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Table-B.8: QUALITY TEST RESULT FOR QUARRY ROCK

Specific Gravity

Sample | __and-Absorption - o Abrasion - - Soundness .
No. : ‘Specific Absorp- .. Weight Reduc~  Weight' Reduc-
. 3 Gravity - “rion (¥) tion (%) - tion. (%) '
R-1. 2,934 0.24 29:48 0
R-2 2,880 0.52 23.88 0
R-3 2,907 0.41 16,97 0.
R-4 2,845 0.97

32.50
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FIG- B.2
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FIG- B.4 |
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SKETCH OF TEST PITS -
FOR

CONSTRUCTION MATERIAL SURVEY






DEP{I‘ L Direction . : .
. - Description

(m) | East | South -West, “North

Max, size is about 400'mm in diameter.

Thiere are many round gravels of medium size, assuming
gray to grayish brown colour.

Ground water appears at 1.2 m depth.

Test Pit No. CTP—1 (1.2m)

* Depth - - - Direction
{m)

“Bescription

Max size is about 400 tmm in dlameter tvery rare. 2 to 3 nos.
* in number). Colour is grayish blue, . - )
There are many gravels of dia. 10 mm'to 60 fvim,

“Large size of 300 to 400 mm in dia. and samli size increase
inits number, Gravels of 10 10 60 mm become less than

- the upper layer.
The materials in thls layer assume graylsh b]ue or grawsh
brown.

Test Pit No. CTP—2 {3.0 m)

SKETCH OF TEST PITS FOR CONSTHUCTION
MATERIAL SURVEY (1)

HIS: MAJESTY’S GOVERNMFNT OF NEPAL
SAP’I‘ GANDAKI HYDHOELEGTRIC
POWER DEVELOPMENT PROJEGT

- FEASIBILITY REPORT

JAPAN INTERNATIONAL COOPERATION AGENCY




Depth ‘Direction

Description

o East !, South. |~ West - North

- This layer is the cover of fine sand and'contains no gravel.

A few

- medium size are contained, .
Percentage of sand and samil size is stuli hlgh conmderably.'

large size of about 300 mm and some amount of

There are many med_iufn size suitable for coarse ag'gregale.i
" Max. size of 200 mm in dia, is contained but very rare.
The color is grayish blue.

Test Pit No. CTP—3 (3.0 m}

Direction

Drescription

m}l [ East . | ‘Souwm West | - Notth

Grayish-white silt deposit, containing a few roots of tree
or grass. -

Grawsh -blue fine sand, contammg some small size of about
20 mm in dizmeter.

@ Sanci and gravel Iayer containing high percemage of
sand and sorme large size of 300 10400 mm in dia.

. B Sqn_d and grave! layer containing high percentage of
medium size of grains.

Contains some amount of medium size suitable for coarse
aggregate, but the content of fing sand also becomes high.

_Test Pits No. CTP—4 (3.0 m)

SKETCH OoF TEST PITS FOR CONSTRUCTION

MATERIAL SURVEY (2)

HIS MAJESTY’S GOVERNMENT OF NEPAL
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quecuon - o S
— . . © . Deseription
 South West o o

Depth

- Assumes grayish-white colour, and é_ontains many medium
- slee. Max. size contained is aboust 2060 mm.

The content of Farge grain size' of about 400 mm to 500 mm
becomes high, The content of fine sand also becomes high.
Sprlng water appeared at2.1m dep:h

3
Test Pits No. CTP—5 (2.2 m)
. . Direction .
Depth : - - Description
{m) Fast South © o West Notth P
-. R ] i _' f-_ T * The content of medmm grain size is rlch The grain size
—y 0., - D, ¢ Distribution is also favourable with max. size of 150 mm.
N O (O Assumes bluish gray colour. :
e PSPy
oo st o
2 Do
o oA oo GO IO e The condition of this iaver is generally same as lhe second’
= . layer of Test Pit No. CTP-5.
; _ The thickness of the tayer is thicker than 2.0 m of excavated
) . . . depth, but the spring water appears a1 2.0 m depth.
3

Test Pits No. CTP—6 {2.0m)

SKETCH OF TEST PITS FOR CONSTHUCTION
' MATERIAL SURVEY (3) |

HIS MAJESTY’S GOVERNMENT ‘OF NEPAL
SAPT GANDAKI HYDROELEO‘TRIG
POWER DEVELOPMENT PHOJECT

: FEASIBILITY. REPORT
JAPAN INTEHNATIONAL COOPERATION AGENCY




Depth
{m]

Direction®:

T e R I © . Desription
East- South . West . North . b

. Grain size dlstrlbuuon is hbcurable for concrete conrse
aggregates with many mediur grain size. :

" Thi fayer is thicker than 1.5 m of excavated depth at
which :he pit excavation was stopped due to spring water.

Submerged condition

b3
Test. Pits No. CTP-7 {1.5m)
o ) D . .‘ el
Depth o rection I B Description
[m} East South West i North: §- : : .

Consists of medium size gravels and sand, and contains
many roots of tree of grass. '

Consists of medium to small size of gravels.
The conltent of sand is also high.

. Test Pit No. CTP—8 (3.0 m)

SKETCH OF TEST. PITS FOR CONSTRUCTION
NIATEFHAL SURVEY (a)

HIS MAJESTY'S GOVERNMENT m’r NEPAL

. : - SAPT GANDAKI HYDROELECTRIC

. ' : POWER DEVELOPMENT PROJECT
‘FEASIBILITY REPORT :
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Depth

" Diresticn

South

Wést

Description

-l CD“’@

. Contains mugh medium size gravels. ="

.. Max. size is about 200 mm in dia. -

‘Consists of |ér§e size grav.éls.(SOO mmi.and fine sand,
Medium size of gravels are rare,

The grain size distribution is also favourable. -

_Test Pits- No.. CTP—9 (3.0m)

_ Depth
© (m)

" Direction

" South

- West

Description

" The condition of this layer is generaily same as that in the

upper layer of Test Pit No, CTP—9, éxcept content of
several very targe size (400 to 500 mm}.

The graln slze become smaller than the upper Iayer and
medium size increase.

The content of fine sand is consaderﬂbly high,

Test Pit No. CTP—10 (3.0m)

“SKETCH- OF TEST PlTS FOR CONSTRUCT!ON

MATERIAL SURVEY (5)
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Depih
{m)

-: Direction

_South | West

1\, . Ncrtﬁ' '

- Déseription

O LN
e

, \"Th'ére afe many medium size (30 to 80 mm}.

 Maximum size is about 100 mm,

@ cOnsists of larga Slze gravels and flne sand Medium
;. slzels vare.

@ contams m'my mednum size gravels, .
) Sume Iarge snze gravels (300 mm} are also mcluded

i Co:asisis;_:of'médium to small stze gravels. Maistura content

is relatively high due to gfound water. :

Test Pits No. CTP—11 (3.0 nil

‘Depth o . Diréction o
{m) East South West ) Description
Q Q CJ - 'Cor_it_ains many large size gravels. )
;i 1 0 o - Medium size gravels are relatively rare,
1 - <jc'o
.

Test Pit.No. CTP—12 {1.0 m)

SKETCH OF TEST PITS FOR CONSTRUCTION
MATERIAL SURVEY ()

HIS MAJESTY’S GDVEHNMENT OoF NEPAL
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{en)

Depth _

Direction ..

South- I West | North ]

; Descﬁption

Assumes yellow:sh gravlsh brown co!our
Consists of fine sand wnhout any gravel,

Assumes grav colour
_ Consists ot tiie sand with very rare sfna|| grovels

. Medium size gravels are contained but its content is rare.

Assumes grayish brown colour.

Test Pits No, CTP—13 (3.0 m)

Depth:
- [m)

- Direction .

East .

South

De_sbripﬁon

West North

The layer consists of soil materials without any gravel.’

This isa layer of Iarge.gravels without fine sand or silt.
Max. size of the gravel is about 600 to 700 mm.

. The cantent of fine sand or silty materials becomes high. -

The content of gravels is rather rare.

