As the Sapt Gandakl PrOJect 15 a run- of-r:l.ver plant hav:mg no reser-
voir to regulate the seasonal flow change, the power output varies ‘with
the flow change. IF the reservoirs with the. capa01ty to régulate the
seasonal flow change arecmnstructed on-the upper reaches of Gandaki Rlver
basin, the capacity factor of ‘the Sapt Gandaki: Pro;ect will 1ncrease,.g'
since the river runcff oﬁ the dry’ season at’ the Sapt Gandaki PereCt site
will be augmented with the intensive release from the upper reservoirs on -
the dry season. - Thus, the constructzon of the: reverv01rs on ‘the' upper - '

reaches of the Gandaki River basin has the secondary benefit to firm up
 the power outputs and to extend the installed. capacity of the Sapt Gandaki
"Project. It is expected that the ult].mate installed capa01ty of the power
plant will be not less than 400 MW.
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' CHAPTER 6 PRELIMINARY DESIGN AND COST ESTIMATE

6. l Prellmlnary Deslgn of the PrOJect

The prellmlnary de51gn of the Sapt Gandakl PLOJECt was made based :
onn the optlmal plant scale of 200 MW The maln structures ‘of the Progect
-as depicted in Figure 6-1 and 6-2 con51st of a dam. splllway, intake
structure and power station. Moreover, the" transm1551on line between.
Bharatpur and the project site and the sw1tch1ng statlon at’ Bharatpur
are also 1ncluded as the components of the Pr03ect

'The'Prelimlnary d951gn of‘the strUctures was made Based'oh thei_r
topographlcal maps. of 1:2, 000 scale which were produced,by enlarglng
the maps of 1:10,000 scale w1th 10 m contour.

‘6 l 1 Rlver Dlver51on Scheme _

"Dlver31on method-- If 1t lS requ1red for the constructlon works to make
‘a dry ‘areaat the river bed through the: year,"- the. dlver51on fac111t1es
must have the flow capa01ty of more than 16, 000 m3/sec cons;derlng the .
hlstorlcal maximum: dlSChBIQE-” Bs it is' too costly to construct the diver-
sion ‘scheme w1th the’ flow capaclty of 16, 000. m3/sec, it is con51dered '
reasonable to plan ‘a ‘method in‘which river flow in the first wet season
is. allowed to fully overtop the. cofferdams and’ the construction is: made‘;
only in the dry season.: On:this’ basms, ‘thére: are’ two, ways ‘to construct
the: d1versron facilities:  : one is the multi=stage diversion method to-
protect the' constructing’ structures by enc1rc11ng with sheet plles staqe T
by stage in the river. channel and the other ig the method to construct
a diversion- channel on the left: bank.. For applylng the former method,
the sheet piles For. cofferlng must - be- drlven into the river bed. where
much gravels of 10 to. 20 ¢m in diameter scatter and this work: 1s ‘con-
-51dered very. difficult. . Thus,.the 1atter method is, adopted on' the pre-
llmlnary de51gn of the structures.' : : .

Dlver51on channel and coffer dams. If the’design flood for, the diversion’.
tacilities is selected to be. 2,000 m3/sec,_1t is p0551ble to. perform the
construction works at the river bed for 7 months from the beglnnlng of
‘October to the.end of May with . the probabrllty of more. than.0.96: {a- 25~
year returh: perlod) ‘as can be: seen in-Figure A= 8.. .If the’ work tlme of

8 month-a yeéar is requlred for: the constructlon works,. it is- necessary
for the diversion facllltles to have “the. flow capac1ty ‘of more:than
8,000 m3/sec.; Thus, it is: most economical that the diversion fa0111t1es
have. the flow: capac1ty of 2 000 m3/sec in the constructlon stage.

Though a tunnel and open channel plans are. con51dered as the dlver—
sion fa0111t1es, the “latter method was - employed because the: latter method
is cheaper in ‘cost and edsier in constructlon than that of the former
method.. The. d;vers;on channeél is 50 m wide and around 700 m: long.

- 49~



The upstream and downstream.cofferdams are.constructed-at a
distahce of 145 m and 412 m from the axis of the main dam, respective-
1ly. Those surface slopes-and crests are protected with cdoncrete to
prenent from destruction by overtopping of river flow in the wet season.
The cut-off wall is constructed beneath the river bed in order to make
a construction area dry. The helght of the upstream. cofferdam is 10 m,

”w1th ‘that the dlver51on channel has the flow capa01ty of 2, 000 m3/sec.

TB.1. 2 ReserVOLr, Dam, Intake and Splllway

ReeerVOer' The proposed dam51te of the Sapt Gandakl PrOJect is located-.J
on the Sapt Gandaki River, 1.1 km downstream from the confluence of - the
Kali Gandaki:and Trlsulganga Rivers.: 'The Sapt Gandaki reservoir has a :
g gross storage capa01ty of 346 x 106m3 as shown in Flgure 6-3.

_ The annual sedlment yleld was estlmated to be 4,000 m3/year/km2 as
Hmentloned in Clause 4.4. It will take less than 3 years to £ill:up the =
:reserv01r with' sedlment. " However, the active storage: capacity for the

dally operatlon, 12 x-100m3, - can: be retained by assuming that & channel=
- will be formed w1th the spillway width and.that the slope. of sedlment
dep051t is equal to that ‘of the present river bed, 0. 0015..

