is assumed to be constant in both cases, the peak discharge

(PMF) at the powerhouse site is estimated to be 9,400 m3/s.
(3) Design Discharge for Diversion: 490 m3fs

As the eritical path of this project is not on the construction
of dam, the period of dam construcﬁion can be iimited to dry
season only (from November to April). Accordingly, thé
diameter of diversion tumnnel and the height of cofferdam can be
reduced, giving favorable {mpact on the project eéonomy.
Tables 5~9 and 5-10 indicate the vesults of frequency analyses
and the value of 490 m3/s is found at the nodal point of

November and 10-year return period in Table 5-10,

5.7 Glacler Lake Qutburst Flood (GLOF)

5.7.1

General

The occutrence of glacler lake outburst flood (GLOF} is often
reported in the areas such as the Himalayas, Alaska, European Aips;

Northern Europe, Andes, etc., where riﬁérs have their origins in gla-
ciai ranges, According to recent studies, it becomes clear that

occurrence of GLOF is not a very rare event in the above-stated

areas.

- In Repal, the big floods by GLOF caused heavy damages.on the river

structures in recent years 1981 and 1985, In view of the abdvé, the
effects of GLOF on the structures planned on the river having gla-
ciers at its origin like this project have to be carefuliy taken
into consideration, in addition to those of cdmmon flood cauéed by

rainfall,

This chapter first describes the records of pasf GLOF and mechanism

of GLOF occurrence, then, the result of simuslation analysis with

. computer {FACOM 38055 of sdrge wave proﬁagation upto the dam site.of

prescribed flood originated at a glacler lake selected baséd on the
study of glacier lake distribution at the upper rééch-of“the Arun
river referring to the available documents as well as the LANDSAT

images, Lastly, the countermeasures agalnst GLOF and recommended
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warning system 1s described to ensure the safety of the project

gtructures,

Tt is noted that the information econtained in the Inteiim Raport
(Preliminary Study of the _Glacier Lake Outburst Flood (GLOF)
Phenomencn in tbe Hepal Himalaya (Phase 1 ~ Interim Report by WECS,
1986)) released by the Water and Energy Commission of HMG/N has been
extensivély utilized for this study and the valuable advices on the
Himalayaﬁ glaciers are also given by Prof. K. Higuchi, Assoclate
Prof. jY. Ageté, Water ‘Research Institute of Nagoya University,
Japan and H, Fushimi, lake Biwa Research Institute.

Past Records
(1) Records in Nepal

Table 5-11 and Fig. 5—13 show records of GLOFs in HNepal ﬁhich
include cases having origins in the Tibetan area, Brief expla-
nétion_of each record 1s given below in chronological order,
The'number of each sentence corresponds to the figufe in Table
5-11 and Fig. 5-13. |

1 Pokhara (approx. 600 years ago)

According to Carson (Erosion and Sedimentation Processes in
Nepalese Himalaya, TCIMOD, 1985), it is estimated that the
'glaéier lake of about 10 km? in area size located back of
the Mt, Machhapuchare was burst about 000 years ago and the
?okhala valléy was covered with tremendous amount of earth

and sand (average 50 to 60 m in thickness).
2 Arun river (around 1964)

A@Cording tq.inhabitants-in the Arun river basin, it is
reported tﬁét the - remainé of timber, concrete, truck
.‘EQdiéé,Vétc,;lpresumablly'from Tibet, wére_flushed together
with'enormdusivolume of debris aroqnd.1964 (another preda-

- t'éé' a little),
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3

6 Bhote Kosi (1964 and 1981)

The Bhote Kosi river is the upper reach of the Sun Kosi
river and is called as the Bogu river in China, In this
area, lérge flood twice occurred at the end of the
Zhangzangbo glacier and subsequently confirmed as GLOF in
1964 and 1981, Though the 1964 GLOF is of rather small
scale, the peak discharge of that in 1981 is estimated at
15,920 m3/s which cut the Nepal-China Highway connecting
Nepal and China at many points and also damaged the sluice-
way.gate of the Sun Kosi power station [refer to Character-
istics of Debris Flow Caused By Outburst of Glacial Lake in

Boqu River in Xizang, China, 1981, by Xu Daoming, 1985].
budh Kosi, Mingbo Valley (Sept. 3, 1977)

The Pudh Kosi is a tributary of the Sun Kosi river and
originates in the. Khumbu area near Mt. Everest. The sizg
of glacier lake (at the end of Nare glacier) is presumed to
bée & x 10%m3 to 5 x 106m3 in vblume and the hydrograph of
this CGLOF was measured at Rabuwa:Bazar in the downstream
area [refer to 1) TAHS publ. No. 149, Nepal Gase Study:
Catastrophic Floods, H. Fushimi'et al, 1985 and 2) Mountain
ﬁazards Mapping in the Khunbu Himal, Nepal, with Prototype
Map, Scale 1:50,000, M. Zimmermann et al in Mountaiﬁ

Research and.Development, VYol, 6, No.l, 198561,
Tamur river (July 24 to 25, 1980)

GLOF occurred at the Tamur river though the details such as
the origin, size, etc. are not known, It is reported that
all trees upto 20 m high above the river bed were flushed

over a 30 km stretch along the river,

Bhote Kosi, Langmoche valley (August 4, 1985)
(This river is different from case 3 , 6 though the same

name. )

Similarly to the case of 4 above, GLOF occurred at the

Langmoche glacier in the Khumbu area and its size is pre-
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sumed to be 6 x 10%m3 to 10 x 10%m3 in total volume and
peak discharge of around 2,000 wd3/s, In this case, all
faciliﬁies of the Namche Small Hydel Project nearing com-
.plétion’ were wholly destroyed |[refer to Glacler Lake
- Qutburst Flood.(Jﬁkulhlaup) on the Bhote/Dudh Kosi - August
&, 1985, by V.J. Galay, 1985},

Records In Other Countries

_As'ﬁreviously stated, occurrences of GLOF phenomena have been

reported'in various parts of the world, however, it is con-

sidered that since the meteorological conditions, type of GLOF,

ete, in the countries far'apart from Nepal are distinctly dif-

ferent from those in Nepal, only the reports from the neigh-

boring-countries are described (refer to Fig, 5-14).

‘(1) Pakistan (Hewiltt, 1985, IAHS No. 149)

In Pékisﬁan, 35 cases of CLOF are recorded in the past 200
years and there are many GLOF prone areas at various parts

~of the country. Glaciers in Pakistan are broadly classi-
fied inté_two; the one as those at the Karakorum range and

-the‘bfherfat the Hindu Kush range, while, the rivers are

_divided”in&o the Indus and Yarkant rivers running south and
north of the above mountain ranges, respectively. Glaciers
in these'areaé_are characterized by their large length com~
pared with those at the Nepal Himalaya and accordingly, the

nature of glacier lakes 1is also qﬁite different,

- Glacier lakes in Nepal are generally formedAby moraine dams
(dgﬁbsit formediat the end of glacier) or moraine dams with
i&é cores, while in Pakistan, the closure of neighboring
river by glacier!' ﬁamely the 4ce dam, 1s freguently
cbserved. Ip the'éase=of glacier 1ékes_by tce .dam, GLOF
tends'.to:fréqdenﬁly occuf;becahse ofiinherent repetitive

nature of failure and subsequent reformation of ice dam.
The . Shyok ri#erubéing the upper reach of the Indus river
has suffered from repeated large“fioodE in the past and

this mainly owes to the failure of glaciér lake created on

5-51
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(ii)

o (idi)

the Shyok river by the Chong Khumdan and Kichik Khumdan
glaciers located at the upper tributaries of the Shyok
river, Among others, a tremendous GLOF occurred on August

15, 1929, the details of which are indicated below.

