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9,2  Electromechanical Equipment

9.2.1

Powerhouse

(1)

Comparison of Francis and Pelton Turbine

Either Francis or Pelton turbines ave applicable for the Arun 3
power station in view of the range of head and power discharge.,
Therefore, in this study, comparison of Francis and Pelton tur—
bines 1is made from both technical and economic viewpoints in

order to select the optimum turbine type,

(1) Comparisons of designs and costs of turblnes and

'generators
-{a) Ratings and dimensions of turbines and generators

Comparative designs of Francis and Pelton turbines
are made using identical intake water level, tail-
race water level and maximum power discharge, and

the ratings given in Table 9-8 are selected,

Preliﬁinary designs of turbines and generators are
made using these rated values and the results ére
given in Fig. 9-11. As clearly observed in this
figure, the dimensions 'of the Pelton turbine-
generator are very iarge compared with the Francils

' turbine—generatdr and as shown in Figs. 9-12 and
9-13 the dimensions of the powerhouse will be also
very large in case of Pelton turbine {Comparison is
made for outdoor type powerhouse) As for the tur-
bine_cente:s_of_the.two types, they will be &6 m
‘belaw thé' tqii;ace watef level 1n case of the
lFrapcié tﬁrbihe'and-érm above in case of the Pelton
turﬁine; " The center of the Francls turbine is
selected in such a manner as to give the suction
1rlhead (submergence, Hs) 1arger than the normal value
.for the Francis turbine, in congideration of the
.Veffect of suspended load as described later in
..(iii)c: on the other hand in.cage of the Pelton



(b)

turbine, the turbine center will be high, -heﬁhe
since there is no draft tube, the effective head
will become lower compared with the Francis tur-
bine, and this will be the disadvantageous aspect
of smaller output. Further, In case of the Pelton
turbine, if it is to be operated during flood, it
will be necessary to make the turbine center eveun

higher, thus causing further decrease in head.
Turbine efficiency characteristics

The relative efficlency characteristics of Franeis
and Pelton turbines are éqmpa:ed in Fig. 9-14.
This figure eclearly shows that the efficiency
characteristics of the Francis turblne is better
with larger output, while in a range of small out-
put, the Pelton turbine is superior. Especially,
with.a Pelton turbine, it is possibie to indrease
efficiency at light load time by switching the
nozzle numbér from four to two in an operating
range of less than about one-half of rated capa-

city.

However, 1t is comsidered that operation at light
load of less'ﬁhan 60 peréent of rated capacity will
not be so often from the reasons given below. In
order to check the balance of daily demand and
Qﬁpply in Nepal after the Arun 3 power station will
have been commissioned, the estimated daily load
demand curve for the day of the maximum ioad in the.
case of January 2002 (3 unit operation) and January
2006 (& unit operation) as representatives and the
operating pattern of the .Arun 3 powér station
according to this load curve are_prediétea.as shdwn
in.Figs. 9-15(1) and 9—15(2)'(on precondition fhat
the base load is to.be suppiied from qther-genera{
ting facilities).- Acédrding to this figuré; if the
number of units operated and Operation  at 'eqﬁal'

output are to be controlled at Arun 3 power sta-



(o)

tion, the operating pattern per unlt of main equip-

-ment will be as follows:

(January 2002, 3 unit operation)

]

90% 100% output - 3 hours
80% - 907 output 5 hours
70%2 - 80% output 2 hours
602 — 70% output 3 hours

(January 2006, 6 unit operation)

90% - 100% output 8 hours
80X
70% - 80% output 2 hours
60% - 70% output 2 hours

90% output 12 hours

As a result of the aﬁove, it is expected that the
operating pattern of the Arun 3 power statlon will

be such that case of operation at large output of

"TOIpetcént of rated capacikty or higher will be pre-

‘dominant, and it is considered that large-output,

high—efficienﬁy operation with Francis turbine will

" have much more advantage than operation with Pelton

turbine. - Furthermore, it 1s thought that large-
output, high-efficiency operation will be possible

qurlthe various load patterns conceivable by sui-

tably selecting the number of units operated at the
Arun 3 power sfaiion, while when export of poﬁer in
excess of  the domestic demand of Nepal is taken
into account, this trend will become even strongef,

and it is congidered that adoption of Francis tur-

'biﬁe ﬁith;which more gledttic energy can be pro-

duced will be advgntageoué.
Tﬁrbine aﬁd generator costs

The comparisons of costs for turbinés and genera-
tors - including auxilia:y control equipment arve

estimated to be as follows:



- (Unit: US$103)

Francis_Tﬁfbiné, Pelton Turbine,
- Generator Generator
{6 units) {6 units)
Turbine 20,160 22,980
Generator 17 ,040 19,740
Total 37,200 . 42,720

This clearly shows that Francis turbine-generator

will be more advantageous.

(ii) Economic comparison of different turbine types (In case

of outdoor type powerhouse)

Comparisons of total construétion costs 1n case with
power export, including counstruction costs fof power—
hoﬁse and dam, and power tfansﬁission. and substation
equipment according to different types of turbines, and
and benefits are

conmparisons of energy production

presented below.

Francis Turbine,| Pelton Turbine,
Generator Generator
Installed Capacity (MW) 67 x 6 = 402 64 % 6 = 384
Totai Annual Energy Production (GWh/Yr) 2960.3 2832.4
Salable Domestic Enmergy (GWh/Yr) 1863.2 1782.7
Salable Export Energy (GWh/Yr) 920.8 881,0
" Surplus Enefgy (GWh/Yr) 176.3 168.7-
Present Value of Cénétructién Cost,-C 253.11 263,56
(10%us$) o '
present Value of Bemefit, B (106US$) 364.79 352.48
B-C (106US$) 106,68 88.92
B/C . 1.413 1.337




(i1i)

Acéotding fo this table, both B - G and B/C will be
higher for the Francis turbine"generator than the Pelton
turbiné~generator and the forﬁef is economlcally super-
ior,  Furthermore, if the comparison is made for under-

ground type powerhouse, the Francis turbine-generator is

~obviously far more advantageous 1in economy than the

Pelton turbine-generator,

Design and operation and maintenance of Franeis turbine

considering influence of suspended load
(a) Water quality

According to the results of water qﬁality'analyses
obtained in this study as described in detail in
preceding paragraph 3.,5.3., the content of
‘suspended . solids is épproximately 80 mg/lit' on
‘average and 810 wmg/lit at wmaximum which are not
very large in quantity,., However, as the Arun 3
power station has high head of around 300 m, it
will be desirable to give consideration to measures
:against.abrasion of the turbine due to suspended
load.

Acid which has é.great influence on corrosion of
_metalé is not a problem in particular since pH is
aroundII, while 804“ is low at about 6 to 17 mg/lit
also_giﬁing o ﬁr;blem, but since CI” is high at 90
to léO'ﬁg/lit, 1t ﬁ;ll be necessary to pay_furfher
attention td” gselection of metal plate thi¢kneés,
combinations of different metals, paintings, etec.,
regarding the high-tension steel and other turbine

materials. to be used,

In_this_study,'thé:points below are considered as.
suspénded. load coﬁnpermeasﬁres in turbine design,
: With:tﬁese in' practice it is considered that the
-maximum suspended grain size of 0.3 mm after the
"desilting  process will. not cause any adverse

effects in turbine operation.



