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I. METEOROLOGY

i.1 Available Meteorological and Rainfall Stations

Figure 1.1.1 shows the location of meteorological and rainfall stations in and around the
Study Area. There are two stndy areas, one is Kulekhani, Manhari and Agra river basins
in Makwanpur and Dhadin districts located on the south west from Kathmandu, and the
other is Marin Khola basin in Sindhuli district on the south east from Kathmandu.

Most of the meteorological and hydrological stations are operated and administrated by the
Department of Hydrology and Meteorology (DHM). Every station have ID. No, to
indicate the location and serial numbers. In the case of Makwanpur district such as
Kulekhani and Manhari river basins, “09” is the aerial code which is provided in prior to
serial numbers of 1D No.. Similarly, those in Kathmandu valley, Dhadin district, and
Upper Trisuli river basins are given “10”, and those in Sindhuli district are given “117,

In addition to the stations of DHM, there are some other meteorology and rainfall stations
operated by the other departments such as the Department of Soil Conservation (DOSC),
Department of Agriculture (DOA), Nepal Electricity Authority (NEA) and so on.
Particularly, there are several stations operated by the DOSC and the NEA in Kulekhani
watershed, which are highly useful for hydrological analysis.

In and around the Study area, however, most of the stations are rather newly established
in 1960s, and there are only about 30 years availability of the record which is not enough
to proceed the hydrological analysis. Moreover, most of the record arc processed only
daily basis and it is difficult to analyse the flood characteristics.

The available data for hourly rainfall is only the one of Tistung station of the DOSC in
Kulekhani watershed, which was established in November 1992, though there is only 3
years of hourly rainfall record. The list of available meteorological and rainfall stations
for the Study is shown in Table 1.1.1.
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1.2 Meteorological Characteristics

Meteorological characteristics in the Study areas are assessed based on the observation
record and Daman and Hetauda N.F.I meteorological stations ( Id.No.904, 906) for
Makwanpur district, and Sindhuli Gadhi meteorological station ( Id. No.1107) for
Sindhuli district.

1.2.1  Makwanpur District

Daman meteorological station was established in 1965, which is located on the southern
part of Kulekhani river basin on the Mahabarat Range at EL2,314m. Table 1.2.1 shows
the Observation record of Daman station from 1987 to 1990 for the air temperature, the
relative humidity and the vapour pressure.

The annual average temperature at Daman is about 13°C. The lowest temperature is
observed in January or February ranging from 0.3 to 2.4 °C, and the highest is observed
in April to September with around 25°C. In spite that the low latitude of 27°30" north
latitude, the negative temperature is observed sometimes in winter due to high altitude,
and hailstone is sometimes observed i the rainy season which will severely damages to
the agriculture products. Relative humidity 1s vanging from 44% in dry season to 92% in
rainy season. The vapour pressure is observed similar characteristics as relative humidity
which ranges from 5.8 mb in dry season to 19.1 mb in rainy season.

Hetauda N.F.I meteorological station was established in 1965, is located south of the
Kulekhani and Manhari river basin in inner Siwalik zone. The elevation of the stalion is
at E1.474 m, which is about 1,900 m lower than Daman meteoroiogical station. The
observation record from 1987 to 1990 is shown in Table 1.2.2.

The annual average temperature at Hetauda is observed at about 23°C, which is 10C
higher than Daman. The lowest temperature is observed in December or Janvary with
about 4 to 5 C, and the highest is about 35 to 40C in April to Jun. The related humidity
is generally high through the year ranging from 60% to 80%. :

Concemning the climate of the Project areas in Makwanpur district, it is required 1o take
into account the difference of the altitude between the Project areas and the meteorological
stations, For Phedigaon with EL 1,800 m and Chisapani with EL.2,100 m in altitude,
observation record of Daman station will be available, but for Namtar with EL300 m in
altitede, the record of Hetauda station will be rather applicable for meteorological
assessment.

1.2.2  Sindhuli District

There is no meteorological and rainfall stations in Marin Khola basin in Sindhuli district.
Accordingly, the observation record of the nearest meteorological station at Sindhuli
Gadhi (ID No.1107) is coliected to assess the meteorological characteristics.

Sindhuli Gadhi meteorological station is located on the eastern neibou.r of Marin Khola
basin with an altitude of EL 1,463 m. The observed meteorologicat condition of 1989 and
1990 such as temperature, relative humidity and vapour pressure is shown in Table 1.2.3.

Annual average temperature at Sindhuli is observed at 23 <C which is almost same as
Hetauvda. The lowest temperature is observed in January with 5.0 °C and the highest is
35C in May. The relative humidity is high ranging from 70% to 90% through the year
reflecting the high annual precipitation with more or less 2,700 mm.
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1.3 Rainfall Characteristics

Figure 1.3.1 shows the monthly rainfall pattern in the Study area. The monthly rainfall
record for Daman and Sindhuli Gadhi are shown in Tables 1.3.1 and 1.3.2. The other
monthly data as well as daily rainfall record of Chisapani Gadhi, Daman, Markhu Gaun,
Nuwakot, Thankot and Dhunibesi, and hourly rainfall data at Tistung are attached in Data
Book.

Figure 1.3.1 clearly indicates the contrast of rainfall amount between rainy season and dry
season. Rainy season can be defined from May to September. During the period, about
70 to 80% of annual precipitation is observed in the Study area. This is because of the
affect of the monsoon climate, in which the heavy evaporation phenomenum is observed
at the Bay of Bengal and Indian Ocean and the thick clouds are produced and transported
to the north, which is called as Monsoon climate. On the other hand, the high pressure
zone is generally observed in the Eurasian Continent in winter and the dry wind to be
observed from the continent to the Indian Ocean through Nepal in dry season.

In April or May, the pre-monsoon rainfall is gencrally observed in the Study area, in
which heavy rainstorm is there in a short time. This is the symptom of the coming
monsoon season and the many farmers are to start the cropping the com and beans
assuming the rich in rainfall in the near future. The pre-monsoon with intermitted storm
rainfall is generally observed once in 10 days up to end May or middle of June. After
then, precipitation is observed almost every day in July and August. In September or
October, the post-monsoon climate which is like the pre-monsoon with occasional
rainstorm with more or less 10 day interval. From November to March for 5 months,
almost no rainfalt is observed.

The regional rainfalt characteristics in the Study arca are assessed based on the collected
data. The annual average precipitation in Daman station is about 1,700 mun for 26 years
from 1969 to 1994. The highest is in 1973 with 2,426 mm, followed in 1978 with 2,312
mm and 1974 with 2,307 mm. The lowest is in 1994 with 1079 mm, followed in 1982
with 1,258 mm,

Rainfall characteristics in Sindhuli district is also same as Makwanpur district, however,
the rainfall amount in monsoon season is much higher than Makwanpur district. The
annual average rainfall at Sindhuli Gadhi is about 2,700 mm which is about 1,600 mm
more than the Makwanpur district. Another characters is found from Figure 1.3.1 is that
the annual rainfall on the southern part of area is generally higher than the northern part of
compared Chisapani Gadhi of 2,112 mm with Markhu Gaun with 1,465 mm, as well as
Sindhuli Gadhi of 2,680 mm with Nepa! Thok of 1,034 mm. This is because of the
topographic conditions depending of the location of high mountain range. Those stations
which are tocated con the south of the high mountain range are recorded more rainfall than
those on the north of high mountain range so that the direction of monsoon in rainy
season flows from the south to the north, and the clouds are trapped by the high mountain
range.
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2. LOW FLOW ANALYSIS

2.1 Available Data

Figure 2.1.1 shows the location of river stage gauging stations in and around the Study
area. ‘There are two river gauging stations in Kulekhani watershed and on¢ in Manahari
watershed, however no river gauging station exist in Agea river in Makwanpur as well as
in Marin watershed in Sindhuli district. The followings are the list of river gauging
stations in and around the Study arca:

iD Station River District Elev. | C.A. | Established | Closed year Data
No. Name system year collected
(m) {km?) period

446.8 | Betrawati Phalankhu | Nuwakot 630 162 Apr.1969 - 1971 -
- ' 1985

447 Betrawati Trisuli Nuwakot 600 4110 | Apr.1967 - 1967 -
1993

448 Tadipul Tadi Nuwakot 475 653 Jun, 1968 - 1969 -
Belkot 1985

465 Manhari Manhari Makwanpur | 305 427 Jun. 1963 - 1963 -
1990

470 Lothar Lothar Makwanpur | 336 169 Nov.1963 | - 1964 -
i990

565 Lamichaur | Kulekhani { Makwanpur | 1514 | 122 Jul. 1975 Dezc.1978 1976 -
1978

570 Kulekhani Kulekhani | Makwanpur | 1480 | 126 Dec.1962 Nov.1577 1963 -
1977

589 Pandhera Bagmati Sarlahi 180 2700 Jan.1979 - 198} -
Dobhan 1990

590 Kamaiya- | Bagmati Sarlahi 177 2720 Jun. 1964 Oct.1984 1965 -
Mangalpur 1978

Among the above river stage gauging stations, two stations are selected for low flow
analysis, Manhari and Kulekhani in Makwanpur district, taking into account the selected
priority areas for the Disaster Prevention.

The monthly discharge record for the two gauges are shown in Tables 2.1.1 and 2.1.2
respectively. The collected data for the other stations are attached in Data Book.

2.2 Run-off Characteristics

Annuval runoff ratio for the two river stage gauging stations are assessed as shown in
Table 2.2.1, which is estimated based on annual precipitation at Daman rainfall stations
for Manhari river basin and the average rainfall of Daman and Markhu Gaun for
Kulekhani river basin. Based on the calculation the annual runoff ratio in Kulekhani and
Manhari river basins are almost same with about 70-80%, indicating rather high run-off
ratio.

