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 CHAPTER 5. HYDROLOGY AND METEOROLOGY

5.1 General

This chapter pertains to analyses of river discharges at the dam site
necessary for estimating energy generation, design flood to be applied
to the ¢ivil structures, glacier lake outburst flood (GLOF) and sedi-
méntétioh. Though the majority of the dralnage bdsin upto the project
site lies in the Tibetan area, practically no reliable information on
Tibetan side of the catchment is available. However, the related data
available in Nepal are generally well prepared and the results of ana-

lyses induced herefrom are considered to be fully satisfactory.

In connection with the design flood discharge, the amalytical study on
- the probable maximum flood (PMF) is examined in consideration of
importaﬁqe-of this project. Since the Arumn river basin in Nepél has
the typical topographic features for orographic precipitation, the
estimate of flood discharge by means of PMF analysis is considered

" useful. 'As to the studies on GLOF, firstly historical events and the
mechanism of GLOF are stated, and them the distribution and approxi-
mate scale of glacier lakes are indicated, and finally virtual analy-
ses are simulated. " As for sedimentation, sedimentation load in the
reservoir is estimated by both the samples collected near the dam site
and the records in neighboring basin, and further the shape of sedi-

menfation ‘is calculated.
5.2 -Physipgréphj and Climate in Project Area
5.2.1 Topography
(1) General

‘The Arun river is a tributary of the Sapt Kosi river running:

through . the eastern part of Nepal and takes its rise from a
_glac1er in the leetan hlghland north of the Himalayan range,
_ The Arun river first runs eastward in _parallel with the

Hlmalayan range and in this sectlon, the river gradient is

rather gentle rang1ng from 1/600 to 1/100 and the width of

valley is also wide. The Arun r;ver thereafter makes abrupt



(2)

turn to south changing the whole situation of surroundings,
rung with average gradient of 1/50 forming deep gorge of V
shape, crosses the Himalayan range to Nepal and joins with the

Sapt Kosi river at Tribeni taking in many tributaries om its

way. As stated above, the Arun river runs through two terri-

torial sections; thg Tibetan Vsectiqn ~and the Nepal section,
having quite different topographic and meteorolpgical charac-
ters divided by the Himalayan range. More than 90%Z of the
total drainage basin upto the dam site is on Tibet Vside.
Topographically, the Tibetan part of the basin is generally
formed with soft highland, while, the Nepalese part of the
basin is mountainous area with varied elevation, Meteoro-
logically, the Tibetan section belongs to a cold zone with less

precipitation due to shadow by the Himalayan range, while the

‘Nepal section belongs to a mild zone with much precipitation

due to wmonsoon except the extremely high land along the

Himalayan range.

As to the hydrological and weteorological data, the related
data collected so far im the Tibetan basin are only the\mpnthly
average records at Tingri in the upper reach of the Arun river,
while in the Hepal basin, the substantial data have been
collected. The information in the Tibetan part of the basin
that can be used for hydrological aqalysis of the Arun river fs
quite limited. Hence the information does not contribute much
in caleulating various discharges. But it is believed that the
£lood analysis based on the various data available iﬁ Nepél
will be still of high éccuracy since the majdr component.of
flood discharge originates practically from the southern élope_

of the Himalayan range.
Drainagé Area
(i) Dam site

As “twb diffefent drainage areas éfé' indicated in .ihé :

“Mas;er Plan Study"  and "Preféasibi;ity Study“,..thé

' drainage areas at the dam site and at the Tumlingtar

gauging station afe'ggain're#iewed'as shown in Table 5-1



on the basis ‘of 1/50,000 topographic map. But the
‘Tibetan pért of the basin is not checked due to lack of

reliable small scale topographic map.

. .. Table 5—1 Basin Area

Item case | (1) M/p | (2) Pre-F/s| (3) ¥/s
Tumulingtar G.S - 30,762 -
Tumling.G.§ - Dam Site Not Indicated 1,452
Dam Site ' 32,332 30,031 | 29,310
Damisite - Boundary Not.Ind. 1,381 - Not Ava,

(ii) Gauging stations

Following drainage areas employed by NEA are used for the

study,

Tumlingtar (No. 604.5) : 30,762 kmZ
Sabhaya (No. 602) : 375 km2
Hinwa (No. 602.5) : 110. 44 knm?