—Dam Con51der1ng the 1arge magnltude of- floods, the main part of the

' damis constructed with a concrete gravity one having a central overflow
dsplllway.- A part of the dam on the left ‘bank’ is .constructed - w1th embank-
‘ment for sav1ng the: construct1on cost. The dam. ‘heights of the concrete
and embankment portlons are: 71 m and 48 m, respect1vely.~ The total crest
length of the dam is’ 870 m. : D o

_ The stablllty of the dam was: checked by the overturn, Slldlng and
.bearlng capacity: for the concrete portlon.m As: the shearlng strength.of -
" the foundation: ‘Yock can not’ be expected to:be high, the ‘stability for
slldlng will': be crltlcal.t A typ1cal Cross: sectlon and- prorlle of the

. -concrete- dam as shown 1n Flgure 6-2weredeterm1ned to satisfy the mlnl—

mum safety’ factor of 4. 0 according to the. design standard of a concrete
- dam’ in Japan by assumlng that the- shearlng strength of: the foundatlon :
xock is'as much as 7.0 kg/cm2 ' : Fo

_ -:=fThe stablllty analy51s for the embankment portlon 1s made by the
' sllce method applylng the Seismic coefflclent ‘of 0.12. The upstream and =
downstream slopes are 1 2 4 and 1: 2 0, respectlvely.; P e e e

The embankment materlals for the core, fllter and sand and gravel
zones will be. obtalned from excavated materlals and rlver dePOSLtS. A
”cut—off wall is used as the: impervious zone for ‘the’ ‘extreme: left w1ng '
'of the embankment portlon to reduce the excavatlon volume. : :

S ht 1s expected that the reservoir 1n front of the splllway w1ll
‘be fllled w1th sedlment to ‘the “level: of the: fixed: splllway ‘crest, while
the 51des of the’ reservoir will be filled upto the maximum operatlon
level ‘with sedlment leav1ng a lower central channel with the" splllway
w1dth.‘ ‘Thus, the 1ntake structures were designed next to the’ splllway
.not s0 as that ‘the river bed becomes higher than. the 1n1et level of the
intake. : :
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The intake- structures have the. grav1ty sectlon walls gust in: front
of them ko prevent: the sediment ‘load Erom enterlng into the intake -and
turbines. The gravity section walls also work as the cofferlng wall

"during the construction to make possible the constructlon of the power-
house even in the wet season.

Sgillwa ' Flood'frequency'analysis for tﬁe estimate of design floods
on- the splllway was made. in: Clause 4. 4. ‘It is assumed for the deter-
mination of spillway- dlscharge capacity that the reservoir has no reten-
‘tion effect, namely the spillway has the capacity to release. the peak

_ lnflow dlscharqe of a flood. ' : . i

The de51gn flood for splllway is determlned to be 21 700 m3/sec whlch
is equlvalent to 1.2 tlmes of the 200-year flood (18 100 m3/sec) in, accor=
dance w1th the de51gn standard of rockf111 dam in Japan.:

The splllway of whlch the crest is set at EL 200 I3 has 9 gates on
the crest. The dimensién of the 'gates is 15 m wide and 25 m hlgh ' The
| resexvolr water- level 1s at - EL 210 80 when. the splllway releases the '
-design flood.r When the splllway releases the discharge of'a 10 000—year
-flood, ' the reservoir. water level becomes EL.222.9 m..  As the dam crest
is set at EL. 225 m, the dam has the freeboard of 2.1 m.

6. 1 3 Powerhouse and Generatlng Equlpments

. The - above ground type powerhouse is constructed on the rlght bank
1mmed1ately downstream:of the main dam,’and 1t houses four un1ts 'of the
50,000 kW generatlng ‘equipment. Each. turbine 15 to be of the vertacal
.Franc1s turbine. The rated dlscharge and head are 154 m3/sec and 39 m,
respectlvely.

The lntake structure whlch is 51tuated at the upstream 51de of theﬁﬁ
concrete dam connects with . the penstocks of 6.m 1n ‘diameter - in the dam.
The penstooks led to the downstream side of dam are bent downward and -
‘led to the toe of the dam. -

The elevatlon of turblne center s determlned to be EL 176 m.- An
open channel tallrace 1s constructed 1mmedlately downstream of the power—
house. i : :

6;1,4”[Transnission ﬂineS'and Substation,

Four clrcults of 132 kV transm1351on 11nes of about 5 km between
the: power station - and Bharatpur substatlon are. requlred as. a part of ¢

-.generator c1rcu1t Slx sets of 132 kV circuit breakers and. associated

swrtchgears, four for the power statlon and two for Kathmandu substatlon,
. are 1nstalled at. Bharatpur substatlon. :

: ,3 Two c1rcu1ts of 132 kV transm1551on 11ne of about 100 km between
tharatpur substatlon and Kathmandu substatlon w1ll be prepared, but one
_circuitonly be 1nstalled as. flrst stage._ Six sets of ‘40,000 kVA trans*"
' former, will" be added at the’ exxstlnq substation at Kathmandu. The
transm1551on voltage of 132 kv will: be. stepped down: to 66 kV. Four=sets
of 35, 000 kva static condenser are requlred for receiving 200 MW.
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. However,,the cost of these transm1551on llne between Bharatpur and
Kathmandu and ”he substatlon at Kathmandu is not included: in the :
_prOJect rost because ‘such facllltles are to be 1mplemented in the

expan51on program of ‘the 132 kV national main qud of power trans--
_ m1531on,.

6. 2 'Lonstructlon Plan and Cost Estlmate
G 2 l Constructlon Plan

The tlme requlred foxr the PIOject 1mp1ementatlon, 1nclud1ng the
'fxnance arrangement, the supplemental 1nvest1gat10n ‘and  the tender’ for

'-'the contract was estlmated as shown in the ‘bar dlagram of Flgure 6.4.

