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Fig. 8—2 {1)

Stahility in 1st Stage Development without Gonstruction

of 220 KV Line {132 kV Operation from Arun 3 to Dubi)
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Fig. 8-2 {2} Stability in 1st Stage Development without Construction
of 220 kV Line {220 kV Operation from Arun 3 to Dubi)
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Fig. 8-4 (1--1-1) Stability of Pattern 1.in F.Y. 2001/2002 in Case of
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Fig. 8—4 (1—1--2) - Stability of Pattern 1.in F.Y. 2001/2002 in Case of
Fault at Bus 2 ’
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Fault at Bus 1
PATTERN 2 IN FY 2001/02, FLT AT BUS 1|
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8.4 {2—1-1)  Stability of Pattern 2 in F.Y. 2001/2002 in Case of
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Fig. 8—4 {2—1-2) Stability of Péttern 2 in F.Y. 2001/2002 in Case of
Fault at Bus 2
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Fig. 8--4 {3—1-1) Stability of Pattern 3 in F.Y. 2001/2002 in Case of
Fault at Bus 1
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Fig. 8—4 (3-1—2)  Stability of Pattern 3in FY. 2001/2002 in Case of
Fault at Bus 2
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Fig. 8--4 (4—~1--1) Stability of Pattern 4 in F.Y, 2001/2002 in Case of
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Fig. 8—4 (4—1-2) Stability of Pattern 4 in F.Y. 2001/2002 in Case of
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PATTERN 4 IN FY 2001702, FLT AT BUS 2

MAX
ARUN 3 46,2
KULEKHAN -2 4.4
DEVIGHAT 2.7
TRISULI 34
GANDAK 1.2

HIN
18.4
-2.8
-3.2 -
~6.7
-6.9




Fig. 84 (4-~1—-3) Stability of Pattern 4 in F.Y, 200_1/2002 in Case of
Fauit at Bus 6 '
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Fig. 8—-4 {1--2) Stéhility of Pattern 1 in F.Y, 2007/2008
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Fig. 8—4 {2—2) Stability of Pattern 2 in F.Y. 2007/2008
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. 8-4 (3—2) Stability of Pattern 3 in F.Y. 2007/2008
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Fig. 8--4 {4--2--1) Stability of Pattern 4 in F.Y. 2007/2008 in Case of
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Fig. 8—4 (4—2--2) Stability of Pattern 4 in F.Y, 2007/2008 in Case of
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Fig. 8—4 {4—-2--3) Stability of Pattern 4 in F.Y. 2007/2008 in Case of
Fault at Bus 6 '

PATTERN 4 IN FY 2007/08, FLT AT BUS 6
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Fig. 8—6 (1) Stability of Pattern 4 in F.Y. 1993/1994 in Case of Fault at Bus 1

PATTERN 4 IN FY 1993794, FLT AT BUS |

: HAX MIN
@ - PARUN 3 §3.0 12,4
® —— KULEKHANT -2 2.7 9.3
A DEVIGHAT : 2.5 1.5
X . TRISULI S 5.1 -13.2
o —— GANDAK -2.9 14,4
o
g
O
.ﬁ

Fig. 8—6 {2) Stahility of Pattern 4 in F.Y. 1993/1992 in Case of Fault at Bus 2

PATTERN 4 IN FY 1993794, FLT AT BUS 2

MAX MIN
[ ——— ARUN 3 45,4 13.7
® —— KULEKHANI-2 -3.0 -8.9
A ——— DEVIGHAT 2.7 1.5
% ——_ TRISULI 3.0 -11.1
& —— GANDAK -3.9 -14.3




Fig. 8—6 (3) Stability of Pattern 4 in F.Y. 1993/1994 in Case of Fault at Bus 6

PATTERN 4 IN FY 1993/94, FLT AT BUS &
MAX HI
4 .

‘0 ——— ARUN 3 - 2.2 11,7
® ——— KULEKHANI~2 -3.4 -9.2
& — DEVIGHAT 2.9 1.4
% —— TRISULI 3.8 ~11.2
® ——. GANDAK -3.4 -14.2

o-30.0 .



Fig. 8-7 (1) Stability of 200 MW.Export in F.Y. 1998/1999 in Case of 220 kV,
1 CCT T/L, Fault at Bus 1 '

-POVER EXPORT 1998/8%, Lwl, FLT AT BUS !

, HAX MIN
M —— ARUN 3. al,4 20,7
@ —-~ KULEKHANI-2 -1.4 -7.5
w — . TRISULIT 5.2 ~24,7
'5¢ e BGANDAK ~3.7 ~-11.1
¢ ~—— EXP-ARERA 41,8 3.0

Fig. 8—7 {2} Stability of 200 MW Export in F.Y. 1998/1999 in Case of 220G kV
1 CCT T/L, Fault at Bus 2

POVER EXPORT i998/99. L=l. FLT AT BUS 2

HMAX MIN-
M —~— BARUN 3 40. 4 20.1
® ~—— KULERKHANI-2 ~1.9 8.4
A ——. TRISULIT 1.0 -23.¢
W ~———0 GANORK -4.2 ~11.4
& —— EXP-ARER . 55.2 14.5
.‘:!"
"




Fig. 8-7 (3} . Stability of 200 MW Export in F.Y. 1998/1999 in Case of 220 kV,
2 CCT T/L, Fauilt at Bus 2 :

POYER EXPORT 1998/99, Lw2 FLT AT BUS 2

MAX MIN

0 ——— ARUN 3 34.2 . 14.8

® —— KULEKHANTI -2 -3.0 ~8.1

& . TRISULIT 1.4 -21.2

% —_ GANDAK -4.9 ~11.9

o —___ EXP-ARER 35.7 3.4
on
g
o
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Fig. 8-9 (1) Stability of 200 MW Export in F.Y, 1998/1999 in Case of 220 kV,
2 CCT T/L, Fault at Bus 1

POVER EXPORT 1998/99. L=»2, FLT AT BUS |

o - MAX MIN
[ —-e ARUN 3 B4.2 18.4
® — KULEKHANI-2 -2.2 8.4
» . TRISULIT 0.3 92,1
% — GANDAK . -4.0 -11.1
o ——_ EXP-ARERA : 35.4 0.1

Fig. 8- (2) Stability of 200 MW Export in F.Y. 2001/2002 in Case of 220 kV,
2 CCT T/L, Fault at Bus 1

POVER EXPORT 2001/02, L»2, FLT AT BUS |

: MAX MIN
m —— fARUN 3 ’ 44.7 16.1
@& —— KULEKHANI-2 3.7 -1.6
A ——— TRISULIT i 1.7 ~-5.4
¥ —— GANDAK : 0.5 ~-é.4
& — EXP-ARER : _ 30.0 -4.0
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CHAPTER 9. FEASIBILITY DESIGN

Civil Structures

This chapter deals with the feasibility design of permanent as well as

temporary civil structures and facilitiles.