This is assumed that the water holding capacity of the basin are generally low due to steep

topography and poor vegetation in the basin. The river flow at the end of dry season is
critical condition and the water availability in this period is quite limited.
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~The monthly duration curves at the above two stations are described in Figure 2.2.1. The
Figure also indicate there are big difference in flow in wet season and dry season, and the
water storage will be quite effective for maximum utilisation of river flow. The reliable

river flow in respective basins are summarised as follows:

Dependable flow Manhari Kulekhani
{427 kxm?) (126 km?)
50% dependable in Notinal Year 8.36 m’/s 1.75 m’fs
80% dependable in Normal Year 426 m'/s 1.15 m’/s
95% dependable in Normal Year 2.92 m'/s 0.86 m’/s
50% dependable in Drought Year 578 m'/s T.36mYs
80% dependable in Drought year 3.24 m'fs 0.82 m'/s
- 95% dependable in Drought year 1.97 m'/s 0.48 m¥/s

In case of the Study, the suitable dependability would be 95% in normal year or 80% in
drought year, as the proposed project is rather small scale in the communities in rural area
so that the required reliability for water supply would be rather low compared with the
large scale irrigation or water supply project.

2.3 Low Flew Estimation for Community Development

The estimation of water availability for the respective community development shall be as
follows; - -

for Phedigacn and Phatbazar in Kulekhani watershed

Since the community is located in the upper most area of Kulekhani watershed with a
catchment area of more or less 5 km?, the low ftow data at Kulekhani gauge with 126 kny?
will not be available. Because, the run-off characteristics in the upper most area is highly
depended on the geology, topography and the vegetative conditions and it is usually not in
propottion to the runoff at the far downstream area. In case that the low flow availability
of the Phedigaon/Phatbazar is estimated based on the run-off at Kulekhani the designed
specific discharge will be at 30 litter / sec / km’, however, it shall not be used for the
design purpose. For estimating the available flow at the area, it is better to ask the
villagers about the stream conditions in the long term view point.

for Chisapani

Chisapani is also located upper niost area of Agra river catchment, and thece is no river
gauging stations in Agra watershed. In case of Chisapani also, no hydrological approach
as to estimate the available water exist, and the detaited field investigation with hearing
survey from the villagers will be required, There are some spring sources in the area, on
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which the water is observed through the year, The amount of the spring water would be
depended on the geological structures in and around the basin,

for Namtar

In the case of Manhari Khola at Namtar, the catchiment area at the village is about 60 km?,
which is about 14% of the catchment area at Manhari gauging station site. In the case of
Namtar village, it is also difficult to apply the ratio of catchment between Manhari gauging
station and Namtar village, however, it can be used as the tentative estimation for
preliminary design purpose. In the case of Manhari river, the 80% dependable flow in
draught year is estimated at 10 litter / sec / km?®.
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3.  FLOOD ANALYSIS

3.1 Procedures for Peak Flood Estimation

Estimating the probable peak flood for the respective river structure site is inevitably
required for designing purpose of the river structures. The procedures for estimating the
peak flood is generally to develop the flood mun-off model such as storage function
method, unit hydrograph method and so on applying the recorded hourly rainfall and
discharge record collected from near by the structure site.

In case of the Study, however, there is no applicable river gauging stations for designing
the peak flood discharge. In addition, as most of the rain gauge stations measure only
daily basis of rainfall record except Tisiung hourly rain gauge station, it is not possible to
apply such normal procedures as storage function or unit hydrograph approaches.

In this Study, therefore, the rational method, which utilises the results of daily probable
rainfall record nearby the structure area, and converting to the assumed instantaneous
flood discharge taking into account the size and the slope of the drainage area as well as
the length of the river.

Rational formulae is widely applied for estimating instantaneous flood discharge in the
small drainage areas generally within 100 km® in mountainous area of which no discharge
gauging stations exist. According to the applicable range of rational formula for flood
estimation above, all the structure sites in the Study are applicable to the rational formula
for peak flood estimation. The detail procedures are mentioned in Sub-section 3.3.2 in
the report.

3.2 Estimated Probable Rainfall in the Study Area

Based on the procedures mentioned in Section 3.1 above, the probable rainfall analysis is
carried out prior to applying the rational formula. The following rainfall stations are
selected to apply the rational formula for respective project area:

(1}  For Phedigaon Community Disaster Prevention Plans

Since there is no rain gauge stations in the Phedigaon drainage area, Daman
rainfall station is selected to apply the rational formula, which is located on the
southern edge of Kulekhani watershed and the distance between Daman and
Phedigaon is more or less 10 km without high mountain range. Considering the
above, the observation record at Daman rain gauge station can be applied for
estimating probable flood for Phedigaon area so that it seems that there 1s no big
differences in rainfall characteristics between Daman and Phedigaon.

(2) For Namtar Community Disaster Prevention Plans

Namtar is located in the upper part of the Manhari Khola, and there is no rain
gauge station in the drainage area. However, Daman rainfall station is located just
on the edge of catchment boundaries between Kulekhani and Manhari watershed.
Considering the above, the observation record at Daman rainfall station is
available for estimating instantaneous flood discharge at Namtar.
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For Chisapani Community Disaster Prevention Plans

Chisapani is located on the upper most catchment in the Agra river basin.
However, there is no rain gauge stations in the basin. Tistung rainfall station is
located on the western edge of the Agra basin, but it is not available so that the
observation period of Tistung rain gauge station is only 4 years.

The observation record at Daman rainfall station will not be suitable applying for
Chisapani. Because, the drainage area of Chisapani is located on the behind of the
mountain and there might be different rainfall characteristics between Daman and
Chisapani due to the high mountain between them.

However, there is so far no other choice other than applying Daman gauging
station for estimating instantaneous flood discharge for Chisapani, and the Study
Team finally determined to apply the observation record at Daman rainfall stations.

For Mahadev Besi Bridge Infrastructure Disaster Prevention Plans

Mahadev Besi bridge is located in the downstream end of Agra Khola just
upstream ?f the confluence of Mahesh Khola. The drainage area at the bridge site
is 112 km*. :

As mentioned in the above paragraph (3), there are no rainfall stations as well as
river gauge stations in the Agrariver basin, In case of the Mahadev Besi bridge,
the rainfall record at Dhunibesi would be rather applicable than Daman. Because,
Dhunibesi is located in shorter distance to the bridge than Daman though the both
stations are located on the outside of the Agra river basins. Because of the
location of high mountain range and the direction of monsoon in rainy season, the
Dhunibesi which is located north of Chandragiri Range with an elevation of more
or less 2,500 m. The Agra Khola basin also located on the north of Chandragiri
Range but Daman is located on the south. Considering the above, the Study Team
determined that the observation record at Dhunibesi rainfall station is applied for
estimatton of instantancous flood discharge at Mahadev Besi bridge.

The probable rainfall at Daman and Dhunibesi are accordingly calculated Litilising the
annual maximum daily rainfall for 26 years for Daman, and for 20 years for Dhunibesi as
shown in Table 3.2.1. '

The following tables are the results of probabitity analysis of the point rainfall at Daman
and Dhunibesi which applies the two theories of Gumbel and Log Pearson Type 1l

formulae:
Retutn 1 _ Deman¢om) | Dhunibesi mm) -
Period Gumbel [ Log Pearson Type 11 Gumbel | Log Pearson Type Il
2 thi - . lo2 .93 L 87 o
oSy o182 o p 3% 135 h._ny
S 1] L A S 1)/ T 163 b 146
20l s 238 e d 190 _ 77
30] 3o 292 B 205 198
_ 40 319 317 b 215 - 213 ~
O 33 b 3 | 224 L 226
——___ %0 364 _.._...38 . L1 W 254
1o o 3w 08 249 269
200 422 489 275 319
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For applying the rational formula, Gumbel theory is applied so that the probable rainfall at
20-year return period of the one applied in Gumbel theory indicates rather higher value
than the one of Log Pearson Type 11l in the view of conservative design.

3.3 Estimation of Design Flood Discharge

3.3.1 Conversion from Point Rainfall to Basin Rainfall

Prior to applying rational formula for estimating the instantaneous flood discharge, basin
probable rainfall shall be estimated. In this Study, Aerial Reduction Factor (ARF) is

applied to convert from point rainfall to basin rainfall as the following procedures:

A popular formula is expressed:

— a+b
R= ., Dx =
\[ JA+C
where A : area(km’)

D : duration (hr)
R : rainfall (mm)
a, b, ¢: coefficient

Popular formula has been expressed by putting the coefficient
a= 13, b= 10900 and ¢ = 30.9 (Figure 3.3.1)

However, we here introduce formula, because the ARF is assumed to be variant not only
of the area but also of the duration time. According to “Highway and Urban Hydrology
in the tropics”, L.H. Watking and D. Fiddes (British Library Cataloguing in Publication
Data, 1984) the following equation is said to be appropriate, to a small basin.

ARF = 1 - 0.0387°%7% A™¥

where T : duration (hr)
A area(km?)

In this study, we make use of this equation (Figure 3.3.2).
3.3.2 Estimating Design Flood at the Proposed Structure Sites

In the plan formulation for disaster prevention structures mentioned in Annex-2 in the
report, design flood was determined to be equivalent to 20-year probable flood.
According to the design criteria, 20-year probable instantaneous flood for all the river
structure sites are estimated applying the rational formula as the following nranners:

=1l f R
% 55!
where flood peak runoff (m'/s)
runoff coefticient (f =0.7 assumed)
rainfall intensily within concentration time (mn/h)
catchment area (km?)

> w‘*\_go
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Rainfall intensity within concentration time is estimated by the following formulae.