“Test Pit No. CTP—14 (3.0 m)

SKETCH OF TEST F’ITS FOR CONSTRUCTION

MATERIAL SURVEY (7)
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Direction

Depth — : - - Description
(m} - Bast, [ “South [ Wast l North ption . .
. Assurves grayish brown - gray.colour, - )
Consists of ¢coarse sands containing vary few gravels.
l‘ " Alluvial clay without gravel.
-. Assumes blacky brown.
The layer of fine geained sarid assuming light brown colour.|.
The layer of sand containing a few gravels, )
Assumes gravlsh blue colour, spring water appears at
1.5 m depth.
3
Test Pit No. FTP—1 {1.6m]}
S  Direction .
Depth i S Description
{m} East South r West l North :
Sand deposn containing many gravels of small size.
Assumes bluish gray colour.
1
Contair]§ gravels larger thari that in the upper laver.
2 - The sand 1s relatively coaise, assuming dark brown colour.
Spring water appears at- 1.6 m depth.
Submerged condition
3

SKETCH OF TEST PITS FOR CONSTRUCT!ON
MATERIAL. SURVEY (8)

Test. Pit No. FTP—2 (1.6 m)

HIS .MAJESTY'S GOVERNMENT OF NEPAL
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Depth ) . Direction
“Am) | East South. | . West North

Description

Fine gramed sand deposit without'any gravels assunting
yeIIOWIsh brows.

'San(_l deposit containing many gravels of Max. dia. about
30 mm. Assumes grayish blue.

Alluvial clay without gravel.
Assumes blackish brown colour.
Spring water appears at 1.5 m depth, _

Test Pits No. FTP—3 {1.5m)
"Depth B __ Direction o _ —
(m} East South | West - | North 3 : - Description

Relatively coarse sand deposit containing gravels of which
makx. size is about 40 mm.
Assumes bluish gray colour.

. The content of gravels becomes etech less than the upper
—— 5 ' angr .
Contains clay partially.

Submerged condition below 1.4 m depth

~Test Pits No, FTP—4 (1.4 m}

SKETCH OF TEST Prrs FOF{ CONSTRUCTION
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Depth
{m}

Direction

East

South

West .

Description

——3

Alluvial clay Iayer wathout gravel ﬂssumlng blackish brown

" to brown,

Fine sands arg contamed but not avaelable for fine
aggregﬂte

Deposit of very fine sand without any gravel.

. Deposit of relatively coarse sand containing some gravels.

Assumes yellowish grayish brown cotour. Spring water
appears at'1.5 m depth. '

Test Pit No, ETP—5 {1.5m)

- Depth

Direction

South - Wast

Description

{tm)

Consists of _the clay of highly weathiered sandstone with
" -reddish brown colour.” Some roots of tree are contained.

Gravels contained are very rare, )
Water content is relatively high. |t is expected to be usable
a5 core material by mixing of some coarse materials,

Contains silty part more than the upper layer. Howaver,
it is expected to be usable as core material by mixing of
coarse materla!s

s N _ :
3§mmim | meimedyy — 35 35
_L__k‘__g,_d_#_ -
——4 N I N
W T

Consists of moderately weaihered séndstone with whity
yellowish gray co|our This is too hard tc d:g by hand and
not suitable for core.

This is bed rock and not suitable for core.

Test Pit No. TP—1 {4.0m)
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: Direction o
Depth : it
F ; - X ; Description
{tm} East - South West I North P
02 gy T 02 N B ol o
T T — Consists of grayish brown soil contained roots of tree.
[y R R e Water content is Ipw. Mot suitable for core.
e L . —r— :
o — — SN Con5|sts of the clay of h:gh1y weathered sandstone with
22 . 22 . 23 considerably high water content but less than O, M.C.
T 24 24 -7 are
K - & : Thé colour is reddish brown. Though some roots of tree aré
e | e ~— . f\contained, it is expected to be usable for core by mixing of
_ oarse Materials.
3 - —_ — L
[— 4— . ’ b Colour is yellowish-reddish brown. [t .contains silty part
a5 T T T4y T 5 T T 4 g more than the upper tayer.. However, it is expected to be_
i R i ‘\_sable a5 core by mlxmg of coarse materials.
'“"‘5 ““Fhis i$ bed rock of sandstone not so weathered, Not
usable as core.
_Test Pit No. TP-2 {h.0 m} :
Direction :
Depth —~ " Description
E {m] East South .| West North _ .

WW

48" 48 T — 48 —~——— 48 —"*13/_"__"

Consists of the clay of high weathered sandstone. Colour
is reddish brown. . Water content i$ not so high. Though

. there are some roots of tree {3 20 to 30 mm), this portion
is usable as core matérials by mixing of some coarse
n:latérials.

Consists of the clay of weathered sandstone which con-
tains silt more than the upper bed. Colour is yellowish

. brown and water content is low. Thls portlon is also
usable as core materials.

i 5 e

Test Pit No. TP—3

Consists of the sandstone which is not so weathered and
: too hard to dig by hand. Not suitable for core materials.

{4.8 )

SKETCH OF TEST F'ITS FOR CONSTF{UCTION
MATERIAL SURVEY (11) -

SAPT GANDAKI HYDHOELECTRIC
POWER DEVELOPMENT PROJEGT -
FEASIBILITY HEPORT

HIS MAJESTY’S GOVDRNMENT OF NEPAL

JAPAN INTERNATIONAL COOPERATION AGENCY.



Depth * : Direction Description
- {m) East |- South West .| North ._p :
moms | =mes | ==ac | ==== | Consists of the clay of reddish brown colour.” Water
R _ —i | content is moderately middle to high but less than O.M.C,
| ’ o This part is usable as core materta!s by mixing of same
TmERS === sE== == coarse materlals
e 2] e = | Rme= | m=st | ===
R R :
P d
——-3 ———.y’ R [T .33 Contains much sandy part or snlt part, and some gravels,
e e - Water content is low;
1 o o e This layer is not expected for core matertal.
——f4-—]. — | —— — ) ] )
: %— 4 2_:.:“_45 ;:— _'A,\“ 5 " as ‘Consmts of hard sandstone not so Weathered Not sunable
. [ VS for core material,
Test Pit No, TP—4 {45 m)
. o . Direction ) .
Depth = - - Description

m) . East South

Waest North

|

== Consnsts of the clay of h1gh weathered sandstone Colour
is reddish brown. Water conterit is of moderate degres.

.- Though some roots of tree are comamed, this layer is
usable as core material by mixing of some coarse mate_ria]s.

|

1
I
I
I

Consi.sts oiﬁgltnwisﬁ brown conglomera_te weathered -
moderately. Contains much gravel of 430 to 50 mm and

some silt. This fayer is expec:ed to be usable as core
material

Samé property as the First tayer, but contains silt more
than the first layer. Water content is Iow This layer
is also'usable ascore matﬂnal

Test Pit No. TP=5 {4.0m) -
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Depth | .- ' Direction

Description

~{m) Eost | South | "Waest | North
. Consists of the clay of reddnsh hrOWn cotour w:thout
mEE= o ==== TE==-| ==== | gravels. Though some roots of tree are contained, it Is
—— | — . . . avaitahle far core material by mixing of coarse materials,

Consisis of moderately weathigred conglomerate of which
colour is yellowish brown. Water content is lovw.

" There are many gravels and sandy. parts.

T'his layer is not expected for the use as core matertal, .

This is the rock surface of sandstone and not expected

. for core.
Y
‘Test Pit No. TP—6 {4.2 m}
) - Direction .o . i
.Depth LT - ) Description
{m) East - South. | West [ MNorth | -
L - . | I -
Gz 0z " o2 02 oz} . . . ) L
) z Consists of grayish brown earth, and contains many grasses
—m e ewm—e | ===— [landroots of trees. [t is not expected to use for core
EEy— N . waterial.
R EAPUNE -
2 Consasts of highly weathered sandstone wlth browmsh red
= ——— === — —=—=}. colouy,.
’ ’ ] Water content is comparatively high but less than oM.C.
" The layer is hard but'is expected 1o he usable as core
3 ——— - | -} materials.
B5._ __ 35 .. 35 35 a8
L 4. ) o Consists of less weathered sandstane of yellowish brown
j —_ " - — —— 4" ——— | colour. Containssilt. Thus, itis not expected ‘to use as
A5 45 . 45 456 - 45 :
T TRUTES core materlal
This is the bed rack of sandstone and not expected 10 use
for core,

Test Pit No. TP—7 (4.5m)
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I. GENERAL

The overall hydrologic investlgation for the Sapt Gandaki basin was.
'Larlied out by Snowy Mountaln anineerlng Corporation (hereinafter
called bMEC), an’ Australian consultant, in the course of the Basin'

Master Plan’ Study-and.the Prefea81b111ty Study of-the-PrOJect.