It takes g years for the prOJect 1mplementat10n, two years for- prepara~
tion Of ‘the project’ such as ‘loan financing, supplemental 1nvest1gat10n,

‘de51gn and tender and 6 years for the constructlon of dam and appurtenant
--structures." : . . :

N The dlver51on plan was studled elaborately not to be costly “and -
:.tlme~consum1ng. "After a- comparatlve study of the" alternatlves, the'
'_scheme of open ‘channel" on - the left bank was selected- agalnst the schemes
of multi- stage dlver51on by sheet plle cofferlng in’ the river 'chandel.
~and of diversion tunnels on the rlght bank. ~ The reasons of the selectlon
are stated in Clause 6.1, i o : : ‘
. ‘The requlred constructlon time perlod of 6 years can: be thought a
-11tt1e 1onqer than the time perlod requlred for’ the constructlon of a-
common ‘gravity dam. However, corisidering that it w1ll take 2 years for
_-the dlver51on works “and the foundation' tréatment’ and that 7-months ‘a-
-year are available for. the dry works'-in the river bed even if a large o
~diversion scheme (2 000 m3 capa01ty) is. constructed the concrete works
for the grav;ty portlon and the earth’ works for "the embankment portlon
have to be done in 4. years. . The constructlon tlme schedule concelved
for’ the Pr03ect is rather tlght,,_

- The crltlcal path of the construct;on is the sequence of the dlver—
sion works, the concrete works and the embankment of the dam ‘as shown in
:Flgure 6.5. " In order to proceed in full career, the dlver51on works '
‘shall. be completed by the end of the first dry. season (May, 1986) ‘and”

" the: concrete works for the .dam.shall start from the beginning of the
_-second dry season.7 A two—shlft work system w1ll be requlred to pro-
“ greas the proaect on time.

' f Electrlcal worka such as the 1n5tallatlon of turblnes and genera—

" tors are not ‘a: part of the crltlcal path, 51nce ‘the . electrlcal works )
“will be’possible £o be" executed in parallel with the embankment. fox the
‘dam. When the construction will goes oh- schedule; the. commer01al opera-
tion.of the first units. of 100 MW will be commenced at the. beginning of
1991 prov1ded that the" supplemental 1nvesthat10n and tender de51gn
_ehall start ‘in ‘the mlddle of 1983 ' :
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6.2.2- _COnsttu'cﬁlbn .Co'st' -

The estlmate of the work. quantlty is made: based on the plans shown o
=:Ln Flgure 6 -1 ang’ 6 2. .The - tOtal project cost (200 MW) s estlmated to ‘be
| uUss282.8 m11110n as summarlzed in Table 6-1.. The “cost: for the: flrst
- stage; of 100 MW is ‘estimated at US$257 5 mlllion. “The cost for the first.

are estlmated to: Be US$154 7! mllllon as - summarlzed in Table 6=-2." On the
other hand, the” costs for. metal ‘and electrical works are estlmated to. be:~
“US$59.5 million as deplcted in Table 6-3. These estlmates are based on
the cost snrvey made 1n_Nepal for the similar project now under construcs
tion or nearly to 'be implemented.

The foIIOWingfoOnditions*are applled for the cost - estlmate-

{l)'-the estlmate 1s made at the prlce 1evel of early 1981,. |
(2) the exchange rates applled are US$1 00 = Rp. 1k, 6 ¥210, and

{(2)  the constructlon ‘is carrled out by the contractors selected
through- the 1nternatlonal competltlve blddlng.

6.3 Alternatlve Plan of PrOJect Layout

As: mentloned in Clause 6 2 the shearlng strength of the bedrock in -
.the rlver channel 'is; clarlfled to be relatlvely less than that’ on the both”
banks. Although' the shearlng strength ‘of bedrock is tentatlvely assumed
ko be:7 Kg/cm2 fox. cohesion and 40° for 1nternal friction angle  for the
prellmlnary de51gn of concrete dam, the successive 1nvest1gat10n may indi-
cate _the worse condition and lesser strength of the bedrock, whlch mean
Ca rlsk of: conslderable increase in the .volume of the concrete ‘dam. The
surface zone of the bedrock may be too soft and have to be removed to' the
depth of: several meters to reach the zone. sound enough in the worst case.j;

‘ "In v1ew of above—mentloned rlsk, an alternatlve plan of the embank—-
ment  dam 1nstead of the concrete - dam was- worked out as shown in ‘Figure
6~50: In: thls plan, Ahe dlver51on soheme is de51gned to, have a cap301ty
‘of . 16,000 m3/sec, which' corresponds £o the reécorded maximum flood, :in
order to avoid submergence of the works in any .wet season A large
dlver51on channel 1s located in both banks._ PR . ot

The maln embankment dam ln the river channel iis composed of the
.earth core; fllter and’ shell of- sand and gravel flll. The. splllway is.
also divided into two parts located in the both banks.. The powerhouse is
: placed on the left bank. : '

The progect cost and constructlon time- roughly estlmated on thls plan
_are almost. same as 1n the plan of concrete dam However, there 15 almost
no risk involved in‘this plan in connectlon ‘with the: bedrock strength. = :
_ urther study will be made on ‘this. plan in the follow1ng stage of the study._
The main feature of - thls plan is glven as followe. -

Quantlty of major works of alternatlve plan

' Item ,: ”'-; R ~ Unit Q tltz

.Excavatlon 1n dever51on channel - n ' _“-_56 650 OOOe_
.Excavatlon in maln dam . _ AR : 530_000 c
Embankment in main-daim T S - :2,090,000

 Concrete in splllway [ S . "550,000 
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 Pable 6-1 -SUMMARY ‘OF PRESENT-DAY CONSTRUCTION COST (200 MW)

:-tunit::US$xio3)”

Ttem

F0r619n
Currency

. lecal
" Currency . .

.potal . n

1.

2.

Prepé#étbiyprfks

Civil Works "

c-1

-2

o c-3

C-4

Meéhanical'quks ,

Diversion Works -

Dam and spi};ﬁay
Intake

:Powerhouse and _.::‘
o1z,

tallrace

Electrical Works'

" Land Aquisition.