5.2,2 Meféqrqlogy_
(1Y Tibetan Basin

In the whole Tibetan basin, much.precipitation in the eastern
region_hasfbeen obserVed'with.trend to decrease to the west,
and the _meaﬁ _annual précipitaﬁibns-_of - less. than 100 mm are
récorded at some_pléces. As the Arun river basin in Tibet is
shadowed hy.thé Himalayan range, it_is situated in a low-rain
-area .of whole Tibet: and. the mean annual precipitation in 5
years from 1971 to 1975 is reported fo.BE;only 322 wm at Tingri
1ocated at_the_ceﬁter'of the Arun river basin in Tibet; As to
the annual rainfall distributiqn,_mpfe than 90% of total preci-
‘pitation coﬁ¢entrate§ in summefr(J;ﬁe'td'Septemberj Siﬁil&riy
_to_thgt in the area south of tberﬂima}ayan range, . On thé other
._ﬁénd,'évaporation_is ektreﬁely_high and the mean. annual eva-

poration of 2,569 mm in 5 years from 1971 to 1975 is reported



at Tingri stated above. This may be owing to large number of
days with fine weather, low humidity, high solar radiation at
highland, etc,. in spite of relatively low temperature in the
Tibetan basin. It is noted that the mean annual temperature at
Tingri is recorded as 0.7°C and the mean monthly temperature
ranges from =11,3°C to 10,9°C and 1is below =zero between

Novémber and March.
(2) RNepal Basin

The Arun river basin in Nepél includes all climatological ele-’
ments between the subtropical =zone and alpine zone and the
meteorological phenomena in this area are subject considerably
to topographic locality, especially to altitude, as charactered
by the wide range of mean annual precipitation from 1,200 mm to
3,500 mm. The specific features of rainfall distribution in
the eastern region of Népal are that (1) the highesi precipita-
tion belts lie east and west along southern slopes of tﬁe
Mahabharat range and the.Himalayan rangé and (2) the low preci-
pitation zome is formed at the lowland between the abaove two
ranges, The above high precibitations are caused by the
southeasterly moist air current in the monscon season which
send rain first on the southern slope of the Mahabharat rénge
of about 2,000 m high and them on the southerd'élope of'fhe
Himélayan range forming rapid ascending purfent._ Num neér—the
dam site is situated in the area with thé highest precipitation
in this region and its precipitation amounts sometimes  to
5,000 mm in wet years. Based on the isohyetal map of the
drainage basin in Nepal at the dam site, the wean annual preci-
pitation is estimated at 2,650 mm, - Fig, 5~-1 shows the typical
rainfall distribution in the whole Arum river basin and Table
5-2 indicates the rainfall data at the representative weather

observatories,

5.3 Hydro-meteorological Network

The location of meteorological stations and gaunging Statioﬁé‘in_thé
vicinity of the project are shown in Dwg: 1, Qut of these stations,
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6n1y the Num aﬁd Chepuwa stations lie within the drainage basin upto
the dam site, However, others are also referred to as the valid
information sources for estimation of river discharge at the dam site.
As to river discharge measurement on the main Arue river, there is
only the Tumlingtar gauging station located about 50 km downstream of
the dam site. Observation period of this station is 11 years from

1975 upto present which is ‘considered not long enough, still the data

can be.-used for estimating the energy geﬁeration with- satisfactory

accuracy, Observation period at the above stations are shown in Table
5-3.

5.4 Data Analysis

5.4.1

5.4.2

Uniformity of Rainfall Data

Uﬂiformity analysis of the rainfall data available at meteorological
stations Num, Chepﬁwa, Chainpur and Dinglé, is examined by double
maés.curve method .as these stations are located in the Arun river
bésin and have coﬁparatively long observation periods, Fig. 5-2
gives. the result of analysis which shows the reliability of data in

view of their linear distributions.