Observation at Atteck, 1194 km

Gracier Lake (1929) dowistream of the glacier dawm
Length of lake . 16 knm Max, fliood rise : 8.1l m
Average width : 1.6 km Rise to peak : 17 hrs
Depfh of dam } 126 m Duration of wave: 70 hrs
Volume : 1.5%10%3 Traveling time : 81 hrs

: . : from dam

Further, CLOFs at the Yarkant river (China) rumning north
of the Karakorum range are also reported, 9 times during
the period from 1959 to 1984, GLOF occurred every year
during the limited years after 1978 except 1981, The mag-
nitude of the peak discharge of these GLOFs is estimated at
a range of 800 m3/s to 6,270 m3/s and based on this assump-
tion, volume of glacier lake is considered to be around 106

to 107m3,
Bhutan (Gansser, 1970, The.Mountaiq World)

In the'Himalayan area north of 3hutan, there exist many
glacier 1lakes 4nd also traces of glacier lakes once
created. The flood ever attacked Punakha is presumed to
be caused by failure of glacier 1lake in the Lunana area at
the upstream reach of the Sankosh river. The size of
glacier lake ésfimated from historical traces is found to
be as big as io7m3 and there is a fear of GLOF occurrence-
in the future, Glaéier'lakes in this area are of moraine
dams similar to those in Nepal.,

Tibet (Rivers and Lakes of Xi;ang, 1984)
There_ﬁxist_many-gléciér iﬁkés_in_Tibet and lake surface

area varies in wide rangg frpm_l_ka:to'Some 10 km2,  pyo

GLOE; are introduced in the above report.
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a) July 16, 1954 at upper reach of the Nyang Qu river

being a tributary of Yarlung Zangbo river

The glacier lake is of approx. 250 x 106m3 in volume
and the peak discharge of 7,000 m3/s to 10,000 m3/s was

recorded at Gyaﬁgze in the downstream area.
b) July 10, 1940 at Yadong near the Bhutan border

The glacier lake is of approx. 5 x 100m3 in volume and
the rise of river surface of 4 m to 5 m was observed.

The peak discharge is presumed to be around 3,700 md/s,

Other than the above, 9 GLOFs have been confirmed after
1940 at the places; Lomai, Lhozhag, Gyirong and Zhougba

located north of the Himalayan range.

Mechanism of GLOF QOccurrence

(1)

Process of Forming Glacier Lake

Glacier lake is generally classified into the following 3 cate-

gories according to the materials forming the dam,
(i) Horaine dammed lake
{(ii) Glacier ice dammed lake
(iii)} Ic¢¥core moraine dammed lake

Other than the above classification, glacier 1lakes can be
further subdivided according to dam type, location, size, etec.

as shown in Fig, 5-15.

In the Nepal Himalayan area, many glécier lakes"which are
dammed by moraine or moraine with ice—cofe are widely &istri—
buted making the source of GLOF. Thé"proéess_ of creating;.
glacier lake of this kind is presumed ' to také the'féllowing

steps (The Mountain World, Ganaéer, 1970); (1) adVancemént.of

large glacier {(as late as 18th to'19th'ééntufiés) and formation o

of a large sized moraine deposit at ite end, (2) recession of



Fig. 515 Glacier Lake Classification { by H. Fushimi )

Definition of Glacier { by S. Moribayashi )
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glacler due to certaln reasons {(mostly climatic conditions) and
(3) formation of glacier lake by damming water inside the mo-
raine, . A blg moraine has a height of more than 100 m and
volume of glacler lake formed by dam of this size will become
as lérge as 106n3 or even upto 107m3 gsometimes. Moraines are
divided into i1ce—cored moraine type or simple moraine type,

depending on inclusion of remains of ice body therein,

In the Himalayan area, there exist many glaciers covered with
rock fragments which shade solar radiation and the remains of
glacier so called "dead ice" are outliving in moralne for. a
long time even after recession of glacier. While, the phehome-
na df forming glacier lakes due to river closure by glacier
itself are observed quite often at.many places in the world
such as Alaska, Furcpean Alps, ete. In the casé of the surge
of glacier {(abrupt forward movement of glacier presumably
caused by earthquake, heavy snowfall in shoit time, avalanche,
ice-fall, sudden change of temperature, etc,), there is a high

possibility of desastrous damages caused therefrom.
Causes of Fallure of Glacler Lake

The causes of failure of glacier lake can be categorized as

shown below:

5—-56



__Landslide

Failure of dam body | | Rockfall
{by external force o

Moraine dam like earthquake) | Tcefall

(including ice-cored

moraine dam) Piping | Avalanche

Ice dam

Erosion of dam
body- Cvertopping | Storm

| Heavy rainfall

| Melting
Overtopping S
Recession of ' __ Flotation
glacier

| Deformation by
Opening within water pressure
or under ice dam

| Melting

L Tectonic
activity

Among the factors indicated'above,' it is considered that the
piping in moraine dam including ice—cored one and. the over=
topping due to icefall at the end of glacier are the prevailing
factors for triggering GLOFs observed in the Himalayan area,

-Causes for piping depend upon quality and thickness of moralne,

and further, temperature in the case of ice-cored moraine.
Since the failures of glacier lakes are frequently observed
during the monsoon season from July to September, ‘the following

serial processes of dam fallure will be presumed convenieatly.

With increase of inflow to the glacier lake due to melting of

glacier by‘-raihfall':and/or high temperature, the surface of

glacier lake will rise up reSulting'ih'eventual overtopping or

' increase of seepage water through moraine. TIn the case of ice-
“cored meraine high temperature may cause the loosening of ice-

core and its ambient frozen ‘soils and accelerate seepage of

water .

"Under the aboveestated’conditions.that the lake surface is kept

at. high elevation due to continuous supply of water from the

upstream and lbosening of moraine dam body 1is considerably
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progressed and further, if overtopping of considerable amount
of water takes place due to heavy rainfall, icefall, etc., then
the moraine dam will dash toward erosion fallure as can readily

be imagined.

Failure of an 1ce dam may follow almost the same process.as
that of moraine dam in principle, however, there are still some
differences that the failure of 1lce dam 1s processed rather
slowly compared with that of moraine dam and that it will be
repeaéed any number of times at the same place due to new wove—~

ment of glacier.
Propagation of Flood Surge

Different from the case of ordinary flood caused by rainfall,
the hydrograph of GLOF is characterized by sharp rise to and
fall from its peak. However, there is a certain difference
between the shapes of hydrographs for cases of moraine dam and
ice dam. Hydrograph due to failure of moraine dam shows moré
pointed peak -than that of ice dam. This mainly owes to the
different time of failure, namely, the fajilure of moraine dam
progresses within the range of time from some 10 minutes to
several hours, while in the case of ice dam,rflddd discharge
increases gradually and reaches its peak within the range of
several days. .Thié differénce of failuré mechanism indicates
that the peak flood discharge caused by failure of moraine dam
tends to be bigger than that of ice dam, even if both glacier

lakes have the same storage capacity.

The ﬁropagation of flood toward downstream baéiﬂ.is greatly
governed by configuration of riverbed portiong 'As observed in
the past records, peak discharge attenuates as it goes down-
stream. But this can't bhe said unconditionally because of com~
plexity of GLOF propagation characterized by continuous river
scoring and deposition of debris and subsquent_flpod detention
and release. For example, the attenuation of ﬁéék_discharge
from 15,000 w3/s to 2,000 m3/s in 50 km was observed in GLOF
occurred at-the Bhote Kosi river in 1981. . |
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' As GLOF generally contains a lot of debris, there 1s a possibi-

lity of closure of the other river by debris at 1its junction
and in the case of additional failure of such debris dam, the
propagation process will differ from simple one stated above.
In any case, GLOF has effect on the basin far downstream as
recorded in Pakistan (sée.5.7;2); in which river surface rose
8,1 m at the point 1,200 km downstream from the site of GLOF

occurrence,

Debris Transport

The amount of debris transported by GLOF is a very important

- factor. in the designs of dam and appurtenant structures,

Materials of debris include firstly the flushed moraine itself

and then’ the huge amount of debris scored at river bed as well

~ as_both river banks by GLOF. However, it is difficult to quan-

tify the débris contained in GLOF, further, it is Impossible to

measure the actual values at this stage because no measuring

facilities are established,

There 1is a rg@brdrshbwing average density of 50,000 awg/l imme-
diately doﬁﬁstréam-of glacier lake, as referred to the measure-
mentﬁfecord of GLOF ogpcurred at the Nostetuko river in Canada
(Blown éhd'Church._1986). The actual density is considered to
be several times as large'as the above value and may be in the
range of 200 x 103 mg/l to 300 x 103 mg/l.

In addition to the émount of debris to be transported, the
maximum size of débris is also the important factor to be con-~
sidered in the designs of gate, trashrack, etc. According to

fieid'observation, it is confirmed that bilg rock as large as

" house was flowing down.

.1t may- be easily understood that the amount of suspended loads

‘contained in river discharge will be greatly changed after

GLOF,  Practically, the periodical measurement at Mulghat on
the Tamur river from June 1978 to January 1981 indicated that
the amount of suspended load after GLOF of July 1980 1s almost

“four times that measured before, It is further presumed that
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the suspended load contained in that GLOF ﬁould be 50,000 mg/1
to 200,000 mg/l (Electrowatt, 1982).