(b) Points to be considered in turbine.design

a.

b.

Applicable revolving speed

Conaidering the applicable head and available

‘discharge for the Arun 3 power station, either

"of the rated revolving speed of 429 rpm and

500 rpm of . turblne and generator can he
applied, while from viewpoint of measures
against abrasion from suspended load, it will
be desirable to design the revolving sgpeed as

low as possible.

The revolving speed of 429 rpm is selected in
view of the facts that differences in dimen-
sions and efficiency characteristics of turbine
and generator are not great between 429 fpm and
500_rpm machines, and_ that there will be no
special difficulties in transportation of

equipment (refer to paragraph 9.2,3).
Suction head (Hg)

S8ince damage from sediment abrasion ﬁill_cause
composite damage together with cavitation ef-
fect, it is judged deSirable‘to select the suc—
tion head of about 2 to 3 m deeper than normal-
ly adopted in order to prevent éavitation,_and

in this study, Hy = -6 m (when all units in

operation) is set up.

Bunner

Adoption of high Ni iSCr stainless steel which -
can be welded and repaiied; and -which excels in
cavitation—resistant characteristics will be
reasonable for runner taking iato aécount-the
measures for resistance to abrasion from sedi-
ment, and further, the research and develoﬁment

by manufacturers on rumnner materials and con-~



“figurations. of Dbetter sediment abrasion-

resistant characteristics will be looked into.

If_is desirable fb provide the power station
_wifh sbére runnér(é); :With regard Lo replace-
'ﬁént with spare runner.or runner repairs, it 1s
tbought that the work can be done at almost the
_same levél of ease for Both Francis turbine and

Pelton turbine as described in (c¢) below.
d. Guide vane

For .gﬁide vane materials, as in the case of
runney, it will be appropriate to adopt high Ni
13Cr stainless steel which can be repaired and
‘which excels in cavitation-resistant proper-—
ties. Foxr 1nspection' and repair of guide
vanes, it will be desirable to have such struc-
‘ture that the turbine pit is I m higher than
normal and the head cover is hoisted and held
uﬁ.inaide the turbingrpit_without disassembling
the tuibiné_and generator. The gulde vanes can
_ be taken out Qtilizing the space under the head
 ¢§ver to carry oﬁt'ﬁecessary welding and.re?
pairs. it'will also be desirable to provide

~the power station with spare guide vanes,
e, Runner seal, main shaft seal

_ﬁatefials excélling in abrasion resistance
'shoﬁld be selected, with gaps made slightly on
thg_large side_éo that easy veplacement of geal

can be done.
(c) Operation and maintenance of turbine and generator

Damage to turbine rumner due to sediment abrasion
.1is caused by the combined action of cavitation and
 other factors., Consequently, it is desirable that

_light load operation below 50 percent is to be



avoided as much as possible. As described pre-
viously, 1t will be possible to keep large-output,
high-efficiency operation at the Arun 3 power sta-
tion thrbugh ‘selection of the number of wunits
operated and .equal-oufput operation, Frcm the
standpdint bf countermeasures against sediment
abrésibn, the operation mode stated above of this

power station is thought to be favorable.

With regard to turbine inspection, particularly to
runner inspection and répair, there 1s not very
much difference between Francls and Pelton turbines
concernlng the intervals and time needed for
inspection and repair, Likéwise; there is not much
difference with respect to damage due to suspended
load, but in case of Francis turbine, dewatering of
draft tube {is required and hence, inspection and

repair of Pelton turbine can be done more easily,

However, except for dewatering of draft tube; the
1nspectibn and fepﬁif methods are almost the same
for both Francis and Pelton turbines. The fdllowf
ing can be considered as inspection and Tepair

methode for rvummer of Francis turbine.
a, Disassembly of turbine and generator

The method is to usé craane td hoist thé genera—
tor rotor to take out runner from the top
(generétor Side), and is very common for inspe-.
ction and disassembly. It requires relatively
longer time for inspection and disassembly éomf

pared with other methods.
b. Adoption of intermediate shaft.

This 1s a method whiéh_consisté of;providihgfaﬁ‘_
intermediate shaft of about 2 m long - between
the genevator and the main shaft to remove

runner without dismahtling 'the: generatof “and



this intermediate shaft is to be removed first
for taking out the runner from the top (refer
to Fig. 9~11), With this method, the axial
length of the entire turbine-generator will be
about 1 m longer compared with other methods.
It will be necessary to give more consideration
to the aspect of Stable.operation compared with
other .methods in coanection with the turbine
and generator of the Arun 3 power station which

1s ‘relatively high speed machine.
c. Removzl of runner from bottom {draft tube side)

As shown in Figs, Qfll and 9-16, this is a
method of removing runner from the bottom
{draft tube side) without dismantliing the gen-
erator and without  adopting an intermediate
shaft, With this method, upper and lower cones
of remoyable structure are provided to draft
. tube so that draft tubé liner can be disas-
seﬁbiéd. Parts around these cones are not to
be embedded with concrete. As shown in Fig.
9-16, the inspection énd repair method will be
‘almost the same as for Pelton turbine runner,
with the exception of dewatering inside the
‘draft tube, . '

It should be noted, however, that the height
from turbine center to bottom of draft tube
liner and the powerhouse dimensions will be

élightly larger.

As described in the foregoing, there are advantages
and disadvantages among the different methods of
inspeﬁtioﬁ and repaif‘of.tﬁrbihe runner., It would
. be best to await the results of detailed studies of
water quality including grain-size distribution of
- sediment at. the advanced stage of design. 1In case

thexadvefsé effects;of_suspended 1oad-on-turbiné



are not very preat, the most common method of abo-
vementioned a, that is, the method of disassembling
the generator and taking out runner from the top
should be -adopted, while when the effects of
suspended load are great, the method of ¢, that is,
removal of runner from the draft tube side, or the
method of adopting an intermediate shaft should be

considered.

In this study, the powerhouse dimensions and layout
which allow all of the above three turbine inspec—
tion and repair methods are considered. The tur-
bine design and powerhouse layout should be studied
based on the results of further detailed analyses

of suspended load.
(iv) Conclusions

Peiton turbine was conéidéred in the Pre-feasibility
s;udy' because of the ease of turbine inspection and
repair, but it is deéirable to adopt Francis turbihé

from technical and economic viewpoints as mentioned |
before. congidering appropriate turbine design, poﬁér‘
station operation, _énd turbine inspection and repair
methods, e&en though turbine damage and a great degreé

of abrasion due to suspended load may be expected.

(2) Special Functions and Equipment required for Arun 3 Power
Station

As indicated in the power system analysis shown previously in-
paragraph 8.6, this power station shall have the epecial func—

tions as stated below.
(1) Condenser'operaéidh

At off peak load time during'night, the traﬁsmission
‘1ine voltage on the load side- (power recelving side)
rises because the capacitor induced to the transmisSidn

line 1is large especially in case of 220 kV operation and



(i1)

ﬁherefore;:if i3  necessary to provide condenser opera-
tion finction with the turbine and generator (leading

operation) to suppress the line voltage rise,

Meanwhile, lagging operation which compensates for line

voltage drop at peak load time will not be specially

- required at the Arun 3 power station if statlc conden-

sers- are provided on the power system side as shown by

the results of power system analysis. It is considered

that provision of three units having function of con-

" denser operation will be satisfactory, however, it will

be required to carry out condenser operation for many

hours because of the characteristics of electric power

'system,

The methods of condenser operation are that of spinning

" ‘the turbine in water, and that of depressing the water

surface inside the draft tube using alr compressor and

spinniﬁg the turbine in -air. Continuous spinning in

water ié'nbt‘afvery'desirable method considering that
‘(1) the effect of reaction torque forced to the turbine
18 ‘great and power loss occurs, (2) water temperature

inside the draft tube rises under the condition that

guide'vénes are closed and further, (3) vibration pro-
duced by the turbine 1is relatively large. Thus, for

carrying out stable condenser operation for long,

'-sﬁinning'in air will be desirable even though the cost
“for auxiliary éqﬁipment to. depress the water surface
will be additionally needed.