~In the eategory of temporary strocture, cofferdam and diversion tunnel

'ere'included, and dem; spilivay, desanding besins, intakes, headrace

tunnels, surge tanks, penstocks, powerhouse and tailrace are grouped

.in permanent structures.

The access road leading from H11e to the powerhouse site and further

to the dam site is of very importance as the main route for hauling

'all the required materxals aod equipment during construction and also

9.1.1

as_service road after the power station is put in service, and the

details thereof are all described in Volume II separately.

Structures for River Diversion

In "the case of concrete structure across the river wvalley, the
general practice is to design the river diversion structures for the
flood with return period of three to five year depending upon the

construction period of the structures.

The instantanecus peak flood of 5 year return period at the Arun 3
dam site is estimated at 2,550 m3/s {Gumbel method); This
apparently oecessitaten the counstruction of five to six large
diameter (7 m - 10 m) tunnels for river diversion, requiring the
cost of uncommonly big amount as temporary ‘structures as Well as

long time for construction,

In order to minimize the cost and time necessary for river diver-
sion, 1t is:olanhed that the dam construction is to be interrupted
in wet season from May to October in consideration -of the type of
‘.dam and also the fact that the. construction of dam does not lie on
the critical -path of overall construction schedule, This allows to
_adopt the design flood discharge of 490 m3/s equivalent to the
__instantaneous peak . flood of 10 year return period (Gumhel method) in

dry season from November to April.

9-1



Excavation and concrete placing works at riverbed portion will be
executed in 18 months over three dry seasons, . The procedure of care

of river is described in detall in Chapter 10,

Diversion Tunnel

A diversion tunnel of standard horseshoe shape with inside diadeter
of 7.00 m and total length of 355 m is to bhe provided at the right
bank at the dam site., The invert elevations at the inlet and outlet
are to be EL. 799.00 m and EL. 793.00 ", respectively.

The concrete lining will be applied to the entire length of tummel
in order to safely release the design flood discharge against ero-
sion by coarse-sand partiéles coutained, Wster surface'eiséstlon at
inlet and flow velocity in tunnel at releasing of the design flood
dlscharge of 490 m3/s are around EL, 814 m and ll m/s, respectively.

Upstream Cofferdan

The water level at the upstream cofferdam for diverting the desigﬁ_
flood of 490 m3/s will be EL, 814 m, Therefore, the upstresm cof-

‘ferdam crest is to be set at EL. 815 m with a certain freeboard.

The heightrof cofferdam wiil be of 20 m'from riverbed with_é_rock—
fill type. The crest length will be of about 113 m, Sinse the cof-
ferdam is to be constructed on.permeaﬁle fiverbed depssit,.s cut-off
. wall is to be constructed in the dam foundation by the slurry trench

method .

As this cofferdam will be overtopped and flushed by the flood
‘discharge larger than 480 m3/s, it is required to reconstruct the '

same in the next dry season,

Downstream Coffsrdam

& downstream cofferdam of rockfill tyse-is'also'conStrudtéd {mme-~
diately upstream of outlét of diversion tunnel. The crest elevation R
will be at EL. 800 m in consideration of water level at the design:
flood discharge, The height of cofférdam'will"be 9m fromgriverbed,
and the crest length ﬁill be 75 m. ‘Foundation treatment by the
slurry'tfenbh'method'wili be applied eﬁually;to ﬁﬁstféam'sqfferdam. .



9.1.2

Khoktak Xhola Diversion -

Headrace tunmel adjoihing'to the downstream end of désanding basin
crosses the small tributary; Khoktak Khola, located downstream of

the dam site, hence, care of Khoktak Khola is required for construc-

tion of structures across the sald Khola. Design discharge flood is

-assumed as ‘110 m3/s based on the assumption of 10 m3/sec/km2 as spe-

cific runoff for the catchment area of 11 km2,

The diversion tummel of 3.00 m in diameter and 270 m in length is to

be.proﬁided leaving adequate rock coverage over the headrace tun-

'nels. Taking the factors such as normal river discharge of quite

small amount, small inner excavation section, sound rock foundation,
etc, into consideration, concrete lining will be worked at 50% of
total tonneél length. A conecrete coffgrdam of 6 m in height is to be
provided immediately downstream of the diversion tunnel inlet for

diverting water to the diversion tunnel.

Dam and Spillway
(1) Location and Site Conditions

The proposed dam is located approximately 250 m upstream of the
- junction of the Khoktak Khola and Num Khola with the mainstream

of theé Aruit river.

The present riverbed at this sife_has an elevation of EL. 793
to 795 m, a triverbed width of 50 to 60 m, and is covered with
fiverbed deposit of 13 m in thickness. Beneath this riverbed
deposit, foundation rock composed of augen gnelss is encoun—
'teré& at EL. 781'ﬁ to 782 m aécording to the results of
drilling investigation executed inrthis vicinity.

Gnelss has the general property of anisotropy varying in wide
“range -from almost uniform’ structure'-like granite to banded
étfuétﬁfé.,-lt is, therefore, important to select the type of

dam and dam site 80 as not to cause excessive -gtresses,

In the event that the weak zone be encountered by detailed

'1nﬁéstigat10ﬁ;Tdiétributibn and nature of such portion has to



(2)

be conflrmed by the precise investigation aﬁd._such portion
shall be removed as much as possible.  However, only the pro-
perly estimated excavation line 1s considered in this feasibi-

lity study.

Strike and dip of gneiss distributing around the dam site are
surveyed as N20° - 40°E and 50° - 60°E, respe##ively; indi-
cating apparent inclinations of rock formation at thé dam site
of approx. 50° from right bank to left bank and of aﬁprox. 20°
from downstream sidé to hpstreém side; HQweﬁéf; this ﬁill'not
cause any problem_in'consideration of directidﬁ of forcé.trans—

mittihg the load from dam body to the rock foundation. '

As to the design flood discharge, the probable maximum flood
{PMF) of 7,700 m3/s at the dam site is adopted in this study,
The glacier lake outburst flood (GLOF) is considered to ﬁe not
the governing factor because of the fact that the GLOF surge
attenuates while it runs downstream along the gorge and also
the peak discharge at the dam site can be reduced smaller than

PMF,
Shape of Dam

The dam has two sections, one is non—overflow Section'and the'
other section serves as spillway for discharging flood water,
In the previous chapter 7, the optimization study of dam helght
was performed, indicating that thé'nbrmal water level of EL.
840,00 m will be optimum, while ‘the high watefrleVQI (HWL) 1is
set at EL. 842.00 m. ' ' '