Distyribution of Glacier Lake in Arun River Basin

In order to preveat the Arun 3 dam from damages caused by GLOY in

the future, the preliminary studles concgrning locations aund their

approximate sizes of glacier lakes distributed in the Arun river

basin including China are made, referring to the following data,

‘Map 1/1,000,000

1/500,000
1/250,000

©1/192,500

1/50,000

LANDSAT Imagery

OPERATIGNAL NAVIGATION CHART
ONC 1i~-9 BY DMAAC {DPefence Mapping
Agency Aerospace Center), 1978

Nepal by Apa Productions
ATLAS OF THE WORLD BY THE TIMES

LATEST TREKKING MAP.
DHANKUTA T0O KANCHENJUNGA,
MT. EVEREST, MAKALU &

ARUN RIVER, 1985/86

MT, MAKALU, APSUWA KHOLA, -

"KIMASANGKA and TIPTALA BHANJYANG

by Topographical Surﬁey Branch
Department of Surveys
HMG/Nepal, 1982

Band- .  Scale

LANDSAT No. Date
139-40 May 20, 1984 7 1/1,000,000
139~41 Mar., 17, 1984 7 1/1,000,000

' 140-40 May 19, 1984 7 ©1/1,000,000
_ 1/200,000
140~41 © Apr. 9, 1984 7 ©1/1,000,000

1/200,000

Out of the above data, 1/1,000,000 and 1/500,000 scale maps are
mainly used for estimating the configurations of tributaries in the
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Tibet area, As 1/192,500 and 1/50,000 scale maps are only available
for the area in Nepal, they are used for finding the details of the
Barun Khola which takes its rise at Mt. Makalu. 1In these maps, a
noticeable pglacier lake (Barun Pokhari) is found at the end of the
Barun glacier and the failure of this glacier lake is applied to the
simulated calculation in the succeeding paragraph, Furthér, accord-
ing to these maps, no significant glaciers affiliated with lakes are

found in Nepal, other tham the Barun Khola,

After observations with the above maps, all identified glaciers that
may have lakes were counterchecked in detail by LANDSAT images and
'the possible existence of glacier lakes are finally made out as

shown below and in Fig. 5-16,

Since no field investigation mnor aeropﬁotographic survey is con~--
ducted in this study, the possibility of existence of glacier lakes
is only indicated without confirmation at rhe site, and therefore,
it is desirable to carry out the site investigation with cooperation
of China in the Tibetan area. Realistic analyses on GLOF phenomena

will thea be possib;e using detailed and reliable information.
1 Barun Pokhari . Lake area approx. 0.3 kmZ
é Barun Khélé (left bank) : Lake area abprox. 0.3 km?
' 3'.Iswé Khoia : Lake area approx. 0.1 kmZ

4 -~ 9 Karma Chhu Baéin :
on both banks and tributaries, there are 10 locations where
glacier lakes with surface area of 0.1 km? to 0.3 km? may
exist. But LANDSAT images could not prove that all of them

are actually glacier lakes.

10 & 11 Tributaries qﬁ right bank of the Arun river near the
Khar;a.chhu : o ._, o

Bbth lakes gre of 1atge sizes with surface area of appro.

. 0,7 kmz, howévér, there 1is a possibiiity that they are

'natufal'lakes iﬁstead of glacier lakes in consideration of

their locations.
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12, 13 & 14 Naktang Chhu Basin :
Lake areas are approx. 1.0 km2 as to 12, 13 and approx. 0.5
 km? as to 14, These lakes cannet be also declded as glacier

. lakes by LANDSAT images only.

15 Tributary on left bank of the Arun river:

Lake area approx. 1.0 k2

16" - Around Kyetrak : lLake area approx. 1.0 km2

5.7.5 Analysis of GLOF
(1) Adopted Model

Since the information and data sufficient for undertaking ana-
lysis of GLOF are not availablé, it is difficult to realisti-
cally:prgsume the frequency, magnitude, ete¢, of future GLOF for
‘this project. Hence, in order to find a clue to counter-
‘measures against GLOF, Vpropagétion and peak discharges of a
-prescribed GLOF at various downstream spots Including dam site
are analyzed by computer simulation based on quite limited

information.

. The adopted computer program (EPDG UNSTEADY FLOW ANALYSIS
MODEL) is to analyze the unsteady flow using the differential

integration method and its specific advantages are as follows:
®Acceptance of intermediate inflow at junction with tributaries

® Boundary conditions of flow and water level can be given

irrespective of time at upstream and downstream ends of river

as well as at intermediate inflow points
River cross-sections with arbitrary shape can be input.

‘Various 1bsses,due to changes of crosg-sections and friction

_.coefficient, bend, etc. can be specified.
While, it has the following restrictions:

° Applicability to simulating super-critical flow 1s limited,



(2)

® No count of effect of debris flow

In pefforming the model analysis 1ike this case, it is
ihdispénsable to verify the results with the actual measure-
ment. However, there ére no measurement records in the Arun
river basin which can be utilized to calibrate the analytical
madel to .prodﬁée realistic results. Present study adopts
various input conditions indicated in the GLOF report prepared

by WECS, in which attempts were made for such calibration.

Input Conditions
(1) Location of GLOF occurrence

Among the known lakes on the maps as stated in 5.7.4, the
location of a GLOF proﬁe lake is fixed at the glacier. lake
existing at the end of glacier in the upstféaﬁmdst reach
of the Barun Khola considering a kéy factor that the lake
is gituated at the nearest distdnce from the dam site,
However, because of the application difficulty of .the
program under super-critical flow condition, the present
gimulation model éxcluﬂes the calculation of the surge
phenomenon along the Barun Khola having the aﬁerage gra-—
dient of l:li which 1s steeper than the critical slope,
Hence, the actual_input condition for dischargé is set out

at the junction of the Barun Khola with the Arun river

proper.
(i1) Glacier lake size

According to interpretation of the 1/56,000 scale map as
wellras LANDSAT imagery enlarged to 1/200;000 scale, the
glacier lake at the Barun Khola will have its area of
approximately 0.3 km?, Assuming'its depth of some 10 m, -
the lake volume will be in the range.of 1 x 106m3 to 5 x
10633,  Four cases of lake volume: 1 x 1003, 3 x 100m3,
5 x 10003 and 1 x 107m3, are selected for calculation and
it 1s also assumed that the failure of dam gwill. be

finished'in-30 ﬁinutesﬁfor every éaéés éé)ihdiéa:ed iﬁ'

Fig, 5-17.
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(1id)

(iv)

(v)

¥or conservative reasons, the input discharge condition ts
assuned to be identical with that specified at the loca-
tion of dam fallure on the Baiun Pokhari, 1In othef word,
there is no attenuation loss of the GLOF on the Barun

Khola.
River profile

Fig. 5-18 shows the river profile upstream of the Arun 3
dam site interpreted with 1/50,000 scale wap. In order to
simplify the Input conditions, .the Arun river slope is
divided into the following five sections specifying an

average gradient for each section.

Dam site - 4 km 1/80
4 km -~ 11 km 1/70
11 ko ~ 22 km 1/40
22 km - 38 ka 1/30
38 km - 1/27

The critical slopes for the Arun river are calculéted to
be 1/16 and 1/20 for the discharges of 1,000 m3/s and’
10,000 m3/s respectively, and no super-critical flow will

take place.
Initial conditions
Water surface at Arun 3 dam : EL. 842,00 m (HWL)

River dischargé : 700 m3/s {average value in
' Jun., Jul. & Aug.)

Coefficient of roughness : 0,1 (acce. to WECS report)

Gate operation criteria

- As the surcharge storage capacity between EL.'842.00 m

(HWL) and EL. 844.00 m (design flood elevation) is apprbr'
Ximately 1 x 1053 only, the. capacity is too small . to
avold overtopping by the assumed GLOF inflow of 1 x 196m3 

without proper gate operation in advance, TIn order to
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cope with the peak of GLOF, it is indispensable to lower
reservolr surface by gate operation, Accordingly, two
cases of gate operational conditions are considered in
this study. 1In the first case, the gate is opened imhe&
diately after GLOF occurrence, while the gate is 0pened’30
minutes later in the sécpnd case, Both cases assume the
gate hoisting speed of 0.5 m/sec. Table 5-12 indicates
the discharge capacities corresponding Lo resérvoir sur-

face elevation and gate opening,

{3) Results of Analysis

The results of analyses for 7 cases listed in Table 5-13 are
shown in Figs. 5~19 (1) - (7) and Figs. 5*20.(1) - (7). Figs.
5-19 (1) - (7) show the flood propagation (in terms of river
depth and peak discharge) for the portion between the GLOF
starting point (the junction of the Barun Khola wi;h.the Arun
river) and the end point (the 'dam:_site). It is clearly
observed that the peak dischargéjat;eﬁuétes as 1t goes down-—

stream for every cases (refer to Attenuat1on Line -in the ‘said
figures). Except for the case 010 {in which -no gate operation
is assumed), the water level at the Arun’ dam site shows fluc- O
tuation at'the elevations.lower than the initial reservoir sur-
face. This proves the effectiveness of advanced gate operation

for damping the GLOF.