. Sub—totai_f

Enqlneerlng and

Government - :
: ;Admlnlstratlons -

'5Total

:/2

6,

- . 8
100,
-9y

19,

1_4‘

33,

de-fj

£400

600

300
300°
700
700

,500
1300
' ]Phy51cal Contlngencft— 30, 500'7

© 235,500

,(3,406)"
-(100,609)1
(9,300)

- (11,600)
(18,300)
(174, 400)
(13,100)
{28,100}

(215,600)

(19,700)

iy

18,
-1,

.2;

:'-2'

3

6

as,

2

6,200

47,

,200

900, -
500
800 -
900
200.
,a00

(800

/900

300f

- (1,200)°

©(900)
(18,500)
(1,800)
' (2,800)"
(2,200
(2,100)
(6,800

" (36,300

(2,700)

(2.960)

(41;900)

7,700 (7,700)

lg,joo;ﬁ (9,300}

.119,100 - (119, 100)
11,100 {11,100)

15,200 (14,400)

21,900 (21,900)

37,600 (20,400)

-_-6,800f (6 800)

228,700 (210 700)

17,200 (15,800)

36,900  (31,000)

282,800 (257,500)

__"7 5% of 1tos

15 % of 1 to 6"

=54 =

ﬂ_.Eyclu51ve of constructlon cost of transm1551on llne connectlng
1 between Kathmandu and Bhafatpur

_H_Parentheses show present—day constructlon eost 1n 1st stage of 100 Mw



Table 6~2. ESTIMATED COST OF CIVIL WORKS

oy
©(Unit:  US$X107)

Ttem-

 Quantity ~ “Unit’  Amount

© Diversion works

l)_ExéavétiQn

2) Embankment in coffer dams

3) Concrete .
-4) Cut~off wall -
Dam and spillway’
1) Excavation .

-2)_Grouting

3) Embankment

4) Concrete

5). Cut-off wall

Inﬁake

1} Wet masonry

2) Concrete

Powerhouse and tailrace

1) Exbavafion.

2) Concrete

3) Bdilding works

. Total

1,294,000

9,300
1,180,000 © m
158,000 e
._6;300”. om
8,100 m

119,100

36,500

. 562,000
914,000 - "
5,800 -m
11,100

700

87,500 . -

15,200

82,000 ' m
58,000

154,700
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" fable 6-3 *ESTIMATED COST OF METAL AND ELECTRICAL WORKS

(tnit: USs$x10°)

oTTEM . .. ... . cosT
1 mgtal-w5£ké | | : k
(15"Spiilw&y‘gaﬁ¢sr : K: ._: .  _13;080"
@ sﬁiilwgy’stoﬁlpg L R ‘ - 1,510%
t13). iAfa£e”trash:faék§ . _ 1,690
T(4) Intaﬁe'ﬁaﬁeé- : 32;1?6‘
:(5}= IﬁfakeﬁqénﬁfY'crane' __.. . 540
téi:_éenstock S S - ‘2}170 
(7)7 Tgilgacé gaﬁé. SR o -_"340f
iBY ;Gantfy.crane‘_:_H. o 'i ._..i466  

Sub-total . 21,900

2. Electrical Works
[¢0 0 Generating Equipments . 36,000

-.(2)_.Trén$miééioﬂ_1ine and Bharatpur o o
. 'switching station . . . _ o 1,800

Sub-total 7 o L  .37}600:,_”

‘Total . T o :59',500" .
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CHAPTER. 7 ECONOMIC ANALYSIS.

7s l Crlterla ‘and Assumptlons'

~'The optlmal plant scale of the Sapt Gandakl Progect was determlned
- to be 200 'MW on- Lhe fixed dlscount rate of 12 '%. - The. economlc evaluatlon
was- made ‘based on the fiethod of ‘economié - internal rate of ‘return to obtaln
the dlscount rate equallzlng beneflts and costs on- the scale of 200 MW

: The beneflts are capltal, operatlon and malntenance, and replacement

" costs of the most COmPetlthE alternative. & coal—flred thermal plant
w1dely used 1n India-is considered as the most Competltlve alternatlve R
plant in Nepal. The installed capacity of: the coal—flred plant is. ‘assumed -
‘o be: same. to the .one-of the Sapt Gandaki- PxOJect 'Moreover, it is assumed
that all the energy produced from the Sapt Gandaki Progect ‘cani be sold and
consumed in Nepal  and Indla without any losses accordlng to the mutual—-
dependent contract of energy between the both countrles. . .

The estlmate of costs ‘was made at the prlce level of mld-1980/81f
In: Nepal;. & fiscal year ‘gtarts in the midle. of. July. The evaluatlon perlod
of the: progect ‘was made by - 50 years con51der1ng that the economlc llfe of
" the dam is 50 years.

7.2 _EconOmic:Costi

The economic cost comprises the base cost, O's M cost and replacement
cost excludlng duties and taxes which 'are the: transfer payments.: However,
as the transfer payments on this .project have little effect on- the economlc
evaluatlon, the progect cost estlmated in the precedlng Chapter 6.vas. used
as the economlc cost * The base cost 'is. the constructlon cost. such as the
dam, -powerhouse, - and generatlng equlpment, and engineering and administra-
tion costs which afe 7.5'% of the constructlon cost. The phy51cal contln—
gency is. aSSUmed to be 15 % of the base cost. '

The o & M cost" covers salarles and wages of staffs, regular malnte—
nance. cost and minor repair:cost.’ The replacement cost is assumed: to be
90-% of the* dlrect cost on metal works and- qeneratlng equlpments conSLderj
ing the' salvage value.: The economic llfe of metal works and generatlng '
equipments. 15 assumed to be 30 years xe : o

The" economlc cost 15 estlmated as shown in Table 6-1 The total
capital cost amounts. US$282.8. mllllon dollars of whlch the forelgn -and
local portlons are US$235. 5. mllllon ‘and UsS$47.3 million: dollars, respectlve—-'
- ly. The! investment timing of. the capltal cost and the the stream of 0O & M
cost are’ tabulated ‘in Table 7-1 ' : Lo e

7.3 ”ECOHOmIC'Beneflt
The costs of the coal flred thermal plant con51sts of the 1nstallat10n_

cost, O & M cost. -and replacement cost. The unit prlce of the installation
"cost for the 200 MW scale thermal plant is estlmated to. be US$903/kW.
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: .The O & M costs comprlse the costs related to the 1nstalled

.capa01ty and the generatlng energy.' The annual 0: & M cost for. the

- installed capacity is estimated to be US$27/kW, while 42 mill/kWh for
;the generating energy based on the coal consumptlon rate of 0. 645 kg/kwh

" and. the cost of coal of US$65/ton. : : .