Hydrologic Cycle

It is_ considered that the hydraulic data will show a certain
hydraulic cycle in the long term observation and this hydraulic
cjéie will Be useful for scheduling the operation rule curve as well
as’ estiﬁaté'of energy generation, The moving average methoﬂ and
%ower spectral anéiysis are_examiuédjfof the purpose. As the riﬁer
dischérge:data gre'only-fbr 11 years, the rainfall.dafa at Kathmandu

(62 years), Num (23 years) and Chainpur (37 years) are used.
(1) Moviﬁg'Average Method (5 years)

Fig.fS-3 Sh6w§ the result of analysis by the meving average
"méEHOH. .Noaﬁydrauiié'cyélé;is:dbtained_at Num,:however, that
of .20 Eb‘26 yearg'can,be:obseéﬁéd at Kathmandu and Chainpur,
HAs_the ;rend§ of_@ﬁfﬁestat"Kaﬁhmahdu:and Chainpu? resemble cou—
i pératigely,_it ié aséumed_that hydraulie cycle'arouﬁd Kathmandu

looks . like that of Arun river basin.

5-7
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(2) Power Spectral Analysis

The power spectral analysis is undertaken on the basis of data
at Kathmandu according to the result of (1) above. Firstly,
the variation in annual rainfall X(t) (mm) is broken down into
waves (f) according to each frequency component by tﬁe Fourier
transform of equation (1) and the power spectrum of frequency

{average energy of each frequency) is analyzed by equation (2).

oo -i2uft
X(f) =g- x(t)e dt (n
: .
Sx{f) = lim {——— | X{) | ® : (2)
T—eo ~ T _

The hydraulic cycle of 20 to 30 years can be observed by the

smoothed line shown in Fig. 5-4,

Results of the above studies (1) and (2) indicate that the period of
discharge data for wmore than 20 years will be preferable for calcu-

lating energy.

5.5 Generated Discharge at Dam Site
5.5.1 Methodology

The river discharge at the dam site is to be calculated by deduction
of dischafge out of the drainége basin between the dam site_#nd
Tumlingtar gauging station from that observed at the Tumlingtar
~ gauging station. It is considered not realistic to estimate the
river discharge at the dam site by sole conversion from drainage
‘areas at the dam site and the Tumlingtar gauging station owing to
_significant différence oflmefedrélogidalicoﬁditions in the Tibetan

and Nepal parts of the bas in.

,In.the previouq study, the rifer'diécbarge records at .the Mulghat
. gauging-statioh'were applied together with those at the Tumlingtar
| gauging station, whiie; ;hbsg_g;_thg Sabhaya and Hinwa gauging sta-
tiqﬁs'afé épplied to this studf. The reasons of sﬁch ?ubstitution

" are as described below. -
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Fig. 5—~4 Spectral Analysis
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{1) The drainage basins at the Sabhaya and Hinwa gauging stations
are close by that at the Tumlingtar gauging station, and the
meteorological and topographic conditions resemble better than

that at the Mulghat gauging station.

(2). The rating curves generated based on the actual measurement
records at these two stations can stand comparison with that at
the Tumlingtar gauging station and reliable.

5:5.2 River Discharges at Gauging Stations

' The river discharges at each gauging station are calculated on the

basies of field measurement records of water levels and discharges,

(1) Rating Curve

(i) ‘Tumlingtar Gauging Station (No. 604.5)

Item Gauging Heighf.H < 4,0m Géuging Height H 2> 4.0 m
Before 14 Aug.'80 Q = 40 H2+150 H+50
15 Aug.'80 2 N :
= - - = 85 H2-11 1
11 Aug. '8l Q = 85 H2-45 H -160 | Q = 85 H2-115.H +120
‘After 12 Aug.'81 | Q= 85 H2-115 H +120

(ii) Saﬁhaya Gauging Station (No. 602)

Item Gauging Height H < 1.65 m | Gauging Height H > 1.65 m

Before 1 Jun.'76 | Q = 16.24H2-4.84 I +0.36 | Q = 34,6H2 ~42.9 H +13.3

Gauging Height H < 1.40 m | Gauging height H > 1.40 m

1 Jul.'76

| Jen. 182 Q = 14.802-6.15 H +0.64 | Q = 34.6H2 -42,9 1 +13.3
S . Gauging Height H > 0

After 1 Jun.'82 | Q= 34.6H2- 42.9 H +13.32

(iii) Hinwa Gauging Station (No. 602.5)

Q= 2153 H2-13,92 § +2.25 m3/q
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(2) CGorrelation between Stations

Correlations among three gauging stations are as shown below.

Ttem Sample Equation of Correlation | Coeff.