The details of the above movements are shown in Fig. 5-20 (1) -
(7} which suggest that GLOF can be released in all cases with-
out overtopping the dam by means of advanced lowering of the

‘reservoir surface by appropriate gate operation.

- Among the cases studied herein, Case-042 is under the severest
condition, howaver, there will he almost no possibility of GLOF

occurrence in such magnitude from the following consideratiOHS'

(1) Glacler lakes in the Barun Khola basin may have the-capa—
eity of 5 x 10903 at the maxlnumn énd those with_cépaci;y
"of 10 x 106w3 gize are unlikely. However, glacler lake
with 1its capacity of 107m3 size-may possiblj'eﬁist,ip the



(11)'

(1ii)

(iv)

(v)

far upstream basgsin of the Arun river., Increase in the
damage of such a large glacier lake may obviously be off-

set by the extenslon of GLOF propagation distance,

Though the time of moraine failure is presumed as 30 minu-~
tes in the study referring to the WECS report, it can be
reasonably considered that the time of failure of a larger

moraine dam would be longer. The initial peak discharge

egtimated in the study is, therefore, a coaservative

assumption,

it is presumed in this'study that glacier lake will be
completely emptied when moraine dam is breached. But this
assumption is again conservative because some part thereof

will uot be discharged and remaian there,

It is presumed that surge wave propagate with its initial
form without attenuation due to the super-critical flow
condition in the section between the origin of GLOF_and
the jﬁnction of the .Barun .Khola' with the Arun river.
However, there should be some attenuation of peak due to
bends at various lobations, friction loss, etc, This

again makes the present assumption conservative,

The gate hoisting speed of 0.5 w/min 1s adopted in the
study, however, the higher hoisting speed will probably be
applied in the extraordinary case like GLOF., With such

measure, reservoir safety'will be further eunsured against

GLOF.,

In connection with the size of glacier lake  stated in (1)

above, only site surveys can clarify the locations and capaci-

ties.

As the lake size of 107m> is considered to be the sort

.of upper limit for the moraine dam, GLOF discharge at the dam

site, if it occurs, will be less than that of Case-042, even if

GLOFs may take place at locations other than the Barun Khola,

Based on-the-present computer simulation study?'it may be con-

clude& that'GLQFs occurred in the upstream basin of the Arun

river can’ be properly disbosed-of by adequate operation of the

spillway gates.
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Tabie 5—-13

Input Conditions and Simulation Resuits for Prescribed GLOF

Start Time of

[nitial Peak

¢uthﬁrst of

, -G;L.V . _V

Case | Location of Volume of | Duration of Hax.Discharge
G.L. 6.L. (ad} | Failure(min) | Gate Operation | Discharge(m/s)yfrom Dam{mi/s)
010 | Barun Xhola 1 X10¢ 30 - 1L, TG -
021 " 3 %100 v Just after 3,904 2,000
outburst of
6.L. o |
022 v ’ ¢ | 30nin. after 3,904 2,500
| outburst of
| 6.L.
031 # 5 x 10¢ # - | Just after 6,015 3,500
| outhurst of
G.L.
032 " e « J0min. after 6,015 4,000
outburst of
| 6.L.
041 s |10x100 |+ |Justafter 1L273 6,000
| outburst of -
6L,
o2 2 « | 30min. after 11,273 7,000




Water Depth ogainst lnitial Water Depth (m)

Discharge {m/s)

Fig. 5-19 {1) GLOF Propagation between Arun Dam . -
and Junction of Barun Khola
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Fig. 5—19 {2)  GLOF Propagation between Arun Dam
and Junction of Barun Khola
Case—021
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Fig. 519 (3) GLOF Propagation between Arun Dam
. and Junction of Barun Khola
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3
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Fig. 5—-19 (4) GLOQF Propagation between Arun Dam
and Junction of Barun Khola
~ Case—031
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ial W pth (m)
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Fig: 5-19 {5) GLOF Propagation bgtwée'n Arun Dam
and Junction of Barun Khola
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Fig. 519 (6) GLOF Propagation between Arun Dam
“and Junction of Barun Khola
Case—-041
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Fig. 5-19 (7) GLOF Propagation between Arun Dam
and Junction of Barun Khola
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Fig. 520 {1} Change of Water Level in Arun Reservoir
Case—010 { No Gate Operation )
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Fig. 520 (2) C'han'ge of Water Level in Arun Reservoir
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- Fig. 5--20 {3} Change of Water Level in Arun Reservoir
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Fig. 5-20 (4) Chénge of Water Level in Arun_Reservoir
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Fig. 5-20 (5) - Change of Water Level in Arun Reservoir
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Fig. 5—20 {6}

'‘Case—041
oo i PRI
§ Tz0 sec
2,400se¢ =~ 20 T
£l gaglT=600
[ =
8 T=900
: S
Descent 3 1200
b
| T=1500
Gate Operation 835 T=1800
T=2100
Tz 2400
831 ) : L 1
0 . 1000 2000 3000 4000 R
T 2,400 B Fw.L
§ T238500
3,600sec e 123300
-] B40F
[ =3
_ 8 _
o
I Ascent H 723000
w
8351
GLOF  Arrival
T=2700
¢t the Dam —-—T=24=00-
831 1 1 } 1
8] 1000 2000 3(13_0 4000
T: 3900 BSE  cw
{ .
123900 Initigl _Level
5700sec Tras00 Rl
: . ~| 840F 74500
. & T+4800
Descent | ¢ 125100
: o 125400
B8351-1=5700
831 4 L : .
0 1000 2000 3000 3000

Change of Water Level in Arun Reservoir

Distance from Dom (m)



Fig. b--20 (7)
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5,7.6 Warning System against GLOF

(1)

-General

To cope with GLOF, various measures such as reduction of
glacier lake, construction of protective structures and also
monitoring of GLOF for advance prevention of damages have to be

investigated. The outline of the protective measures are shown

below:
- Coatrolled breaching
° Lowering of glacier | Construction of control
lake surface outlet i
- Pumping out of lake water
| Tunnelling through moraine
or debris barrier
° Gonstruction of protective - Regulation dam for flood,
structures against GLOF high speed lifting of spillway
surge ' gate, reinforced pier struc-
ture, sudden closure of intake
gate
° Monitoring system ~ Measurement of river surface,

constant lake surveéillance (by
satellite and airplane),
‘emergency communication system

Among the above, WECS' GLOF report recommended two measures

t@étrgan be adequately applied in. the Nepal Himalayan basin,

‘namely, manual breaching through moraine dyke and construction .

of drainage facilities at the end moraine _with' flexible
materials such as gabions, It was also advised that the
possible damages could be avoided by means of a regular sur-

veillance system at dangerous glacier lakes,



(2) Protective Measures For Arun 3 Project

In order to cope with GLOF in the Arun river basin, it can be
said that one of the wost effective measures is to lower the
water level of a GLOF proune glacier lake. However, in the
Himalayan area, such gldcier lakes are situated at high altitu-
des méking it quite hard to execute the works including
transportation of materials for lowering the lake surface ele—
vation, Then, the important element in protecting the river
comstructions like dam from damages by GLOF is to fivst provide
gauging stations, sensors, etc. in the upstream basin and then
to directly commect these facilities with the gate operation
systeﬁ for data transmission, so that the reservoir water level
can be lowered prior to the arrival of GLOF surge in order to
prevent overtoppiﬁg as stated in 5.7.5. A close international
communication system will be specially needed to cope with GLOF
that may take place in China, It will also be necessary to
have a regular surveillance system during monsoon séason at

glacier lakes with failure potential,

The above-stated warning system way be schematically shown in
Fig. 5-21. ° The system shown in this figure is an example,
however, it can be said at amy rate that the multi-redundant
observation_fsystém may be the most economically justifiable

answer for ensuring the project safety against GLOF.

5.7.7 Conclusion

In connection with GLOF, its historical records, mechanism, distri-
bution of_glapier Iakes;'simulation analysis and recommendsed warning
system'are-preéentad in tﬁe;preceding séctiéns. Asrthe GLOF pheno-

- ménbniis ﬁbf'ﬁéll ﬁnderStqod'yet, it seems rather difficult to set

_up{satisfactoty-countermeasures. The main findings cleared by this

study are gs'follows.