R.1t
Tl L
T = L
3600 W
Iy = 1‘24( 2—t4 )E
where T : continuation rainfall intensity within t hours

T : time of concentration (h)

W : flood propagation speed (nvs)
[. : length of waterway (m)

Y24 :  daily rainfall depth (mm/day)

For the computation of concentration time, Kraven’s formula was used:

in case of HL> 1100  eeeeeeee w=35m's
1200< HL < /IO ----o--- w = 3.0 m/s
HL<1/200 e w =21 mfs

The results of the design flood estimation are summarised in Table 3.3.1.
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JICA F DISASTER PREVENTION STUDY
IN THE CENTRAL DEVELOPMENT REGION OF NEPAL
ANNEX - 3

Table 1.2.1 Meteorological Summary in Daman
LOCATION : DAMAN LAT. 2P 3N
INDEX NO. : 0905 LLONG. :85°05'E
DISTRICT : MAKWANPUR ELEV. 12314 m. amsl
(1987 {1988)
AR TLMPERATUREC RELAVIVE VAPOUR S AIR TEMPERATUREC RELATIVE VAPOLR
Absolute Numberof | HUMIDIIY % | FRESSURE mb Absalute Nuamberof | HUMIDITY %  FRESSURE mt
Month Mean enlreme Days Observed at Mo | Mean elreme
Mot | M § Daily [Max A Min & Mac | Min, | B4 1 K745 ) 845 | 17,45 Max § Min. | Daily Mav. & Min, & B 1345
Doed Doe | 2307 <0r | NST | nNST ) w87 | MST Dute | Date. g T | NS§
AN o] 13| 8051723 00 [+} 4 52 % iR 15 JAN 123 14| 20| 1560| 00O 0 16
8 1 1 18
FEB 148F A8 | 93 f 170} 02 (4] 2 62 53 A 34 |FEB 140 33| 80| 164 | O 0 ¢ 2] 71 g4 &4
19 4 B 2 : L] 24 L
MAR § 155 55 | 105 196 ] 30 4] ] €5 82 9.3 0.3 MAR i5.8) 48 | 103] 185 30 0 Q 34 T £5 8.5
o 30 2 2 2 JL- 300 < 0 IO S IR B T ]
AFPR 01| 90 | 45} 244} 70 o o 42 &4 1t.4 182 AFR 09| 97| 148 40| 10 o ] hit] 57 92 106
8 _al a) &a | a
MAY | 208 09| 159 50 1 ] 34 53 149.6 ¥y MAY | 205] 118] 162 238 | 90 0 aQ 72 72 144 141
4 : 10 ] a 2
N [259] 145 ] 182 T o0 [T | 5 [Tise | wey [un [ no| a3l o [ o | 81 | & | 1ns | s
| a a 122 aj 2 a a2l al_. A1 1L 23] s
L 8 47F 128 123 4] ¢ 5% 3 186 191 JLL 200|146 178 4| 126 0 0 §2 £3 18.3 19.1
28 a 2 al _ia 17 a aj
AUG | 210 | 2428t 13 ¢ ¢ €9 o0 1.7 1.7 AUG 209|144 177 123 | 130 0 0 90 £3 184 189
i7 8 133 a El
SEP 222 14118l 124 4] o 2 =3 1756 154 SEP nT| 136 17.7] 243 N3 1] ] &5 6 173 18.1
29 i5 16
ocCT 19921 9%a {149 10 [+3 4] % 76 130 0 OCT W4)| 11.2] 158 230 | 82 7} aQ 75 H 146 131
. pis] al & a a & 2 . 3 1% a 3
N0V 19| 46§ tit3 1] 1} o] 61 I o7 11.2 NOV 66) 5| 109 196| 25 0 Q 6 75 154 105
35 1% Py R I
BEC 13.32] 28 | 8ip -1.6 (1] 2 0 &7 g5 81 1DEC 30 9] 80| 2| 00 ] ] W0 £ 8.4 95
17 il { K a a; 3a % a
YEAR | 135 88 | 137 -1.6 L4} ] It 6 12.2 18 YEAR IS.E1 88 | 135 243 | 00 0 3 75 17 129 Kz
DEC SEP | JaN
(1989) {1990)
AIR TEMPERATURE®C RELATIVE 1 VAFOUR AIR TEMPERATURE °C RELATIVE VAFOUR
Absolute l Nomberof | HUMIDIVY & [ PRESSURE mib Absodute Numbes of { HGMIDITY % | PRESSURE mb|
\Month Mean eniFenw ins Obsenedd at Aonth hiean entreme Days Obsenved at
Ma | Min [ Daity purac A & Max [ Min | 845 [ 175 | 845 | ares Max. | Min | Daily (Max. &Min. & Max | Min.§ 845 | 1745 | 845 | 1745
| Date | De J 2307f 50| NST | NSy | nST [ NSt . Doe] Dog | 230 corf NST | NST | NWSE | NSY
AN Wy 03| 52134 40 1] 12 67 75 6.1 66 IIA.\' I37] 32 85 1634 -1 Q 8 57 57 6.4 12
b _h] 31k 3 k] b bl 25 10 b
¥EB 125 28 | 2.7 | 155 | 03 1] & 6D 53 &6 6.0 HFEB 110] 24 ] 67| t143] 01 0 0 " 13 2.7 15
. b W o2 | 19 h e 8 4 4] 1l 4 :
MAR Jjai] 34| BB | 176 03] 0 & 6l 55 i 6.8 MAR | B36) 29 &3 18 ] 08 0 0 7 73 8.5 36
i _H 9 i} i a al aj 2 22a] 3 al
APR 1921 BS | 119 | 228 | 490 1] ] LE] 50 19 8.6 AFPR 184) 791 132| 218] 24 0 0 &3 n 0.9 172
,,,,, B H | A ] 1] o a aj 25 Aa 2 3 a & - a
MAY | 255 120 158 253 | 80 0 o » 3 58 | 154 ] MAY [ 192 1081 153 2251 60 0 0 8¢ 80 145 3 152
. b by 6b | td ¢ b B 6] 1 b
N 203 13| 172 | 230 110 [+] 0 8} 85 €5 16.1 LN He| 1401 18¢| 2367 1222 0 0 24 83 58 189
2 2 2] _lla Ja El al____a o __al by bl _17b 10 b
ny iR 4173 242 | 123 0 0 R 83 184 13.3 IVE 2| 140 176 2135 B4 V] ] a1 a4 180 18.4
,,,,, I SO SENE-) U 1.7 I QUL TG (R SV SURUI [ SRR [N DU A PR S Y ) S SR DU
AUG | 200 134|123 223 | 122 0 92 87 188 1.7 AUG | 19| 137 198 2451 128 ] 0 £3 85 1.9 18.7
_ 5 by b5b 7 b, a 4 & 3le 4 [ 4
SLP N2 129165 NG 110 1] 0 90 31 173 168 SEP AP0 172 244 100) O 0 89 8 12.0 172
[N I« S Y 2 o 2 |\ ¥ o af | [ ¥ 27 IO B
OCF 1O0F 98 [ 154] 226 S0 Le] 0 2 87 139 160 OCT 196) 84§ 14¢| 220 48 0 0 73 &0 133 kRl
U IRUR UUUUN T U 11D DO _ o b by B % b E O
NOV [ 150f 42 L 96 f198] 10 0 0 n -] 2.4 WS fINov | 1iz9] 56 ] 118) WS 26| © 0 &8 6F 21 102
a, 3] 1a 29 E a 3 ¢ e 18¢ ¥ 1 £
G 1 134] 18} 76 ] 186¢ 62| O o &0 &9 &6 78 FIDEC Jr4n| 241 83| 1631 O3 0 0 &2 65 18 9
10 26 a E) al _1%a ] Ma a B3 E: a a] 2
YFAR | 176} 8 128§ 352 -40 V] 13 3 5 120 12 YEAR l?.S‘T 82 ] 1130 | 2451 -1 0 ‘l i) | 5 6 125 128
MAY | JaN AUGE 1AM
NOTICE ’

1) SOURCE: CLIMATOLOGICAL RECORDS OF NEPAL 1937-1990, DEPARTMENT OF HYDROLOGY AND METEOROLOGY . JUNE 1995
) MISSING NUMBER OF DAYS: a=1; b=, o= X, ded; £5; [=6; p=7; b=8; 1=, j=10
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JICA 1 DISASTER PREVENTION STUDY
N THE CENTRAL DEVELOPMENT REGION OF NEPAL