Tumlingtar.énd Sabhaja
(1) -Monthly Average Data 114 | Q602=0.05.Q604,5+1,14 0.915

Daily Average Data | 3,523 | Q602=0,05.Q604,5+1, 20 0.781
Tumlingtar and Hinwa ' ' .
(2} Mouthly Average Data 391 Q602.5=0,02,Q604,5-0.81 | 0.900

Daily  Average Data | 1,257 | 0602,5=0,01,0604,5+0.32 | 0.808
Sabhaya and Hinwa : B ' S

(3) Monthly Average Data 25 | Q602=3.55.Q602.,5+2,88 0.936
Daily  Average Data 8621 Q602=3,34.Q602,.5+3,42 0.816
Ref. Q604.5 : Tumlingtar Gauging Station
Q602 : Sabhaya Gauging Station

Q602,5 : Hinwa Gauging Station

The results of calculation indicate that,-

(i) Correlation coefficients of cases (1) and (2) are lower

than that of case (3), and

(ii) Correlation coefficient of case (1) is higher than that
of case (2) on the monthiy level and vice versa on the

daily level,

5.5.3 Discharge at Dam Site

(1) Discharge from Drainage Basin between Dam Site and Tumlingtar

Gauging Station

Discharge from the drainage basin _bétween the dam site and
Tumlingtar gauging station is estimated based on the discharge
records and rainfall distribution at the Sabhaya and Hinwa

gauging stations as shown below,
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Qt = (Q602 +7Q602.5) X C.At/(C.A602+C;A602.5)_x.Pt/Pav.

Qt " : Runoff between Tumlingtar and dam site

Qo02 : Runoff at Sabhaya gaug1ng station
" QGOZ.S : Runoff at Hinwa gauglng statlon
.C.At .7: Dralnage area between Tumllngtar and dam 31te
| | (1,452 km?)

C.A602  : Drainage area of Sabhaya gauging station (375 km?)
C.A602.5 :.Dréinage area of Hinwa gauging station (110.4 km2)
rt ~t Average raiﬁfall in the drainage area between
Tumlingtar.and_dam_site (1975 - '81)'
Dry season from Ock. to Apr, (7ﬁ1 mm)
Monsoon season from May to Sep., (2,652 mm)
Pav. : Average rainfall in the drainége areas at . Sabhaya
and Hinwa gauging stations (1975 ~ '81)
Dry season from Oct. to Apr. (535 mm)
Monsoon season from May to Sep. (2,142 mm)
Qt = 4,03 (Q602 + Q602.5) ———-- Dry season-
Qt = 3.70 (Q602 + Q602.5) ~———- Moasoon season-

The river discharges estimated by the above equations are on
daily basis, however, they will not exactly correspond to the

calendar days because of the following reasons,

. Though the Sabhaya and Hinwa drainage basins are located
adjacent. to that of the Tumlingtar gauging station, the
discharges therefrom are not included in that at the

Tumlihgtar gauging station.

k..,There w111 be time lag . in d1scharges from different dra1nage

,ba31n3 due to movement of rainfall zone.
(Z)IiRiver'DiSbhé:gé“ét Dam Site

The5riverj&ischarge.is calcuiated_by déduction of the discharge .
in the drainége baéins between-tﬁé dam.sité and the Tumlingtar
 gaug1ng station’ from that’ recorded at the Tumllngtar gauging

'statlon. ~The dally dlscharge correspondlng to calendar days

for the above-mentioned deduct1on is’ calculated by the follow-

ing equatlon.

5-15



QDﬂtho = QGO"!’;S“th. —QTnth-

QDnth, : Discharge at dam site atln"th day in a certain
monthly duration

Q604 ,.50th.: Discharge at Tumlingtar gauging.station at n~
th day in a certain wmonthly duraﬁion _

QTnth, : bischarge from the ﬂrainage bﬁsiﬁ between dam
site ;and Tumlingtar gauging station at n-th

day in a certain mbnthly duration

The monthly average discharges and duration curves calculated
based on the above considerations are as shown in Téble 54
aﬁd Fig, 5-5, Tﬁe daily discharges are indlcated in Appen-
dix-B. TFlow duration curves are used for calculating energy
generation and the definition of the firm discharge is
described in Chapter 7, '

The correlation  of -discharges between the dam site and the
Tumlingtar will be expressed in the following linear equa-~

tions.