The crest elevation of mon-overflow section of the dam is fiked
at EL. 846.00 which includes the surﬁﬁarge of 2,2 m for design

flood, and wind induced wave or earthquake_induced wave,

Thus, the height of the dam at this section raises.from EL; _
781 m at foundation rock to EL. 846 m_at.the_crestlmaking the
dam height to be 65 m. The width of this. section is 75 m,

including four sectlons where pierés are to be pfovidédL

The spillway section hasjbeénsinco:popated,in,thg;body'df-the
dam to discharge the design flood downstream of structure, . The
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crest elevation of'fﬁe overflow section of dam has been so
fixed that the sediment flow is prevented from entering into
the intake of headrace tummel during flood season, The crest

of this section 1g thus lowered to EL. 828.00 m,

The overflow water &epth‘and width required for discharging
7,700 n3/s will be 16.20 m and 60.00 m, respectively and the
maximum water level dﬁring flood will be EL., 844,20, inctluding
a surcharge of 2,20 m above the normal high water level. Five
radial gates; each 12.00'm wide and 14,50 m high,.are provided
to maintéin the hormal'high water level at EL, 842,00 m, and in
the  high-water season, floods are to be released downstream

through full opening or partial opening of - the gatés, :

_Stébility apaLYSis with earthquake at normal_higﬁ water 1e§e1
is made on the fundamental shape based on the abovementioned
désighbtbnd{ﬁioﬁs. Extetnalzforces are hydrostatic pressure,
gseismie force, uplift .pressure and sediment pressure (Fig.
9-1), The cbndition to be saﬁisfied-is that. the tenasile stress
shall not be caused at the upstream face of the dam during
earthquake. Taking the apex of the theoretical triangle at
EL. 846 m, a downstream slope of 1:0.9 and a vertical upstream
face with a fillet sloped at 1:0.3 below EL. 806 m are calcu-
lated and adopted. o

It is also calculated that the safety factor for shear sliding
(N) and normal stress (Gd) at the downstream toe will be 3,9
_ and.106.6 t/m?, respectively, for the given shear strength *o)
of 150 t/mz qf(the rock foundation and also the coefficient of
inté;ﬁal ffictién ) of 0,75.
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(3) Sediment Disposal Flushing

Annual sediment yield at the dam site 1s estimated at 1,152 x
103 m3/year being the sarious amount compared with the reser-
volr capacity and the surface of deposit will reach the
overflow crest elevation in a few years after completion of dam

construction.

The measures for sediment disposal will he classified into the
following depending upon the types of equipmeﬁt affiliated to
the dam, '

(1) Lowering of deposit surface with sand flush gate and
conduit (bottom flushing type) -

{11) Maintaining of depdSit surface by operation of gate

installed at overflow crest of dam (crest gate flushing

type)

Fig. 9-2 and Table 9-1 show the illustrations and specific

characters of the above two measures for comparison.

In general, the bottom flushing type 1s advantageous rather
than that with crest gaﬁe from the viewpoint of efficient
control of deposit surface elevation, though it requires higher
cost. However, the special conditions in-the Arun river basin
Quch as GLOF, debris flow contaiﬁing bouldets of large size
resulted from collapse of mountain slopes, etc. have to be

caretuliy observed also,

Average siope of deposit surface in tﬁe reservoir aftef comple-—
tion of daﬁ_ is bonsidered- to. be in the range from 0.0l to
'0.004, The investigation data at the Boqu rivert/ cdncerning
_the average value of the _mazimuﬁ__particle size brought by
: ;qfldw pf gé@imenpzto.such gentle longitudyqal profile provide
.‘a numbér of éuggestidns.u As. it is reported that the maximum
size of sediment at the river bed siope of 0.008 to 0.006 is
between 2,1;m.ahd'1@l*m; the requifed diménsiohs of sand flush

-gate and condﬁit vill be 3 m to 5 m in diameter,



As the quantitative studies on- dimensions. of sand flushing
facilities corresponding to the size of boulders as well as the
comparative study based on the operational applicabllity of the
equipment can not be made at this stage, the sediment disposal
by means of crest gate is adopted taking into account simpli-

city of structure and easiness of operation and maintenance,

}j : Characteristics of Debris flow caused by outburst of glacier
lake in Boqu River in Xizang, China, 1981 -

Xu Daoming
Lanzhou Institute of Glaciology and Cryopedology, Science -

Academis



Fig. 9—2 Alternative Flushing System of Sediment Deposit
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Table 9-1 Qualitative Comparison of Sadiment Flushing System

Type - Crest Gate

Bottom Flushing Flushing
Sand flushing efficiency Fair _ Good
Deposit surface controi Fai: f . Good
Easiness for 0O/M 'Coo& - 1 Fair
Cost Rati§ .1.00 0.87 .

(4) Spillway.and Gates

5 radial gates of 12.00 m wide and 14.50 m high are to be.
installed at the spilllway section to release the probable maxi-
mun flood of 7,700 m3/s at the maximum water level of
EL. 844,20 m.

In the case of floods of 5 to 10 yeér return period, it can be
released by full opening operation of 2 to 3 gates -still ﬁain-
.taiﬁing the reservoir surface at high water lével'of EL. 842,00
.m. To cope with erosion by high Qelbcity 6f'ﬁétef-contaiﬁing
suspended sand partiéles, application of the “high 'strength'
concrete and the fiber contained plastic corﬁiﬁg are recémmen“
dable at surface portions of crest, shute aﬁd-flip bucket of
spillway. Energy dissipation of released flood water is to be

" made at plunge pool formed downstream of dam.

The distance of trajectory (L) of released water varies
depending on effective head at the flip bucket (H), flip angle
(6) and height of flip bucket from tallwater surface (h)., This

can be computed as follows:
_ 2 Ah 520
L =H (sin28 + sin®20+ — cos? 0)
On the conditions of wmaximum water level at reservoir,
downstream water level of EL., 803 n and a flip angle of 15°,

for instance, distance of trajectory L 1is aboﬁt'44;3 m from the’

£lip bucket, This figure would be ehough:to avoid harmful ero-
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sion of bedrock laying under alluvial deposit nearby toe of dam
body.

Detailed- study will be made in. the definite design stage.
Excavation work of plunge pool planned in the Prefeasibility
Study is eliminated because the pool downstream of dawm will be

formed naturally by the first velease of flood discharge.

9.1.3 Intake

Two intake units of surfacewintake-type'are to be provided at left
bank immediately'upstream of the dam. There is a folding zone with
strike of N30°E and dip of S0° - 60°.at left bank upstream of the
dam, and the result of core drilling at. the drill hole UDH-8 and
UDH~9 disclosed that' the rock is fairly cracky. Therefore, it is
required to select the locations of the intakes in hard rock foun~

dation away from the above folding zone.

- The intake inlet 1is designed on condition that the average £low
velocity’ will not exceed . 1 m/s -even for the maximum discharge at

normal intake water level of EL., 840.00 m.

The flow velocity will increase to a maximum of 1.5 m/s in the case
of low water level of EL, 838.00, but there will be wuo irregular

flow such as eddies at this degree of flow velocity.

Table 9-2 Inflow Velocity at Intake

 EL Inietv <o/ ginnel
842 0.75 0.9
840-- 0,99 | 1.2

838 | 1.48 E L

Screens are to be installed at the intake inlet to prevent driftwood
: and other foreign materials enterlng into the tunnels. A stop gates
f(ll m_widg and 10 m high, fixed roller gate, ‘and one for each intake

unit) _ié to be -pfoVided for dewatering tunnel or for suspending

intake in case of emergency. .