Trial line charging

1Thé'Arun 3 power station will play very important role

_in ;he,electrip power system_of_Nepal_and its influence

is extgemely;great._ Hence, in the case that the trans-

. mission line is to be opefgted agaln after it has been

- shut down_due.t@_maintenanée_wgrk or fault, it will be

necessary to charge the transmission line from the Arun.

3 power station. to Hetauda or Kathmandu, Especially,



regarding the route to Kathmandu after the commencement
of operation at 220 kV, the study is made on possibility
of the trial line charging from the Arun 3 powér station
since the transmitting voltage 1s considerably high and
the line distance long. The ‘result, as described. in
preceding paragraph 8.6.4, is that trial line charging
of 220 kV, 1 cct to Kathmandu will be possible with one
generator of the Arun 3 power station coordinating with

power transmission and substation facilities,
{(11i) Black start

In coﬁnééﬁion with (dii) ébdve, in order to carry out
trial iihé chérging from the Arun 3 power station, it is
necessary to start the main equiﬁméni at the power sta-—
tion itself, namely, so-called. "black start” is re-
quired. Therefore, it 1s scheduled to’ pfovide an
emergency diesel engine generator to secure power supply
for auxiliary equipment required for starting the main
equipment. . This diesel engine generator will be used
not only for black start, but also for securing power
supply for telecommunication. facilitiee, wventilation

system, controls, ete.

9,2,2 Switchyard Equipment and Others

The main equipment to be provided to the Arun 3 power station is as
shown in the single line diagram of Fig. 9-17. . The main features of
major equipment other than turbine and generator are described

below,

As described previously in paragraph 8.4 on the.power'transﬁiSSion
and substation plan, the'ffansmissiOn and substation fadilities_will-
be operated at 220 kV from the time of coﬁmisSioning ofvthe No.—3
unit in September 1998, whereas before that;_thénoperation‘ﬁiil‘bé
at 132 kV, and 1t will be necessary tb'maké5pldn and design of 6pt—'
door switchyard equipment iﬁcluding'transformefs, payiﬁg_attentioﬁ

to this point.



(1)

(2)

Main Transformer snd'Station Seérvice Transformer

‘The waln. transformers are to be of indoor type, oil-immersed

and water—cooled, while, the station sgervice transformer out-
door . type, oil-immersed and air-cooled.  Taking into account

the installation space for equipment, it 1s desirable to adopt

-3~phase transformers rather ‘than single~phase ones. However,

when transportation 1imits are considered, the weight of an

ordinary 3—phase type will be about 60 tons which are con-

'sidered too heavy to transport. Therefore, it 1s desirable to

adopt special 3-phase type in which the’ upper tank only is usead
in common and transportation and assembly in unit of single

phase is possible so as to reduce the transportation weight,

A system in which a single main transformer is shared by plural

number of generators is also conceivable, but in consideration’

of the ease of_@nspection and maintenance, it 1s_suitab1e to
adopt a unit system in which a4 main transformer is provided

to each generator,

In consideration of the importance of the Arun 3 power station
in the electric power system, the station service power should
be suppiied not only from the generator circuits but also from

the station service transformer to be installed outdoors.

Switchyard Equipment

As shown in the single line diagram of Fig. 9-17, a high-
voltage synchronized system is adopted. Since a very large

switchyard space will be required for conventional type switchf

-gear as shown in Fig, 9-19, it is aimed to.reduce the:required

space 'adopting compaet type gas 'insulated switchgear (GIS)

.1(Fig. 9—18). 3-phase separate type GIS is considered in this
”study but 3—phase integrated type which reduaes the cost has
hﬂrecently been adopted at many places throughout the world._ it
:Nis necessary to study the possibility of adoption of this type
ﬁin the detailed aesign atage. _ If sdoption of vertical type

circuit breaker is considered together with adoption, of the

.abovementioned 3-phase 1ntegrated type GIS (whereas horizontal



type circuit breaker is considered in this study), the required
space shown in Fig., 9-18 can be reduced. even more, Hence, it

will be nécessary to study this aspects in detail also,
(3) Power. Cable

Oil—filled cable (OF cable) was generally adopted in the past.
as power cable connecting transformers and switchyard equip-
ment but a world—wide trend xecently has been to adopt cross-—~
~linked polyethylene insulated vinyl sheath cable_(CV cable),
~and therefore, 1t is desirable to adopt C? cahle which permits
easier maintainance_than OF cable for 220 kV eineuits in the

Arun 3 powet station.
(4) Overhead Travelling Crane

The heaviest equipment will be the generator rotér'estimated at
about 170 tons, and in consideration of ease of equipment
installation and shortening of installation time;, two craues
with rated load capacity of 90 tons respectiyely'.are_ to ne
installed.,

(5) Telecommunicetion Facility'

An outline of the telecommunication facility is described later
in 9.2.3(3). Although duplex system consisting of wmicro-
wave link and power line carrier (PLC) apparatns has'been con-
sidered here, it is necessary to further examine this system in

detail.

9.2,3 Substation and Switchyard

The single line diagrame and equipment arrangements for the Dubi
_ substation, the Dhalkebar switchyard and the New Kathmandu substa*
tion are shown respettively in Figs._Q 20 9.~ 21 9 22, 9f23, 9 24
and 9_25. The outlines of the main equipment are as sneWn in'these,
figures, while the bagic concepts of major equipment are as des—:‘
cribed below._ '



(1) Substation and Switchyard Equipment

(2)

(3)

VConventional equipment arrangements applying SF6 gas circuit
_breaker and aluminum pipe bus are considered in this study, but
_ since the Dubi suhstation and the Dhalkebar switchyard are ‘to
~ be expanded and the New Rathmandu substation is to be newly

constructed in the capital city of Kathmandu, difficulties will
possibly be encountered in securing space for installatlon of

equipment. There is a poss1hility ‘that a necessity will arise

',to consider applicatlon of GIS in such case, and therefore it

will be necessary in the future to carry out field investiga—
tion of substations and switehyatd to be expanded or nevly

constructed to set up optimum designs.

Bus Configuration

‘Double-bus system with hign reliability is adopted ia tnis

study. taking into account the importdnt role of 220 kV substa-

“tion and switchyard.

Telecommunication Facility

With  regard to planning and designing -of telecommunication
facility, the future conception of NEA should be taken into

" account and coordination with existing facilities should be
Ckept in mind. - Furthermore, (i) telephone channel for lead
“digpatching, (4i) telephone channel for security, (1ii) tele-

7 meteér ‘edrcult’ for loéad digpatching, (1v)'signal transmission

s§stén “for carrier protéctive relay, (v) information trans-

__mission channel for remote control (vi) VHF mobile \radie'_
.;facility and VHF radio base station, (vim) transmission iine
.fault 1ocator, (viii) telecommunication power supply facllity
'snd (ix) location of repeater station for nicrowave link are to
.dbe considered.: It wiil be necessary to examine the system in
detail through the detailed design to be made in the future.