Monthly discharge : Q(Dam) = 0.77 x Q604,5-4.07 (T= 0.99)
Daily discharge : Q(Dam) = 0.76 x Q604.5+0.25 (= 0.99)

]

5,6 Design Flood bischarge

5.6.1

Genefal

As 1t is considered that the Arun 3 project will play a very impor-
tant role for economical and social development. of Nepal, it will be
appropriate to adopt the probable maximum flood (PMF) in the design:
of the Arun dam. PMF is defined as the flood that may be caused
under the theoretical combination of the most adverse meteorologiéal
and hydrological conditions. For appliCAtién of PMF in this study,

preliminary conditions stated below are taken into consideration.,. -

(1) Total drainage area of the Arun river is divided into two por-
-tions at the Himalayan border; the northern Tibetan area and-

the southern Nepalese area,
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Fig. 556 Duration Curve of Monthly and Annual Discharge

1975 -~ 198%

- 1
. AR -
. NIRYA N
. R ERAVA N
. \ \ .
. \ AL
. \ \ .
. N -
NN N I
N E 4 s 6 | 7 g8 15 | w i [ iz]"
280, B \

I — I S o i




506'2

(2) There are few information of the Tibetan area available for
this study. As indicated by the mean annual rainfall of
approx1mately 300 mm, there is very small preclp1tat1on in this

~area and 1; is hardly cons1dered to havg storm that may cause
flood; 'Theroutflow of this area is, therefore, considered to

form the base flow compouent.

{3) For the area south of the Himalayan range, river discharge
resulted from the probable maxiwum precipirtation is considered
to: form the direct runocff, and PMF is estimated by adding this

direct runoff to the base flow described in (2) above.

(4) 'Sﬁowiﬁelting is sometimes considered to be an important factor
causing PMF. However, in considerétioh that the flood season
from July to September in the Arun river bagin does not fall on
the snow melting season and furthét,the precipitation (snow
fall) in the winter is greatly smaller than that in the rainy
season, sSnow meltlng will have practically no concern with PMP,
Hence, it is aSSumed that the river flow due to snow melting

will be included in the base flow stated in (2) above,.

Apart from the above, probability andlyéis.was.also performed.
The results are considered to héve.léss accuracy because of
short observation period of 11 years and presented for
reference only., The results are, however, applied for esti-

mating flood discharge during construction period,

Probable Maximum Precipitation (PMP)

PMP is generally c1a851f1ed as non orographlc and 0t0graph1c preci-

'pltatlons. The form' of pr601p1tat10n in the Arun river basin is

congidered to have typlcal orographlc charactnrs as it is observed
that much prec;pltatlon xs gausgd by monscon from Bay of Bengal in
the south, prec1p1tat10n ié.éoﬂééhfréted'at tﬁé southern slope of
the Hlmalayan range . and ralnfall in the flatland area as well as the
area north of the Hlmalayau range’ ls-extremely small. Following are

the process of eétimatingrPMP in: this study. .
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(1) Preparation of ground profile (Fig. 5-6, 5-7)

The prinéipal groﬁﬁd_ profiles at southern sioﬁe of the
Himalayan range in the Aruﬁ river Eaéin are prepared dividing
1/500,000 maps into meshes. Elevation therein is changed iuato
the 'atmbéphéric pressure '(mb) for convenience of succeeding

calculation,
(2) Setting of air streamlines

Air streamlines are figured at intervals of 50 mb and the model
surface which will not be affected by the topographic con-—
ditions is set at 300 mb. Precipitation between streamlines is

given by the following formula.

vV, -Aplﬁa—_@z)_ 1
R= —— :
Y g P

R : Precipitation (cm/sec)
Vi : Mean inflow wind speed {cm/sec)
Api: Inflow pressure difference (mb)

ql,q2 : Mean specific humidities at inflow and
outflow (g/kg)

Y : Horizontal distance (cm)
g : Acceleration of gravity (em/sec?)

£ : Density of water (g/cm3)

When mixing ratio (w) in place_ofrmean specific humidity and
dimensions indidated in respective data are applied, the above

formula will be modified as follow,.