9.1.4

These stop gates are to be yemote controlled at the powerhouse and

also operated at the site.

The short tunnels of non-pressure type from I1ntake inlet to de-
sanding basins are to be lined with concrete because of the proxif_
mity to the folding #one and to assure watertightness along the

tunnels.

Desanding Basin

An underground desanding basin -with two. . chambers 1is to be

constructed in the area enclosed by the folding =zome,  the Khoktak

‘Khola and the Arun river, The principal dimensions of each

underground cavern are 125 m in length including connecting part

with headrace tunnel, 20 m in width and 32 m in height,

Besides the caverns for the desanding basins, there are main sand
flush tunnels (3.00 m in width, 3.00 m in height and 135 m in
length), connecting sand flush tunnels, sand flush gates (1,50 m x
2.50 m, 6 wvnits), and access tunnels for mailntenance (3.00 m in

width, 3.50 m in height and 340 m in iength)s

The dimensions of the main cavern are selectedsin-accopdance'with

the following.

The - theoretical length required for the desanding .basin can be
obtained by the following equation:

L==vy
where ,

L: Theoretical length of desanding basin

V: Flow velocity inside desanding basin

W: Settling rate of sand particles in still water 7
y: Depth of desanding basin

The calculations are made based on the flow_vel@qity_qfﬁ3Q 9m/s and
sediment grain size of 0,3 mm or larger .to be removed_from'flowing

water.
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In this connection, 0.3 mm is an experientially acceptable aund
rather conservative figure. Further rational design of dimensions
of deeanding-basin can be made when grain size distripution, shape
of sand particle suspended and its hardness are clarified in the

rrdefinite design stage.

"If-the design discharge Q and the settling rate w of sand particles
to be removed are constank, the_desanding basin lengﬂl L can be

expressed in inverse proportion to width B as shown in Fig. 9-3.

'Fig. 9—-3 Relationship between B and L

a1
L= — x —
50 F W B
~n Q=80 /s
ET ok |
e
10k
R T —
| 100 900
L {m)
————

in the case that the width of the underground cavern be increased,
it will be possible te reduce length L of the desanding,basin. In
~guch case,.thelmeximum_cavern_width will be 25 m from the standpoint

of stability of the rock wall of cavern.
‘ﬁased Von the, éeelogicel conditione- at the‘ eite revealed by core
“Ldrilling and selsmic prospecting, the maximum width B at which the

' underground cavern can be excavated is considered to be about 20 m,

and the length L is then determined as shown in Table 9-3.
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Table 93 Required Length of Desanding Basin

Discharge m3/s EL y {(m) -V (mfs) L {m)
80 x 2 802 ol 0.29 102.7
80x 2 | 840 12| 033 | 1015
80 x 2 838 1o 040 | 1026

The length required theoretically is 101.5 to 102.7 m, but the
degign length of 110 m is adopted taking a certain allowance.

To avoild interference of stresses in rock foundation after excava-—
tion of two caverns, they are arranged at a distance of 50 m between

centers.

It is deaigned that protection for the surfaces of the caverns after

excavation will be provided with wire mesh,_s_hotc':retle and rtock
bolts, However, the arch and side walls will be lined with con-
crete partly or entirely depending upon rock conditions. - Further,
the bottom portions below EL, 828 m are to be 1lined over entire

lengths for the sake of convenience in washing out the basins as

' well as structural stability, An inelined bottom type will be

adopted as adequate bottom shape.

Headrace Tunnels
(1) Layout and Geology

The tunnel route 1is to be selected in éuch a manner as to con-
nect the dam site (dese_mding basi'n) with the sﬁrge ‘tank site at
the possible shortest distaﬁce, paying special regard to 7
securing adeq.uatel rock covers at the Suki Khola ‘and:the Rara
.Khola which cross the turmel route midway and also limiting the.
length of work adit as short as possible.

Other than the culvert structure passing the Khoktak Khola, the .
rock covers along the selected route will be spallest at the
Num Khola, Suki Khola and Rara Khola, and will be-80 to 100 m

9— 14



‘ ét‘these places, Gdnsideting the maximum hydrostatic head of

40.m ‘acting on the tunnels, there will be ample safety. At

- other . places, .there will be sufficleat sound rock cover,

© .ranging from 200 m to a wmaximum of 1,000 m. . The length of

@

headrace tunnel from the end of desanding basin to the center

of surge tank is measured at 11,352 m.

As to the géheral geology along the tunnel route, there distri-

bute augen gnelss or granite, mica schist,‘granite or augen

- gneiss near the powerhouse site from the upstream site in this

order., .Sheared:zones will exist at the boundaries of these
rocks and some other places, Tunnel lengths classified in

accordance with geology and rock covers are as tabulated below,

. Table 9—4 Geological Classification along Po_wer Tunnef

Geology Rock cover | L (m) %
Gneiss _ | Less than 300 m 1,500 -13.2
Granite | | More than 300 m | 4,350 | 38.4

Mica Schist Less than 300 m - 1,900 .16.7
More than 300 m | 2,800 | 24.7

Sheared a e 800 } 7.0
Zone, etc. o

Total - ' 11,350 | 100.0

Optimum Tunnel Diameter

‘The basic concept fOr'déc1éi6n.of the optimum tunnel diameter

is to find out the case giving the_ﬁinimum"amount of the annual

expenditure due to the capital 1ﬁvestment plus the annual loss

of benefit due to loss of head.

" In the cost for tunnel construction, the direct costs for exca-

. vation aﬁd lipihg_of headrace tunnel, work adit, shaft excava-

tion and 11ning of surge tank,'and the indirect costs including
contingency and administration are considered. The reason of
incluéion of cost for_surge_fank is that the dimensions of

surge tahk are given depending on the tunnel diameter.
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The annual expenditure is calculated based on the revulsion of
capital corresponding to the life of tunnel structure and inte-
rest rate plus the cost for operation and -maintenance of the
structure. While, the annual loss of benefit is calculated by
the unit rate of benefit multiplied by unavailable énefgy due
to loss of head. The unit rates per kW and kWh of US$68.00 and
US50.063, respectively shown in 7.2.5 (Benefit Components) are
applied, ' '

"In calenlation of loss of head, the Maﬁning's roughness of
coefficient im Table 9-5 is used. for estimation -of friction

loss,

Table 9-5 Proposed Coefficfen‘c of Roughness {Manning)

Case Section Méx._ Av. Min,

1 | unlined - T™8M | 0.022 | ©.020 ] 0,018

2 | Shoterete - TBM] 0.020- '10.018- - 0.016

3 | Shotcrete - CBM | (0.022) | (0,020) | (0.018)

4 | Concrete lining| 0.015 | 0.013 | 0,011

5 Steel - 0.012 -

Note: (1) Figures in parentheses show the values
for combination of shotcreted section
and concrete lined section.