(i) In the Nepal Himalayan area ‘including the Arun river basin,
most of glacier lakes are éonéidered-to be formed by moraines
or ice-cored woraines, and glacier lakes formed by ice dam are

"seldom found.
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Fig, 5-21 Warning System against GLOF
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.

(il) In the Arun river basin, GLOF (likely occurred in Tibet) was

recorded around 1964,

{iii) PFailure speed of a moraine dam varies in the ramge from several

ten minutes to several hours,

{(iv) CLOF generally entrains huge amount of debris, however, no
report related with its volume is available and the method 'of
quantitative analysis of the entrained debris is not

'established at present,

(v) Glacier lakes identified on the available maps in the Arun
‘river basin of Nepal are located at upper reaches of the Barun
Khola and Iswa Khola with an estimated daﬁacity'of 5 x 106m3 at

its maximum,

{vi) 1In China, there will possibly exist several glacier lakes on
' the Karma Chhu and also, glacier lake of 107m3 capacity at
further upstream basin of the Karma Chhu. Accordingly, it is
desirable to enhance the accuracy of the studies utilizing the
images of:'LANDSAT, SPOT, etec, and also to undertake field
‘investigations with cooperation of China. Though the study is
limited to the'Arﬁn river basin near the dam site only, it will

"be necessary to cover all of the Arun river basin,

{vii) According to the simulation analyses, it is found, even. in the
_case of ‘a large GLOF of 1673 size, that no harmful effects on
the dam structure will be made by means of detecting GLOF occu-
rrence in advance.(30 minutes before peak surge arrives at the
dam site) followed by immediate lowering of reservoir surface.
The maximum discharge to be released in this case is conserva-
tively estimated at approximately 7,000 m3/s which is smaller
than the design flood discharge of 7,700 m3/s as described in

5.6, '

. (viii). Since a control of GLOF occurrence is technically and economi-
' _ caliy_unfeaéible at present, it is recommended for this project
 tE§t”re1evant GLOF monitoring system will be eétablished as an
_integratéd'p&rt of the_project.-:COnsideringfthe.large part of

the Arun river basin on the Chinese side, it is indispensable
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to have close cooperation from China in the area of surveill-
ance of GLOF prone glacier lakes and mowitoring river flow in

its territory.

5.8 Sedimentation

5.8.1

General

The rivers like the Ganges which take rises from the Himélayan range
generally contain considerable amount of susﬁended 10ad and sedimen-
tation caused therefrom is the serious problem at all the existing
reservoirs. The ground of the above will be the composite action of
geological deterioration due to violent orogenic movement of the

Himalayan range and erosion in the downstream area due to heavy

rainfall ‘during monsoon season. In addition to the natural erosive

action stated above, the artificial forest denudation will also be a

factor of increase in wash load.

The Sapt Kosi river, ome of the major branches bf the Ganges, is
coﬁtaining large amount of suspended load expressly aﬁd its annual
amount of suspended loég 'pe: . 8square ki}ometg: is reported as
approximately 2,000 m3/km?2/year which will be ranked at high level
in the world as per the SUmmary of Erosion Data in Nepal released by
the Dept. of Soil and Water Conservation. Tt is reporfed that;
among the major branches of the Sapt Kosi river, the Tamur river
contains the maximum amcunt of suspended 1oad-followed By_theVSun
Kosi and the Arun river and that the amount of suspended load con-
tained in the Arun river is réther small compared with those im the
other rivers. This will owe to the -fact that the most of the
drainage basin of the Arun river -is in the Tibetan area whefe'coﬁ—

paratively small amount of suspended load is being produced.

The studies made in this paragfaph consist of three parts; the esti-
mate of annual suspended load at the dam site in'accordaqcé ﬁifh'the
samples collected in the field; the cross-examination based Bh'tﬁé_
measurement records in both Tibet and Nepalj the conjecture of depo-

sit shape by simulation analysis and on the basis of the result, the

_way of flushing of sediment load after completion of the Arun 3 dam.



5.8,2

Estimate of Sediment Load according to Collected Data

As stated in 3,5.3, 10 samples were collected mear the dam site for
the purpose of water analysis, As the river discharges measured at
the Tumlingtar gauging station are shown in the said table, the
river discharges at the dam site are calculated with couversion
_coefficient of 0.76 (refer te 5.5.3) and the relation between
éuspended load and river discharge is given by the fﬁliowing

equation approximately,

qs = 0,00045 Q2-16 T =0.90

. where, qs = Suspended load (mg/f)

Q * = River discharge at dam site (m3/s)

Then, the fdilowing formuia gives the annual suspended load.

365

Qs X Qe Xawx 8640
i=

3as '
= % (Q: x0.00045 X Q; *** X 86,400
i=1
where, Qs = Annual suspended load {g)
Qi = River discharge on the day(i) at dam site (m3/S)

q8i= Suspended load on the day(i) at dam site {(mg/()
“The resulls of calculation are as shown in Table 5-14 below.

Table 5—14 Annual Suspended Load Concentration

Unit: 103 ton

Year - | .Qs. Year " Qs
1975 | 5,293 1981 10,184
1976 4,717 | 1982 " 3,009
1977 -] 63412 |0 19837 | . 5,337
1978, ] 5,356 - |.. 1984 | - 4,220
1979, | 6,654 )} 1985 4,614
1080 - 18,118 Average 6,719



5.8.3

The average annual suspended load per unit area will be obtained by
means of the above average value in the table divided by the total

drainage area as calculated below,

6,719 % 103 ton/29,310 kn? = 229 t/km?/year

It is necessary to estimate the bed load for estimate of the deposit
in the reservoir and 20 percent is adopted in this study; In con-
nection with the ratio of trapped sediment to the rééervbir”capai
city, the figure deviced by Brune is generally applied. According
to this figure, the capacity-inflow ratio for the gross reservoir
capacity of 11.2 x 106m3 versus annﬁél. inflow .of. approximately
10,000 x 10%m3 is given to be only 0.1%5'which indicates ﬁhat'fhe
most of suspended load flows down through the -dam without being
trapped, and the ratio of 0.2 is tentatively applled in this study.

Thus, the annual sediment will be given as calculated below.
6,719 x 103m3 x (1 + 0.2) x 0.2 = 1,613 x 10? ton/year
and assuming specific gravity éf 1.4,
1,613.x 103lt§ﬁ/1.4 %.l;i52 x.103m3/year

Assumlng that the annual dep031t10n w111 progress at the rate of the
above amount year by year, the surface of deposit w111 reach the
crest elevation of the overflow section (EL. 828.00 m corresponding
to reservoir capacity of approx. 4.5 x 106 3y in 4 years after im~
pounding. However, it will be adequate to_express_that,the dep031t
will reach the crest elevation in several years without defining as
4 years, as mno effective measures concerning the capacity-inflow

ratic is available at this stage.

Record of Suspended Load in Neighboring Basin'around Arun River

Since’ the most part of the Arun river b331n 1s in T1bet,'the Arun

river takes on a different character concernlng suspended Ioad com¥

pared with the other branches of the Ganges river. The annual -

suspended load conceﬁtratibn of‘229 ton/ka/yéér.of the Arun.river
is one place smaller than those of the other branches and this will’

indicate that the amount of suspended lpad‘originated in Tibet is



far smaller than that produced at the southern slope of the

Himalayan range.

Tables 5-15(1) and (2) show the suspended load contained in the Sapt
Kosi river and the rivers in Tibet, Accdrding‘to these figures, the
avéfagé annual suspended load of the Sapt K¢si river is estiﬁaﬁed at
1,800 w3/ km? equivalent to approximately 2,500 ton/km? and that of
the rivers in Tibet is 127 ton/km? and the ratio of these two is

counted to be almost 20 times.

Such big amounts Qf:suspended load contained in the rivers origi-
nating from the Himalayan range are caused by the combined effects
of violent orogenic movement, abundant precipitation and artificial

forest denudation as previously stated,

While, the main reasons of small suspended load contained in the
river - in Tibet will be mainly attributed to small precipitation,
inactive erosion due to gentle river slopes and small poPulation
requiring less cultivated farm 1land,. Further, the factors that
there is no .possibility of flood which will transport the large
amount of sand materials due to small ﬁrecipitation and most of the
river diécharge originates from underground water, etc, will also be

the .causes.

Follbwingnshows another estimate of suspended load at the Arun 3 dam

site.