For the Fea51b111ty Study of ‘the Progect, further detalled hydrOH'
loglc 1nvestlgat10ns and analysis as 1Lem14ed below have been earrled_'

‘out.

(i) Collection and rev1ew of meteorologlcal and hydrologlcal

data in and around the Sapt Gandakl River ba81n,

-(ii) hCheck measuréments. of stream £low at: the Gaglng Statlon 450
'(Narayangar) for the purpose of examlnlng arcuracy of the

:exlstlng ratlng curve and establlshlng a new ratlng curve,

(iii) Detelmlnatlon of’ the 1ong —tern dlscharges at Lhe proposed

damsite u31ng the above rating curve,
A{dv). Estimation of'the frequeney_and magnitude‘of-the floods, and

(V)"Estlmatlon ‘of the sedlment 1oad transported 1nto the reserv01r,
_graln size analy81s of sedlments and clarlflcatlon of water
quallty o£ the Sapt Gandaki’ Rlver for various uses such as

hydropower, eoncrete_m1x1ng; drlnk1ng_water and so on.

Th1s ANNEX (C) presents the results of the mentloned hydrologlc

1nvest1gatlons and analy81s.



II. METEOROLOGY
2.1__General

_ The climate of Nepal is much affected by the southeasL monsoon
durlng the wet season and the northwest monsoon durlng the dry season.-
.1he wet season lasts ‘for four months from June to September, while the
::dry season 'is from November o April May and October dre transition
. pellod of these seasons.' In general “it is. humid and hot in the wet
season or summer, ‘while 1t is dry and cold in the dry season or winter.
60 to 80/ of the yearly ralnfall occurs in the wet season. This Is due

to the influence of the sald southeast monsoon

' From the ellmatorologleal Viewp01nt, the Sapt Gandakl River b351n
.can be devlded 1nto four 7ones in aocordance WlLH 1ts altltude, namely
Hlmarayan, leetan, Mlddle and Inner Terai zones. . The Hlmarayan and
Tibetan zones whose elevatlon is . almost above 3 000 m Wlth the peak over
.8 ODO m in the Great Hlmarayan Range is 51tuated in ‘the northern part of
'the b331n The hlgh mountalnous area exceedlng around 6, OOO m in elevaw.
tlon forms eternal glat1er and SNow cover, while the leetan mountainous
"area rang1ng between 3, 000 and 6, 000 m in elevarion 1s characterlzed by
" the desert ellmate.  ln th1s zone, the vegetatlon is extremely poor,

and 1t is apt to occur a large quantlty of sedlment tlansport to the

.pIOJect area 1n the wet season.

The Mlddle zone accounts for’ major part of the ba51n.: Its eleva—
-t10n varles in a wide range from 600 to 3, OOO my and thls zone is; also
_subJect to s01l eroslon-due-to the steep. topography,_deforestatlon
.resultlng from development of new cultlvated land in lowland area and

even 1n the hlgh mountainous area.

The Inner Tera1 zone s1tuated in the south of the Mahabharat Range
.eons1sts of low lands of around 200 m in elevatlon. The prOJBCt Slte
- is. located at the most northern part of this zone where the Sapt Gandaki
.-R1Ver flows from north to south after lts tr;butarles, Kali Gandak1 and

‘Trisulganga,'traverSe the Mahabharat Range and meet.



Due to the said variable topography, the climate of Nepal-varies
from'subtropical in the Inner Terai zone to alpine in the Himarayan
in accordance with their altitudes. Most of the Mlddle zone 1s '

eharacterized'by the temperate climate.

2.2 Data_Aveileble

» The meteorologlcal records observed in Nepal has been compiled in -
”CLIMAlOROLOGICAL RECORDS OF NEPAL" which was publlshed by the Department
of Irrlgetion Hydrology and Meteorology (herelnaiter called DIHM)

The publicatlpn usually includes monihly rdlnfall S air temperature and
huﬁidity recéfds. Among the meteorologlcal records, those for Lhe perlod
from 1971 to ]975 were 1ssued in three separatc volumes, namely Volume I
11 and 1II. Volume 1 consists of the records for monthly ralnfall dlr
temperature and relatlve hunidity observed for the five years. Volume
ITL 1nc1udes the data on monthly sunshine, wind, evaporatlon and soil
'temperatures at 16 CllmatOIOlO?lCal stations for the perlod from 1967

to 1975. Volume II presents weather statistics in the Kathmandu area.

In addition to-the'above; the-deily rvainfall recerds.infaﬁd‘around
the Sapt Gandeﬁieriver basin were_collected from the DI office'duiing
the field investigation period in Stage T and 1T of7ehe-Feasibilify.f
Study. - DIHM is,'ae preseet,.carrying out the compilation wofk for the

meteorological records for the period'from'1976.to 1980.

2.3 _Air_Tempefatﬁre

- The air temperature in the Sapt Gandakl Rlver basin is much
1nfluenced by the southeast and northweet monsoon prevalllng in  the wet’

season and in the dry seaqon, reSpectlvely

The annua1 mean monthly air Lemperature observed at Mustang,

?okhara and Rampur stations for the perlod from 1966 Lo 1975 are. 1isted .

below



Auniial Mean Monthly Air Températﬁref

Name of QLa (Sta No. )

Month: Wiistang (0612)  Dokhiara (0803)  Rampur (0907)
Jan. 4.7 B 158
Feb. . Loy 15.9° 1T
Mar. 1.6 203 . 22.8
ApE. 6.7 239 219
May 9.1 Casa 3002
CJun. o A2.s o 3s.a123,0
RS 115 DU K 1 A . 25.5 _ 8.4
Aug. 13.2 Coesaa 283
Sept. - 11.4 24,3 218
Oct., B 8.8 215 2502
Hov. 2 e 19.6
bec. . 3.5 142 15.9
Mean ez zloo 2400

_The Mustang station is situated in the foothlll of the. Great
Hlmarayan Range on the main stream of ‘the’ Kall Gandaki River and its
.elevatlon is around 3,700.m so that it is con51dered to ‘be influenced: to
someé. extent by_the'alpiae climate of the Great Hiﬁarayan'Raﬁgé;'-The:air
' temperature at .the Mustang station is 6.2°C on the-average and- lowers

:below a=freezing point during the peribd'of January and February.

The Pokhara station . 15 located in the said. mrddle Zone and 1ts
climate is comparatlvely temperate._ The annual mean air temperature at
'the Pokhara statlon is 21 C. “The records represeht an air temperaﬁure_'

in the Mlddle Aone.

In ‘the Rampur station,'the subtroplcs is predomlnanL. Its.mean air
temperature is 24 C.. There 1s ‘a: dlfference of 24°C between ‘the maXImum
and mlnlmum of annual mean monthly air temperatures ~In additlon, there
is a con31derable dlfference between the- daily maxiiium and minlmum ‘air

. temperatures in the dry season



2.4 Rélétive_Huﬁidity 

' .The relative humidlty in the Sapt- Gandari River basin is also A
tsubject to the influence of the southeast monsoou durino the wet season
and the northwest monsoon during the dry season.  Ti general, the':'
3relat1ve humldity is high in the wet season, compared with that in Lhe
_dry season, and iL becomes hlgher in"‘nighttime than that in the daytime

1n the wet season.