BN Y- there is dlfference on auxlllary power use, forced outager over-
‘haul and energy loss at the prlmary station between the thermal and hydro-
.pOWer statlons, the adjustment is made. ;' The! overall adjustment factors

_ assumed:: are 1.173 for the " 1nstalled ‘capacity and’ 1.028 for the generat-
ing energy. - Those factors are-. 1ncluded in the unit prmce of the 1nsta1"
latlon and 0 & M costs. : i : oo o

i The economlc llfe of the coal—flred thermal plant is estlmated to be -
25 years._ The replacement cost is- assumed to. be 90 % of the installation
”‘cost con51der1ng the salvage ‘value. - - - : :

Tt ds. assumed for the estlmate of economlc beneflt that the capac1ty
'factor of the plant should: be more: than 50 % at any tlme‘_ As the maximum
output, whlch can: be generated with the capa01ty factor 0f: 50 % warranted
- even in the drlest perlod is 170 MW, the economlc beneflt of the 200 MW.
1nstallat10n is 11m1ted to that for 170 MW. ' Thus, the 1nstallat10n cost
.for the 200 MW thermal plant is estlmated to be US$153 5 mlll1on. The
constructlon perlod for each lOO M 1nstallatlon is assumed to be 3 years.
" The value ‘of the. secondary energy is assumed to be a half of the primary -

. energy value, The economic benefit stream is “shown in Table 7-1.

7.4 ~Ecohbmic"fﬁternal'Rate of Return .

- The varlatlon of beneflts and costs obtalned by applylng various.

. d1scount rates is presented in. Flgure 7-1. " The polnt where ‘the benefit
and cost ‘curves intersect shows the economic: 1nternal rate . of return. .’

For the. installed’ capac1ty of 200 MW, the economlc 1nternal rate of return
was. 16 1 % : - : : .

,f,i52wsens1t1v1ty tesusweremade by 1ncreas1ng the cost by lO % and
20:%[and by decrea51ng the benefit by 10 %. ' Even in the worst ' case that .
the‘cost As: 1ncreased by 20 % - and the benefit is decreased by 10 %, the
economlc 1nternal rate of returns was ll 8 %, as shown in Figure: 7—1. .
Thus, it is Judged that the Sapt Gandak1 PrOJect is fea51ble 1n the eco-
"nomlc v1ew901nt.‘_ : :

”ﬂ7-5-vA590c1ated-Beﬁéfit L

The economlc evaluatlon of the Sapt Gandak1 PrOJect was made as-‘a- .
_51ngle purpoee pro;ect of the hydropower.: However, this prOJect has the-
*secondary Benefit that the lrrlgatlon water for the Chitwan. Valley irri-
gation’ scheme Wwill bé dlrectly supplied by grav1ty flow, from- the Sapt
Gandaki dam wh1ch will: replace 1n future the pump-up scheme presently
'.'under constructlon.-' S

The supply of stable energy w1th a large capaclty has the 1ntang1ble.'
[beneflts on the economic stimulation and social stablllty._ Moreover, the
blg dam prOjECt gives the Job opportunlty and transfer of knowledge.-
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Table. 7-1 BENEFITS AND COSTS STREAMS -

fiscal year year . Power . . ' Energy . Capital - O & M

End of No. of : Benefits . - e e Costs

1983/84 ) 7 | o _ 6.22
84/85 e 6170
- 85/86 -5 R | ~10.09.
86/87 -4 T R 36.68
87/88 -3 3 o - 55.58
88/89 <2 33.87 - - - 76.87.
89,/90 o 45,15 _ | . 58.69
90,91
91792
92/93
93/94
94,95
95/96

11.29 16.94 9.71 - 1.45
. 33.87 ' 8 2.90
23.70 33.87 432
31.61  33.87 14.44
7.90 39,71 - 3.51
45.55

L B I

2011/12 22
12/13 23 " 30.50
13/14 a4 40.65
14/15° 25 10.15
15/16 26
16/17 27 21,33 . .
17/18 . 28 2845 ' 9.41
18/19 29 7.11 - ' 16.48
19/20 30 . o :  '18:83:
20,21 _ 31 o 2,36
21722 32 _ ' R
22/23 33 ' | 3.82
23/24 34 - | 13.40
24/25 35 - : - . o 1e1
“25/26 36 BT

'32/33 a3 as.55 - 2.90

Note: 200 MW
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 CHAPTER 8 FIELD SURVEY OF STAGE IT AND III

8.1 General

The fleld survey of ‘the Stage 1 was carrled out durlng 2 months between
February 1 and March 31, 1981 _An 1nter1m evaluatlon of the pro;ect has ‘
been technlcally and economlcally presented in the preceedlng Chapters based
on the information and data obtalned from the fleld survey. Wlth.theeexesults,
it is judged 3ust1f1able to proceed ‘to the Stage II and III Studles.

Follow1ng the field survey of the Stage I, the detalled fleld survey
for “the feasibility ‘study will be conducted in the Stage II and III. The
"worklng items are’ summarlzed.as follows:

° topographlc survey,

geologlcal 1nvest1gat10n 1nclud1ng test borlng, permeablllty
test, seismic exploration; test grouting, test adlttlng, ‘rock
test in the teést adit, and test trenchlng,

:constructlon materlal survey 1noludlng sampllng and laboratory
test,

hydrologicaifsurvey,-
oower.denand survey,'
_ehvironmentaigsurvey,
socioeconomic_survey; and
Construction cost surveyI'

The tlme schedule for the fleld survey of Stage II and III is'illust?
rated in Flgure 8=1. The field survey of Stage IT and III will have be
done by March 1982 and June 1982 respectlvely.