Drainage area : 27,929 km? (Tibet)
1,381 km? (Nepal)

Annual suspended load P 127 ton/km? (Tibet)
' 2,500 ton/km? (Nepal)

'Then, the annual suspended load at the dam site will be,

127 %= 27,929 + 2,500 x 1,381

= ! 2
27,929 + 1,381 239 ton/km




Table 515 {1) Sedimentation Load of Sapt Kosi River

River .! Catchment drea E Annual Sedimen ?ﬂnnual Sedinentation
L (D éfthand(nﬂ ihmdpmlmzmﬂhﬁ
Sun fosi L 19,000 | S x 106 2,840
Aran Coseo0 | s x| 970
fanar ( 6000 L 30 %104 5,000
| ! i
Spifosi | 6LON0 L L0} 100 LS00

Source : Summary of Frosion data in Nepal, FAG/URDP, Dep. of Soit and
aier Conservalion

Table 515 (2]

Sedimentation Load of Rivers in Tibet

River

Catchment Area

Annual Sedimen

|

P Annual Sedimentation

(kef) ; ~tation load (al)  Load per km®(w’/ki)
Jinsha Jiang ' 1657507 . 16,7 x 10° 3 8
Lancan Jiang | 84,220 } 207 x 100 % 246
Xu Jiang l 118,?’60_ f 19.6 x 10 : o 185
Yarlung Zangho% 106, 378 i 14.5 % 10¢ : 1.36'
Yarlung Zangbo’; ' 189,043 I 19,0 x 10° i 100
Nyang B | 6,216 ¢ 08x 100 | 145
thasa e | #2250 L0 x 100 | 57
Total 719,149 ¢ 9L x 10° (hverage) 127

i
1

Source : Rivers and Lakes of Xizang




5‘8.“

Compared with the value of 229 ton/km?/year calculated on the basis
of the samples collected as described in 5.8.2, this calculation
gives almost same figure, hence, these calculations are proved to be

reasonable and acceptable.

Conjecture of Deposit Shape

The apprbximate'value of the deposit in the reservoir is estimated
as per the above paragraphs and the fpllowing indicates the results
of simulation analysis to conjecture the shape of deposit. (EPDC/KCC
FLOW 700 MODEL) .

(1) Calculation Process
(1) Non-uniform flow calculation for the initial river sec-
' tions ' . '
(1i)  Caleulation of friction velocities (U*) at respective

sections

(iii) Calculation of sediment load by particle sizes with the

Lane-Kalinske formula and estimate of total load

(iv)  Estimate of riverbed movement. by equation of continuity

.. and then surface elevation qf deposit
(;) _"RePeéted palcﬁiation of the above on daily.basis
(2) Prerequisite for Calculation
(i) - Grading curve

Gréding curve used is based on the results of sieve ana-
lysis of river deposit collected at the dam site (See
Appendix A.3). However, it 1is assumed that the major
component forming contihuous deposit throughout the year
will be suspended load, hence, the calculation is made

'consideriﬁg the particles of smaller than 1.1 mm having
the following distribution.



(3

Size (mm) 1.1 0.54 0.37  0.23 0,14
Distribution (%) 10 20 40 20 10

(ii) River discharge

The calculation is made from January 1, 1975 with the

river discharge at the dam site deseribed in 5.5.3.
{iii) -Reservoir elevation

The reservdir surface used for calculation is set at

EL. 840 m.

Result of Calculation

~ According to the result of calculation shown in.Fig. 5-22, it

is considered that the front of deposit will reach near the dam -

site in three years. Further, as the effeétive storage capa-—

- eity will be decreased by deposit at the. upstream end of the

. reservoir, it is required to move the said deposit into the

reservoir by adequate flushing opevation.

~Since spillway gates equipped -at the Arun. 3 dam are opérated

throughout the period of wet season, it is considered that the
surface of deposit will keep equilibrium st the dotted line

shown in the said figure, still it will be required td perforﬁ

flushing operation every year in order to remove the deposit at

the wupstream end of the reservoir which will be formed

continuously.
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6.1

CHAPTER 6. ALTERNATIVE SCHEME

Study on Alternative Layout

6.1.1 General

The objective of this chapter is to make studies on the alternative
locations and arrangements of civil structures such as dam site,
intake water level, desanding basin and headrace tunnel arrangement,

powerhouse site, etc. and to select the basic layout to be applied

~to the optimization study im Chapter 7. 1In selecting the basic

layout, 1t is also necessary to make the similar studies on access
road, powerhousé EQUipﬁent, transmission line and substaién facili-
tieé, etc.:other than the above components, hoWevér, these studies
are uot included in this chapter as they are described in detail in
Chapters 8,9 and Volume II (Access Road). It 1s noted that the
ihput data for the optimization study in Chapter 7 include those

related to these items.

‘Study on Alternative Layout

Prior to this study, two separéte studies were made 1in relation to
this project., The Master Plan Study by JICA for utilization of
water resources of the Kosl river basin identified_this Arun 3 pro-

ject to be most attractive out of 52 sites. To follow up this

'study, the Prefeasibility Study on the project was carried out by

the then Electricity Department. These two studies, although of
different level, had differeat alternative schemes proposed. In the
Master Plan’ Study, a powarhouse of 240 MW capacity with its location
at Solakhani and headrace tunnel of 7.1 km 1ong was envisaged. A
detailed comparison was made in the subsequent Prefeasibility Study

for different alternative schemes including that of the Master Plan

Study. The 400 MW capacity scheme with powerhousge 1ocated at the
Kaguwa site with headrace tunnel of about 11.4 km long wag judged as
the best slternative among different alternatives,

‘The outline of the projégt ghown in the Master Plan Study and the

Prefeasibility Study are shown in Table 6-1.



Table 6—1. Qutline of Projects.
shown in Previous Reports

Item Master Plan Pre F.S.

Catchment Area (km?) 32,332 30,031
Regulating Pondage : o
.. HWL _ (ELm) 810 8B40

Available Drawdown (m) 0 : 4

Capacity 106p3 ' SRR 1.4
Dam

-Type Concrete Grav. Concrete Grav.

Height x Length (m) 23 x 120 - 54 x 125
Power Tunnel- _

Type . Ronpressure Pressure

Dia. . x Length (m) 10 x 7,100 10 x 11,300
S (7k11, 300x2)_/
Power Generation

Max Discharge {m3/s) 156 156
Gross Head (m) 194 © 308

Installed Capacity (MW) 240 - 400

lj : Figure in parenthesis is for the alternative.

In addition to the above alternatives, ocne morn alteinative having
powerhouse located at the Pikhuwa site was nrqposed in this feasibi-
1lity study. Considéring tne prénious alternatives in different
level of study and also the different locations of dam sites, re~
study on these alternatives shown in Fig. 6-1 was made based on the

same intake dam site (upstream dam site). Then the Solakhani site

" was found to be economically inferior to the other two alternatives"

and eliminated from further investigations and studies.j In the-
following paragraphs, the results of analyées'of dam,'intake‘and
desanding basin at different locations, tunnel layout and powerhouse'

site are described.
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6,2 Dam Site

Two locations have been proposed as the pogsible dam sites for the
project. One called as the upstream dam3site is located approximately
250 m upstream of the junction of the Khoktak Khola and Num Khola with
the Arun river and the other as the downstream dam site is located

approximately 500 m downstream of the abovementioned junction.

The riverbed width and the thickness of.riverbed deposlt at these dam
sites are estimated to be 530 to 60 m and 10 to 15 m, respectively.
However, the accurate bedrock elevation at the downstream site on the
center of the river is unknown since only one vertical drill hole

(DDH~1) has been surveyed at the right bank,

The riverbed elevations at these two dam sites are EL., 794 m and
EL, 786 m, respectively so that the downstream site Is 8 m lower in

elevation,

The topographical and geological features of these two dam sites are

summarized below and shown in Fig. 6-2, Fig. 6~3 and Table 6-2,

(1) The upstream dam site is located upstream of the junction of the
Khoktak Khola and the Num Khoia with the Arun river,rso that thé
dam body, intake and other appuffenant structures will not be
directly affected by large-scale debrls flows expected to occur

at the Num XKhola.

(2) Even in the case of the upstpéam dam site, tﬁere is a 1andf§rm'
observed at the vight bank immediately upstream of the dam axis =~
which has the possihility of landslide, However, since the ele-
vation is 30 m higher than the proposed high water level and the
predicted scale can be estimated at approximately 30 x 103 m?

only, 1t will be easy to take countermeasures,

(3) According to the topographical' céndi;ions, the excavation and .
concrete volumes at the upstream'dam site willgbe smaller than"
those at the downstream site when comparison is made at ﬁhe:samé__
intake -water levels, The rough es;iﬁate shows that in case of
intake water level at EL, 840 ﬁ, for example, the'éolqme ofithe'.

dam at the upstream gsite will be approximately 160 x'103m3, while 



that at the downstream sitg, the volume will be 280 x 103 m3,

giving large difference between the two.