With = regard  to planning of teleeommunication facility, for-

‘t;mulation of plan should ‘be done incorporating the concept of

: the;:future -supervisory- control and data . acquisition ‘system
_(SCAﬁA),.and this SCADA concept should also be studied at an

early stage.



In the preseént feasibility-study,-it 1s: planned to 1link the
load dispatching center at Kathmandu; the Arun 3 power station,
the Dubi substation, the Dhalkebar snitchYard"and the New
Kathmandu substation with telecommunication facility on the
‘premise that supervisory remote control Will be done from the
load dispatching center. - With regard to telecommunication :
:1ink duplex system consisting of power 1ine carrier (PLC) ‘and
microwave is considered in consideration of enhancing reliabi~
lity, while regarding power line carrier equipment it 1s desi-
rable to adopt 1ine~connected telecommunication link (metallic
return method) for 1oad dispatching and security with high
reliability. '

9.2.4 Transmission Tine
(1) - Transmission Line Route

The outline of transmisslon line route of the project is shown

in Fig - 9"26.

(i) Arun 3 POWer-Station.~ Dubi Substation (Section A,
120 km) :

. Regarding the route between‘the‘Arun 3 pnner'statien'and
the Dubi substation, except foreapprpxinately 10 km of
rice paddies in the vieinity of Dubi, tne_greater part
of the route is in,m@untainous'ares_and_the maximum

altitude is about 1,800 m_in_the'vicinity{of Hile.

From the Arun 3 power station to Hile a route generally'd
parallel to the access road along the Avun river for the
construction of dam and powerhouse is selected The
topography along the route is relatively flat but there_:
1s a wmountalnous area around Hile with many ‘ups and

downs.

Between Hile and Dubi, a routE-runningfgeneraliy'to the

gouth along the existing road -is selected.:



‘(i1) Dubi Substatién ~ Dhalkebar Switchyard {(Section B, 146 km)

The foute between Dubl and Dhalkebér' is selected 1in
generally'parallel with the existing 132 kV transmlssion
~ 1iné. The major concern from technical point of view in
this section will be the crossing of Sapt Kosi, In
setting -up of this routé, the Kosi Tappu Wild Life
Reserve is kept away so as not to cause the environmen-
tal impact. The cressing 18 to be made upstream of the

existing transmission line.

 (iii) Dhalkebar Switchyard -~ New Kathmandu Substaion
“(Section C, 120 km)

The route between Dhalkebar snd Kathmandu is a woun-
tainous area, but the topography is more or less flat,
It is thought that the existing road will be amply uti-
lized with additidn of an acces$ road. A mountaln ‘pass
at'elevatioﬁ_of about 1;800 m will be crbésed over at
roughiy the midﬁoint of this rbﬁte. These ‘are not -con-
sidéred'to be great'obstacles to esfablish the route in
this Section, but it will be necessary to select the
optimuﬁ route basad“ on Ffield investigations at the

detalled design stage.
(Z)f Transmission Voltage and Number of Circuits

As described in Chapter 8 on the power transmission and substa-
tion plan, 220 kV, 2 cct Wili be eventually required for stable
_power transmission of the total output of 400 MW from the Arun
ﬁrpoﬁér stétiqn. Howevér,“the operaﬁipn is to be done provi¥

sionally at 132.kvjat the béginning.
(3) Optimﬁm Conductor Size
_'(i). Transmission pattern and power flow

_In selecting the optimum cpn&uctor size, studies on
 operation:and_transmiésion-pattern of the Arun 3 power

statlon at F.¥. 2001/02 (3 units operation) and F.Y,



2007/08 (6 unlts operation) are made taking into account
the construction schedules of power station and trans-—
mission/substatidn facilities.

Transmission line route 18 as described beiow and it is .
planned to operate the 220 kV transmission line of 1 cct
up to F.Y. 2001/02 and 2 cct up to F,Y. 2007/08 between
the Dubli and the New Kathmandd substations through the
Dhalkebar-switchyard'taking.into account the suspension

of power export.

As shown in power system analysis in paragraph 8.6,
power flows at the peak load in F,Y, 2001/02 and F.Y,
2007/08 are Py = 200 MW, Py = 80 M{ and Py = 400 MW, P,
= 216 MW, respectively. : '

" Aan 3 (P/S) " Dubi {(S/5) Dholkebar (SAY)  New Kathmandu {S/S)
A N | -->\F’1-P2_. N ,
o> —T> > —1-
7 : P P o .
Py | P2 | P2 |
i T iz i
| Section A | Section B | Section. C !

The cutrrents (il, 12) of the individual sectiona are

obtained as follows'

F.Y. 2001/2002

{Section A)

0,5P e e '
1 100 - 0. 28 (kA/¢.cca:)

i
1= J_HV cosB J——x 220 x 0,95

where, cosf : load power factor = 0.95



{Section B, C)

Py = 30

ig = . - - = 0,22 (k&/d.cct
_2 -I§"v_cos9 _Ji"x 220 x 0.95. )

F.Y. 2007/2008
{Sectlon A)
0.5?1 '260

i1, . = -
L=V s [Fx 220 x 0.95
(Section B, C)

= 0.55 (kA/d.cct)

0.5P9 A 108

ig = — = = 0,30 (ka/d.cct
2=V cos® 3 x 220 x 0.95 )

(i1) “Conductor size

From the staﬁdpoint of maintenance, it 1s desirable to
use thé_unifiéd‘siZe of conductor in Section A, B aud C.
When thﬁ_léunrenﬁ capacity, mechanical strength and
,ﬁdfénarléhaféé?eristiésVImeetiﬁg the electric power
generated in this project are considered, the prbpér
- slzes will be,' ag presented below. Namely, the follow-
ing three cases and their combinations will be preéented
on condition that 1 cct tranémiésion'line'is capable of
_ trénsmi;ting power'of 400 MW in section A and 216 MW in

sections B and C tespectivély.

- (Séction A) (Section B, C)
Case 1 ... 330 mm? ACSR x 2C 330 mn? ACSR x iC
Case 2 ... 400 mmZ ACSR x 2C 400 mm?® ACSR X 1C -

Cage 3 ... 410 mm2 ACSR X 2C ~ 410 mm? ACSR X 1C

The-qptiﬁﬁm conductof_siie will beiéelecﬁéd out of the above
' 'icéééé béséd on_cqmparativé_studies of'cost aﬁd_powet loss.