0.8813 XV, Ap (Wi—wgz)
R»:.-..-

Y _ ,
R ° : Daily precipitation (ﬁm/day)

V1l : Mean inflow wind speed (m/sec)
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Fig. 5—6 Analyzed Area in Arun River Basin
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(3)

Apt 1 Inflow pressure difference (mb)
wl, w2 : Mean mixing ratio at inflow and outflow (g/kg)

Y ° : Horizontal distance {(kn)

Selection of meteorological data (at 0 km point)

Atmospheric temperature and relative'humidity recorded in 12
years (1971 - 1982j at Bhojpur (EL., 1,595 m) andVWind valocity
at Kathmandu are applied. As the data available at present is
indicated in daily vailues, PMP is also to be estimated:at daily

basis., The representative values of respective meteorological

data are assumed as follows,

Temperature (7): ) _ o
The maximum value of 25°C'ie adopted referring to envelope
curve for. monthly average value of daily maximum tem-
perature, VDecrement of temperature by altitude is esti-
maﬁed at -0.6°C/100 m,

Relative humidlty (RH):

_ The lower value of humidities between two records observed
“each day is selected as daily representative humidity and
the maximum value (93%) of these representative humidities
'is adopted Variation of humidity by altitude is assumed
to be lineaf upto 50% at 300 mb referring to measurement

records in Japan.

Wind velocity (V):
Since wind velocity records at Bhogpur are not available,
the maximum value of 6.7 knot__(3.4 m/sec) 1is adopted
refefring':fe_-the daily mean velocities " recorded at
‘Kathmandi' during five years from 1971 to 1975. Variation
“=of:w1ediveloeity*by altitude 1s also assumed to be linear
upto 50 m/sec at 30b mb reférring to wmeasurement records in

“Japan.
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(4) Setting of Freezing level

Based on decrement of temperature by altitude previously
stated, the freezing level is set at 490 mb, Above or below

this level, it snows or rains,.
{5) Preparation of Preclpitation Trajectories

Precipitation trajectories are to be prepaféd at every 10 km as

~ shown in Fig. 5-7.
(6) Calculation of Precipitation

Precipitation between each trajectory is to be calculated with
the formula previously stated and the resulis are shown in
Table 5-5 (1) -~ (6). Based on the above, the dally average
value of PMP on the southern slope of the Himalayan range in

the drainage area at dam site is estimated to be 434 mm/day.

5.6.3 Preparation of Unit Hydrograph

5.6.4

As no hydrographs.about the past flood are availablé, basin lag;
peak fldw,u etc, of unit hydrograph are._estiamted by the Snyder
method in this study. The shape of unit hydrograph is expressed in
a function of t2.4 at_ascending poftion and exponential function at
descending portion, and is graded in every 6 hoﬁrs and rainfall. den-

sity of 1 cm as shown in Fig. 5-8 (1).

Hourly Distribution and Effective Precipitation

Since unit hydrograph is graded in every 6 hours, it is required to
distribute the PMP values previously estimated in every 6 hours
also. The following formula showing the relgtionghip'hetween time

and precipltation for the world's greatest obsérved point rainfalls

.are applied for this purpose (ref, WMO, 1973: Manual for Estimation

of Probable Maximum Precipitation).

R = 16,6 HO.475

The results of calculation are shown in Fig, 5-9, ia which “arrange”

means the arrangement so as to cause the maximum discharge and the
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5.6.5

5.6.6

effective precipitation is the value so arranged winus hourly reten—
tion loss of 2 mm/hr, .

Flood Hydrograph of PMP
The flood hydrograph Syhthesized with the effective precipitation
and unit hydrograph is as shown in Table 5-6 (1}.

Flow Component from Tibetan Area

Due to lack of hydrological data in Tibetan area which forms a
greater part of the Arun river drainage basin, it is imposéible to
nake hydrological analysis for the Tibetan area. However, from the -

fact that the mean annual precipitation in the Tibetan bhasin is only

300 mm, it is confidently considered that there will be no heavy

storm causing floods. Then the flow component from the Tibetan area
is-assumed to form the majority of the base flow component., In
order to estimate the base flow component, the following two. methods

are applied for 8 years from 1976 to 1983.

(1) Flow component in the area south of the Himalayan range is
first calculated on the basis of river discharge at the Sabhaya
gauging station and the fatio'bf drainage areas and flow com-
ponent from the Tibetan drainage basiﬁ'is to be estimated by'
dedﬂcting the above from the river discharge meaéured at . the
Tumlingtar gauging station.