(4)

For the same dam height at both sites,

the dam volume at the

- doWnstream site will be increased by 50% over the upstream site,

and moreovar, there wlll be a loss of effective head of 8 m.

'Sin¢e the'technica1 and economic advantages of the upstream dam site

was'proved from various studies based on the field geologicél recon-

nalssances and.'investigétions as well as topographic surveys,

the

upstream dam site was taken up in the succeeding studies and - thée

downstream dam site was discarded.

Table 6—2  General Features of Proposed Dam Sites

‘Upstream Dam Site

Downstrean Daﬁ Site

1°(1) Location’

(2) Topography

® River width ’

°_River'deposit.

¢ River surface

(3} Geology 

® Bed rock

©. ® Overburden

° Landslide

° Possibility at locations -

Approx. 250 m upstream of
Junction of Num Khola with
Arun river

Refer to Fig. 6-1

® 52'm at river surface (dry
8eagon)

° 125w (confirmed by
UDH-1 and UDH-6)

¢ EL.794 m {dry season)

Hard, massive augen gneiss

® Very thin at both banks

upstream of dakm site on
the main stream and Indua
K}iﬁlao - ’

Magnitude would be 1imit.ed..' .

Approx. 500 m downstream of
junction of Num Khola with
Arun river

Refer to Fig. 6n1

° 62w at river surfsce (dry
seagon)

15 m or deeper (estimated
by DDH-1)

? EL.786 m (dry season)}

o

Hard augan gneiss inter—
calated with pegmatite,
partly cracky

® Very thin at left bdaok,
however, right bank is
covered with thick talus
deposit, especially at its
lower portion (SLD-1,
SLD=4, DL—S)

At upper reach of Hum Khola,|
large surface landslide is.
taking place.,
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Fig. 6—3 Cross Section at Two Dam Sites
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6.3 Intake Water Level

6.3,1

Intake Water Level

The selection of the intake water level will directly determine the
dam height, and as shown in Table 6-1.as.well as Fig. 6-4, extremely
different criteria were adopted for examinations in the Master Plan

Study and the Pre-feasibility Study.

In the Master Plan Study, the concrete dam is of low weir-tjpe.
having a height of 12 m from the riverbed. Sediment, fundamentally,
is to freely overflow the weir portion and sand flush gate is pro-
vided to maintain low sediment leﬁel in the vicinity of the intake

only.

On the other hand, the scheme proposed in-the Prefeasibility Study
is a high dam of 40 m frdm the riverbed (54 m from the foundation
rock) to the overflow crest on which the spillﬁa&_gates willjbé
installed. To cope with sedimentation, 4 units of ‘sand flush faci-
lities composed of sluice gates, stop gates and conduits .are to be
provided. As the surface of sedimentation will always be kept at
low elevation by these facilities, this dam will provide the regu-
lating reservolr capacity which facilitates generating operation

meeting the load variation.

In view of the form of load demand and the functions of the othef
power stations in Nepal, it is considered that the Arun 3 power sta-
tion shall be provided with functions which enable peaking genera-

tion in accordance with daily load vafiationi'to some extgﬁ;.

_Therefore, in order to be able to follow load variation, a high déﬁ

type with certain regulatiﬁg " capacity will be considered as 'fhe

basic concept of development, instead of a lower weir.

The dam height will be decided through- economic optimizationfsfpdy
(B-C) using the intake water level as a major parameter. Advanﬁé4

geous points of the high dam can be summarized as follows:

(1) With provision of a certain regulating capacity, the peaking.
generation complying with load wvariations can be easily done
enhancing the economic superiority of - the project {Refer’

Chapter 7, Fig. 7-6).



(i1) An additional head of 20 to 30 percent of the topographically
obtainable natural head can be created so that project economy

can be further improved (Refer Chapter 7, Fig. 7-6).

(i1i) The creation of a buffer capacity by the adequate gate opera-
tion enable the reservoir to effectively cope with the debris
flows and GLOF (Refer 5.7.5 Analysis of GLOF).

{(iv) As the required regulating water depth is sharply reduced with
the increase of the dam height, a rational gate design can be

nade (Refer 6.3.2 Required Effective Storage Capacity).

Gates provided at the dam crest will function as spillway gates and
“.also sand fluShing. gates for maintaiﬁihg of required regulating
reservoir capacity. The most economical intake water level is. to be
selected on the basis of construction costs and benefits of the

alternative schemes corresponding to various intake water levels.



Fig. 6—4 Typ'ical Cross Section of Dam
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6.3.2 Required Effective Storage Capacity

In planning fhe power development project purposed for daily regula-
tion, the required effective resefvoir capacity is defined as the
one which enables peaking operation for the required peak duration
timé,at the firm river discharge. As described in 7.2;2 of Chapter
7, the Ffirm discharge and peak duration time are 87 m3/s and 15
hours, respectively and the required effective storage capacity is

then caléulated to be 2.8 x 106m3.

As the gross storage capacity obtainable at this dam site is rather
small and moreover, it will be completely filled with sand deposit
within a short period, the effective capacity is to be created by
installation of gates, hence, the required effective storage capa-
city will govern the dimensions of gate, intake and desanding basin.
It is important to limit the effective storage capacity to its
required minimum based on the study of actual operation pattern, in

order to promote the economical sltuation of the project.

As to the daily load fluctuation 1in RNepal, fwo peak demands take
- places in the morning and evening, and the loads in daytime and
nighttime decline as referred to Fig. 2~4 of Chapter 2. The trend
above 1is considered to be further continued for some time and the
Arun 3 power station will be operated in such a way as to take peak

load in the morning and evening and base load in the other time.

Table 6-3 shows the operation'pattern of this project in 2006 which
is simulated on assumption that the daily load fluctuation at the
said time will be about the same as that at present and also the
Arun 3 power station will carry the peak load while the other plant
the base load {refer to Fig. 6-5). This pattern 1s thought to be
the most critical reservoir capacity for Arun 3 and the required

reservoir capacity is estimated at 1 x 106m3,

For decision of the_effective reservolr capacity of this project, it
is also neceséary to congsider some other factors such as safe gate
operation. against abrupt increase of river dischargé, additional
~regulating capacity needed for fgture developmenf schemes upstream
and ddwnstream—of the Arun 3 project, though it 1is difficult to
~estimate quantitatively the additional capacity so needed.

611



Based on the ahove consilderation, it will be adequate to have the
effective reservolr capacity of around 2 x 10003 which satisfies
that for forecasted operation pattern of this power plant as well as
th.e otﬁer requirements, The effective drawdown corresponding to
this reservoir capscity is 4.00 m as shown in Fig. 6-6 (reservoir

capacity curve), taking the normal water level at EL. 840 m.

6—12
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Table 6—3 Simulation of Hourly Operation in 2006
(Peak Dally Load = 525 MW)

outflow

32

Houf Actual Other Power | Arun 3 In_fioﬁ _ Deposit Sﬁﬁmation
. Load (MW) | System (M) | () | (m3/s) | (mI/s) | (md/s) | (m3/a) -
1:00 236 123 113 87 45 42 42
2100 231 108 83 - b4 86
3:00 231 108 43 44 130
4:00 244 121 48 39 . 169
5:00 309 186 74 13 ' 182
6:00 331 208 83 4 186
7:00 419 296 118 -31 155
8:00 480 357 142 -55 100
9:00 402 279 111 -24 76
10:00 360 237 94 -7 69
11:00 344 221 88 -1 68
12:00 258 135 54 33 101
13:00 303 180 72 15 116
14:00| 311 188 75 12 128
15:00 313 190 76 il 139
16:00 325 202 80 7 146
17:00 361 238 95 -8 438
18:00 525 402 160 =73 65
19:00 489 366 146 -59 6
20:00 450 327 130 -43 -37
21:00 | 376 253 101 -14 -51
22:00 348 225 - 90 -3 | -5
23:00 285 162 64 23 | -3
24:00 | 261 138 55 1
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6.4

605

Desanding Basin

In view of the topographical conditlons at the upstream dam site, the
first proposal will be the underground desanding basin on the left
bank behind the dam., It is also technicélly possible to provide the
desanding basin at the gently sloped alluvial deposit (EL. 820 to
810 m) on the left. bank downstream of the junction of ﬁhe Khoktak
Khola and Num Khola with the Arun river.