Driven by Tunnel Boring Machine
Driven by Drilling and Blasting

(2) TBM
CBM

-
H
E
-

As observed in Fig. 9-4, the arrangement of two headrace . tun—
nels with identical diameter of 7,00 m will be best suited for

the most economical development scheme of 400 MW scé;e.
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(3) Tunnel Linlng Works

As to the tunuel lining works, the unlined tunnel section is to
be principally considered in view of the geology along the tun—
nel route, rock cover, water pressure acting on tunnel, etc,
The required thickness of rock cover will be studied in accor-

dance with the following formula.

L > H
iR'Cosg

whereas,

L : Min, distance between tunnel and ground surface (m)

Mean surface slope on river side

B
YR : Density of rock (t/m?)

H : Water pressure (m)

With water pressure of 40 t/mz, mean surface slope of 457, den-
sity of rock of 2.7 t/m3 and the safety factor of 5, the above
formula indicates that the rock cover of more than 100 m will "

be sufficlent,

In the case that the unlined section be applied, it 1s also
important to pay careful attention to the specific geological
features along the tunnel route other than the topog:aphical
condition such as balance between rock cover and acting water -

pressure. Namely,

(i) Rock clasgifications and their rock meéhaﬂical pfoper—

ties,

(i1} Discontinuity or inuniformity of rock charaétériked with

possible fault and sheared zone

(iii)- Exfoliation of rock due to strong anisotropy and erosion -

reglstant property, etc.

are to be thoroughly investigated.
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In couneation with (i) and (11)"-'abo§o, the geologlical waps
(plans and sections) prepared on the basis of geological infor-
mation ob.ta'ined by the site reoonnaissancé .ahd aerophotographic
interpretation will be utilized, However, the direct informa-
tion related to (iii) above is not available, hence, these pro-
poerties are presumed based on the geological maps DWG, G-1,
-G-b 1n- Chapter 4.

The design concepts for tunnel lining made corresponding to

rock cover and geclogical classification are as follows.

_(i) In 'tﬁe_ érea where_gneiss and granite ‘are distributed,
the rock faces vary from anisotropic banded rock with
much black minerals like gneiss to massive fresh rock

like granite.

. Therefore,; - varions lining methods . such as concrete
lining, shotcreting and unlining will be appl:Led in

accordance with rock conditions revealed,

(ii.') .In the area where mica schist is distributed lining
works are to be applied in general considering its cha-
racters like anisotropy and exfoliation. HMHowever, as it
18 -considered that rock mechanical properties will
possibly ohange according to thickness of rock cover,
‘concrete lining is to -be applied at the sections w_ith
tock cover ,iess _t_han .300 m, while shotcre.ting at the

sound sections with rock cover thicker than 300 m.
i(iii.)_. At t.he:. geo-.l‘og.icél bom_idaries and 'sheared zones;_ though
 their chafacte_rs are not classified jret, concrete lining

is to be applied,

Table 9-6 shows summary of lining methods adopt,e.d corresponding
to gerological aﬁd topographical conditions along the tunnel

route.,
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9,1.6

Table 9—6 Lining Method Classification

Geology - Length (m) | -~ Lining Method
Unlining
. . . Shqtc:eting_. )
Gneiss and Granite 5,852 | Concrete lining

Culvert (Khoktak Khola)
Steel lining (Surge tank)

Mi Thin rock 1,900 Concrete lining
ca cover
Schist | Thick rock 27800 Concrete lining
cover. i Shotcreting
Geological _
Boundary & 800 Concrete lining

Sheared Zone

At the locations upstream of work adit_énd surge tank, rock trap
works are to be provided in order to protect turbines from deamages
caused by rock fragments and other materials that may be produced ét:
tunnel surface due to loosening or. exfollation especidlly at the
Initial stage of generating operation, Sand drain pipes, manhoies

bulkhead, etc. for removal of rock fragments and other materials

'trapped are also to be provided

Tunnel construction will be on- the critical path of the overall

construction schedule of the Arun 3. Project. In order to cope
therewith, a work adit is to be provided at roughly the midpoint
between the Suki Khola and Rara Khola, The Tunnel Boring Machine-
{TBM) will be employed {(circular cross section)_for the length of
approximately 7,300 m upstream of this work adit, For the part of
approximately 3,700 m long (standard horseshoe shape) downstream of
the work adit, conventional type of tunnel driving will be applied

simulténeously.
Surge Tanks

(1) Type and Location

The locations and type of surge tanks are selected baSed'bﬁ the
geologlcal conditions classified by ‘core drilling (P-S) and
seismic prospecting (A-line and No. 1 subline) carried out in

the vicinity of proposed surge tank site.
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(2)

In despite of steep siopa at the proposed surge tank site, it
seems that thick layer of overburden and underlying weathered
rock 1s distributed, Thickness of this layer (Vp = 1.2 — 1.3
km/s) is assumed to be 20 m to 30 m, however, its rock mechani-
cal. property is not cleared yet. In order to prevent unstable
gituvation of the surrounding area induced from excavation of
large scale, tﬁe most compact tyﬁe of surge tank; restricted

orifice type surge tank, is adopted.

In the case of restricted orifice type éurge tank,- cross sec-

‘tional area required for surge tank shaft of this type lis

. theoritically 50 percent of that for simple surge tank without

restricted orifice, so that construction cost will be reduced.
Mdreqver;”the'Iayout of this type will be superior to the case
of simple surge taﬁk, because open excavation at the top of
shaft can be saved éonéiderably, resulting in better stability

of the excavated slope.
Oscillation Analysis

The internal diameter of surge tank shaft has to be determined
taking into consideration both the static stability conditions
and the stability conditions in relation to micro-vibrations

(Thoma - Schuller's stability condition).

The maximum water level is ‘to be calculated on condition that
the full load rejection (q = 80 m3[s) will give the maximum
water level, This will be caused by emergency shutdown of

switéhgears on the power supply system and the top elevation of

-surge tank shaft is to be decided in accor&ance with the above

level plus a certain allowance, In coanection with convergence

of oscillatlon due to load fluctuation, the cases of partial

'1oéd-fejectioﬁ_are.alsb studied in:general;:

7'On the other hand; the case of ' load increase from 50 percent to

100 percent is assumed to glve the minimum water level. The

‘top elevation of tunnel section -at the downstream end of

headrace tunnel must be lower than the above minimum water

level, Numefical'oécillation analjsis is to be undertaken with

pérsonal'Computef_program_baéed on'the follbwing equations,
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Equation of & _dv _ =z - c! v!rv -k

motion . Yo de L
g
. Equation of = _dz _  Q-fv
continuity dt F
K.—-lv?lvp.= 1 ‘fV"QI(fV"Q)
' 2 2g (Cd Fp)2 ,
Where,
V : Flow velocity in pressure tunnel (possitive for
flow in direction from reservoir to surge tank)
z : Water surface level at surge tank
g : Acceleration 6f gravity
C : Coefficient of head loss, for -total loss (h) in
tunnel, h = cv V
L : Lehgth of pressure tunnel
f : Cross—sectional area of pressure tumnel.
F : Cross—sectional area of surge tank
- Q ¢ Turbine diséharge
Vp: Velocity at orifice
Fp: Cross-sectional area of orifice
C : Coefficient of flow at orifice