ANHEX - 3

Table 1.2.2 Meteorological Summary in Hetanda N.EI

LOCATION : HETAUDA N.F.L. LAT. $27°25'N
INDEX NO. : 0906 LONG. :85°03'E
DISTRICT : MAKWANPUR ELEY. :424m. amsl
{1987) (1988)
AR TEMPLRATURE C RELATWYE VAPOLR | AIR TEMFERATURE®C - _.J RELATIVE VAPOUR
Absolute Numberof | HUMIDITY % | ERESSURE mtb Atsalule wumbeqof | HUMIDITY % | PRESSYRE ml
\anth Mean externe | Days . Observedat. | Monh ] . Al __extragw Obsecved at
Mex, | Min. ] Daity Nax. Min, & Mac ] Min | 845 1 im43 3 8143 | 1745 Ma.§ Min. | Daily iMax, & Min &7 3 845 3 1745 | 845 | A5
— . Y Dute ] Doue x| 00| NST | NST § NST | NST Dute | Dase | NST § NST | NST | NST
JIaN 226 85 ] 1561 252 2 o o %0 ) 125 15.7 Iax 227 83| 155 32 A2 83 13 1246 14.5
al __2] 3001 1a 2 4 9 EY F]
IEB 35| 1061 180 189 7.4 a 0 » &5 138 159 FEB 154|109 18297 23 24 0 [4] §i &4 14 15.7
— #ol 3 o 28 4 .
MAR 286 tasf 2t6| 27| 98 1 ] 74 64 174 | 218 MAR 2330 142§ 23| 327]| 98 7 4] 67 54 15.1 159
310 1 R a 2 2l Xoa] 3a aj 3l 3 a a af
[ R 39| 82 236 60| 130] 26 ] W 2] 207 | 286 AFR 327183y 255 32z 122 35 o] 63 64 A4 2137
. 30 12 3 al i & u 2 ¥
VMAY | 339} 2049 272 385 | 154 24 o 30 5t 2.2 § UL say | w2 oz2 27| 3ss | 8| 29 ] B 0 263 7
240 4 B 10 | 14 F) A
N 33245 289 387 218 28 0 I 0 221§ 95 | hHuN Ma| a2 338 96| 23 0 » 7% 81 ] 94
2 a 2 193] 2a 2 & a 3| a 3 14 1. 38 . Y a
o 300824 272 30| 122 19 1] 7 82 301 R LY W8] 2457 20| R 5| M 0 85 8s 33 g
. 180} 25 . _ I 17 2 al a
AUG | 300 ] 38| 268 2 W21 N 1] 87 85 255 | 300 ALG 303F 239 | vy | 332 20| N L] 87 88 k] 0.4
et 8 . | 3 i) - L1 A
SEP 07| 233 0| 24 2081 214 ] 55 &5 96 | 12 SLP oy anz|m 33 w02 M L] B3 2 287 95
IR SN sro: o b || N e . S <2 I I I
oCT 7| 12| 239 M2 134 9 ] 11 §2 235 | 2656 OLT 299§ 19 | 15| 320 16 18 L] m 81 e 6.4
X 104 20 i 2 30 e
NOV ] 23| x| 2} 90 102 ] o 31 %2 187 | 214 NOov IS MG | WS 25 85 [¢] 0 62 o 155 17
80 | 12 . b 3 bl bl 2 |X¥h b [ b b 1y
DEC O] 101} 1203 268 64 Q 4 17 7 148 172 § |DEC 2405 104|172 | 264 82 o] ] 87 T r4? 155
. 19 2 b b a aj _2a 29 a e
YEAR | 290 ¥25¢ 233 | 85| 52 151 O » 73 04 242 YEAR | 288§ 75| 232 2| 42 171 L] 2 73 0.2 231
MAY | JAN APR | JAN
(1989) (1990}
AR TEMPERATURE "C RELATIVE VAPOLR AW TEMIERATLRE®C ... RELATIVE YAPOLR
Absolute Sumber of | HUMIDITY % | PRESSURE mb) Absolute Numberof | HIAIDITY % { PRESSURE mb
Month Mean eatieee b Days Qbeened at Month Mean evtreme Diays Obsencdat |
Max | Min. | Daity Max. & Min. & Max. | Min, | 845 | 1745 | B45 | 1745 Man. [ Min. | Daily [Max. Ri’.\hn. & Max | Min | 845 | 1745 ] S48 | IS
Date | Dare § 2307 O | NST | NST | NST I NSTQ | pote ! Dute 1 2307] sor | NST | _NSp | NSE | NST
AN 07| 24 [ laig 226] 50 1] [} 91 63 107 | 124 | paxN 236 83 ¢ 16 | 266 4 0 0 ] k]| (2K 15
b b L 15t Mk by [ & H) 4_1.
FEB S| 28 j157] 30 446 i ] 75 54 ils H A tE8 232 1w} 167|268 ) 12 1] 0 214 &7 116 143
i | 15 | al 2 ~ 9 2 1.
MAR | 287 131} 2097 3 8 9 [+ 6} 435 138 133 MAR [ 270|132 202 22| B2 7 [+ L3 (-3} 15 17.2
23 3 a | 20 3 —
AFR 333 152] 250 38 120 2 [+ k] 24 1.7 169 APR IISp 74 15| 345 tz 3 1] &3 &l ) 224
24 3 N 16 1
MAY | 3M8 1S : 28 Q 63 56 ny 212 MAY [ 319) 213 266 348 166 27 0 " 15 6.8 1
at a a 2 I X 21 —
JUN 383 247 % 0 9 7 289 | 291 f Pun AR BTN BP0 X B X 4] 0 L1 84 nT | xs
a 2 al @ = 8 7 _
L 981 137 18 '] 8% &5 293 3-0T . 08| 244f 276 M3 23 F 4] &3 89 3 s
. b 3 3 22 .
AUG 5| 236 29 ¢ g1 83 9.2 254 ALG | 28 ] 336 2220 1} 83 87 kY] 315
. 01 28 — 2 ..P
SEP wo| 2119 i? Lt 86 3 ®Ss | 291 SEP 269| M 041 % ¢ 85 89 9.3 A7
| ) — R -7 S N 4 [ Py st S S
OCT | 299 134 3 Q 17 2 23 | 255 | 30CT 233 340 ) 1027 ¥ ¢ 83 'l 24 235
o U I 1 Y al 73| 2] 2
NOY 57| 116 ¢ 0 B0 ko 6.1 15 NOY 06| 05| 86 [ [+] 3 i8 13 n
a a . 11 K1) 3 a
OEC | 2285} 73 ¢ 0 &6 3 125 [ 139 | JoEC 284 80 [ 167] 6 | &3 ¢ & 8% 82 148 § 182
— 2 25
YEAR | 235 | 164 [ $53 0 75 87 199 | 204 YEAR | 288 ] 17.0 | 230| 355 4 180 [ 8} 8 233 | 148
JUN | JAN
NOIICE

1) SOURCE: CLIMATOLOGICAL RECORDS OF

' AMISSING NUMBER OF DAYS: a=1; b=2; ¢=3; d=4; ¢=5; F=§; g=7. h=§; i=%, j=10
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JICA J DISASTER PREVENTbM STUDY
N THE CENTRAL DEVELOPMENT REGION OF NEPAL
ANNEX - 3

Table 1.2.3 Metcorological Summary in Sindhuli Gadhi

(1989)
LOCATION D SINDUE L GAGHL LATITUDE LEFNEN
INDEX X0, S 1107 LONGITUDE 16538
DISTRICT ISINDRUL EEEVATION 1463 m. ams!
AR TEMPERATUREC RELATIVE ] VAPOLR PRECIPITATION mm
Mran Absolute Number of HEAMIDITY & | FRESSURE mb Mavimam Number of rainy days
Mowh 3 evreme | days Obszaed 2t Toat | i 24hes 100100 . 250, 50D |
Mas, o Min, | Doily I Mac & Min & Mae Min LaES N 2 545 T3 & > w ' f o | o® ; >
: Dute  Date | 230¢  <F | NST NST | NST i NST Dute 190 9 A% H9 - 99 i 100
JAN : , i ] 1749 I S e ;P
. i : i : i ' i 1
11 : l ] W | w3 L2 T e L
waR |23 nes | 0
APR 32 : 050 [
. b PR i s
MAY ar 100 wrm I |
NP . LBb ] [ SR
N HN 70 905 20 13 TR
N L2mo ] B SO
L 28 130 B2/ 13 16 3 !
N op | LR IR SO I ERIORD I
ALG e - no| 2 ;o 88 i 92 ne o n2 4 ons | o] o2 10
SEP ¥ onr . 16| wo . 200 IR LT wy 25 | 3w | seen P ]
IR DR RS ST - TR T B R U NOE U I,
OCT WEDOI%s . 245 | 30 144 0 0 8 ;a2 &5 28513 & 6
I S SO R Y U S T S A I A TR
NOV oA 202 | 3 100 000 88 B9 9 00 0 [
DEC 8 1 52 | wo | 50 so [ 8 , 87 i 0/0 0 0
a 3 2| 6a Na | 2 2 a a
VEAR ! : i ! . ; 1738 | 04GUN] %5 32

NOTICE 51 SOURCE: CLIMATOLOGICAL RECORDS OF XEFAL 19311990, OEPARTMENT OF HY DROLOGY AND METEORDLOGY , JUNE 1095
DMISHING NUMBER GF DAYS: 211 b=2; €3, dod. a5 £o5; g=0: ha =5, Jo FR R el B a2 min 3 am? 4 0mES g b6 =17 118, 5= 1% ta200 U2l 6 =22, w=23 am3d; =18 ze36

{(1990)
LOCATION : SINDHULI GADHI LATITUOE T IPN
INDEX N0, 1t LONGITUDE  :§5°58°E
DISTRKT : SINDRULI FLEVATION 1463 m. amst
AIR TEMFERATURE 'C RELATIVE VAFOLR “PRECIPITATION min
Mean Absolute Nunbee of HUMIDITY G FRESSLRE mb Macimom | Number of rainy days
Mopte § . ateme | s Obsenved 2t Tomd) | b 24hrs [ TR 1 B T LS00
Min, - Mo Daily [Man. & Min & Moo Ming | 845 1745 [ 843 0 s & 2 ;o o ow e
! : Duwe © Dute | 230~ <r | NST  NST | NST | NsT e 10 99 29 99 0 9§
1AN 24 98 166 | 2724 50 [ 88 8 N 4 0 0id o . 0 - 0 o i 0
FEB nz oz oo | 220 100 ¢t o 54 18 kM 11411 5 o 0
N DTS R RO DN NS 1. TS I 1. T .
MAR w5 150+ 08 | 32 no 6 | o LT 2 50 2 o0t
AFR 00 183 - 243 | 42 ¢ 142 o0 5] 3l o | ars 6 ?
MAY 08wl 20 | S0 192 10 80 i 8 i :
A U . N -IT NI T TN SUNUNE AR S SR WU DR N : [
JIUN ns By 276 | w2 ue ' e HE ] S 3| w6 f s | 20 3 [ |
nL W0 o136 WBe | 20 onp 00 %k B4 29 ; :
T U U R - IO NN N ¢ NN SN | S oA ple] B N N P SR
ALG aooona w3 oume o ne| ®8 e 8 ¢ ot e R o0 L] 80 6 b 5 ¢+ 3 3
StP 040 B B3| NI ows | B0 L 1) By 0 | as s T D Ty e
1 % H . ! : : ¥
OCT Fe LIRS % B 1Y 1 13 0n i ,' 0 g4 . 87 ns w3 | o2 sirr | 2 e 2 A TR B
NOY B0 wa o wr | no e 2 ;o BE ¢ 86 179 183 : ‘
r Lol B %d e 4 1 NN I DU DU . .
DEC s 03 0 35 | wo 82 o P 81 &8 AR R ¢ 0i0 ¢ 1 92 0 o o
; ‘ 17 1) : ' ‘ : ’
YEAR %3 16 1o | B0 S0 148 [ [T 5 ¢ 13 : . : : i
: ) MAY AN _‘ : ‘ ! i :