As a result of geological 1nvestigations executed at the undefground
desanding basin site, no géological 'difficuiﬁies are found for
constructioﬁ of two caverds of each 20 m wide, 30 m high and 100 m
long, when they ére arranged apart from the folding zone existing
upstream of the dam site, while giving adequate distaﬁcé'between:them

for safety,

As to the outdoor type desanding'basin, a concrete structure of 50 m

" in width, 100 m in length and 20 m in height will be considered. ‘With

this structure, it is estimated that the bedrock elevation along the
riverside wall will be at EL. 780 m or lower eorrespondiﬁg-to'the_@all

‘height of more than 60 m. Therefore, an outdoor-type desanding basin
- will 1involve more than 150,000 m3 of concfe;e.inciﬁding foundation .

concrete and more than 300,000 m3 of excavation, aﬁd its economié
situation will be much poorer than that of underground type.

Consequently, an underground type desanding basin is to be adopted fdr_

- the succeeding studies.

Tunnel Layout

As to the layout of the waterway system including sﬁrge tank shown in
the Préfeasibility Study, there are two altérnatives, namely, a
single~line system with one tunnel of 10 m in diameter and a double-
line system with two tunnels of each 7.0 m inm diameter., In thefPre—'
feasibility Study, these alternatives were examined:to estimaté-thé
economic feasibility'of single stage or stagewise developmen;'qf(the.

Kaguwa project of 400 MW,

In_addition-td the advantage that the double-line system fits thé_sta—
gewlse development meeting the load demand forecast, it hag the

following superiorities.
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6.6‘

(1) Provision of two tunnels will make possible to dlsperse damage
from unforeseen troubles during genevating operation, par-
ticularly, during the time from initial filling to the early

stage of generating operatien.

(2) Limiting”the sizes of headrace . tunnel and surge tank to medium
scale, the better stability of the surrounding rock can be
assured.._Ea:ticularly, the stability of the excavated.slope at
the top of surge-tanks in thé vicinity of the poﬁerhouse is of

. importance.

(3) In connection with tunnel driving, the countermeasures for unfa-
vorable geological conditions which will be expected in excava-
‘tion of long tunmel can be taken easily, when the diameter of

excavated section is of medium size or smaller,

(4) ‘The provision of two tunnels will shorten the overall -construc-

_'tion schgdule as the critical path may'run thrdugh this activity.

Accordingly, it was declded to adopt a double-line system for the
waterway from intake to powerhouse and two headrace tunnels with lden-

tical diameters are to be provided.

Powerhouse Site

Powerhouse sites. which have been propeosed are the Pikhuwa site and the

;Kaguwa site. Besides these two sites, the Solakhani site proposed in

the Master Plan Study will also be studied just for reference., - The

locations of these sites including tunnel routes are as shown in Fig.,

' 6-1 previocusly referred,

In addition to the field inyeStigations such as seismic prospecting

and core drilling previously performed, further 1nvestigations

'ﬂinélﬂdiﬂé séismiQ'pfospecting {(2.69 km), core drilling (8 dfill.holes,
390 m) and Eopbgraphic éhfvey'(IISOO scale, 383,000 m2) were carried
out at the Pikhuwa and Kaguwa sites in this Feasibility Study,

Based .on the data collected from the field investigation and sub-

sequentustudies'of the .two sites,'the following observations are made.
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Pikhuwa Site

(1)

(2)

(3)

(4)

With regard to the geological features' at the Pikhuwa site, it
can be expressed that massive and hard bedrock 1is distributed in
general, with extremely thin overburden. The rock qualifications

are from Cy to Cy class, while RQD is higher than 80% as a whole.

Accordingly, the powerhouse of both outdoor and undergréund types

can be constructed without any technical diffjculties,

Ovefburden at the proposead Pikhuwa surge tank site seems to be
slightly thick and furthermore, a low-velocity zome {Vp 1.3
km/s) is detected in the vicinity by seismic prospecting.

However, at the portion from the middle to the bottom of surge

" tank and the upper'horizoﬁtal portion of penstock, hard bedrock

will be available.

The depth of alluvial deposit distributed around the Pikhuwa
powerhouse site 1s of 20 m to 25 m which is shallower than that

at the Kaguwa gite,

Xaguwé Site

(1)

(2)

As to the Kaguwa site located immediately uﬁstream of the
confluence of the Kaguwa Khola with the Arun river and approxiam-~
tely 1 km downstream of the Pikhuwa site, the topography is

extremely irregular and foundation rock has been weathered to

extremely deep part.

As a result of selsmic prospecting (1.5 km), core drilling (4
drill holes, P-9, P-10, P-11, P-12, 200 m) and photogeological
intefpretations, erosion landforms are recognized over a con-

siderably wide area (1,5 - 2 kmz).

Overburden belng the secondary deposits due to the above*erOSion_

thickly covers the area of the surge tank and . the upéér:hqrizon—

tal portion of penstock at the Kaguwa site as referred to drill

"hole P-9. It will be necessary to excayéte this overburden and

the underlying strongly weathered rock to EL. 780.m7infbrderuto
obtain reliable rock foundation on Which'the‘structﬁresfcan be

constructed safely.
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{3) Beneath the above rock fdrmatidn; discontinuous low velocity zone
‘and good rock foundation arée alternately observed indicating
complicated geologic structure, It is, therefore, considered not
advantageous to construct the underground powerhouse at the
Kaguwa site'because of technlcal and economical difficulties that

may bé derived from uncertain and unknown factors.

{4) Between the midpoint of penstock and powerhouse site, sound foun-
dation rock will he available under the medium thickness of over-

burden.

(5) Thickness of alluvial deposit around the powerhouse site will be
around 30 m to 35 m which is thicker than that at the Pikhuwa

site,

As observed abové, the topographical and geological conditions at
these two site are differept and accordingly, economic analysis is
made to cléfify the felation'ﬁétween construction cast and benefit at
these site, In the comparative study of these proposed powerhouse
site; powerhouse of outdoor type which is applicable for both site 1is
adopted. _While, the inereases in power and energy corresponding to
the head dffference of 15 m between the Pikhuwa-énd Kaguwa site are

also faken'intb'éonsidération.

The cost for Civil works at the Kaguwa site will be 9.2% higher than.
that . of the Pikhuwa site, | ‘The project cost of the Kaguwa site
incluﬂing electrical équipment costs and all others will be 5.6% over
the Pikhuwa site as shown in Table 6-4, .

On the'other'hand, the availaﬁle head at the Kaguwa slte is higher
than that at. the Pikhgﬁa site by 5%. Then, the sizeé of benefit-cost
ratios calculated for these two po&erhouse sites afe found to be on
the same footinga " However, the Kaguwa site has disadvantages such as
(1)'unreliability_of gedlogy afound surge tanks which involves ﬁhe
 potential of additional constructlion costs, (2) longer construction
period for driving sufgé taﬁk'shafté énd.uppér'horiZOntal poftion of
pengtock compared with the Pikbuwa site énd (3)_high pOssibility of
unfavorable circumstanceé that may occur duriﬁg cdnstrucfion opera—

tions, and'accordingly,'the Pikhuwa site is finally selected,
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As to the type of powerhouse, both outdoor and underground types will
be applicable at the Pikhuwa site as mentloned previously. As stated
in Chapter 9, the cost for underground type powerhouse will be approx.
10% higher than that of outdoer type, however, the poﬁérhduse of -
undergrouﬁd_type_is finally adopted as a part;of the basic layout,
since underground type powerhouse will be much safer than the other
one in consideration of the topographical and hydrological conditions
particular to the Arun river basin, The detailed economic comparisom

of the Pikhuwa and Raguwa sites is as shown in 7.3.3,

~ Table 6-4 Main Features of Pikhuwa and Kaguwa Schemes

Item Pikhuwa _ Kaguwa

Main Dimension

MWL (EL.m) 840 840

MWL (EL.m) . 538 | 523

Gross Head (m) | 300 = ' 315
Output (W) Cso26 | 423.6
Tunnel DxL (m) : 7.0x11,565x2 7,0#11;?0632 :
Surge Tank ﬁxL (m) 14,00x70.0x2 14.,00x92,5x2
Penstock DxL (m) 5.0-3.50x539%x2 '} 3.0-3.5x760x2 .
Construction Cost 7 '

(103 Us3) . o -

Civil Work 229,200 250,200

Project Cost 480,700 517,300

Note 1) Figures of tunnel length include those of power
- intake and desanding basin ' '

2} Comnstruction costs of civii_work include those . ..
of hydraulic equipment
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