The results of énalysis are shown'in'Figé;:g—S'and 9-6. Based

on the above basic analysiS, the inner diameter amd height

above bottom elevation of surge tank shéfg 1s decided to be

14,00 m and 70,00 m, respectively,
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9.1.7 Penstock
(1) Type and Optimum Diameter

Penstock is to be provided between surge tank and powerhouse.
With the adoption of powerhouse of underground type as previous
stated, penstock is also of undergtound type, At the point ifm~
mediately downstream of surge tank, a penstock pipe falls along
the vertical shaft of approximately 270 m to EL. 532.00 beilng
the turbine center elevation and then horizontal pipe is to be
provided, The lower horizontal pipe is further branched into 3

pipes hy trifufcafion pipe and connected with 3 turbines. The
total length of penstock pipe from the center of surge tank to
the turbine center is 376.74 m (Unit No. 2). With this layout,
the most part of penstock pipe will be safely installed in
massive augen gneiSS rock (Vp = 4,5 - 4.4 km/s).

The study on optimum diameter of steel penstock is also ﬁnder~
taken based on the same concept for headrace tunnel mentiqned
.in previous 9,1.5. In this context, the diameter means equiva-

lent diameter calculated by the following formula,

DiLi

Ly

N =

The equivalent optimum diameter of penstock will be 4,3 m as
"shown in Fig. 9-7. '

The diameter of penstock pipe 1s plammed as 5,80 m at its
uppermost:_portion, 4,50 m to 4.00m at the shaft portion,
4,00 m at the lower horizontal portion and 2.30 m downstream of
_trifurcation, ahd-these pipe diameters correspond totally to

the above equivalent diameter of 4.3 m.
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(2) Water Hammer

The cost for penstock steel plpes takes a large part of that
for construction of penstock structure. As the penstock struc-
ture is situated at the downstreammost portion of waterway
éystém and carries the largest water pressure, the baslc stu-
dies for securlng structural safety as well as the minimum cost

aré made .
(i) Calculation of water hammer

The transient analyses of water pressure and discharge
"with variation of gulde vane opening of turbine is to be

carried out for the waterway system shown below,

The basic formula is to be reduced by sequential
approximation at intervals of 0.01 second, It 1is
assumed that the guide vane opening changes linearly_and
the loss of_head concentrates at the end of water con-

duit. Tﬁe calculation also includes the effect of surge

.action. .

e Turbines

Headrace Tailrace

tunnel Penstock ® outlet -

Intake ,-fL;' C : o / ﬁi
{Reservoir) | \ & N
Surge tank '
(ii)  Basic formula -

A B
r Y

The basic formula for calculation of pressure wave in

- -the  above unit'pipe iS-as'shQWn below,

Hy, (0, 38+ Qq (8) = Hp, (&~ -1y 45 - gp, (¢ - —)



Where,

Hp, (t) i Water pressure at point A at time t

Qy> () i Discharge at point A at time t

Hg, (t - —é%ﬂ : Water pressure at_pointrB.at time‘(t —.vg*)
Qgs (t - ~g§—) : Discharge at poinf ﬁ at time (t - —%%ﬂ

$ : Constant = a/g*°A

a : Propagation velocity of prerssure wave

g , + Acceleration of gravity

A : Cross-sectional area of pipe

L : Pipe length

(iii} Boundary conditions
(a) Boundary condition at guide vane

For the linear closure of pipe ‘at guide vane, the

following boundary condition is effected.

Qp (8) = (1 - ) & /iy, (O ~ 8, (6

where,

t + Arbitrary time within closing time of
gulde vane
(0t

T ¢ Closing time of guide vane

R =

Turbine



(b) Boundary condition at trifurcation

.- 2
* 3
\ 4

" The  boundary conditions at trifurcation are that

the water pressures in 4 pipes are equal at point A

and the discharge shall satisfy the requirement of

© continuity, namely, the following equation shall be
effected, . R

Ql,t=0Q2,t+Q03,t+0Q4, t
(¢) Boundary condition at intake (reservoir)

The followlng boundary condition is effected.
'HAs (t) = HA’ Y

(iv) Basic dimensions

The basic dimensions applied to calculation are as shown

below,
(a) Beadrace tunnel

Length ' : 11,350 m
32,71 w2 (D=6.45)

Cross-sectional area



(b)

(c)

(d)

(e)

Surge tank -

Cross—sectional area of

shaft

Bottom elevation of shaft
Penstock

Length

(Surge tank - trifurcatioh)

(Trifurcation — turbines)

153,93 m?
(D = 14.00 m)

EL. 800.00 m

336.74 m
No,l, 3. 49.12 m
No.2, 40,00 m

Cross-sectional area (equivalent)

(Surge tank - trifurcation)

(Trifurcation - turbines)
Tallrace tunnel

Length.

Cross-secitional area
Turbine

Max. power discharge

No. of units
Turbine center elevation

Closing time

.

15,90 - 12.57 m?

$270.00 m

27,89 n?

26.67 m3/s x 3 units
= 80 m3/s

EL. 532.00 m

5 sec,



(v)

{(£f) Water level
Reservoir surface elevation : EL, 842.00 m
Tailvater level : EL, 538.00 m

(g) Propagation velocity of : 1,000 m/s, 600 n/s

pressure wave
Caleculation results

The results of calcéulation by computer at interval of 0,01
second are as shown in Fig. 9-8 and the ratio of the maxi-
mum water pressure and the static water pressure is as

indicated below,

89.07

-—'3'1"6““' = 0.237

HA,t/HA,O‘:
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(3)

Design. Head

.The design head is given based.on.the maximum reservoir water

level of EL 842.00 m, static head accordlng to different ele-

vation at each point, head resulted from surge effect and water

- hammer stated above.  -The maximum design head ar the downstream

end of penstock (turbine center) is calculated to be 423.00 m
which include static head (Ho) of 310 m, water hammer of 93,00
m equivalent to 30% of Ho and surging head of 20 m.