8.2 Topographlc Survey

Durlng the fleld survey perlod in the Stage I, the EKlStlng aerlal 2
photographs and data concernlng the topographlc survey: were collected '
- from the’ governmental organlzatlon concerned, It was found eut: that both"
-~ the topographlc maps of 1 to 63,360 and 1 to 10,000.in" -scale are avallable
for plannlng of the progect. ; :

‘In order to carry out the detalled study, the follow1ng survey works
are requlred to be- conducted in Stage IT: = :
° levelllng on the route between the ex15tlng bench marks and
“that to be! newly 1nstalled at’ the damsite and on the routes.
'connectlng trlangulatlon points, :
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e :ground control survey by staklng p01nts for horizontal and .
vertlcal control whlch.arexequlred to prepared an - aero~photo

- maps of 1 to 2,000 in scale. coverlng the proposed reservoir
area by using the aero—photographs taken in 1974,

' trlangulatlon survey 1nclud1ng 1nstallat10n of. trlangulatlon

points and plan table gurvey at both the dam51te and the borrow
fareas of sand and gravel, ‘and

e river cross sectlon survey for the dlstance of 4 km' along the
.river course downstream from the dam51te.

The above 31te works for topographlcal survey are’ quantltatlvely

summarized as shown below.‘

:(5) Aero-photo mapping

SuroeYﬁitem_. . Quantity _jﬁotee"
(1) Levelling : 60okm.."1bfkm‘for inStalletion of -
C ' " new bench mark at:damsite,
~ 50 km .for triangulation survey
(2) Triangulation survey “ 20 km _
(3) Plan table survey - 80'ha 50 ha for dameite {in scale of
: - 1-te 500}, .30 ha:for borrow’
- areas of sand and gravel
“ {in scale of 1l-to l 000)
'(4)' Riﬁer-éross-ééctioﬁ survey: 16 - at a lnterval of 25 m.
. ' sections
4 kn® in scale of 1 to 2,000

8.3- Geological Invéstigation

8.3.1 General

: The follow1ng geologlcal 1nvest1gatlon works vere performed in the S
Stage I durlng February and March, 1981- ‘ : : L

[}

'geologlcal mapplng of the dam51te and reserv01r area,'

core drllllng and water pressure test in three holes w1th '

'-125 0 ‘moof length in total on’ the proposed dam ax1s, and

?-°Wuselsmlc exploratlon inrgix! traverses w;th 2 500 M of 1ength o
' in- total along, parallel with and across t:he proposed dam

ax1s -
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' As the result of the above 1nvestlgat10n, it was’ ronflrmed that
the river gravel deposit in the proposed site was within an acceptable
_thlckness and the’ geologlcal condltlon mlght allow to construct hlgh
dam By apprdpriate design of structures and - foundatlon treatment, .
However, it also .picked up several problems to be: solved in. the future, _
that is, thick overburden on the left bank and soft ‘ot possxble fractured
' rock zones represented by low velocity zones of selsmlc exploratlon.' The
" river gravel dep051t is suff1c1ently, though not extraordlnarlly, thick.
" 'Stress should be placed on study and further conflrmatlon,of these parts
of preoblem in the 1nvest1gatlon in the Stage TII.

. On the other hand, it is deemed 1nev1table that the above problems_
will make the project more costly and the present dam51te less attractive. -
This situation may render it worth while to examine possibility of alter-
native dam axes within 1 km downstream from the present site.- Accordlngly,
it is desirable that the Stage IT 1nvest1gatlon w1ll include studles of
alternative dam axes.

The other problempis mechanical strength of the foundation rock.
In view of flood diversion during the dam construction work, it is.
strongly preferable to: de51gn the ‘dam in concrete gravity type, atjleaet
‘partly, whereas it appears that the shear strength of the rocks of siwalik
formation may be critical for concrete grav1ty dam of ordlnary form.: In-
'situ shear test of the foundation rock is essentlal for design and cost
: evaluatlon of the dam.

8.3.2 'Investigation to be Carried Out

" With the above condltlons in view, . the 1nvestlgat10n plan of Stage
IT: lS proposed as follows: : -

(1) Core drilling

Hole No. Direction . Depth {(m) " . Location.
B81~1 Vertical 60 The proposed damsite |
:BB81-2 " ~do . : 30 - Z o= do-

B81-3 . do 50~ do -

'B81-4 -  do.. - . €0 - - - do -

BB1-5 do . 70 -~ do -

BB1-6 ‘do: - 50. - . - do-

B81-7 o @ 500 -l sdo -

B81-8 o de 30 . : . =do -

. 381—9 EEY s 2 .. 40 .'Powe_rstation'site.f=
‘B8l-10- - .- ~do - - 70 .- ¢ The ‘proposed damsite
B8I-11l . do . 35 The - alternative dam51te
“BBl=12: .. - do’. 60 T s dol - B e
BB1-13 =  do - 3% . . - -do-

B8l-14  ° . do 60 - .= do -

fotal . .700@m
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Water pressure ‘test w1il be performed for every 5 m section in

the part of bhore hole through foundation rocks..

A2) Sersmlc-exploratlon

© Traverse No. - Length {m) - :. Location
SL-7 = 7200 The proposed damsite
~SL=8 .. . 250 . ~ do '~
SL-9 . ¢ 7 L1250 : - do. =", :
SBL=1 L 1,000': The alternative damsrte
SL-11 . . -80O . - -~ do -
SL=12 600 - S =do -
L 8L~13. - 800 S = do - }
. (SL-r4a 1,500 Gravel deposit *)
Total . + . 5,400 m

Fe See the clause for Investlgatlon of Quantlty of

‘Construction Materials.

In the selsmlc exploratlon, the interval of recelvlng p01nts

(geophones) shall be 5 m.

