {={=}=4= =t=l=f=1=] 1 | {16
430. {Narayani Basin Seti Khola 1 k= =f=t=}=l=|=}=1= 21
433 INarayani Basin Madi | 1.5 ] ={= =t=t=}=]= 13|
439.3 |[Narayeni Basin Khudi Khola =1=| t=l=l=t=}= Ei
439.7 | Narayani Basin Marsyangdi 1Ll BN ERE GG ES i
432.8 |Narayani Basin Marsyangdi L ] e e e B o e b 13
440. |NorayaniBasin __ [Chepe Khota ek ol o i bl B =l=t=b=i71 20
445, |Narayani Basin___ {Burhi Gandaki ==lzfspelape]apeup=te=fe =1=pi 122
416.8 {Narayani Basin Phalankhu Khola 1 zf=t=l=l=]=1= EERALE
447, NarayaniBasin___ | Trisuli i dd it b b b i b B b =1=i=t=] 120
418, Narayani Basin Fadi Khola =t=l=l=l=}=|=]=|= 111,419
450. |NarayaniBasin _ |Narayani i it ik i o i i e I =f=j=}=|=] 36
460. [NarayaniBasin  fRapli |} 4= ol e i e il b == 28]
465, NatayaniBasin  [Manahari Khola = i B e e el =f=1 ]} 128
470 |NarayaniBasin __ |lotharKhola =~ | {_ ol i b B ==l | | |27
505, Bagmati Batin__ [Bagmati | [= =tzb=l=t=i=) oot =t=1_i=}=| 29
536.2 [Bagmat Basin  {Bishnumati Khola B sfefzi=lelstel=lsiz )= 18
$10. |Bagmalj Basin__ iNakhu Khola st=l=b=l=b b=t D L L L 18]
350. |Bagmali Basin Bagmati River =l=l=k=}=l=== =1 =)= ]= At 18
565, |Bagmaii Basin | Kulckhani Khola 1111 === | Lt b] | 3
§70. {Bagmati Basin Kulekhani Khola =l=ib=l=t=1=l={=}=F=]=} =} =|= i IREERES 15
589. {Bagmati Basin Bagmati ! =l=l=}=}=l=}=1=]=]=|=]= 12
590. |Bagmati Basin __ Bagmati =t=p=t=l= b=tz l= e = o = b AN ARERIE
6015 [KoshiBasin__ fArun R e = L s
606. ‘SO:“}’! Basin Anmi AAAAAA NEEEER ahefzlink=s b
610. [KoshiBasin _ _ [Bhote Kosi ==l EEEREE =l f==i=f=t | 1 |28
620 Koshi Basin ]ﬁ!jghil(ho{a _ =il = = == ';22:::‘2_2
627.5 | Koshi Basin Melamchi Khola LD B ~ =p=f=j=| 4
630. (Koshi Basia Sunkosi =t=l=t=l=}=t=|=}= =j=f=i=}=|=}= 27
_6%0 Koshi Basin Rosi Khola ol i G d i o ff i e ==t ____B
647, [KashiBasin _ [Tomstost IREEEE SEENARRRRREE
650._ |Keshi Bazin Khimti Khola 1 B =l=)=|af=i=]=l=}=1=] 15
652. |KeshiBasin __ fSwnkesi AL EEEEEEE =l=f=}=|= 2
660. |KoshiBasin _|fikhu Khola el =i=l=t=let= 26
6684 | Koshi Basin Taktor Khola 1114l 1 k===l 5
670. {Koshi Basia Prudh Kosi =p=f=t=f=|=}=}=f=}=}= =p=f=i=}=}= NN ki
@9-__ Koshi Basin Sun Kosi | | =i=F==l=kzk=i=1= £ 24 1 _29
690. jKoshi flasin Tamus A1 izl == <b=|=|=)=2]e )= 6
695._|Kashi Basin Sapta Koshi ] _ ==t 1 e
728. |KankaiBasin  (MaiKhola 111 BLN} 1L ANEEREEEEE 8
795. |Kankai Basin Kankai Mai zfzl=l=zi=b=f=b=}=]=|=l=l=]=)=}=]=}=}=]= 20

{Note) N: Years of available data




Table C2.5

ESTIMATED PROBABLE DISCHARGE

Sratistical Paramelers Retuen Period

No.| Code River Catchment | Elevation] N | X ueay S, Cy 2 5 10 20 50 1(:%
1] 120, [Chamelia 1,150 - 2s] 243l eo78]25%]| =34l 297| 3s9| 379f 430 489
2] 170. iSurnagad i18 1,110118 151 84.28] 6% 138)] 229] 289 346] 420|476
3] 220 |TitaNala 1,870 - 8 321 8139 25% 310] 412] 480 5457 628] 691
4f 225, |Sinja Khola §24 - 13 185] S57.08]31% 177] _242| 285| 326) 379] 419
5] 240.  |Karnati 19,260 629 [a2] 2.358] 717.05]30%| 2248] 2974] 3455{ 3916} 4513] 49060
6] 250. {Xarnal 21,240 | 220 | 31] 3.613] 1664.43] 46%] 3358] 5049] 6168] 72427 8632| 9673