In the case of undergfound type penstock, it can be designed in
a manner that a part of the design head will be shared by the

surrounding rock foundation as well as filling ‘concrete about

"~ the steel pipes, The ratio of internal pressure shared by the

surrounding rock will be estimated according to the following

formula,
g =8
g = . (1—-X1)
e ]__E.?..OL -AT.g.E

A= 1

B - mgt 2
1+(14Bc) "—E .+ — 1oge IR, (1+3g ) Es ,mgtl 2t
Ec D D ng b
:Whefe,

Es : ElaStic moduius of steel ﬁipe (2.1rx 106 kg/cmz)

Cg-: _Coefficient of linear expansion of steel pipe
(1.2 % 1073/°C)

AT : Temperaﬁure change Qf_pipe

B¢t  Coefficient of plastic deformation of concrete

Ee : Elastic modulius of concreté (2;1 x 107 kg/cmz)

. bRiﬁ. Tunnel drilling diameter’

R
oq

Vf_Coefficient of plastic deformation of rock
Eg i Elastic modulus cof rock. .-
“mg : Poisson's number of rock (5)

" The- value of l varies depending upon elastic modulus of sur-

roundlng rock (Eg), ratio of thickness (t) and diameter of
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steel pipe (D), etc. and the ratio of internal pressure sﬁared'
by the surrounding rock is calculated to be 33 percent for Eg =
30,000 kg/cmz, t/D = 3/400 and t = 20°C and furthet 43 percent
for t/D = 4/400.

Accordingly, vertical shaft and the lower horizontal portions
of penstock pipe are designed considering that 30 percent of

water pressure 1s carried by the surrounding rock,

9.1.8 Powerhouse
{1) Location and Type of Powerhouse

The powerhouse is to be constructed at.the so calied Pikhuwa
site on the left bank of the Arun river approximately 500 m
downstream of the junction of the Waleng Khola:with the Arum
river. 1In this vicinity, there exists terrace deposit of about
4 ha formed by sediment brought down by fhe Arun river during
floods. The hillside above the terrace deposit slopes at
approximately 40° with thin overburden, while many boulders

bigger than IO_m are observed there.

According to the drilling -investigatioms (P-5, P-6, P-7 and
P-8), seismic prospecting {A-line, No, 1 to No, 3 sublines) and
site recomaissance, it is found that the bed rock around
powerhousé is massive augen gneiss, most of which is identified
as Cy class in rock classifications, while RQD-is from 80 to
100 percent. Based on the above conditions, it is honsidered.
to be technically feasible for the design of the powerhouse
layout including penstock at this site of both undergrouﬁd and

outdoor types,

Therefore, economic studies are made for the following three
cases as shown in Fig, 9-9, N -
Case 1 Outdoor'péhstock - outdoor pbwérhouse
Casé 2  Embedded penstock - outdoor powerhouse

Case 3 Embedded penstogk_f'underground powerhouse

The results of the study are given in Table 9-7,



Table 9-7 - Economic Compatison by Powerhouse Type

Unit: 103 uss

Case 1. Case 2 Case 3
(Outdoor) | (Outdoor) § {Undergrovnd)

Construction Cost (C)

Civil Works 1/ 210,100 | 209,600 227,100
- Hydraulic Equipment 19,100 | 17,600 15,100
Project Cost ~ | 490,700 | 488,200 506,400

Econonile Evgluation

Present Value of C | 237,900 | 236,700 245,500
Present Value of B | 428,800 | 428,800 428,800
B-C 190,900 | 192,100 183,300

B/C 1.80 1.81 1.75

Hote: lj : Construction cost of civil_ﬁorks include
all items such as accesg road, dam, headrace
tunnel, etec., besides penstock and powerhouse.



Fig. 9—9  Alternative Powerhouse Type
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According to the results, the outdoor powerhouse (Case 1) is
found to be less costly by US$15.7 x 10® compared with under-
ground type {(Case 3) while B - C of Gase 1 will also be higher
by US$7.6 x 100 than that of Case 3.

When consideration is given to the economic aspect only, the

powerhouse of outdoor type, Case 1 or Case 2, will be selected,

" however, the powerhouse of underground type is finally adopted

taking serious views of the following féctors.whiph can not be

quantitatively analyzed in the economical evaluation.

'(i) Tﬁe'hillside-élope.at the powerhouse site'is very steep
dotted with big 'Bouldérs;' hence, 1t 1s difficult to
reasonably presume at this stage the stability of exca-
vated surface after construction of outdoor type struc—.

_ture,

(1i) The scale.and frequency of debris flow that may occur at
‘the Arun river and its tributaries between the dam site
and powerhouse site as well ag the ﬁagnitude of damages
derived therefrom on the powerhouse of outdoor typé can -

not be studied.

(£11) The Ardin 3 project plays very important role in stable

power supply in Nepal after completion and accordingly,
the - troubles in'and’stopage of generating operation of
this ﬁdﬁer station'due to the'abqvementioned unforeseen

factors must be avoided completely.

-_(ivj' 'While;'the'rock hdnditions deep in the mountain where

'poﬁerhouéé is located is coﬁsidered to be fairly good

“and the large cavern of powerhousé can be worked safely,

Design concepts of powerhouse and transformer caverns

The following are the general factors to be considered in

selecting thg_agproximaﬁe dihe@si@ds‘of powerhouse and trans-—

. formér caverns. .

- :jio'féciiifaﬁz pfOPerié?butuof fﬁé'main:eQﬁipment such as



-turblne, ‘generator, transformer and other auxiliary equip-—

ment ¢

« To avoid excessive concentration. of stresses taking the

geological conditions into account,
» To ensure the safety of caveru excavation.

. To minimize the cavern volume from the economical point of

view.

Folldwing are the general description of cross-section, pfofile

and plan of powerhouse cavern,

Cross-sectlion

Cross—section will be classified into mushroom shape and egg
shape . The mushroom shaped cavern is provi&ed with arch
concrete at its roof portion and vertical side walls, while the
egg shape cavern is empty of notch section at arch abutment and

is streamlined as a whole causing less stress conceatratilon.
(i) Mushroom shaped cavern

The cavern of this shape frequently. adopted so far has

the following advantages.

. Because of advanced placement of arch concrete, exca-

vation of lower portion'can be carried out safély.

. Since side wall stands vertically, the cavern volune
is génerally small compared with that of egg shaped

cavern.
. Crane base can be provided easgily,
(i1) Egg shaped. cavern

Due to progress of reliable Stress analysis like FEM and
also of construction technology #uch 'as ' rockbolting,
pre*stresseﬂ anchorage and shotereting, the powerhouse

cavern of this shape has ﬁeén'sdmetimeé adopted 'in- place



of that of mushroom shape. Its advantages are as desc-
ribed below,

+ Rock nechanical stability in relation to stress dis-
tribution, deformation character, relaxation of sur-—
rounding rock, ete. are higher than that of mushroom

shape.

« The initial 1ining methods dﬁring excavation work such
as rock bolting, shotereting are generally used as the

permanent lining works,
. Arch concrete is not required.
Profile

Profile of powefhouse cavern is generally governed by the loca-
tion of main transformers. _ When a part of rock 1is remained
unexcavated perﬁendicularly to the longitudinal axis, it will

serve as strut causing less displacement of side wall.
Plan |

'Pian of powerhouéé cavern is ﬁormaily controlled by the number
of units, In the case of singular number of unit, circulaf
powerhoﬁse cavern which is most stable mechanically can be
adopted. 'Ip the,case-of plural number of units, rectangular

powerhouse cavern is mostly adopted.