NOTICE I SOURCE: CLIMATOLOGICAL RECORDS OF NEPAL 15421900 . DEFARTNMENT OF HY DROLOGY AND METEORGLOGY . JUNE 1595
DMISHINGNUMBER OF DAYS: 221 b ¢=did= 0 €50 0060 o X ha B im% J=i0n kot L 142 mawd 3 hm 1 018, pod 6 o7, 6md8: 40 ]9 w20 un2), vl wu 2} add; 252426
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NAME OF

Table 1.3.1 Monthly Precipitation Summary in Daman

SITE

STATION No.
EST.DATE

DISTRICT

: DAMAN

: 905

: Sep. 1965

: MAKWANPUR

JICA } DISASTEA PREVENTION STUDY
IN THE CENTRAL DEVELOFMENT REGION OF MEPAL

LATITUDE

ANNEX -

LONGITUDE
ELEVATION

ZONE

]

(mm)

127 36°N
:85°05'E

123 1dm

: NARAYANI

YEAR

IAN, FEB MAR: APR MAY! JUN ! JUL ' AUG'

i

SEP OCT NOV DEC

i r
i |
I

TOTAL

MAXIMUM DATE

IN 24HIRS. |

LA
B
0

—— 9 [
U

236
L3

i

LT

S 25 -
7.

2.
e

36
39

20
0

‘0:

’
t

12

24

a.
.
67 .

80

45 1142
56 64 144 190 234
250 M6 253

RO

38.

184

sS4 163
218

533

180189,
2 148 53 230, 655, 467

35 a7 12 259 303
1116, 284 382 6T

583 191

185

2,

434, -
; : : ; i
51, 103 100 179, 224; 353

158 417
om0 e
0 39 30 197 S19
10, 169, 262 333 352
18119 162 681
6 204 33 330
8 231 167449 15| 240
9 26 257 623

4 58291 312
S0 %0 159 214 347
.26 19 16 35693
19 o8 247 189

N7,

b

380

39

269 26 20 80362 95% 161
B 4T 47 M 189 618 25 21
503 655,
64 202 284848 304 :
67 28 536296 2
0 35 196 186 20 212 316 N

828 340

259.
25

[P

353
531,

15,
|

217

(285

74
401

222,

1o e T

12y 2, 6

67

a9y 25
14
a2
176, 2

201

304

9.2

i i

L sl

o

82

S

415 . 20.Aug
586
1216 ¢

6 1030

L1560

182 ¢

| 817

1680

768
s
2075

1205
90
oS

1510

s
6ts

820
. 550
32

74.5

J.965 -

. 16Jen

_ 26.Ju}
_29Jun
28.1l

2.8ep
W21l
__10Jun
_20.Jun
_16.Jul
_21Aug
__29.3ep
__6Jul
170wl
_46.Sep
3.8ep
21.Ave
200
. B.S5ep

- 28.Aug
24
204

26.Jun

AVERAGL

48 170 283 463

335

260;

IEXTREM i

73

1S 102 224, 360 618 958 655 601 248

46, 92

373.2

200193

SOURCE: DATA BOOK BY DEPARTMENT OF HYDROLOGY AND METEOROLOGY (1969-1990),
INPUT DATA AT DEPARTMENT OF HYDROLOGY AND METEOROLOGY (i991-1994)
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NAME GF
STATION

JICA  DISASTER PREVENTION STUOY
IN THE CENTRAL DEVELOPMENT REG!ON OF NEPAL

ANNEX -

3

Table 1.3.2 Monthly Precipitation Summary in Sindhuli Gadhi (mm)

SITE
No.

EST.DATE

DISTRICT

: SINDHULT GADHI
1107
1 0ct. 1971

: SINDIHULL

LATITUDE

LONGITUDE
ELEVATION

ZONE

2P AT N
:85°58'E
: 1364m

:JANAKPUR

YEAR

JAN

FEB MAR APR MAY JUN JUL  AUG; SEP OCT NOV DEC

TOTAL

MAXIMUM
IN 24HRS.

DATE

(1955
1956,

1938
1960

1962
1963
..1964
L1965

1966

1968

1870
L7

1973
1974

BTN
1976

LETL

1950
1981
1982

1984
1985
1936,
1987,
1988
1989
1990

1957 .
1959

L2

LA
1969

L1972

BLEZLE

LTSN

1983 1

=B

- o

32

o v o oo ]

0.

56,

L2130

.32
24
38

.68

.99

38
A

34

11

83
L SE
B L

21

- 0

45

16

4 168 304
0 144 24 142,
234 212 34),
33139 61
104 222 880,

9t a2

384 357

(98180 630

192

47

89, 241
390 257

4 2356 504

4

LA
20 113405 407
(360 1356

46

232 )

39 u2 52
65 229, 264
70279 310

70

86,366,
0. 850

R
360 798

51293

258 260 602

308

369 252 594

98 99 552

1950 179

8 402 504
193 3110 390
106 86 510 S8 8
65 2150 161 1210 347, 590 186

61306 603
31209 4600 867 883

90, 210 706

61344 sal

109

0 141 356 490, 286

- 406

| 652
598

559,

_553:

655 1215, 243, 162
nsy 258 s
o

894

18

698
588

414, 174
617 97 T
522

95, 297, 145,
S35 42
210 633 247219,
377624, 394 12
424 408 216, 143
457; 388 105

321

360" 157,

550, 87
505 248
799, 431 49
AT 269, 6
274 536 o1
2950 256] 160,

958
497,
407,

3

681

532
869
842
562,
443 151

846 752, 4520 200,
810, S14. 989 225

602 80 518 6

585 624 S04 98

948 628 1005 100
83 8IS 182
435, 588! 479
812 691
3
415

65

.1 ssp! 245

_Arn

452 135] 165,
1006 333125

64

64

539596 116,
326636 223
647 529 364
88
434, 456 128

pii=iF S

4719 85
47,49, 358 868 TS, 622 287,
298 150,

12
0

0

Lo e
¥ e

S b : : P
o e e sl i e o s o 8o e

! o
=2~ ¥

L2093
1820
2676
21%6
(2481
- 2408
- 2999
2212
2379
2690
314
2186
1972
1894
3295
3172

1913
281
| 25%0
_3330

3126
3504
2945

IR
2989
1788

2487

254
2994]

2705) _
2019
37081
2| 3568
27

1460

2864

120

900

1850

1500

1650

4

1321
a2
161
1612

L2350
LBsre
1552
. ,,}Qé,‘o,, R

L2166
20

60

L2200
(660
L300

3000
3020
1350 1
1880
20 G
2080 -
1780
Cano
1100 ¢
895

L ASep
. 6.Aug

_24.Aue
23.Avg

21.Avg

3 Jun
_21.Jun
_2%Jun
L 22.Aup
. LAug
2
o 9du

_LJun

o 18.Aue
Y N
2020
L2900

LR
_1l.dun

180wl
_ 28ep
.. 40
_22.8ep
_.304ul
L 23.Apr
_20.Aug
_98ep
_29.5¢ep
17.Jun
S
16.8ep
_24Aug
.. 30Jun
19.0at

24
_.20Jun

AVERAGT

43

99° 199 © 450 682 « 388!

424 122

17

2680

il‘,X’I‘RliMl

213

369 402 880 1356 12151 1005 364

04

3706

3420 16.Sep.'84

Al-16




JICA § DISASTER PREVENTION STUDY
N THE CENTRAL DEVELOPMENT REGION QF NEFAL
ANNEX - 3

Table 2.1.1  Discharge Summary tn Manhari Station (1/4)

NAME OF SITE MANHARI LATITUDE 277 337 00” N
STATION No. 465 LONGITUDE 84" 48" 10" E
EST.DATE 13 JUN. 1963 ELEVATION 305m

NAME OF RIVER MANHARI CA. AREA 427k’

MAXIMUM i\'lONTIl[LY AND YEARLY DISCHARGES (m'/s)