The results of eéonomicai cgmparisons'bf'tﬁé above three cases

_.are as ghownlih_Iables:Q—QCl)1énd 9-9(2) for the fiscal years



(4)

(5)

2001/02 and 2007/08, respectively, As clearly observed
therein, Case 1 and Case 2 are the most economical ones for the
fiscal years 2001/02 and_200?/08 respectiﬁely; while, the Case
1 gives the worst result in F,Y. 2007/08, .Case 1 and Case 2
have no remarkable difference from the econbmical point of view
at ¥.Y. 2001/02, and thereafter”fhe economie nature of Caée 1
declines compared with Case 2; Hence, it is concluded that the
conductor size taken in Case 2 will be the optimuﬁ ove. The

selected conducter sizes are as shown below,
Arun 3 P/S - Dubl S/8 (Section A) 400 mm2 ACSR x 2C
Dubi S/S - Dhalkebar S/Y (Section B) 400 mm? ACSR x 1C

Dhalkebar S/Y — New Kathmandu SiS {Section C)
400 mm? ACSR x 1C

The specifications of 400 mmZ ACSR conductor will be as

foliows:
"Condﬁr" 795 ﬁCM ACSR (ASTM Staﬁdard)
outside diameter: 27,73 mmd (cross-seétioﬁal area
' 462.6 mm2)
Unit weight: 1.522 kg/m, R20 = 0,071730 /kn
Lightning—proof:Degign | |

The IKL (isokeraunic level) in the project area is about 50,
and it is aimed at 100 percent shielding against lightning
through provision of two overhead ground wires of 70_mm2 GSW

with shielding angle within 20 deg.
Type and Number of Insulators

Insulation design er the 220 kV transmission 1ine is con-
sidéred under the condition of an effective grdﬁndingISyStem at-
the maxlmum system voltage of 240 kV and altitude under 2,000 o -

along the route,

The route of this transmission line will be an iﬁiahd-oﬁé and

the number of insulators will be decided by abnormal voitagé_bf'

998



(6)

(7

éwitching surge, hut 1n consideration of intercommectlion with a
nelghboring country, some allowances are to be provided for
coordination, and the standard is to be of suspension type

insulators of 250 mmé conéisting'of 14 discs,
Supports

According.to the désign of the existing facilities, the stan-
dard wind pressures are BO_kg/m2 for conductor and 230 kg/m2
for steel towei, and fﬁése'are thought to be réasonaﬁle design
conditions in view of meteorological data”aﬁd oﬁetéting perfor-

mance so far.
Special Design for Crossing Sapt Kosi

It is considered that the transmission line ioﬁte for crossing
the Sapt Kosi river will be upstream . of the existing 132 kv
transmission ‘line, and the width of the river at this poiat is
eétimated té be from 6 to 8 km. Therefore, it is necessary to
have a special design for this section in the same mannef asg

that for the existing transmission line. 1In effect, a special

'cpnductor will be specified for reducing the steel tower helght

to lower the construction cost, while it is necessary to apply
special foundations to river crossing, giving every con-~
sideration to maintenance and operation of facilities. The

facilities, in outline, will be as follows:

Conductor: 330 mm? AACSR
Steel tower: Span 800 m, height 70 m, approx.
-Foundation: Well-type special foundation

Details such as the type of foundation, span length, etc. will
be declded based on the results of field investigations such as
gedldgical investigations and surveys to be carried out in the

Ifuture at the detailed design stage.



9.2.5  Transportation

The weights,_and dimensions of large or heavy equipment to Bé

transported are estimated as follows:

Lx WxH (m). Weight (ton)

{Turbine)

Main shaft 3.7 x 1ud x Lo © 13

Inlet valve disc ha7 x 2.9 x 2.9 14
(Generator)

Stator (divided into 2,3 % 3,6 x 5.1 - 25

4 pleces) '
{Main Transformer)

09— 100



Table 9—8 Comparison of Méin Ratings between Francls and

Pelton Turbine-Genevator

Item Unit . Francis Pelton

{Hydrology)

Intake Water Level (m) - 7 840 - 840
Tail Watec Level | (m) 53 | 538
Max. Discharge per UﬁiA (m3fs)' _ 26.7 26,7
Gross Head _ | (m) - 302 _ o302
Loss Héad S m) : % - " 20
Effective Head B 6.5 R 288 | 282

(Turbine). | |
Type _— V. Francis'Turﬁiné V. Pelton Turbine
oupat - |ww | 69,000 6,000
Revolving Speed | (epm) 429 . ZQU:
Specific Speed . (k) | 95.0 - o2

: {per nozzle)
Nozzles . L ' (No.) | *i . 4
Unics (¥o.) _ B E
(Generatgt) |
Type ' 7 o V. 4C Generator Q. AC Genéfatbr
: - (Suspended or  (Semi-Umbrella)
‘Semi-Umbrella) .
Capacity ] (kvay 79,000 | 75,000
Voltage . |awy | s ] 138
ae\}ol_vi_ng Speed E (Qﬁm) : 429 200
F?éqpeﬁcy ‘ _'. . (H;). ' 50 _ S 50
Pé#é???actd? o %y - - 85 ; o 85
Umta : S :'_ (Mo.) 6 B 6._

_tﬁéiﬁ Tréhéférhet} : . _ o . )

- Tﬁe_ , :. - R “FOW iIn_iijoor) _' . FOW (Izn&cor')_ -
Capacity s | 79,000 75,000 '.
Voltage o ; =_(RVIRV) -: i13;8/i20 _“ c 13.8/220

_Unies | _.:,:.. (HO-S : S :6. . | EE 6

'397+101
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( Relative )

Efficiency

Fig. 9—14 Comparison of Turbine Efficiency between Francis and
Palton Turbine
Francis Turbine
www— Pelton Turbine
(%) .
100 5 .
| 1 ~N
2 [Nozzle _.‘_/.,__,.___.__.'.___-___;;“‘- |
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10,1

CHAPTER 10. CONSTRUCTION PLANNING

General

The Arun 3 hydroelectric power project is plaonned to be developed in

“two - stages, mnamely, -the first stage construction of the installed

capacity of 201 MW to cope with domestic power demand in Nepal after

‘the middle of 1990s and the second stage construction for power

export,; and the final installed capacity is scheduled to be 402 WW.

As stated in 2,5,2, the first stage coustruction is aiming at comple-
tion of units No. 1 and No. 2 (67 MW each) and unit No. 3 (67 MW) in
1994 and 19§8 respectively, Accprdingly; the comstructioo plan is to
be built 'in conformity with the. above schedule, Construction plan of
transmission line and substation also made. in accordance with the
schedule of related_genérating facilities, Very long access road and
headrace tunnel being the character of this project are planned and
the construction schedules of these works govern the overall schedule

of implementing the Arumn 3 hydropower project.

The Arun 3 project is the large scale development scheme inéluding

construction of concrete gravity dam of 65 m in height, pressure type

headrace | tunnels of each . 11.4 km “in  length, big underground
powerhouse, ete., Out of all structures of the project, such part as
will ‘be required to cope with the domestic power demand is to be
carried out as’ the first'stage construction together with simulia-
n60usfconstrﬁ6tibn of a part of the civil works sucﬁ as waterway and

powerhouse to be operated for power export.

This‘chépfer gives the outline of access reoad, tramnsportation method,

temporary power source, procedures of comstructing various facili-

ties; etc., and also the construction schedule to complete various

facilities in conformity with the above requirement,

i0-1



16,2 Transportation

10,2,1 Road Network

10.2.2

(

(2)

Existing Road

The. Arun .3 project is located approximately 100 km upstresm of
the junctibn of 3 rivers; the Sunkosi, Arun and Tamur rivers
in the eastern region of Nepal, The existing roads. available
for transportation of construction materiéis are the road from
Kathmandu to Dhankuta via Hetauda and Dharan of 490 km and

from Calcutta (India) to Dhankuta via Biratnagar and Dharan of

710 km. Railway from Calcutta to Forbesganj (India near the

border) 1s also available. These ‘two routes are the main

‘roads available for transporting construction materials

required for comstruction of the Arun 3 project. Géneral

" layout of transportation road is shown in Fig; 10-1,

Access Road

Since there is no existihg road reaching the Arun 3 pfoject

~ gite from Dhankuta for wheeled transport, it is indispensable

to construct the new access road for transportation of
construction materials as well as permanent equipment, The
access road for the Arun 3 project will be approximately
115 km 1long and dits first phase _construction. has to be
completed for wheeled transport by the end of 1989 when the
main works of the Arun 3 project will -be commenced, The
route, preliminary design, construction -plan, etc.;'of the

access road are described in Vol. II "Access Road” separately.