Taking 'comprehenéivély the above factors into consideration,
powerhouse cavern of mushroom shape as its cross-section is
adopted; while,-thé'érection bay is located at the center of
the :cavern to gxpect:the effect'of rock strut, Main trans-
- former cavern is to bg_proﬁided indi%iﬁuélly; downstream of-and
in parallel with_powerhbuse;pavern; Its plén is .of rectangular
shape and its longitudinal axis is sfiented at M18°¥ in para-
1llel with the Arun'river-inuthis vicinity taking into account
the layout of waterway system. - '

“The - orlentation of longitudinal :axls of this main cavern does

' hdt'éoiﬁcide_with that expected from the-geoldgicél point of
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(3)

view, The optimum location, plan (longitudinal direction) and
cross—section of the main cavern 18 to -be finalized based on

the geological information obtainable from long exploratory

'drilling of at least 160 m veaching the powerhouse location or

the exploratory adit of approkimatély'ioo m long that may be
driven along cablé tunnel described later. Even 1f some modi-~
fication of arrangement and shape of cavern are required, it is
judged that no major change will be induced on the basic layout

of powerhouse and its construction cost,

The dimeﬁsions of the main cavern (excavated) are 122 m long,
25 m wide at its arch portion, 18.00 m wide at the lower por-
tion, 41.5 m high at the maximum and 82,600 m3 in excavation
volume., The above cavern length includes the part required for

the future expansion plan.

In the main cavern, 3 units of turbines and generators (each
67 MW) and 6 units of same after extension are to be accom—
modated, The main cavern is compesed. of the machine hall at
EL. 543.50 m, cubicle floor at EL, 539.00 m, turbine floor at
EL. 534,50 m, auxiiiary equipment floor at EL, 529,50 m,
drainage pit, etc. Overhead travelling cranes are. to be pro-

vided in the machine hall,

“Fransformer cavern is situated 45,00 m apart from and in para-

liel with main cavern. The major dimensions (excavated) are
the maximum width of iZ.OO.m at the arch portion, 9.20m in
width at the lower portion, 15,00 m in height, 122.2 m in
length and 18,000 w3 in volume, o

3 units (6 units after extension) of main transformers, cable
gallery for cable arrangement, 3 units (6 units after exten-—
sion) of.gaté shafts for draft gates, st¢. are to be accom—

modated in this transformer cavern.
Auxillary Tunnels in Powerhouse Area

Various tunnels are necessary for construction and maintenance
after completion of underground powerhouse,: Out ‘of such tun-

nels, those necessary- for mainéhining-A;hg‘ function of power



station after completion thereof are hereby defined as auxi-

liary tunnels and outlined as described below,

(i)

, “(11)

.'(111)

Accesgs tunnel

This tunnel is constructed for the purpose of transpor-

tation of the mala equipment and provides the nain

" access to underground powerhouse,

Though the - dimensions of " access tunnel are different

depending upon the scale of power station and selected

“in  accordance with the shape of packing of turbiae,
- generator, transformer, etc, those selected in this
- study are 4,00.m in width, 5,00 m in height and approx.
324 m in length, The tunnel route runs from the down-
stream side of tailrace outlet to erection bay situated

at the center of main cavern via transformer cavern,

Dufing' construction of undérground powerhouse, access
tunnel is utilized as work adit and branch adits

reaching transformer cavern and the arch portion of main

_cavern_‘will also be required. After completion of

underground powerhouse, access tunnel will also serxve

for malntenance and ingpection, ventilation, etc.

Bus bar tunnel

‘As main transformer room 1is arranged separately from

" machine hall, 3 tunnels (6 after extension) which accom-

modates bus bars connecting generators with main trans-
formers are designed and each tunnel is of 2.00 in
width, 3.00 m in height and about 30 m in length,

.Cable tunnel

' Fof”1aying:high vgltagelmainfcables_betﬁeenVméin trans-
_fofmer and  switchyard, cable tunnel i1s . to be

ccnstrﬁctgd.ﬁ_z Th;s tunnel _15: generélly used as the

secondary access to underground  power station,

‘Dimensions of cable tunnel are governed by the-typé and

capacity of cable, requiréd-working;space, etc. Cable



9.1.9

tunnel from upstream end of cable spreading room pro-
-vided under maln traunsformer room to switchyard is of
3.50 m in width, 3.00 m in height and 173 m in leagth,

Tailrace Tunnel

Downstream of draft tube of turbine, tailrace tunnels are to be pro-
vided, and the distance between turbine and tailrace outlet is

approximately 270 m, Upto draft gates provided at transformer room,

.3 tunnels with the identical diameter of 3.50 m are to be const—

ructed, They join at the point of further 50 m downstream into one

tunnel of standard horseshoe shape and 5.80 m in diameter upto tail-

. race outlet, Tailrace tunnel is designéd-as concrete lined pressure

9.1.10

tunnel in consideration of the following two factors,

(1) When the top elevation of tunnel secticn is set lower than the
minimum tailwater level, alr-hammer in tunnel can be prevented

as the partial free water surface will not take place.

(i1) For prevention of dead air and its growth origiﬁated- from
‘water column segregation due to pressﬁre fluctuation, it is

required to smoothen the longitudinal shape of tunnel crown.

In case of a long pressure tunnel as tailrace waterway; it is
necessary to absorb pressure fluctuation correspoﬁding to the
variation of discharge due to sudden load-off and load-on. A small
éhamﬁer is, therefore, comnected to the tallrace tunnel at the draft

gate shéft, so that harmful pressure flﬁctuation_can he absorbed.

Tailrace Outlet

Water level-discharge data 1in the vicinity of. the powerhouse is not
available. The gauging station (Tumlingtar) where actual water
level measurements have beeén made is extremely far from the power—
house site, so that the water level-discharge curve is determined én

the basis of uniform flow calculation by Manning's formula.

The riverbed elevation at the powerhouse 1s estimated to be EL. 535.



The average riverbed gradient in this vicinity is declded to be 1/60
based on the difference of height at the powerhouse sites (Pikhuwa
and Kaguwa) distanced approximately 1,000 m.

The gradient so decided agree with the longltudinal slope of terrace

deposit existing upstream of powerhouse site.

The rating curve at tailrace outlet 1s generated as shown Fig. 910
assumlng the coefficient of roughness of natural river of 0.045 to

0.035.

While, the design flood discharge at the powerhouse site 1s con-—
sidered to be the probable maximum flood at the dam site plus addi-
tional f£lood disﬁharges at the Lekhuwa Khola and Apsuwa Khola, and
estimated at 9,400 m3/s,

The ground léyel-(GL} at tallrace outlet is then set at EL. 550 m
which will not be submerged for the above probable maximum flood.
The normal water iéVel correspdnding to the average viver discharge
of 390 m3/s (320 x 1.2 = 390 m3/s ‘at the tallrace outlet site) is

decided to be EL, 538 m in accordance with the above rating curve,’
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