YEAR | JAN . FEB MAR APR ' MAY JUN JUL AUGE SEP  OCT NOV ' DEC| YEAR

3963 56 44 34 70 5S4 230 SO0 466 556 434 136 T4 556
et |55 43 34 3179 s BL3 SL0 43S 235 116 75| 813
w65 | se 47 35 116 49 288 300 4000 510 316 260, 99| 4000
1966 | s2. 74 sa 33 64 208 76 4630, 1200, 2720 138 98| 4630
1967 | 7347 134 122 86 1750 4250 1480 1080, 297 9K 16| 4350
oaees | 1500 720 12 79 83 290, 1800 2230, 668 780 165 94) 2230
Cas69 | 67 se 94 4377165 412 2158 616 M6 123 75l 2150
9w | ss.55 260 180 95 396 4940 640, 44 175 92 79 4940
Cwen |70 62 67 98 137 200 560 986 366 450 195 89| 2200
Co2_ | s 49 42 36 49 356 1630 1170 830, 239 162 98| 1680
Com |83 134 83 35 120 1120 640 510 68 S84 140 75| 1120
Cdo7a |60 42 S5 65 125 6L6 1080 5220 6620 747, 142 88| 6620
s | 66 61 41 _ 44 157695 5100 1480, 1540 500, 180 126l 5100
i | 86 57 34 130 680, 1340 260 1120 oLl 330, 130 82 2260
e | ss 19 36 92 154210 502 1520, 345 209 26 nol 1520
i | 64 89 187 174 94 512 2440 724 667 568 sty 9s[ 2440
1o | 67 90 46 10 33 310 1010 4000, 1460 27.4° 134 160| 4000
1980 | 61 6152 86 160, 4.4 461 sis 710 140 87 69 710
o |69 sa 60 120 118 244 1440 2110 1320 360 120 81[ 200
a9z |52 49 55 34 106 106 844520, 3130 432 216 _1eg 3130
Caess | 94 58 50 62 194 1220 2500, 900 1280 512 14 69 2500
Camst |69 38 32 44 54 206 160 640 3430 280 104 56 3430
_aoss | g a3 36 34 98 77 343 608 1400, 1440 161 120] 1440
se_ | 81 172 78 704 7200 13200 9800 4300 3010 412 130 60| 4300
19w | so 36 146 60 62 251 2050 2980 1760 1360 122 146| 2980
1958 | a4 286 871790 146 434 467 1060 162 162 106| 1060
w98 | 230 87 98 154 146 604 980, 390 430 224 s2 28 a0

1990 17 18 25 18 55 500 1130 2610 980 647 170 76 261.0
AVERAGE | - 75 64 79 105 144 S37 IS8S 1787 1497 452 157 90 2828

: * 1 : ' i ; ;
EXTREME 233 172 286 704 720 2200 S100 5220 6620 1440 513 160 662.0
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JCA f DISASTER PREVENTION STUDY
N THE CENTRAL DEVELOPKMENT REGION OF NEPAL
ANNEX - 2

Table 2.1.1  Discharge Summary in Manhari Station (2/4)

NAME OF SITE MANHARI LATITUDE 27 33 00" N
STATION No. 465 LONGITUDE 84" 487 10" E
EST.DATE 13 JUN. 1963 ELEVATION 305m

NAME OF RIVEER MANHARI CA.AREA 427k’

MINIMUM MONTHLY AND YEARLY DISCHARGES (ms)

YEAR | JAN | FEB | MAR APR MAY: JUN | JUL AUG SEP OCT NOV,K DEC | YEAR

C 193 | 433530 28 19 18 59 182 162 122 12 ss| 18
w9t |43 33 29 25 19 18S9 25 245 U6 15 s6 18
195 |43 37 30 26 18 18 106 210 266 154 99 69 18
aoss | sk _as a7 28 25 22 163 235 249 13l 9s 68 22
1967 | a1 343125 16 13 73 ®S 207 104 73 sg 13
1968 | s1 xS 26 20 17 S6 160 123 159 159 94 61 11
969 | 47 34 31 26 22 39 67 170 324 128 15 _SS  22
1990 | 43 32 37 _ S8 30 35 98 268 190 _ 92 72 70 ___ 30
S8 5330 43 53 286 400 255140 98 57| 30

e | 6s )
w2 a4 37 29 26 25 25 13 253 n8 ass. 98 60l 25
19734535 30 23 28 30 242 224 20 145 75 S0l 23
e | _as 37 3139 34 37 380 324 265 146 88 61| 3
915 | 49 40 35 32 32 3L 128 310 414 180 126 66| 3
1976 {52 34 20 20 20 78, 370 M0 290 130 82 58l 20

917 | 43 33 28 36 33 33 154 280 200 120 77 60| 28
978 | a8 a0 36 33 48 ST 200 310 300 155 95 61| 33
1979 | 53 a6 33 31 25 2390 360 286 134 94 6l 23
1980 | 43 34 23 18 39 34 18 230 140 37 69 _ss| 13
Ctom | 5648 44 46 46 3484 230 20 120 81 52 34
ow9s2 |42 36 28 26 22 39 62 160 200 206 126 70| 22
ca9sy | sa4 46 42 30 42 12 126 358 Stz 14 69 50 12
1984 | 38 26 24 24 24 28 58 205 20 108 s6 a8 24
Jtess | a3 35 3333 33 41 61 161 372 172 87 66| 33
1986 56 52 46 44 5_2.8j a8 28.8; 638 197 84 57 50l . 44
1987 34 30 37.1: 3,15 34 33 7l3.07‘ 96._0'” 63._8___ ) 68 ___7._0; L __3:0
1988 | &4 76 62 68 82 73 16 179 138 14 87 82 62
1989 | B2 79 19 82 98 146 170 188 90 52 28 13 13

1990 1.1 1.0 0.9 0.8 08 50 &4 68 312 1’1'9j 1.6 5.5 0.8

AVERAGE 4.8 4.0 3A 33 50 40 140 283 210 129 32 6.1 25

EXTREME 1.1 1.0 0.9 0.8 O.Sj 1.2 58 6.8 2.0 52 28 1.7 0.8
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NAME OF SITE:
STATION No.

EST.DATE

NAME OF RIVER

Table 2.1.1

465

JHCA £ DISASTER PREVENTION STUDY
IN THE CENTRAL DEVELOPMENT REGION OF KEPAL

ANNEX, - 3

Discharge Summary in Manhari Station (3/4)

MANHIARI

13 JUN. 1963

MANHARI

LATITUDE 27° 33" 00" N
LONGITUDE 84° 48" 10" E
ELEVATION 305m

CA. AREA

427km?

MEAN MONTHLY AND YEARLY DISCHARGES (m'/s)

JAN | FEB ' MAR APR MAY

i
i

P

JUN i JUL. ' AUG

H
q

SEP

OCT | NOV

DEC

22 U

1964
o196
L1966

VL LA
1968 |....

L1989
1910

R LN
BNLELCI B
N L2 R

9

LS.

L6
97
1978

1979

1980

I
e | a7
A T X
a1 27
39 34

1983

s AT

L1985

B -
2

B 2
1989
1990

52
41
4

-
44

52

60
33
78

1.2

39 32
38 31
4032
| 42 R
a5
35
39
39 s
57
34
44, 40
40 37
46 38
a6 27

42 30
a6 as
5339
a2 37
a7
42 35

50
42
19
83 84
n

3'-4,
29 .
. 3,‘9., o
32
48,
27
35
117

56
28
27
14
_3'."_;.
36
54
34
39,
24

66
28

38
29
33

44

09

33
39
27
32
3
35
38
45

84
27
43,

55

46

8.8

62

64,
29
86

56
33
88
34
33 a0
388 517
a4
79 114
128 18
2.11

60190 38

sl 248 s

i 410 1280,
58270 893
a7 %7 7S
132 38 02
1 22 606
122562 410

7 36 03

67 558 525
23,421 36
178, 550 714
M2 99 66

398 712 487,
69, 283 42

202, 624 490
1 '
17405 919

120, 237, 329,
15 19.0. 559,

13265 92

48 183 317

364509 1050

102 767, 1790,
106 142 236
09 88250

43 837 SIS
27 265 344

260
306,
421
668
299,
46.4
410,
B 558

716,
90
256
O
96
197
499
520
614,
7Ly
65,
642
999
28
X
547

183 95

2er 1
186118

iy sa 61l
9|
63|

349,
358
925

162 95 65|

83

329 123
195100
48113
27 14669
193 22 13
215 1056l

265 12,

294 144 92|
191 103 69
167, 104, 69

247 134 83

02 103 8

1

1762

196 100 63
IR |
w2 88 s

145 74 S

385 M5 80

190 73

315 81 26

139 114 88

334 10 6.5

631

INLE|

2] -

S

91 38 24

AVERAGE

4.6 4.3

57

7.4

104 27 380
590

142 418

50.8

|
218

i

10.5 1
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NAME OF SITIE

STATION No.
ESTDATE

NAME OF RIVER

MANHARI
465

13 JUN. 1963
MANHARI

BICA ! DISASTER PREVENTION STUOY

ANNEX - 3

Table 2.1.1 Disbhargc Summary in Manhari Station (4/4)

IN THE CENTRAL DEVELCPMENT REGION OF KEPAL

LATITUDE 27" 33" 00" N
LLONGITUDE 84° 48" 10" R

ELEVATION 305m
CA. AREA

EXTREME DISCHARGES

$27km?

MAXIMUM INSTANTANEQUS

DISCHARGE

(m%s)

GAUGE HEIGHT

(m)

DATE

DISCHARGE  GAUGE HEIGHT
{m%s)

{m)

_ MIMIMUM INSTANTANEOUS

DATE

39

A

800

S Y S
e
o3

13 Jul. 1963

. 20Jul 1964]
LTI 1965
.27 Aug. 1966
oo O3k 1967
... 28 Aug, 1968
15 Aug. 1969)
1630k 1970]

- 13 Jun. 1971

oL 2BJub 197y
.24 Tan 1973
. 28ep. 1974 3.
IR I97S 3
_2h 1978 2 )
16 Aug 1977 280

L P 1
ULE ] I
BLE L

- 2.80

L
246

_16Jul. 1978 3.32

2 Aug 19790 C
_ 4 Sep.1980) L.
20 Aug. 1981 3.
. 198ep. 1982] 2
UL 111 15| DY
o V7 Sep 19344 2.
3 5ep 1985
27 Aug 1986) 4
8l igsy 2
 8Sep.i988)
. 8Sep- 1989

27 Aug. 1990

wr
s
2

i

ERUSS
036

B T
L 0as

B UYL S
0.59

B UL R

30 May. 197
26 Mar. 1977
 12Apr. 1978

068

R R

053
B S

IR

(036

om b

08

31 Dec

31 Dec. 1963

1Y Jun. 1964
14 Jun. 1965
13 Jun. 1966

 31Dec. 1967
13 May. 1968

24 May. 1969
L 15May. 1970
L 22Mar, 1974

15 Apr. 1971
~ 13Jun 1972
20 Apr. 1973

_I May. 1975

7hun 1979
17 Jun. 1981
13 May. 1982
.22 Jun. 1983

.. 21 May. 1984
_ 14 May. 1985

2 Apr. 1986

.23 Feb. 1987
15 Mar. 1988

6 Apr. 15990

Al -
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NAME OFF SITE
STATION No.