The annual monthly mean relative humldities at the said three

cllmatorological statlons are shown in the follow1ng

" Annual Mean Monthly Relative Humidity

S .(Unitf.‘%)
_ . Station'__ :
Moﬁth Mu;tong _ ._(gsiﬁ;f; ' 'iRampof
(1974 & 75) . (1967°= 74) - (1967 ~ 75)
Jan. el S B 3
Feb. | 58 . ss 75
Mar. osT 50 60
Apr.c o560 51 48
May s 62 s
'Jgn. .l o .. b4 _ 78 '76
Jul, 66 83 . .. = 83
Aug, . ' 66 . _.',83 :84
Sept. . o 67 | 82 83
et T S 25, 82
Nov. = = o 53 - : 7 : ‘  79
‘Dec. 55 70 . ) 82
Mean "._ B 60 o t_ 69 . BRCIY 7

_ As shown in the above table, the maximum and minlmum o{ annual mean
monthly relative humldttles were, observed in the welt season of June to

September and in the dry season of N0vember to April, respectlvely.



The annual mean relative humidity at the Rampur stdtlon is higher
than Lhose at ather: two sLatlons due to the subtropical c]rmate._ The
seasonal varlatron of relatlve humidity at the Mustang station is little |
eomPared'with_those at_oﬁher.two stations. .This is due to 1ess'inf1uence

" of southeast monsoon in the wet season.

2.5 Evaporation

_‘Theweﬁaooration usﬁélly'varies from'day to day and from”place to
place uuder ‘the -influénce’ of a1r temperature, relative humidity and
ralnfall ete.- In Nepal, the rate of evaporation for ths period from
March to October is hlgh due to hlgh alr temperature, whlle that in ‘the
'perlod from November to February is relatively low due to the northwest

wind w1th low temperautre.

In‘Nepal, the evaporétion is being observed at sixteen climatofb— '
logical stations by means of Class A pan. ~The observation of evaporation

is usually made daily at 8:40 in the morning.

The annual mean Class A pan evaporetion:amoUHrs at these climatoro-
logical stations for the period from 1967 to 1975 are plotted against
‘their eltitudes as shwon in Fig —C.l. These eﬁaeoration amounts'renge
':_from 949 mm at the Jiri station in the mipimum to 2,519 mm at the Dum
Kauli statlon in the max1mum.' From the Flgure, the evaporatlon appears

to have a tendency that it decreases with 1ncrease of alt1tude

In. estlmatrng the evaporatlon amounL from ‘the reservoir surface,
60 to 70/ of Class A pan evaporatlon amount 13 adopted as the actual
reserv01r evaporatlon For the purpose of computing the monthly
evaporatlon amounts for the Sapt Gandak1 reserv01r, it 13 ‘detérmined
that 70% of annual monthly mean Pan A evaporatlon.at the Pokhara statron

is adopted.:

- The monthly mean evaporation amount of the Sapt Gandaki reserv01r

50 obtaineé are showa in the f0110w1ng



Monthly Evaporation Record at Pokhara (0804) .

:(Unit::,mﬁ)

ﬁohtt SR . iYear. ' _.. Daiiy _ Reservoir
- 1972 1973 1974 1975~ Mean .  Bvaporation
an.o - esil A4 - 0 a3 a9
Feb. - 952 980 - 35 686
Mar, s 130.2° 1674 1736 5.1 - 110.7
Apr. - 180.0  156.0  195.0 5.9 12309
May - 161.2 167.4 192.2 5.6 - 121.5
Jun, B - 5 141.0 - - 174.0 5.3 ' 111.3”
Jul. 1643 167.4 1736 142.6 5.2 112.8
Aug. 1%.4 1736 167.4  186.0 5.4 117.2
Sept. 126.0  138.0 - 1680 4.8 100.8
Oct. 1209 1271 - 12000 40 . 86.8
Nov. 81.0 - 90.0 - 80 2.8 58.8
7

Dec. 68.2  68.2 - 682 2.7 4.

2.6 Rainfall

'Iﬁ'Nepai the ralnfall concentratedly ocCurs during the perlod of
June to OCtober ow1ng to the 1nf1uenee of southeast monsoon,, - while the
1a1nfall durlng ‘the dry season from November to April is extremely

llLtle compared with Lhat during the sald perlod

There are alxtyeeven ralnfall statlonq in and around the Sapt
Gandak1 Rlver basin. The ‘annual ralnfalls recorded at these ‘stations up
. to 1980 are listed in Table-C.1. Those annual mean rainfalls vary in a-

w1de range from 257 mm at’ Jomsom station to 5,149 mm at Lumie statlon._

“Among these ralnfall statlons,'several have been abollshed On the
_other hand, as. seen .in . the Table,_there dre many rainfall stat1ons hav1ng
the 1ncomplete year of. the’ ralnfall reeord for the perlod from thelr
-restabllshed date to present Slcne the pro1ect catchment area is measured
'eto be-31, 100: km2 at the proposed damstte and there aTe Lwenty—nrne ralnu
fall. statlonq in Lhe baqin, one statlon covers an area of’ more thai e

1 DUD xm? on the average Taking into account the varlable ralnfall due



to Lhe complex topography An the basin, it can be said that the intensity

:of the rainfall stations 1in the basin is excessively low,

On the basis of the annual mean, rainfalls aL the said sixtyseven
rainfall stations, “the isohyetal map for the Sapt Gandaki River basin
is. established as. Shown in Fig{~C 2. In preparing the map, the annual
-ralnfall 1n the high mountainOus area of the Himalayan and Tibetan zones
“l_is determined taking 1nto account the yearly isohyetal maps which are =
_ 'suggested in the said "CLIMATOROLOGICAL RECORDS. OF NEPAL" as’ no tainfall..

data in the region are availablc.

The annual monthly mean rainfalls at the Pokhara, Jomsom and Rampur

'statlons are tabulated below

Annuai‘Monthly Mean_Rsinfall

”(Unit:=smm} B

" Month AR . Station (Sta. No.)

_ : Jomsom (601) = Pokhara (803) Raﬁpur”(QOZ):
T T(1958 < 1980) (1956 ~1975). (1967 ~ 1980)
" Jan. | i7.1 27.1 1.4
‘Feb, - 13.8 o 3l.2 4.5
Mar. . 247 54.5 16.9
Compr. o186 . 875 4L
May 9.6 6.9 . 109.2
CJun. 19.7. 6495 386.2
Jul. 3906 | 886.0 - 526.6 -
Aug. “ A g0 j824¢5. S 404;5‘f
Csept. o osls oo os7sa 3307
ocks B : 30:9 o 1:93--9-_. | o852
Nov. 62 o193 8.0
CDee. 20 S8s . . 10,0
Cmmhual o 260.7 . o 3,604.4 . 1,956.4

The above table 1nd1cstes thaL alound 90/ of annual ra]nfall at the
Rampur statlon occurs in the wet season Irom June to September due to ‘the

1nfluence of southeast monsoon.= The Rampur statlon which is located in



the Inner Terai zone 1epresents the cllmatorologlcal featureq in ‘the

project’ area. In this zone, the oubtropical c1lmate 1s prevalling.3

On thelother haﬁd, the anhﬁal fainfali‘amount“éﬁﬁthéijoﬁsnn ététion
is very 11tL1e compared wlth rhose at the Pokhala and Rampur statlons
This . reveals that -the Jomsom station whlch is loaated in the qouthern
Ioothlll of Lhe Hlmaraydn range on the Kallgandakl ijer 1s not s0
_strongly 1n£1uenced by the southeast MONsSoon as OLher “EWo btﬂthﬂS :As
seen Ln_Plg.—sz, the annual mean ralnfdll in Lhe H1marayan and T1betan

" zone is'consideréd to-range between 200 andxl,OOO‘mm..