Transportation Method

For construction' of the Arun 3 hydroelectri¢ power bf@jéét;'é'hﬁge
amount of materials and equipment such as construction machines and
materials, hydraulic equipment (gates and penstock); electrometha—

nical equipment (turbines and generators), transmission and substa-

tion facilitiles, etc. will be brought into the site,

i0-2
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The heaviest part and the longest part of the above are egstimated

as shown below.

The Heaviest Part ' _. The Longest Part

During Cutterhead support of TBM A Rail -
construction Approx. 40 t . Approx. 10 M

(divided into two: if necessary)

Generating Main transformer ) Generator stator

facilities Approx. 30 t Approx. 5 m (ht)

Transportation of these materials and equipment will be divided
into the following two categories. '
(1) Imported Materials and Equipment

The majority of the imported materials and equiémeatVinCIUding
construction materials will be unloaded at the_Calcuita har-
bour and thereafter, they will be transported to Biratnégar

and then to the project site by trucks or trailers.
(2) DPomestic Materials

Materials avallable at. the domestic markets are to be in-land
transported by trucks from Kathmandu and other parts of the

country;

i0-4



10.3 Power Source for Construction

(1) General

(2)

Fbr coﬁstruction of the Arun 3 project,.a big amoﬁnf of electric
power is required for 6peration of temporary plants, construc-
tion machines, etc, There will be two methods of securing the
required power source,i namely, (1) power receiving from the
existing Dubi substation by means of advanced cdﬁstruction of
the permaneat transmission line and (2) construétion of new

diesel engine generators.

The powef requirement estimate and comparative studies on the

‘above two methods are as described below. It is noted that the

electric power needed after June 1994 is to be supplied from the
Arun 3 project as the unit No. 1 will be put in service at this

time.
Estimate of Power Requirement for Construction Use

The maximum'power to be supplied for construction use is calcu-
lated on the basis of the inétalled capacities of plants, machi-

nes and equipment to be operated during construction multiplied

'by the demand factors. The total installed capacity is esti-

mated at 6,100 kW and the required maximum power to be supplied

_is calculated as shown below.

Installed capacity x Demand factor
Power factor

Max, power req'd =

- 9_;_1.0_0_0"_80_:.@ = 5,000 kvA (4,000 kW)

 While, ' the energy consumption varies depending wupon the

_ conétruétion.'plants and équipment to be operated with the

progress of thg constfuction activities, The wmonthly energy

consumption estimated in accordance with the construction sche-

dulg (Fig. 10-6) will be as shown in_Fig. 10-2 and the total
energy coﬁsumption'during the périod from commencement of the
main civil works to the first commissioning of unit No. 1 will

be approximately 27 GWh aé_shown in Table 10-1.
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(3)

Comparative Study on Power Sources

The results of comparative stddy_bn.twb ﬁlans for securing the
power source; advanced construction of 'perhaﬁent transmission
line and installation of ‘diesel engine generator are as shown in
Table 10-2 and Fig, 10-3.  Since permanent transmission line
will be constructed along access road, its construction schedule
is’ governed by_ that' of access. road and further, tﬁe time
required for construction of tranémiésién.line is quite long and
ac¢cordingly, it will be difficult to start_the construction of

the main civil works as scheduled.

On the other hand, diesel engine generator can be provided in
rather short time and the cost therefor'including fuel cost is
still élmost-equal—to the incremental cost required for advanced
construction and operation of permanent transmission line, In
view of the above, it is decided to adopt diesel engine genera-

tor as the power source,

In the case of diesel engine generator, it is fecomﬁendable to
install 5 wunits of 1,000 kVA to take advantages of easy
transportation and installation and also reliability on steady

operation, It is also preferable to adopt air-cooling system.

10-8



Table 102

Comparison of Power Sources

Unit: 1,000 US$

Diesel Engine Generator

Transmission Line

Items
Unit Total Unit Toral
Equipment Cost 640USS/kVA 3,200 - -
“Incremental Cost of Materials - - - 4,500
for Transmission Line due to
1 CCT Stringing
Helicopter Fee-Normal - - - 1,090
Transportation Fee (for trans— ~
mission line facilities)
Re: ,Normal Transportation Fee] - - [S,OOOUS$[km] 560
Helicopter Rental Fee 750U8% /hour 1,650
Operatidn & ﬁaintenancé
Fixed 2% of Capital 64 1.5% of Capital 265
Variable 0.01508%/kuh &05 - -
Fuel Cost {27 GWh) 0.0132US3/kWh | 3,564 - -
Grid Charge . - - 0.050U8§/kwh | 1,350
Total - 7,233(A) - 7,184(8)
Difference. (A - B) 49
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10.4 Comnstruction Procedure of Respective Works

10.4.1

10.4.2

Supporting Facilities
The supporting facilities are composed of the following items.

. Access foad'(ﬁeﬁ construction, 115 km)
. ‘Existing road (improvement)

. Camp facilities

. Telecommunication system

. Power source (diesel engine generator: 5,000 kVA)

Qut of these ikems, the construction plan of new access road is
described separately in Vol. II "Access Road" in detail and the
repair works of the existing road include partial improvement of
surface éonditi¢ns, curves, etc. of the existing road Eetweén
Dharan and Dhankﬁta.to facilitate smooth traffic for trénéportation

of the construction materials and equipment,

-Concefning the items other than access road, they shall be worked
out in short time immediately after completion of access road or

‘even in parallél ‘with access road construction by means  of

transporting the required matérials snd equipment with helicopter,

in order not to cause any obstructions for commencement of the

"works of diversion tunnel.

Diversion Tunrnel and Cofferdam

(1) Diversion Tumnel

Diversion tunnel is of horseshoé shape; 7.00 m-in diameter and
354,50 m in length., Its scheduled commencémént and compietion
“dates are November 1989 béing'the‘end of the rainy season of
“the first"year of the construction aqtivitiéé ‘and OQctober
l990'_respect1ve1y. “The tunnel will be driven wifh full-face
blast1ng excavatlon method and’ the expected monthly progress
is 120 m/mqnth. The : enitire 1ength of tunne1 1§ to be concrete
lined,. 12 months_w111 be needed for constructlon of diversion
tunnel includihgtinlet and outlet structﬁres- and concrete in
diversion ‘tunnel 1s to be produred .at a small m1x1ng plant

separately prov1ded
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(2)

(3

Khoktak Khola Diversion Tunnel

A tunnel for diverting the Khoktak Khola situated on the left
bank of the Arun river and immediately downstream of dam axis
is désigned to facilitate consﬁructidn of dessanding basin and
headrace tunnel.  Tuanel is. of horseshoe shaﬁe,- 3.00 m in
diameter and 270 m in length. After completion of.excaﬁation
works in diversion tunnel stated (1) above, all excavation
equipment is to be shifted for excavation of Khoktak Khola
diversion tunnel, . The construction period for this work
including coffering will be limited to 8 months which permit

the commencement 6f works in desanding basin as scheduled.
Cofferdams

Cofferdams are to be constructed immediately aftef:completion
of diversion tunnel, Concerning the type of upstréam coffer—

dam, both concrete dam and fill-type dam will be considered,

s
however, the fill-type dam is selected in this study based on.
the following considerations; (1) river deposit at the dam
site is rather deep and (2) suitable embankment-materials'are
available. in the vicinity thereof.  Crest. elevation of
upstream cofferdam is set at EL. 815.0.m taking into account
the design flood discharge fof divérsion tunnel of 490 m3/s

(flood discharge for return period of 10 years in dry season).