2,833

~375 " % Q@ {Sabhaya)

Q (Tibet) = Q (Tumlingtar) -
(2) Based on rainféll data recorded at 4 stations located south of
the Himalayan range, flow analysis by means of the tank model
method is performed and flow component from the Tibetan
drainage area is_éélculétedrdeducting the discharges so ana-
lysed from the river diséharge.at the Tumliﬁgtar gauging sta-

¢tion.
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Q (Tibet) = ¢ (Tumlingtar) - Q (R(Dingla, Num, Chalnpur,
Chepuwa})

Since deduction is made for the different flow conditions, the
results of the above calculations are considéred to have fair
noises and accordingly, the results are smoothened by 5 day

moving average method. Fig. 5-10(1), (2) show the eavelope
curves of hydrographs for 8 years so prepared. Both curves
show similar tendency, though the curve given by the calcula-~
tion (1) above is giving larger values, hence the maximum value
of 1,600 m3/s given in (1) is taken as the maximum flow com=-

ponent from the Tibetan dralnage basin.

5.6,7 Probable Maximum Flood (PHF)

5.6.8

From the above calculation, PMF at dam site is estimated by adding
the maximum flow component from the Tibetan drainage basin to the .
flow component calculated on the basis of PMP as shown in Fig.
5-11{1), the maximum flood discharge of which 1is observed to be
7,700 m3/sec. '

Probable Flood Discharge

Based on the discharge records.at the Tumlingtar gauging étation for
11 years from 1975 to 1985, the results of probable floqd'dischérge
calculations by the Log Pearson I1I and Gumbel methods are shown in

Table 5-7, 5-8,

In the table, both resalts analysed on the basis of the anaual maxi-

" mum value and monthly maximum value respectively are iﬁdicated._

Further, since the above calculation is made on the basis of the
mean daily flood discharge, it is necessary to take into aétount.
gsome surcharges 1in addition to proportional conversion by drainage
areas for estimation of the instantaneous peak dlscharges at dan
site. As to -proportional conversion by drainage’ apeas, the' linear

rélation between discharges at dam site and the Tumlingtaf gauging

station 1s to be applied (ref. sec. 5.5.3), while,fpeaking‘gatio is .

to be assumed referring to unit'hydrograph.bbtained in 5.6.3 above.
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5.6.9

Conversion fégtors for the above are estimated to be 0,76 and 1.64

'respectively and the peak discharges calculated with these factors

at dam site are shown in Table 5-9, 5-10,

Fig.
freq

Floo

(1)

5~12¢1), (2) indicate the result of annual maximum value by

uency analyses.

d Discharges Applied to Design
Desigun Flood Discharge at the Dam Site: 7,700 m3/s

As for the design flood discharge for the concrete dam like the
Arun project,‘frequency-analysis is usually adopted. But in
this srtudy, PMF is selected as the design flood discharge even
though PMF is the largest flood theoretically, considering that

it will well cover all the indistinct factors stated below.

(1) As the observation period at the Tumlingtar gauging station '
is only 11 years, the accuracy of the result by means of
frequency analysis is doubtful especially for large return

period of more than 1000 years,

(i1) Though'the Tibetan area 1is the majority of the drainage
basin upto the dam site, the ﬁeteorological information in
this area is very scattered and it is difficult to properly

estimate the floqd discharge from the Tibetan area.

(i11) One of the important components of flood is GLOF. But up

(2)

to this time the details of GLOF such as volume, cause,

frequencj, etc, are unknown.
Design_Flood Discharge at the Powerhouse: 9,400 m3/s

'Accdrdiﬁg tolﬁhe same reaéon as (1),.design flood discharge at
tﬁe‘poﬁerﬁbuse 1s'ca1cﬁlétéd.by means of PMF method. In this
cgsé,' the [calculatibn_'pfocedute. is the same as that of dam
site (Table 5-6(2), Fig. 5-8(2), Fig. 5-11(2)). Owing to the
difféfence of catchment afea_of 593 km? the magnitude of the
sYntﬁetic'unit hydrograph is largef than that of dam site by
about 1.3 times.: Then, as_ﬁﬁe base flow component, 1,600 m3/s,
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