EST.DATE

NAME OF RIVER "

MAXIMUM MONTHLY AND YEARLY DISCHARGES (m's)

HCA T DISASTER PREVENTION STUDY

IN THE CENTRAL DEVELOPMENT REGION OF NEPAL

ANNEX - 3

Table 2.1.2  Discharge Summary in Kulekhani Station (1/2)

KULEKHANI
570
1 DEC. 1962

KULEKHANI KHOLA

LATITUDE
LONGITUDE 85

ELEVATION 1480m

CA. AREA

126km’

277 397 407 N
17”7 50° F .

YEAR

JAN ~ FEB MAR APR MAY JUN , JUL ' AUG - SEP  OCT - NOV  DEC

YEAR

L1968
1964

1965
1966

1967

1968

1969

1970

Cwn |

own
e
loma

LA

1976
1971

S T

16,

E
.27

12

27

B PO
R

.1'2; P
18
26
20
N
39

24

18
L

LI
L24

8

‘. ..I.S, —_—
LT

1.4.

12
s
14

BN I

29

1.3

24
13
1.6
REJ
24
92 .
19
14
(K
24

928
2 N
1.0
RB

20 69
1524
51 18,
09
33
S5
83
18

77
R
37
_20 - ,23
16,50,
18
2.4

]8
36

RN
] ',8. .

L

65
RS
36,

18
20,1

33
21

27

18]

53

298
3,

1730

6.8

634

70

T

496,

6.9

222 2119
197
1390, 674
7751230,
260
NEAT
L 20
2180 20.5.
‘9?
156
183
233 1620
1080, 424
28 2y

324,

1260,
320
92,

120

Hs.0
165

60

_230.

429

448

32

94,
44
16 .
38
RATS
19
99
380,
524,
1540
a1z
T

AL

B2
686,
24
L6
B2 27
N TR
S 25
08 24,
16,28
463 100
L2516
LR —
4.2

- 4‘4 -
Az

2
_A6,

4!8,

29

P B
20
20
18]

85 30
19,

1.9

18

09
18 .
Y
Loy
5| S

16

... 230
429
1390
1230
| 1260

132
220
_ 2180

g

L A158
| 684
1620
1080
898

7.2

EXTREME

1.4

39

29

98

3.1

83 69

173.0

1.2

2180 1620, 1540

21

73.2

20

100

44

218.0

MINIMUM MONTHLY AND YEARLY DISCHARGES (m'/s)

JAN ' FEB | MAR . APR  MAY JUN : JUL & AUG ' SEP | OCT NOV . DEC

YEAR

1965
1965
1967

R

N )
14

o

e
1o
08
L
L

L2

s,
L
SR RY

1.1

3
12
. l :2i

08

13

06

- 4

1.0
12

10 o8
08
0.9

1.2

10

_0:.8_3 .-

RIS

10

08

09
05
A
1.1

05

0.
o7

05
i.rl; )
[

10

.08 08

06 08
. !'2 ,77133.,,
05 05

05 03

03
‘."l.:.. - -
1212

08 _ 10

09, 08

0.7

08

LT

08
_09
Lz
04
302
0706
_ 04 04
LS

10,

05

0.4
lj.?_‘
Lt

0.5,

Is

0.8

o
06,

32
29
L
21
.08
1o
27
S S
Y S
_!_'?ﬁ
23
_36

28

2.3

L2355
64
34
L33
4.0

10, _ sl 371
102 24
3827
42 )
21
18

56

29
52,
39
5.4_ )

S

37

44
19
27

2.4
24 19

J13

LR A
BLE I
20

1.9
18
09

44 25

2724
26 23

22
5,0 -
3.8

46,

38

29 19

1.6

2

RS
20
19
32
R
19
16
1.5

10
14

S|
NE
]

.3

o8
L

1.8

1.8

1.4

E

1.4

5

0.8
_ 06

LR
04
.02
06

04
.03
1l
A
08
00
.05

07
05§

EXTREME

06

0.5

Ll L
0.3

03

+

02

H

1.9

08 23

1.9

19 13

09

03

0.2
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HCA F MSASTER PREVENTION STUDY
M THE CENTRAL DEVELOPMENT REGION OF NEPAL

ANMEX -3

Table 2.1,2 Discharge Summary in Kulckhani Station (2/2)

NAME OF SITE KULEKHANI LATITUDE 277 39" 40" N

STATION No. 570

EST.DATE
NAMEOIFR

| DEC. 1962 ELEVATION 1480m
IVER KULEKHANI KHOLA CA.AREA  126km’

MEAN MONTHLY AND YEARLY DISCHARGES (/s )

LONGITUDE 85 177 56" E

YEAR

JAN ' FEB  MAR ~ APR ~ MAY JUN JUL AUG SEP OCT: NOV  DEC

+

YEAR

93 |
1S, 14 12 08 132212 120 182 45 18
_3_'2. ,,,,,2:91 -
K

R L
196
1966
L
1968
..1969
1970

wno
(e

e

1974
1975
197
1977

e 15 1207,

108 o7 . _
Ti2 Ll 200 200 w6 52 11 43 38 22

2 g L 12 13 31 66 76 58 35 22

w3 aa 12 s s 31 172 184 8T

11 09 09 10 07 a5 118 689,
L7 4SS 36 12 125 ST 63

42 e9 09 09 10 09 31 69 42 19 1L
06 06 06 34 215 90 53,

07 8 16 14 1445 263 36 19 3222

16 13 nr a2 3 17 72 156 206 35 20

T3 12 09 08 L1 21 B8 10 117 47 24 17|

LS 13 30 1b 14 80 60 48 39 23 18

Lt 11 104 208 103 33 22
52,3423
26 LI 23

14 12 16 10 13 10z 73 80 95 95 SI

AT R
L A2

13
18

13
A3

o8l
3322

LI S
19
16
271
1.5

17

1.6

29

50
A7
34

29

20
4.1
45
49

a9

.49
4.5
29
1.8

AVERAGE

12 12 14 16 16 32 35 23 18 16

1.3 I.2. L1 1.1 1.3 46 10.2 9.6: 17 ig 23

1.6

38

EXTREME DISCIIARGES

MAXIMUM INSTANTANEOUS

"DISCHARGE GAUGENEIGHT = DATE | DISCHARGE  GAUGE HEIGIT

MIMIMUM iNSTANTANEOUS

DATE

{m%s) i {m) (m¥%s) (m) o

148

04
w2
e
LU
s

305

s
100

236

s
148

8.6

160 . 9sERgey 61y o 0
23 AsULsed 020 0 044

420 0 TJUL.A%es|  rwoo o 064

125 24 AUG, 1966 028

395 w0uL9er| o 048

13121 AUG. 1969
$35 _: 16JUL.IOTG 020 . 030
524 auNaen| o 10s o 093
456 . 24JULa9Mf 108 095

320 7uLagrs| oS 052
38 _J0JUN1978 0 074 - 058
0.98 - 17 AUG. 1977 0.84 : 0.22

438 AUGHT 062 1 099

090 .

265 . 4oCT.aoes|  oss 035
034 03

261 amwunaen| ors . os1

- JAMAY.

... BAPR.

L. 28 MAR.
o2y .

12 JUN.
_ AN

_Z6MAY.
. 3IMAY.
. SAPR

_.JZIUN.
_22ZAPR.
_AHJUN,

104N
30 MAY.

- 14 JUN.

1963
1964
1965
1966

B 1967
~ 3IMAY.

1969
1969

1970

9
1972
1973
1974
1915

1976

1977
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Table 2.2.1

JICA  DISASTER PREVENTION STUDY

iN THE CEHTRAL DEVELOPMENT REGION OF NEPAL

ANHEX - 3

Assumed Annual Run-oft Ratio in Makwanpur District

Rainfall at Rainfallat |  Manhari _ Kulekhani
Paman | Markhu Gaun Depth | Run-off Ralio. Depth  © Run-off Ratio
(num) (mm) (mm) i (%) {muy) i (%)
1969 el omes o saw| 583 -
1970 sl Cws ol ok B
1o ol s, om| 1289, ]
on sl 1473 o e 1507 85
Y T D | R
97 20|, 1829 Cwost o mal L
1975 o1s9] o 1ses| se s I
1976 1929 1706 1669, F T
1971 NE I | R | . ﬁ
1078 ol aess| el el
aem | s 00 T .| S S
1980 |- - 849- e .
Cwsm | e o 104 wswl e
1982 ased s TS R S
1983 1687 a2 e e
1981 eS| 1498 o, el ese 6%
98 33 1025 1204 B 63%
1986 B R L U, sl 1299, 6%
a9m |16 1503 3 _163%] 1201 76%
1988 Caos| 134 023 sax 1009, 1%
s | owe umf w0 osel '
e | aos| S| nu 6% 114 63%
I N 1017]- e T, _63%
1992 ase| o os|- e e e
1993 1932 1937)- - 114, 58
. .
Average 1816 1685 MS’I; T84% i I?é? 695¢

Note: 1) Depth of Kulekhani from 1969 to 1972 js caleulated by discharge date from O&M Manual, Kulekhani

hydropower Project, July 1982,

2) Depth of Kulekhani from 1984 to 1993 is ca!culated by discharge dala that is estimated by KDPP from the
recorded RAW.L. power generation and spillout.