The Pokhara station is. 31tuated in the Mlddle zone whlch f01ms
majnr part of- the Sapt Gandakl Rlver bas1n . The seasonal ralnfall
:pattern in. this zone is relatlvely Close to that in the Inner Teral zone.
'However, the annual mear ralnfall in thls reglon dlstrlbutes in"a wlde

'range from 1, 000 mm’ to. 6,000 mn. due " to its’ varlable t0pography

_ In the Sapt Gandakl Rlver b351n, the maximum annual ddlly ralnfall_
: usually occurs 1n the perlod from July to. October On the b3515 of the-:
. ;avallable dally rainfall records up to: 1980 the probable dally raln—
:falls at the above three StatanS are calculated assuming Gumbel'

dlstrlbutlon as’ shown below

Probable Daily Rainfali'

(lhllt n nﬁn)'

Récuﬁfén¢e - o Ralnfall Station (Sta No.)
: ?ntervals: - Pokhara . ‘Rampur Jomsom
dn Years  © 0 (gD1) .0 (803) ... (902)
s o S 183 sS4
| 1 5o S0 '?92_.=‘ | :_100--
Sh100 o 33 Tszy 114
200 | 367 355 127

100 432 48 158




IIT, HYEROLOGf
3.1 General

The Sapt Gandakl River basin is blessed with rainfall by’ which the
stleamflow of the Sapt Gandaki 1iver 1s feeded. On the other hand,  snow
. cover in the hlgh mountainous area: which is located in the northern part
of the ba81n contributes to yieldlng of runoff as the base flow. The
‘snow meiting which are affected by air temperature, humidity, wind and
rainfalls, etcr occurs in a higher rate in the wet season than in the

dry ‘season,

In Nepal the stream gaglng stations were set up on almost all. of
the maJor ereams. They are d1v1ded into two’ classes, namely partlal
and regular stream gaging statlons A gage stuff or- ‘water stage level
reeorder is installed at’ the regular stream gaging statlon and the stage
heighL observatlon is oont1nuouslv carried ouL by local 1nhab1tants,-
usually two or three times a day 1n “the dry season and more thap three
tlmes a day in the wet season, The stage hetghts observed are converted
_ 1nto dlscharges uslng the stage helght dlscharge ratlng curve at DIHM L
]_offlce of Kathmandu ‘The dlscharge measurements at the regular’ stream '
gaging stetlon are perlodically made by the gaging staffs of DIHM in
_order to examine accuracy of Lhe ex1st1ng rat1ng curve. On the other
hand the dlscharge measurements are llmltedly made at the part1a1 stream

gaglng station for the use. in hydrologloal analys;s.

~In geﬁeral the major rlvers of Nepal tran5port a 1arge quantity of
sediment durlng the wet season. As the. above stream gaglng stations arec
generally bullt on the. ~alluvial deposlt the river floors-are apt to
vary after. the large magnltude of flood flow. 'Accordingly, the stage
helght dlscharge rating curves are requ1red to be modlfled or newly
establlshed based on the results of the said perlodlcal dlscharge

measurements

: The monthly mean dlscharge records of major streams .in Nepal up to
'1974 which includes the maximum and minimam peak records ‘were issued by
_the DIHM as ”SURFACE WATER RECORDS OF NEPAL". The stage height records
: observed after 1975 are under processing to compile them in the publi-

. cat:l.on.
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3.2 Low Flow Analysis
3.2.1 Drainage System

i The proposed progect site is located on the Sapt Gandaki River
around 1 km downstream from the confluence of the Kall Gandaki and
.Jrisulganga rivers. Among these two main tr:butaries, the former drains
.a catchment area of around Ll , 000 km? Whlch accounts for around 35/ of
'catohment.erea of Lhe progect, 31,100 m?. _The-Trlsulganga_rivet\;_-
draining a catchmedt area of around 20,000 kmzlforms.eastern part of

. the basin.

_ The Kall Gandakl Rlver orlglnates from the north of the Great _
Himarayap Range. In the upper reach,_it generally flows from north to
SOuth.and Changes its course to the east after maklng-a large loop at

around 110 km downstleam from the town Jomsom .Many tribotaries-in—
cludlng the Mayangdl, MOdl ‘and Andhi Rivers flow 1nto the main stream

until 1t comblnes w1th_the Trlsulganga R;ver.

The 10ngest course of the Trlsnganga Rlver whlch is called the
Trisuli Rlver originates from the Tibetan zone . The northern parL of
the Trisulganga River:basin belongs to terr1tory of Chlna The Trlsull'
Rlver generally flows southwest and it meets many trtbutarles such as
the Burhi Gandakl, Marsyangdl and Seti Rivers until it joins the Kali

Gandaki River.
3.2.2 Streamflow at the Demsite

The reguier stream gaging station 450.is.1ocated at.around‘0,9 km
dowﬁetteam-from_the‘project sité. The water level observation Gas
comnenced in 1963 and the'etage height records were”eonverted_into:
_diseﬁarges‘fOr the period from-1963 to 1968 osinglthe.etagerhéightn
dlscharge ratlng curve esLabllshed by MG The discharge reeotde'ete;
summarlaed in the satd "SURFACE WATER RECORDS OF NEPAL", .Regerding the
stage helght records after 1969 however, 0 prOCEbSlug work wes

eonducted

C =11



Afterward SMEC carried out, the. discharge measurements at the
gaging station 450 for the period from July - 21 197? to July 22 1977
for the purpose of p:eparing the Prefeasibiliry Report. At that time,
twentyfouy dischqrge measurements were taken. “In Fig.-C.3, the rating

”cu1ves established by HMC and SMhL are 111ustrated The results of the

discharge mcasurements by SMEC were plotted in Pig C b

On the’ other hand the JICA Team carried out the dischaige measure~
ments for ‘the period of February to March and August to ﬂovember 4n 1981 |
.so as to examine accuracy of the’ existing rating curves. The' measure~

: ments: for low flow were concentratedly performed during the former V
.period us1ng a current meter, while ‘the measurements for flood discharges
lwere conducted during the latter period us1ng floats in collaboration .
w1th counterpart personnel prov1ded by HMG. The results of discnargc

measurements are’ shown in Table C.2.

l Based on. the discharge measurements carried out by the JICA Team,
it was found that the rating curve established by SMEC generally
c01n01ded w1th ‘the measurements by JICA in the low flow dlschalges but
'excessively large estimate of discharge was made in the high flows.
1hus, it was con51dered that both the rating curves prepared by 'SMEC - and

' DIHM were requ1red to be modified accordingly

' ‘A‘wew rating curve was established based on the discharge measure-
ment results as shown in Fig;éc.ﬁ. In establishing the new rating curve,

some, of measurements by SMEC were incorporated.

FolIOWings were con51dered for the application of the rating

curves for converting into the stream Flow;

As the Sapt Gandaki Rivsr causes much sedimentatlon by flood

: there 1s a p0331bility that the riverbed tOpography changes by a large
fflood The rating curve is also con51dered to. ‘be changed accordingly
.DIHM carried out the discharge measurement and checking of the rating
'curve up to April 1967. Thus, DIHM s rating curve was conSidsred right
and should be applied during the period From July 1972 SMEC carrled
out the discharge measurement and established a new rating curve which -
:is con51derably different from the DIHM's .one and nearly same as in low

_flow the riew one “established at this time though there is some dlfference
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in the high'flbw portion. Such being'tﬁe case, 1t may. be'reasenable to
_consider that the change of the rating curve ‘to be applied occurred
during the period of May 1967 to. July 197? while any discharge measure~
ment and checking of the rating curve was not carrled out. Thus, the
application ot the raLing curves for ConverSLOD from the river water
level into the stream flow was made on the assumption that the change of o
the rating curve from the DIHM'S one to the newly established one
.occurred at the middle of the period of May 1967 to July 1972 1. e "
.DIHM'S stream flow data which were derived applying the DIHM s rating
curve, were used up to June 1970 and after then, ‘the stream flow was_.k

derived by the appilcatlon of ‘the newly cstabllshed rating curve.

The daily mean dlscharges s0 obtalned for the period from 1963 Lo S
1980 are complled in the end of thlS ANNEX (C) The monthly mean
-discharges are summarlzed 1n Table~C 3. In addltion, ‘annual mean monthly

discharges for the perlod are shown 1n Fig.-C. 5 and in the follow1ng.

. . _ (Unit: n3/sec)
Month Jan..Feb. Mar. Apr. May Jun. Jult. Aug. ' Sep.  Oct.. Nov. Dec.