Since the Arun river discharge fluctuates considerably in an
year as shown in Table 10-3, it is required to construct
diversion tunnels with large diameter for diverting the river

flows throughout the yéar. While, thé river'discharge during

.the dry season from November Lo April is'small and steady,

permitting easy care of river. Cohsidering_the,abdve charac-
teristics of the Arun river discharge, it is planned that the
floods are. permitted to pass over cofferdamudufing.theiwet
reason . and cofferdam is reconstructed in theusucceeding dry
season, Thus, it is scheduled to suépend the construction

works in dam for a certain period, .
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“Table 10—3 Probable Filood Discharge at Arun 3 Dam Site

(Instantaneous Peak)

Return

Annual

Monthly Probable Flood Discharge

Peried | Flood. Jan. Feb.] Mar.| Apr. May | Jun. | Jul, | Aug, | Sep.| Oct. ]| Nov.| Dec.
2 2,210 167 {177 | 221 289 [ 611l 1,379 (2,010 1,895 1,623 965 | 340 241
5 2,553 | 196 [ 217 | 283 | 371 | 788 | 1,708 | 2,419 | 2,373 | 2,197 | 1,379 | 430 | 375

10

2,778 | 214 | 243 | 324/ 428 | 905 | 1,924 [ 2,688 | 2,690 | 2,579 | 1,653 | 490 | 465

10.4.3 Dam and'Spillway

(1)

Dam

The quantities of the main work items in dam are as shown

below.
.. Foundation excavation 108,300 w3
. Foundation treatment : ' 8,600 m

(consolidation and curtain grouting)

.- Dam concrete o 160, 700 m3

"The spdnd“rdck'fbﬁndation will be available in view of wide

distribution of gneiss at both banks and river bed portion as

described in Chapter 4 "Geology". Espéciaily, the left bank

'xs characterized with very steep slope having many outcrops of

gneiss rock and thln overburden.

E Exchvation'at dam’ foundation is to-be carried out immediately

‘at the end of wet season of the first year, Excavatlon at

“both banks will be carried out by means of bench~cut method

'_u31ng crawler type drllllng machlnes.' Mucks produced at the

_upper benches w111 bc thrust to the lower portlon prepared for

1oadlng and hauled to disposal avea as much as possible with
tractor shovels dump trucks ete, Excavatlon at the river

bed sectxon is to be carried out after d1vert1ng the Arun
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river discharge into diversion tumnel, and all river bed depo-
sit and weathered rocks are to be removed to obtain the fresh

rock foundation.

Dam concrete is tolbe placed during the dfy aeason oﬁer thfee
yeafs.__In the first year, dam concrete will be placéd_upto'
EL. 790 n COrfesponding to dam concrete volume of 27,000 m3
after ccmpletidn of foundation excavation at the river bed
sectioh. In the second year, dam concrete. will be placed upto
¥l. 815 m (81,000 m3) after reconstruction of cofferdam and in
the third year, upto EL. 846 m (52,700 m3). For placing dam
concrete, cable cranes of 9 tons (3 m3) and 6 tons (2 m3) are
planned and dam concrete placing will be completed in 18

months approximately.
Details of the dam concrete placing plan are shown below.

° Maximum required concrete placing capacity (second year)

It

Monthly average : 81,000 m3 + 6 months

Monthliy maximum : 13,500 md x 1.3 lf~ = 18,000 mB/moﬁth
Daily maximum : 18,000 m3 + 25 days = 720 m3/day
Hourly maximum @ 720 m3 + 14 hours 2 . 51 m3/hour

° Batcher plant _
Unit capacity : 1.5 m3 2 units required
Production rate : 1.5 m3 x 2 x 60 min/3 min;gj = 60 m3/hour

? Cable crane

Type _ : 9t both end traveller 1 set

3 n3

e

Bucket capacitj . 7
Ability : : 3 m3 x 60 min /3 . = 60 m3/hour
Actual ability = : 60 m3/hour x 0, 85 4/_ = -51 m3/hour

° Sub crane _
A sub cable crane (6 t) of a fixed type ig to be
installed for carriage of forms, concrete, materiala and

etc,

1/ : Premium factor

2/ : Daily working time 1n 2 shifts’

10-14
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(2)

3/ : Cycle time of batcher plant

4/ 1 Working factor of cable crame

As demonstrated in the above mentioned estimations, the
required dam concrete placing works for the lst year through
the 3rd year can be accomplished within 6 months during the

dry season of each year,

Accordingly, the constrﬁction plans for the diversion tunnel

and cofferdam shown in 10.4.2 (1), (3) are adequate.

In advance of placing dam concrete, it is required to provide
temporary coﬁStructidn facilities such as aggregate 'plant,

batching plant, cable cranes, water éupply'system,_etc.

As to the foundation treatment, consolidation grbﬁting' and
curtain grouting which are to be executed before and after

placing dam concrete respectively, are planned.

" Fig. 10-4 shows the chronological features of care of the Arun

river correlated with dam coustruction works.
Spillway

Spillﬁay'is cbmposed-of five radial.gates‘which are to be
installed during the dry season of the £0urth year after

" completion of placiﬁg concrete at dam crest of overflow sec~

-tion and plers. Gate leaf will be divided into several pleces

and f¢arried to the ‘designated places by .crahe and then

finstalled. Anchorages:and gaté frames are to be installed and

" embedded ﬁith-fhe,prdgress of placing dam concrete.
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10.4.4 1Intake and Desanding Basin

(1)

(2)

-Iﬁtake

.The .intake structure is located adjacent to dam .on the left

bank and foundation excavation is to be carried out together

with dam excéavation simultaneously. Since the intake strue-

‘ture. directly- faces the reservoir, it is difficult to carry

out :the extension of intake'strqcture for the second stage
development in the future. Accordingly, all works including
excavation, concrete placing, installation of gate, etc. for
No. 1 and No, 2 intakes are to be carried out at the same

time as the lst stage.
Désanding Basin

Desanding basins of underground type are located immediately

downstream of the intake structure in favourable rock foun-

" dation composed of sound gneiss. Since desanding basins are

'deS1gned close to the dam and intake structures, it is planned

-

to construct both No, 1 and No. 2 basins at one time similarly

to the case of intake, '

The  total excavationin desending_basihs'amcunts to 163,000 m3

which . will be all_‘workede.from the Khoktak Khola side.