3} Run-off ratio of Manhari is calculated by rainfall data of Daman,

4) Run-off ratio of Kvlekhani is calculated by average rainfall data of Damasn and Markhu Gaun.
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Table 3.2.1

NCA IO

SASTER PREVENTION STUDY

N THE CENTRAL DEVELOPMENT REGION OF NEPAL

ANNEX - 3

Annual Maximum Daily Rainfall in Daman and Dhunibesi

Year

Precipitation
{mn/day)

Daman

~ Dhunibesi

Date

Precipitation
(mnvday)

Date

1969
1970
LEZLN
BLUZE T I
75 B
e
Ui

1978

1980
1981
198z
1983
LS
s L
196 f
BLES 2 D
188
1989
1990
1991
1992
1993

1994

a1s
182

_1edo
i8L7

2335
2075

590

Cuos.
%05
1sto.

. 61S
760

. feos
60

550

74.5

1560,
o reso
%8

. 20-Aug|

.. 26-Jui
29-hun
- 28-Jul

. 2-Sep

. 203un|

. 16-Jul

. 21-Aug|

- 6-Jul

27-Aug

. 8Sep
_ 6l

~20-Jul
26-Jun

2
103

_29-8ep|
LA

d6Sepp
-Sep|

20-Ocy}
Cada)

_28-Aug| -
24-hal)

A6dunp

88.3:

a0
2120
%40

A-Jul
25-Aug
- 20-Jun
16-Jul
21-Aug
. 9-Jun
29-Sep
27-Aug
6-May

8-Jul
28-Jul
_27-Jun
23-Jun
26-Aug
26-Jun
27-Aug

. 13-Sep

~17-Jun

Source: Climatological Records of Nepal, Department of Hydrology and Meteorology
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JICA 7 DISASTER PREVENTION $TUDY
I THE CENTRAL DEVELOPMENT REGICN OF KEPAL

ANNEX -2
Table 3.3.1 Calculation of Peak Flood Discharge by Rational Formula
Arca River Nama Site Length  Catchment  Altitede’ Altitude Avarage Flood Time ~ Adopied  Daily Rainfall i Continuation Rainfall — Areal Rainfall Intensity Design ]
of Arca Difference Gradicat Propagation of Rainfall Depthin Intensity within ~ Reduction’ within ‘ Flood
Waterway : with . Speed ¢ Concentration  Station 20-year Time of . Factor ~ Comcentration ! Discharge
‘ j . Upstream End ' Probability Concentration © <ARF>  Time with ARF  (20-Year Peak Flood)
{km) kmY) i (m) {m) ‘ (m/s) ¢hour) (mm) (mm) (mm/h) (m's)
Phedigaon/Phatbazar  Palung Khela Confluence with Gharti Khola (Except 4.12 594 1794 691 1/6.0 {16.8%) 35 0.33 Daman 275 32.1 089 87.1 100.6
' Garti Khola Rasin) ; ’ b o - S o L
‘Palung Bazar (Abandoned Bridge;Pa- l) T 387 590 1760 725 153 (183%). 35 031 Duman w5 3089 o 897 L1029
Confluence of Palung & Dhungakate & 2.50 3.57 1765 720. 1135 (28.8%) 35 020 Daman 275 250 0.89 IIIS TL6
Bhottekoria Khola ' R L - i o
Bhottckoria khola _DownslreamF_nd - 7I740— . 1797 403 7#30 (203»0) 3s 16 __Daman 28 o on4 09' ) ‘287 . 350
Outlet to Alluvial f_jan o o ) j 1.33 1827 ) 373 46 (219%) ”35 o Ol’u CDaman 275 1 09! S 1390_____ o __359
Bt 1357 Toea gy 298 139 (259%). 3.5 009 Daman . 215 170 091 83 308
Bh-2 - 080 038 1960 215 137 (269%) 35 006 Daman 21 14b 092 2059 152
Bh-3 ) B 065 027 1927 188 135 (89%) 35 C005 Daman 275 127093 7293 120
Bhd 048005 1886 220 W20 (7%)_ 35 004 Daman 275 1o 09 218 a7
Bh-5 00 008 1865 250 128 (357%) 35 006 Daman 275 132 0% 2215 1S
T, ;. - 045006 1913 282 116 (627%) 35 004 Daman 275 " lee 095 w29 33
Dhungakate Khola Downstceam End 250 1200 1719 766 433 (30.6%) RS 020  Daman 275 250 092 T es . 72
Oullet to Alluvial Fan 167 066 1898 7 s87 128 (354%) 35 013 Daman 275 T204 093 1434 184
Dh-1 o ) 113 028 2010 475 124 (420%) 35 009  Daman 275 168 094 T e 98
Dh-2 0 027 2085 430 123 (30%) 35 008 Daman 275 8 094 1870 9%
Dh-3 T o430 vso T 16s 126 (384%) 35S 003 Daman 275 T4 094 2868 50
Dh-4 o s T2 00 275 120 (00%) 35 004 Daman 275 g 094 2534 59
Dh-5 _ 053006 2120 205 126 (8I%) 35 001 Daman 275 ms ioss o 2els 3
Dh-6 - o070 009 2135 265 W26 (319%) 35 006 Daman 275 132 095 w10 A
_ ~ bh7 T0d5 005 135 350 M2l (#67%) 35 006  Daman 215 137 0% . ;03 22
Ghatte Khola Dmmslream End i 200 09?_ __1_8_04 506 /4.0 7(7257737%)1 o as 016 Daman 275 224 - 082 132 246
_Oul!ettnmluwal Fan o 145 ”(7)_76__ 1872 438 133 (302%) 35 B _0 1_2_ ~ Daman -~ 275 ] 190 092 I§26 o _225
Gha a0 020 193 465 126 (388%) 35 010 Daman 275 13098 R -2 S
Gh2 080 046 2020 30 122 (463%) 35 006 Daman 275 14l 095 205 65
Gh-3 0.58 0.1 2055 255 1123 (44.0%) 35 0.05 Daman 215 120 0.95 247.5 5.3
Namtar/Tilar Manhari Khola  Confluence with ChyauKhola 1042 2748 910 1699 Vel (163%) 35 - 083 Daman 275 B sl 08 531 2839
Confluence with Mahabir Khala 1048 3474 910 1699 W62 (162%) 35 083 Daman 275 512 085 Ts22 s
Check Dam DI (Na-1) ) 1186 3609 856 1645 142 (139%) 35 094 Daman 275 545 085 T aea 3468
Check Dam D2 (Na-2) o 1267 7”&73655 839 1662 lf?6 (I3I‘/’c) 35 lOl Daman . 275 B - 563 086 o ) 479 _%4_07
Confluence with Dhobi Khola T1305 3880 832 1669 1178 (128%) 35 104 Daman 215 S11_ 088 a2 3587
?ucps.nsmnBrldge - 4 141? 400 798 1702 183 (I20%) 35 12 ”Damfm 275 595 08 452 B 3779
‘ © Confluence with Gorduwa Khola 1480 4753 719 1721 186 (16%), 35 . L7 Daman ;s eos T oss T aan 4073
ChyauKhela  DownsteamEnd 188 880 910 1630 1/48 (0.7%). 3.5 063 Daman 275 444 090 T ess 109l
‘Mahabir Khola  DownsweamEod 858 726 910 1450 1S9 (169%), 35 . 068 Daman s 463 09 618 872
Dhobi Khola _ Downstream | Fnd o 250 236 832 588 143 (23.5%) 35 1020 Daman_ . 2?5 ) 20 7”090 D l|39 o - 522
KhadeKhota  DownsweamBod s 242 7193 627 160 (167%) 35 030 Daman Tais T T3e T o920 ey A4
SyarscKhola  DownsteamEnd 400 461 793 1047 1/3.8 (262%) 35 032 Daman 215 316 090 893 )
Gorduwa Khola___ Downstream End 5.56 80 779 1201 1146 (21.6%) 35 0.44 Daman 275 313 0.90 76,1 85.8
Chiszpani Chisapani Khola  Ne,l Check Dam (Ch-1) LIS 039 21000 350 134 (97%) 35 009 Daman 273 o2 093 w3 130
No.3 Check Dam (Ch-3) Cuw T Toss asso U560 430 (329%).  3S 013  Damen 255206 09 - 1422 182
No.4 Check Dam (Ch-4) 180 067 18Ss 595 130 (331%) 35 044 Daman 275 22 093 1383 18.0
Ch-5 1.00. 0.16_ 1890 435 173 (435%) 35 0.08 Daman 275 158 0.95 189.2 5.9
Mahadev Besi Bridge Agra Khola Confluence with Mahesh Khola (Include 21.74 213.60 590, 1810 1120 (8.3%) - 15 173 Dhumbe.n 190 509 0.78 229 950.7
Mahesh Khola Basm) . .
Downstream End 2 74 11200 __'_:_590 CUISI0o wi20 83%) 35 173 Dheibesi 190 s09 0.82 o243 5292
Confluence withMel Khola 1428 8529 710 1630 188 (114%). 35 CL13 Dhunibesi 190 413 081 26 4907
A . Confluence withChaliKhola """ o38 T 4229 930 1470 167 (150%) 35 078  Dhunibesi 190 342 08 367 3015
Mahosh Khola  Downsteam End ) 1888 10160 590 T 1810 11104 (96%): 35 150 Dhunibesi 190 L o2 60 5132
ChartiKhola  Downstream End 753 1285 930 1290 158 (171%) 3.5 060 Dhenibesi 190 300 088 M2 s
MelKhola  DownsteamEnd 1233 37 700 1310190 (L% 35 . 098 Dhemibesi 190 34 085 334 2454
Khani Khola Downstream End 9.78 2944 930 1270 1777 (130%) 35 078 Dhunibesi 190 342 0.85 37.6 2151
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Figure 3.3.1 Arcal Reduction Factor By DDA Analysis
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