Meani 376 303 283 373 572 1,548 3,576 4,231 2,967 1,578. 795. 520

The annual mean discharges of the Sapt Gandaki River at the damsite
is calculated to be 1,436 m3/sec. As shown in the above Table, around -
85% of ‘the annual runoff occurs in the wet and transition scasons from”

May to October.
3.2.3 Verification of Reliability ‘of Runoff Data

As the density of rainfall stations in the basin is too 10W'te
accnrately estimate-the runoff‘eoefficient.and rainfallidata in the
Himarayan and Tibetan Zones are hardly avallable, the rellabllity of
the runoff’ data at the Gaging Statlon 450 1s examlned by double mass
curve method and comparlng SpeC1f1c runoff at the Gaglng Statlon 450

w1th those at other gaging statlons 11 the basin.
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"(1) “Douhle”mass corve

5 In order to examine con31stency of the 1unoff rtcords at Lhe _
Gaglng Station 450 the accumulated annual medn runoff at Lhe Statlon
s compared with that at the Gaglng Station 420 on the Kall Gandaki
River whlch covers a oatohment area of ll 400 km2 ‘To represent the

'correlation between those,'the double mass curve for the perlod of 1964

to 1978 is established as shown in Flg.—C 6

SlnLE the relation between those 1s glven by a Straight line in the
'Flgure, it can be said’ that the - runoff records ‘at’ the Gaging Statlon 450
is well correlated with those at the Gaging Station 420 and that these
records are con51stent In addltlon to the above, high correlatlon of _
'these runoff data is 1ndicated 1n Flg.—c 5 and Fig.-C.7 shOW1ng annual
mean’ monthly runo[fs and relatlon of monthly mean d1soharges at thesc

gag1ng statlons, respectlvely

_ 'Fig.-C.6 also shows a oellchrrelation between the runoff records
at”the damsite and those at Gaging Station 680 which is iocated3on the
1 Sapt K051 River basin, being adjacent to the Sapt Gandakl River basin’

in- the east and at whlth a catchment area is measured to be around
18 000 km?.

(2) Speciflc runoff

_The annual ‘mean spec1fic runoff at the project 81te is’ estlmated

.'_at 4. 52 m3/seo/100 km based on the runoff: data fox the perlod from .
1964 to 1980 On the other hand, ‘the annual mean specific runoff at

five stream flow gaglng stations in the Sapt Gandaki basin are shown in

._the follow1ng._

No. of R '. Available Period: Annual Mean SpeC1flc

G.5., - uName:of_Riyer T of! Runoff Data‘i » Runoff (m3/sec/100 kmz)
420 - f_aKali Gandaki '_1964 -hrg?7l'_-- R 4. 30'?
430 oseti . 1964.- 1978 8.8

439.8  Marsyangdi - 1974 - 1979 5,57
445 . Burhi Gandaki . 1964 ~ 1978 362

447‘ . Trlsuli o . '196?‘_

1974 L 4,22
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The above table shows ‘that the specific runoffs of the tributaries
of the Sapt Gandaki River range so widely from 3 62 to 8 88 The value '
of 4. 52 m3/sec/100 km2 of -the Gaging. Station 450° is considered to be -
reasonable in comparison with specif1c runoff of 4 30 m3/sec/100 km?
the Gaging Station 420 Though the specific runoff at Gaglng Station_
420 is slightly less than: thaL at Gaging Station 450 this results from
the small rainfall amount in the upper reach of the Kali Gandaki River
as seen in Flg ~C 2 Thus, the runoff rccords at ‘the’ Sapt Gandaki

damsite are Judged to be reasonable
3.2.4:'Frequency of'Low'Flow :

‘ Since the progect is plauned to be of run—of~river scheme the
frequency of low flow dlscharges has a signlficant effect on the
dependability of the power plauts. As shown 1n Table C 3, the daily ;'_

lmean dlscharge records at the damsite are incomplete for the nlne years
.'of 1963 1971 1972 1974 to 1978 and 1980 For the purpose of ‘estab-

: lishing the discharge duration curve at the dam31te, the daily dlscharges
in the wet season are 81mply generated by applylng discharge records at
the Gaging Statlon 420 and a catchment rdtio of Gaging Station 450 to
Gaglng Station 420 The discharge records for the perlod of 14 years
exclu51ve ‘of those in 1971 1972 and 1976 became ava1lable for the o
purpose of examinlng the frequency ol the 1ow flow at the dam51te.g Thefp
dlscharge duratlon curve at the dam51te is. illustrated as shown in . |
_ Flg —C 8 and the daily discharges for selected exceedance probablllty

are as follows

Pereentage of time when daily discharge is exceeded
10 20 ¢ 30, 40 50 60 ;-70. 80. 90 100

Discharge

_ 13,800 2,730 1,620 982 684 523 424 343 290 150"
-(m/sec.:) o _ LT R
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3.3 Flood Analysis
3.3.1 General“FeaturedoE-Flood-Frequency'bflthe-hasin 3

In the Hydrology Report for the Basin Master Plan Study prepared
”by SMEC in 1979 it was stated Lhat ‘the log- normal distribution is well
lfit for the flood records in the Sapt Gandaki River basin.- This hydro—
logic characteristic was: confirmed by examining distribution of annual '

maximum peak discharges observed at each gaging station in the basin.

Table—C 5 shows the annual max inum - peak discharges observed at: the
;Gaging Station 420 (on the Kali Gandaki River), 430 (on the Seti River),
445 (on the Burhi Gandaki River) and 447 (on the Trisuli River) which g
are major. Lributaries of tho Sapt Gandaki River ' These peak dischaige
records were plotted on log—normal paper for each gaging station as _
shown in Fig -C.9.. YFrom the Figure it can be said that the log—normal
distribution shows a good fit for the flood records in the basin as a

‘.‘_-JhO].E'. .

On Lhe other hand, a skewness of ‘the. samples was calculated for
each of the above gaging stations as shown in Table=C. 5 The skewnesses-
" of samples in the basin are less than 1. 1935 which is given as Lhat of
_Gumbel s extreme distribution.: 1his means that the curve derived from '
- the sample is skewed to’ the 1eft With increase of discharge ‘on the f'
_Gumbel's paper . Thus, it is cOnSidered that an application of log— :
rnormal or “Gumbel' s distribution rather than log extreme - value distri—

bution is. snitable for frequency analysis for flood records in. the basin
©3,3,2 1EloodejrennencyrAnalySisl

_ The annual maximum peak discharges at the Gaging Station 450 for
the period from 1963 to 1981 .are’ shown in: Table -C. 6. As seen in the
}Table, the annual maximum peak discharges range approx1mately between
- 6,000 ‘and 16, 500 m3/sec, and it is noted Lhat they mostly occurred for
the period from the beginning of July to the end of September 'in the wet

. s€eason.

.The flood frequency analysis was made u81ng the 1og—normal Gumbel'

- and Iwai's method as sh wown in the folloWing table
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ggyimate& Peak_Diéehérge_

: _ (Unit: m3/sec)
. -Recurrence ' ' '

Interval S ,:Log Nofma1  Gumbel's : Iwal's
in Year RS 3
o2 9,200 _'9,060 S 8,700
5 10,90 - 11,30 10,400
10 - 12,100 . 12,900 11,500
20 13,100 14,4000 12,400
50 14,300 16,300 13,500
100 15,200 17,800 14,400
200 16,1000 0 19,200 15,200
1,000 18,000 22,600 16,900
10,000 20,700 27,400 . 19,400

As shown in . the above table, the peak dlscharges estlmated by .the
Cumbel s method are. Iarger Lhan those by the other methods for recurrence
1nLervals of more thah 5 years 'Taking into con31derat10n unoertaintle&
1nvolved in the extreme huge catchment area of 31, 100 kmz, it is recom-
mended to adopt the results by the Gumbel's method for the purpose of S

- project plannlng and de51gn

In order to check the rellablllty of the above result of the flood
frequency analy31s, the estlmated peak . dlseharges for the Gaging SLatlon
'450 are compared with those for Gaglng Station 420 on the Kall Gandaki _;
-Rlver and unusual floods in the whole Nepal by uelng the follow1ng
Croager s formula '

é6CAb

)
B

0 048

o
l

= 0. 89A 1

where, Q: flood peak in second-feet
A catehment area in square mlles

C: Coefflelent
' The freqoency analysls for the Gaging'Station 420 was made for
the annual maximum water levels for the perlod from 1964 to 1977 using'.

the Gumbel's method. The results are shown in Table~ -C.7. The above .
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Creager s C corresponding to the peak discharges estimated by Gumbel'
method ‘for the Gaging Station 420 and 450 are tabulated below.-'

" Recurrence. o o Creager s C
Interval-r Gaging Station’ 420 Gaging Station 450
in Year o U(CWAY = 11,400 kmZ ) (C.A. = 31 100 km?)
200 62 71

0,000 - 9 100

.As shown in the above table, the values of Creager s C for the ZOO.H
year and 10, 000 year flood for the. Gaglng Station 450 resulted in '
generally same as those for the Gagling Statlon 420 The value of C is
con81dered to depend on the characterlstlcs of: the dralnage ba51n such
as ralnfall intenslty, topography and 50 on.: Therefore, taklng into
account the 31m11ar1ty of both baslns, the results of the frequéncy .