7| 260. |[Seit 7,460 328 | 31] 2.065| 1494 50] 56% | 2736] 4254] 5259] 6223] 747t 8406
8] 265. |Thulo Bheri 6,720 - s] 1.0240 187.25[ 18%) 1002] 1270] 1447] 1617] 1837) 2002
9] 270. |[Bberi 12,290 246 [ 28] 3.439] 1134.321 33%) 3267] 4431] 5201| 5941] €897) 7614
10} 280. |Kamali 42 890 191 [ 32] 9.600] 3323.60{ 35%] 9091] 12456] 14685] 16822] 19589] 21662
11]290. |Babai 3,000 192 1 20| 2,601 1604.55] 62%| 2364] 4075 5208] 6204| 70| 8755
12] 330.  [Mari Khola 1,930 536 | 27 569; 205.12{ 3% 538] 749] 889] 1023 1197 1327
13] 332.5 {Jhimvuk Kho'a 683 - 20 568] 442.82] 76% 503] 9751 1288} 1588] 1976} 2267
14] 340, |Jhimruk Khota 696 632] 6 191 5220]27% 184] 255] 302F 348 44 443
15] 350, |Rapt 3,380 281 [16] 1,473 522.02]36%| 1397} 1574] 2364} 2723 3205| 3562
16] 360.  [PRaph 5,150 218 §27] 2.338] 1193.39]51%| 2157] 3386] 4200] 4980 5331 6743
17} 404.7_|Myagdi Khola 1,112 - 7 585] 160.98]248% 564 773  911] 1043] 1215] 1343
18] 410.  [Kal Gandaki 6,620 546 [za] 3.823] 47399} 26%] 1751] 2236] 2556] 2564) 3262] 3561
19] 415.  |Andhi Khola 476 543127 500 279.77|47% 543] 835] 1027] 1210 1446] 1624
20| 417.  |Badigad Khola 1,990 - 15 860 234.43127% B26| 1087] 1259] 1424] 1638] 1799
21] 420. |Kah Gandaki 11,400 193 [ 25| 4.341] 1430281 33%| 4126] 5611] 6595| 7538] 8759 6674
221 428. |Mardi Khola 160 - 16 167 79.56] 48% 155] 2431 30Q] 356y 428 452
23] 430. |SetiKhola baz a30 | 21 411] 2i0.92]51% 378) €3] 751 §93] 1072] 1214
24} 438. jMadi 858 - 13 g71] 567.11[65% 792 1435] 18631 2272} 2802| N9
251 439.3 |Khudi Khola 151 - 10 50] 27.15]1585% 4161 78 100 120 147 167
26] 438.7 |Marsyangdt 4038 3541 7] 1.470] 493.84)34% 1407{ 2047] 2470] 2877F 34031 37%7
27] 4338 {Marsyangdi 3,850 320 | 13| 1.648] 69521142 1551) 234%] 2864] 3366] 4015 4502
28| 440. {Chepe Khola ans 442 |1 30 277| 144.72]|572% 255 403 500 594 715 806
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_30] 4468 FPhalankhu Khola 162 630 | 15 163] 130.24]165% 180] 324] 420 512] 631 720
31] 447.  |Trisuli 4,310 500 | 26] 1,374] 44657|38%} 1107] 1569] 1874] 2168] 2547 2832
32] 448. |¥adi Khota 653 475119 722] 43323 60% 659 1124 1432] 1727| 2109] 2396
33| 450,  |Narayani 31,100 160 | 30] 12,917] 4142.16] 32%{ 12285] 16505| 15300] 21980] 25450} 28050
34 460._|_Rapti 579 a2 |28 592] 294.20]49% 555] £56] 1056] 1248] 1496] 1682
35] 465. |Manahaﬁ Khola 427 305 § 28 528] 388.04 74% 469] 8§67 1130] 1383] 17i0] 1956
36) 470.  |Lothar Xhola 169 336 |27 340] 144.24] 42% 319 444 561] 653] 773] 862
37| 505.  |Bagmati i7 1,600 )29 15 12.54] 85% 13 26 3 42 53 61
38] 5362 |Bishnumati Khola 4 1,454 | 18 3 1.23] 40% 3 4 5 & 7 8
39} 540, _|Nakhu Khola | a3 va00 | 18] 43| arzesf7em| 42| s3] o] 1arl 10l 495
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48] 620. |Balephi Khota 6529 793129 611] 31032 51% 564] 881 1091] 1293| 1553] 1749
49| 6275 {Melamchi Khola - - 4 29 3.30{ 12% 28 33 3z 40 44 47
50] 630.  |Sunkeost 4,920 5580 | 27] 2.276{ 1009.76] 44%| 2123] 3163] 3851] 4512 5367] 6007
51| 640. |Rosi Khola 87 4,480 | 22 52| 3647¢70% 46 85 116 1M 165 189
52| 647 Tamakosi 2,753 849115 6814 75.26] 9% §03| £87| 942) 993] 1064 1115]
% 53] 650,  |Khimt Khola 313 1520 [15] 1,275 650.40]51%) 1182] 1904] 2383| 2841 3435 3880
54} 652, |Sunkosi 10,000 455 | 21| 4564] 2937.09] 64%| 4128] 7241] 9302] 11280] 13839 15756
| 55] 660. - [Likhy Khola 823 543 |26 379) 125.93] 33% 360] 490] 5761 659 766] 846
56| 668 4 |Taktor Khola 87 2350 5 241 sooleaxn] 24 a32]  as] a3l so{ 5%
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61] 728.  |Mai iKhota 77 - 8 472] 44183 9% 415] 968] 1335] 1687] 2142] 2483
62] 795.  {Kankai Mai 1,148 125 | 201 ae06]1721.73 46% ] 3352 5188] €403] 7569 9079} 10210
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