(3)"Test adits apd‘ln—situ rock tests

' Adit No. .. _ Dimensions . Direction - Location
: ;.NOfl B 2 m x 2 mx 5 m .Vquizental”oﬁ=dam.' The proposed dam-
BT I axis . site,. left bank
Ne.2 | . = do - . - do - The proposed dam—'

srte,'rlght bank

"Rock Shear tests in the adlt 6 egpts (3 in each adlt)‘

: These tests w1ll be made in’ the method of block shear test in which
rock’ is sheared under'varled vertical load by -applying horizontal force.
~to- concrete test blgcks. placed on the surface of the. rock. Base of each
'test block 1s 60 cn % 60 cm in dlmen51on and 1ts helght is: 30 cm._-

:'Measurement of‘deformation moludus’of'rock '6'5pots (3 1n”each adit)

The test w111 be made by the use of 10ad1ng plate w1th 30 cm of '

dlameter.
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Geological condltion 1n51de the: adits wWill be mapped.. “The: spote
of the tests w1ll be selected at. locations with representatlve geological
condition. Three test blocks will make a groupe for:.a unit of test, and
80 shall be placed on rocks’ of 51m11ar condltlon._

If. the 51tuat10n requ1res and/or allows, the number of test block
for a unit of test may be increased.  The required test results.are shear
strength (cohe31on), internal friction angle, deformatlon modulus and
elast1c1ty modulus of the foundatlon rock.

_ It is strongly recommended that the adlt excavatlon shall be made R
_under Glose 51te guldance of expatrlate tunnelllng experts, not only
‘because . specmal safety measure should be applied for tunnellng works in

. general but” also because this tunnelling work will requlre particular

caution about thin coverture of rocks under very mild: slopes. Though. a
" recent major comnstruction work has produced some skilled labours of _
'tunnelllng in Nepal, they are yet dlfferent from the respon51b1e experts.

'_8 4 Constructlon Materlal Survey
8 4. l General

AS'the result of field reéoﬁnéiesanée in the- Stage I, the following
.'sources of constructlon materials were_proposed ‘for detailed investiga-
tions in the Stage II :

(l) “Concrete,aggregates.;"

Coarse agqregateé 'Rlver beds of . the ¥ali Gandakl. Trlsulganga
; ~and Sapt Gandakl, within 4 km up and
downstream from the dam51te._

' Fine'aggregatef : "Rivefisend'fhé Khageri Khole and
' " Rapti Rivers. _ : E -
j(2) Fill materials
Rockfill.ﬁatEIiale' River graveis of the Kali Géndaki“Trlsﬁlgahga"
: : .. .and -Sapt Gandaki, w1th1n 6 km upstream e :

".and 10 km downstream from the dam51te.

‘Hard saﬂdstones and slates in the up-' o
stream area of the Trisulganga, more than
7 km north from the dam51te._.

Filter material: : "Rlver sand in the Khagerl Khola and
' Raptl Rivers. -

Earthfill matérial:  Red soil.on the hills with ground height -
R . around EL. 250 m,'on the left bank of the

_ dam51te.

Samplinq will be made in the above locations'for 1aboratofy:tests.}_-

- 64 -



8.4.2 VInveStiQHtiDh on-Qﬁality of Construction Materials
(1) Coarse aqgregate
: Ten pltS Wlll be excavated in the gravel bars of the Ka11 Gandaklr

—Trlsulganga and Sapt Gandakl Wlthln -4 km from the dam51te. Depth

of the plts w;ll be' 1. to 2 m.io : : : S T

Slev1ng test w1ll be made in the 51te to determlne the" partlcle '

' size distribition of the’ samples from the plts.] Sieves to be used
‘will be 8", 6", 3" 1—1/2"; 3/4", 3/8" and:3/16", ‘or of riearly
'similar meshes. ‘Fine" grains: pa551ng the 3/16" sievel will be ‘analyzed

_in the-laboratoxy. ' The samples retained:on 3/16" ‘sieve will be sent
to the laboratory for the . follow:mg tests: :

°~:fspec1flc gravlty and absorptlon,
.:unlt welght of aggregate,-:

frlable partlcles 1n aggregate;
:soundness (sodlum sulfate method) and

E abraslon of coarse: aggregate (the Los Angeles test)

_ Fach sample w1ll be Tiot less than 20 kg in welgnt. Number of
the samples w111 be ten, that is, 51m11ar to that of pits.

-(2) Flne aggregate
Rlver sand w1ll be sampled at- flve spots respectlvely 1nthe

':Khagerl Khola- and Raptl River, and wxll be sent to the 1aboratory
for the tests as follows. : : : :

°,--51ev1ng analyzes;'
petcehtage of aggregate pa551ng No 200 scteen:h
':fséeottlc grav1ty and absorptlon;
unit welght of aggregate,
_.otgahlc 1mpur1t1es, anﬁ
_'sOendness-(sodiuh'sulfate-methoé).
. (3) | Fllter material [

- Test for filter material is covered by (2). % " .
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(4) . Earthfill material
Test pits;will_be excaveted-to;épproximately:5'm;of-deﬁth at
10 spots on the’terrace on the left bank of'the=damsite.._Tén'samples‘

o w111 be sent to 1aboratory foxr the followmng tests:

o

=Spec1f1c'grav1ty . l; _ ': 10 samples,
o haturalrmoisture'content A lotsamplee,
° :sgraln size . analy51s ': ..lf.10=s¢mp1ésr

o 11qu1d 11m1t and plastlc llmlt 10 sampies,‘
compactlon test - _‘ ' 5... n 3'sampies.

trlax1al test L : ' .3 gamples, and
(Consolldated—undralned w1th :
observatlon of pore pressure

and unconsolldated—undralned)

°_- permeablllty test :hff, R 'e3'samplesef'

iy Number of the samples for compactlon test, trlax1al test and
permeablllty test’ depends on the homogenelty of the dep051t in: the
borrow area. “If the dep051t can be represented by a single sample,
the number of the sample to be tested may be decreased.