" analysis for the Gaging ' Station 450 are Judged_to be-reasonable.

In Fig,fC.ll, thg'recorded.maximom peak‘diecﬁargee.et;thelreepective'.
gaging‘etetions in'Nepal.are plotted against'their'catchment areae.using
the-eeid ¢ eelue. The hlgheqt C value, as shown in the Flgure, is -
derived to be 66. Accordlngly, the 10 000 year flood of 27,400 m3/sec .
at the damsite which corresponds to € = 100 has a considérable’ allowance
for the recorded unusual floods in Nepal Furthermore; it ie-generally
_ accepted that 'the value ‘of ¢ =100 glves-the largest_peaszlood at any
.part of the world. o . - . : '

From the above hydrologlcal v1ewpoints, it is recommended thaL the .
_splllway hes a capaclty of dlscharglng the estlmated 10,000 year flood

at the damsite with an allowance to some extent.
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. SEDIMENTATIONTSTUDY‘AND WATER QUALITY
4.1 Sedimentation’Study
4.1.1 General

The. rivers of Nepal generally transport high sediment load due LO
the highly deforested land steep slope and high inten51ty of rainfa]l
during the wet season. On, the other hand, the characteristic appears
to be comparatively remarkable_inmthe;riyers which originates;from-the
Tibetan zone. The Sapt Gandaki Riyer'Water seems_to be'ver§ cleat in:
the dry season;'while'it becomes moddy'in the wet season due to a large
quantity of sediment transports from the basin. 'lt is observed thaL o
the sediment rate of the Kali Gandakl River 1s hlgher than that of Lhe'

1r1su11 Rlver.

The sedimentaion studies were made for the whole 3apt Gandaki basin
based on Lhe data on ‘the suspended 1oad ‘at Gaglng Statlon QSO whlch were
carrled out by DIHM for ‘the period from 1975 to 1978 In additlon to
those, the suSpended sediment data collected by the JICA Team during ‘the
field investlgation perlod, as shown in lable—C 8, were incorporated in

assessing the sedimentatlon of the Sapt Gandaki River basln

As the Sapt Gandaki pro1ect is planned to be develOped as a run—o[—
river scheme, the studies are focused on estlmate of time when the. reser~

voir below the spillway crest level is filled up with the sediment.
4.1.2 Estimate of Long—term‘Sospended,Load“TranSport

The ultimate objective of sedimentation study is to estimate the
sediment rate of'the:basin based on the-relationship between daily ‘mean
discharge and sediment load’ concentration : The SEdiment-load consists
of suspended and bed- Loads. In general it is noL possible to accurately
'measure the bed load in Lhe natural river In addltion, any data on bed
iload are not avallable in Nepal. Accordingly, Lhe rate of bed load -

- transport is. 51mply assumed to be 15% of that of the suspended one.

On thegbasis'of the said'datafon'tbe:sospendedrload'at'tbe Gaging-

- Station 450, the'concentrations'are plotted against discharges as shown
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. in Fig.=~C.12. It reveals that the values of the suspended load'eon—
.oentration scatter in=a wide. range. From the-flgure; dt. appears that
the sediment yleld in low flow season is in[luenced by oLher factors

_than the magnitude of runoff dlscharge and that concerning flood season
there is compalatively a large differeuce of the suSpended load con-

- centration between rising and descending.time_of the flood.

~ On ‘the basis-of the results of'the‘SusPended load'measurements,
the relationship between daily mean discharge and suspended load trans—

port is éstablished as shown in the following

-”Qs-a 7.53408 x_1o"4 x_Q2'54267;
where Q and Qs are da1]y mean dlscharge in m3/sec and suspended load
transport in ton/day, respectively As the ‘exponent of Lhe above
expre5510n generally ranges between 2.0 and 3.0 in the rivers of Nepal,

it is judged to be adequate.

The lOng term suspended transports at the damsite are estimated
using the dally mean - runoff reeords at the Gaglng StaLlOn 450 ~ The
'monthly suspended load transports for the perlod from 1964 to 1980 are'
shown in Table C 9. As seen in the Table, more than 90/ of annual

suspended load tranSporL occurs in . the wet season of June to September

4.1.3 Reservoir sedimentation

For the.purpose of-conVerting the unit of sediment load from weight
into volume, a density of sediment materlal is. assumed to be 1. 4 ton/m3.
By adding the bed load, the annual mean sediment yleld of the Sapt

_Gandaki-basin is estimate to be around 88 x 10° m3/year as-shown below.

Annua] Monthly Mean Sediment Yield

(Unit: 103 m3)

.Jan;lFeb. Mart Apr, May  Jun. Jula; Aug}' .Sep; 'fOet,:NoVu‘ﬁec.‘Annual

76 39 36 78 244 3,646f26,356-35;791{155990'4,877_498 168 87,799
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The speclfic eedimeﬁt transport of the Sapt'Gehdaki Riﬁer'basin-
expressed in m3/km2/year is determined to be 2 800 which 1ig slightly
smallar than a 3, 000 mB/km2/year recommended in the SMbC's Prefeasibillty
ReportL

In case of developing_the-Pfojeét as a storage type, the Sapt
Gandaki. reservolr needs to_have.a}dead_storage'eépacity'of nore
~than 9.x 109 m3 which_is'equivéfeﬁt tb_thé3100 year sedimenﬁ trans—
port volume. Since-ir is'ndt possible.to‘feise'up the dam crest
to such a level taklng irito c0n31delat10n of topooraphy at the dam-—
,site, the projéct is proposed as a run“of rlver ‘scheme. Hence the
sediment 1uf10w 1nto the reserv01r 1s requ1red to be d1seharged
downstream through the splllway.gates after it is filled with the

sediment.

In order to estlmate the time when the reservoir below the sp1llway
crest 1eve1 is to be fllled Wlth sedlment ~it 1is necessary Lo determine
the trap, eff101ency of the reservoir. The trap. eff1c1eney is con51dered
to be a functlon of the ratio of gross reservoir storage capaclty to -
annual inflow dischatge volume, Useglly, the trap efilclency_beepmes _
small if.annual inflow volume is lerge compared with grpss-etqrage_eepef
city. Sinee'the ratio for the Project is calculated around 0. 07, the
.value of trap eff1c1ency is estimated to range between 20% and 50% based
on data ‘obtained by surveylng the existing reservolrs in U.S.A. On the
other hand, the flood discharge in wet season during which a large
sediment transport occurs is planned to be mostly discharged dowhsﬁream
through the spillway gate without retarding; Accordingiy,'aS-the trap
'efficiency is considered to be very low as a whole, 30% is adopted as

the trap efficiency for the Project.

With this tfap efficiency, the annual sediﬁentétion'in the reservoir
will be about 26 e lO6 m3 and the reservoir below the spillway crest,
which capacity is about 130 x 10 m3, will be filled up with sedlment

in several years
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4;1.4__Grain Size_of Sediments .

_ The grain size analysis of the sediments is made as shown in
Table~C lO‘ As seen in the Table, the grain si?e of the sediments at
'the proposed damsite is very fine. It seems such fine particles will

not be 'so harmful for the turbine blades;_

_4:2 Qeality:ofstheﬁRivef-Watet

The laboratory tests for water quality’ analysis were carried out
~in order to examine the content of various ‘chemical elements of the Riveri
water. The water samples were taken at. Lhe Gaging Station 450 not: only
in Lhe dry season, but dlso - 1n the wat ‘seagon. = These chemlcal analysis
_were made. in DL 1aboratory of Kathmandu. -The vesults of water quality

analjsis are tabulated'in'Table—Cill.