8.4.3 -Investlgatlonron-Quantlty of Constructlon Materlals_-

The avallable quantlty of the constructlon materlals w1ll -be estl-'
"mated by: conflrmlng the area of de9051ts and the1r depths._ If. the quan-
tlty is obv1ously sufficient in terms of area, ‘¢heck of the depth will:
not be essential in this stage. . Check of ‘the depth. of deposits shall be
made by test pit and- SElSmlC exploratlon. ‘Seismic exploration for 1. ‘5 km
" of. traverse length will be prepared for gravel deposlt and if necessary,
for. other materlals.' ‘ :

8.5, Hydrologlcal Investlgatlon -

Through the fleld survey of the Stage I, the ba51c data such as
rainfall, temperature or river runoff were collected. Moreover the stream
flow measurement and,water ‘sampling were performed for the analy51s of
water. quallty and sedlment 10ad.:a-,_

As the stream flow measurement and water sampllng were only made in

" the dry season, measurements of the Stage II will be focussed on: the. high

- flow season  s0 that measurements of dlscharge and sedlment 1oad can cover
the w1de range._ - :
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. The survey items of the Stage:II'are'sﬁmmariéediangollows:
°. data‘collection on runoff, ‘rainfall, Sediitent and other
'”_meteorelogy“ih“additicn to those COllected'in Stage T,

: runoff measurement at the Gaglng Statlon 450 by usxng
floats {Around 20 times),

sedlment measurement by water sampllng (30 samples), weight

: measurement af sedlment contaxned in each sampleé and pre-
paration ‘of accumulated particle size distribution curves
for: the spe01f1ed samples (5 samples), and

_ chemlcal analysls of the river water regardlnq Ca ' Mg .
Nat, K‘* Rt soz and pH (5 eamples)

“8 6 Power Demand Survey

. The power demand survey of Stage I COHSlStS of data collectxon
'-concernlng the existing power: fa0111t1es, those under construction and'
"plannlng and ‘the hlstor1cal ‘pover supply condition. Based. on those data,
the _power demand is prOjected as discussed -in Chapter 3.

“on’ Stage III, the fOllOWlngS on power demand survey are scheduled :
to- be done-"f .

S contlnuatlon of relevant data collectlon 1n addltlon to"
the data collected on the Stage I,-a .

ﬂsurvey on constructlon cost operatlon and malntenance cost,
fuel cost,. forced outage, etc. of the p0551ble alternatlve
'lgthermal power statlons, and’ :

'.é.'sﬁrVey'of,the pbwer tarlff'system.

8 8L7 EnvirohmeatalfSurveyi‘-'5

The data and 1nformat10n on the 1rr1gat10n schemes around: the
‘prOject area collected ‘in Stage T were reported 1n ‘the Clause 4 5.
. In-addition” to the above, the- env1ronmental survey on the follow;ng
”;Ltems Wlll be carrled out 1n Stage IT. '

d8 7 1 Land Aqulsltlon

The area’ and houses whlch w1ll be’ submerged in the proposed reser-
“yolr - are! estlmated 0 be around 19° km2 and 240° nos., respectlvely. fIn
' -addition to. the’ apove,’ various-construction’areas such as borrow areas-
_“for ccnstructlon materlals, 51tes for laboratory and’ constructlon equ1p--
nents, etc.. will Be neéded in the construction stage.: Data’ collectlon
ko estlmate the compensation: cost and the assets to be compensated w1ll
. .be conducted in close contact with the government organizations concerned.
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"8.7.2 Fishery

The present situation of rtverlne flSherleS in the river ba51n
will be investigated. As the Sapt Gandakl ‘Project will have ‘some-
adverse effects on the riverine flsherles, the necessity of fish pass~_
ing fa0111t1es will be studied in Stage TIIT:

8.7.3 Mlscellaneous

In addition to the above 1tems for’ envlronmental survey, collec—
ticn. of data, reconnaissance and studies will be made in’ examlnlng the -
impact on. the envlronment ‘'of living, economy, ecology and culture.in. “the
Progect area Whlch W1ll be caused by . the prOJect 1mplementat10n.

8.8-'Soc1oeconom1c Survey

Data oollectlon of the various. economic: 1nd1cators in Nepal w1ll be
made in Stage I1T.". The collected data'will be mainly used in estlmatlng
recononic costs such as opportunity cost of capltal and labour, etc. as
well as in maklng the power demand forecast. :

The survey will also ‘be made on various: markets,_transfer costs. such
as taxes and subsidies, boader prices of trade- goods, shadow rate of -
Fforeign exchange, etc., The: flnanc1a1 status of NEC and its power tarlff -
system will be look inté. based on the data collected on the power survey.

- Collection of the data in the socioeconomic survey w1ll be made on’ the
Cditems such*’ ‘as; GDP; population; industry; 1nfrastructure, employment;
'commodlty prlces, natlonal budget; and 1ong term development plan.

8.9 Constructlon Cost Survey

The follow1ng data will be collected in the constructlon cost survey
of the Stage III. :

_8.9.1 Cost Data

Data related to price of basic construction matérials such as cement,
reinforcement bar, fuel, ex91051ves, etc. .and tender or contract prlces
of the Iatest construction works w1ll be collected

8.9.2. Transportation_

Data on the transportatlon fa0111t1es to convey the constructlon
materials- and equlpments to- the progect site! will be obtalned from the
_organlzatlons concerned or through route. inspection. . . The transportatlon
by sea, air line,. -road and railway: Will be ‘examined regardlng haullng
capacrty, traffic 11m1ts, etc. and the 1nformat10ns cotlected w111 be
reflected in the design of heavy equ1pment, estlmate of transportatlon
cost and constructlon Planning. :

8.9;3 : Constructlon Plan

The constructlon plannlng englneer w1ll thoroughly inspect the prOJect
site and will examine the cost data in Stage IIL. With the. result of the’
‘inspection and studles, ‘construction plan for.the prOJect w111 be prepared
carefully taklng into account such a large stream flow of the Sapt Gandakl
RlVel. )
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