As shown in tne Table, the Rlver water is usable for drlnking water
snd irrlgation purposes and it also has no adverse ‘effect ‘on turbine and
metal for hydropower use, The content of calcium for the River water is
'high eompared wlth ‘those of oLher elements.- This shows that some of

upstream area con31sts of limestone
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Table~C.2: RESULTS OF DISCHARGE MEASUREMENTS

_ .ODServed-Date ) Stage :Height . . Observed. Discharge

(m) . o _(m3/sec)

February 27, 1981 S o.sh 242
Februavy 28, 1981 . 0.55. . 230
Mareh'l, 1981 0.0 257
March 7, 1981 0.7 | 254
March 10, 1981 . © - 0.51 21
March 16; 1981 - 0.47 - 185
March 18, 1981 . . . . 0.55 | 248
"ﬁéﬁchiié,flgsl" ' ) oiSQI | . 205
March 22, 1981 0.8 286
hﬁéuét”is,:i9él R Y B 3,427
August 17, 1981 495 3,53%
August 18, 1981 S 4.76 3,189
August 19, 1981 . 5.64 4,350
- Au’gus:t 20, 15381’_. R 6;3_7 : 6,269 :
éép;éﬁbér,7,“1981. R 430 2,913
September 8, 1981 - 4.44 2,610
 September 9, 1981 .77 3,476
September 11, 1981 5.71 5,285
‘September 15, 1981 - 4.06 S 2,m
- September 16, 1981 4.00 2,688
September 29, 1981 Looss2 1,159
:_béfobérlls;f1981_ “ T msT 1,190
Qctober 19, 1981 -2,55f" 1,153
October 20, 1981 . . 2,53 . 1,115
| November 1, 1981 . 2.1 880
i&lovember- 2, :'198_1 S o 2,08 o . 85.0_._
‘November 3, 1981 2.07 849
November 4, 1981 Cogaas o 922
November 14, 1981 - . .1.84 A 694 .
November 15, 1981 ~ - “1lg2 611
© November 16, 1981 R ¥ Z I 702
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Table~C.5: ANNUAL MAXIMUM PEAK DISCHARG}LS oF MAJOR TRIBUTARIES
: OF THE SAPT GANDAKI RIVER

':(Unit: m3/sec) '

'GAGING STATION

o Neo. A200 430 465 447
Year = River of Name' '_ " Kali Gandaki © Seti | Burhi Gandaki Tfi.sﬁli_
' _Catchment:Area-(ka)i ll 400 582 R 4,270_~ 4,110

1964 - 3,730 6 eso o
1965 L s1s0 236 693 -
1966 - - 310 268 735 S
1967 ' 2,490 221 823 650
1968 o 6,720 - 599 5700 605
1969 R 2,300 258 500 . 605
11970 5,650 500 . U528, 690
1971 | 2,600 . 258 - 452 726
1972 . 3,730 433 574 850
1973 ' 5,880 536 700 1,270
1974 | . 4,480 555 805 1,170
1975 R 7,400 372 - 5% -
1976 o 2,820 420 494 - -
1977 AU 5,700 . 425 0 US5A6 L -
1978 . - o 28 518 -

‘Skewness - - 0.278 0,256 - 0.492 1'0.855




Table-C.6: ANNUAL, MAXIMUM PEAK DISCHARGES AT THE DAMSTTE

Peak Dlscharges - Peak Discharges

Date (m3/sec) . Date (m3/sec)

ug. 8, 1963 7970 Sep. 12, 1973 8,620
aug. 4, 1964 8,400  Aug. s, 1974   16,350
hug. 12, 1965 790 Jul. 23, 1975 11,450
Aug. 24, 1966 9,480  Aug. 24, 1976 6,690
Jul.';05:1967 : 8,790  Aug. 14, 1977 9,990
oct. 5, 1968 10,160 Aug. 12, 1978 7,920

| Jul.'éﬁ; 1969 6,160 Aug. 21, 1979 | 9,486_
Jul. 16, 1970 9,230 - Sep. 6, 1980 9,950

' Aug. 18,’19?1 7,030 Sep. 29, 1981 11,900

Jul. 28, 1972 9,990




Table~C.7: RESULTS OF FREQUENCY ANALYSIS FOR ANNUAL MAXIMUM °
PEAK DISCHARGES OBSERVED AT GAGING STATION 420 -

Recqrréﬁé‘e"_ Lo :Es'.t‘imated Peak Di_ggha_rges' (n13/ééc:)r
Interval - - N - - T
in Year Log Normal Guubel's . = Twal's
| 4,100 4,200 4100
5 5,700 6,000 5,700
0 6,800 7,200 . 6,800
20 7,800 8,300 7,800
50 9,100 . 9,800 9,200
100" : 10,200 11,000 . 10,3007
200 11,200 112,100 11,400
1,000 ' 13,700 14,600 ' 13,900

10,000 17,500 18,300 - 18,600




Table—C.8:

RESULTS OF SUSPENDED LOAD MEASUREMENTS

Ovserved Date

ObservedVStrEaﬁflow

"Suépeﬂded'Load'

_ (m3/séc) (mg/ L)
March 5, 1981 20 29
March 6, 1981 213 27
Mafch‘7, 1981 2i5'_' 31_.
xar¢hf8,_1981 "229   35
March 9, 1981 - 232 ‘681..
March 10, 1981 200 207
Aﬁgﬁst,20, 1§81 5,352 2,5@3
:August 25, 1981 54,384 1,340
Aﬁguét 23;'1981 : 3;257 2,09é
September 12, 1981 3;361'_ 2,483
Septemﬁer 14, i981” 2,423_ 2,302
September 15, 1981 2,347 3;743
. September 16, 1981 2,474 2,787
September .30, 1981 - 4,573 7,186
October 18, 1981 933 2,209
October 20, 1981 910 760
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Tablé-C.10: RESULT OF GRAIN STZE ANALYSIS FOR SEDIMENTS

PARTICLE SIZE 8. WEIGHT PERCENTAGE ‘OF PARTICLES UNDER THE SIZE

¢ SPECIFIC GRAVITY G __ 2,732,

GRAN SIZE (mmt| 50.8 [38.1 | 25.4 | 19.1 [ 9.52 | 4.76 | 2.00] 0.84 | 0.42 | 0.25 |0.105] 0.074

1wl
é e e
_‘J)

IToTaL passiGE] : - *J100|998|983 |51.9]420

B | oRaN SIZE tinm |0.0527|00386 |p0249{00144 [0:0102/0.007310:0037 {000

|TOTAL PASSING(%] 29.1 | 17.3 | 102 | 82| 7.4 |64 |3.1.| 07
SRR . : SIEVE. [ . S
: . L L s Coags 2y 2000 952mm  254mm_ 508mm
GRAIN -SIZE_AC CUMULATION S - I I A [ I'T T}
A T CURVE: 74 oot Bagp 4760p 194 38lmm
100, : S rs— : : S : :
soF——F— - H- - . _
) R I . 41 _ -
e O o A 11 A
- A / .
o ¢ ‘
& 1T
ol I
A
4 o
o E i A T
t B -
LR |
ol T : . .
Qoo . 001 | .01 1.0 K 10.0 - 0.0
3 " DIAMETER {mn)
—getar | st ]  SAND _ © . GRAVEL
ooor .7 T 0008 : co/d Z0 e
% COLLOID
S4emm< - | -0 | %WMAXMUM DIAMETER . | 0.84 mm
-2 476+ 2 OOmin 0 ' wecw DIAMETER ' 0.12  mm
[ I =S ekt wbe e el S e Mo et He
g. © 2.00~0.42mm 0 %(3CP DIAMETER 0.055 mm
5 0.42~0.074mm 58 %I10% DIAMETER 0024 mm
e T . N [ AR
. | 0.074~ 0.005mm 38 %[ COEFFICIENT OF UNIFORMIT 5.0
0.005mm > 4. WCOEFFICENT OF CURVATURE - * il
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FIG- C.4
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FIG- C.6
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FIG- C.8
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