Firstly, upper work adit continued to access tumnnel is to be

~driven for excavation at the cavern.arch portion, while, bot-

-tom tunnel'is to be driven at the same'time. Then, several

. .glory holes connectlng upper and bottom tunnels are to be pro-

- vided for cavern excavation. After completion of cavern exca-

-vation, intake tunnels between desanding basin and intake are

,tq_begexcavated;,-lt‘is scheduled to complete all the above

-excavation works within 18 months,

fThe total volume of concrete in 1ntakes and desanding basins

.13 estlmated at approx1mately 43 000 ‘m3 whlch w111 be produced

N at the batchlng plant for plac1ng dam concrete and placed by

'concrete pumps. The txme requ1red for concrete work is. scheﬁ

' 'duled to be 12 mont‘ns.
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10.4.5 Headrace Tunnel

(1) Headrace Tunnel No. }

Only headrace tunnel No, L of 7.00 m in ‘diameter and li.4 knm

in length is to be construeted for the first stage, The above

tunnel length is planned to be divided into two sections by

the work adit ldcated downstream of the Suki Khola, namely,

the upstream section of 7.7 km long and downstream section of

3.7 km long.

(1)

Upstream section

As stated in 4.4, the rock foundation along the tunnel
is composed of gneiss, granite and mica schist in this

order from the upstream side. Mica schist distributes

“over 2.6 km of tunnel, and gneiss and granite the

remaining‘5.l k.

As. described in 4.4 (3), the compressiverstrengthsfof
gneiss and granite ranges from dﬁofkg/cmz to 600 kg/cm?Z.
The compressive strength of mica schist 1s assumed to be
approximately 100 kg/cmZ; Taking the above mentioned
rock characters of soft to medium strength, difficulty
of planning closely spaced wotrk adits required for the
conventional tunneling method due to the topographical

constraint and shortening the constructién schedule into

" consideration, the tunnel boring machine. (TBM) is

planned for driving the ﬁpstream section.of the headrace
tunnel. Gneiss and granite occupying a greater part of
the tunnel alignment is considered to be a sort of rock
best suitable for TBM, therefore, high excavation_prog*
ress is expected, " On the other hand-'a'lower Progress
is expected for the mica schist since the fine grained
material of the soft rock will be’ adhered easily to the
TBM cutter head Accordlngly, it is desirable to adopt.

~a fully vesatile TBM to cope. with both medium strength

and soft rocks at the. project Selection of the TBM

cutter head and other mechanical options should be based -
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on the detall studies of .the geotechnical information

from exploratory adit.

The monthly progress of tunnel excavation by mean of TBM
is expéctéd'to be around 280 m/month considering 300
m/month for gneiss and granite.and 250 m/month for mica
schist, Tbtal Excavation_pepiod'is planned 30 months

including some allowance for unforeseen trouble.

- Many- records of tunnel driving successfully by TBM
“through the similaf rock formatlon have been reported as
stated in 4.4.3 (3).

TBM.is to be assembled at the yard.prepared in front of
work adit and drawn into the site of excavation. TBM
will be taken out at the ﬁpstréam.énd of upstream tunnel
section when fﬁnnel:eXéavatioﬁ is'completed. A sample

 of tunnel boring machine system is given in Fig. 10-5,

The standard specifications of TBM applicable for

driving the proposed headrace tummel will be as shown

‘below.
Excavation diameter ¢ 7,000 mm
Stroke : : 1,500 mm
Cutter head motor : 400 V, 1,200 kW
" Power source 1 6,600 V _
Max. unit welght : 40 tons approx.

Averége excavation speed : 280 m/mbnth

As stated in' Chapter 9 *Feasibilify Design” in detaill,
'iining ﬁorks to be applied to the upstream tunnel sec—
tion are planned as shown below taking into con-
sideration the geological conditions along the cunﬁgl as
well as épblication of TBM for excavaticn. In tﬁese
iining works, shotcreting shall be'applied after excava-
tion immediately, The time réquired for execution of

lining works is expected to be 24 montHSg
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Geological Type of : - :
condition lining Lgpgth & percentage
Sound gneiss
and granite Un-lined 2,000 m 27%
Mica schist,
moderate. gnelss Shotcrete 3,200 m 45%
& wr lined )
granite )
Mica schist at Concrete : . :
thin overburden | lined 2,100 m 28%
& sheared zone

When tﬁe sheared zone is Encodntetéd;.shotcreting shall
be'applie&*és support work immediately after excavatioen
and concrete lining will be further worked. It is
required to take adequate measures especially at the
sheared zone which is deemed to caﬁse possible troubles
in driving the headrace tunnel No..2 (the second.stage
constructibn) in connection with filling of the headrace

tunnel No, I,
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Downstream section

Geological conditions along the downstream section is
similar to those of the upstream section, consisting of
mica'schist_continued from the upstream sec¢tion, gneiss

and granite,

1t is planned to apply the conventional blasting method |
(CBM) to driving tunnel in consideration ‘of its short

length of 3.7 km, VFull-face excavation with hydraulic

~jumbos will be applied. Assuming work progress of

120 m/month, excavation of eantire tumnel length will be

completed within 30 months.

Lining works to be applied to the downstream section are
planned ﬁs.shownrbelow, taking into. consideration the
geological conditions and also application of.blasting
operation, In the lining works, shotcreting shall be

applied after excavation immediately.

Geological Type of

condition lining Length & percentage

Mica schist, Shotcrete -
moderate gneiss | & invert 1,300 m - 347
& granite | concrete , :
Mica schist at Concrete :
thin overburden . : 2,400 m 657

: lined )
& sheared zone '
Section ' Steel lined
upstream of & filling A m 1%
surge tank ° | concrete

It is scheduled to complete the lining works including

‘filling concrete at steel lined portion within 30

months. When sheared zome is encountered, adequate
measures shall be taken as stated in previous upstream

section,
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(2) Headrace Tunnel No. 2

It is planned to comstruct headrace tunnel No. 2 as a part of
the second stage subsequently. The construction method of
headrace tunnel No, 2 is almost the same as that of No, 1,
however, it is. important to pay. careful attention to the
geological information obtained during execution of headrace
tunnel WNo. 1 works and to adopt the modified construction

method, if deemed effective.

10.4.6 Surge Tank

Surge tank NWo, 1 is  the vertical shaft having innerdiaweter of
14, 00 m and height of 70 m, partly steel lined, As there distribu-
tes hlghly weathered surface layer in the vicinity of surge tank,
this portion is to be removed by open excavation. While, sound
rock foundation composed of granlte and gneiss exists underneath
'the above stated laYEl and accordlngly, it will be con31dered ade-
' quate to excavate the vertical shaft portion by pilot shaft of
around 2 m by 2 m from the bottom followed by enlargement from the
tdp. ‘Steel lining and concrete.lining are to be worked from the

bottom after completion of shaft excavation,

For exécutioﬂ of construction wcrks of sdfge tank, it is required
to prepare access roads reachlng the top and bottom portions of
surge tank, Out of these roads, the lower road is connected with
work adlt whidh will Vbe used for various works of surge tank,

penstock shaft and downstream sectlon of headrace tunnel

Surge tank No., 2 is to be constructed separately as the second
stage and it is importanl to carefully. observe the records of
construction”activities and geological information'obtained during-
. constructlon of surge tank No. 1 and to “improve the work procedure

for surge tank No. 2.
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10.4.7 Penstock

Penstock is underground type steel conduit and divided into the
upper horizoutal portion, vertical shaft portion and lower horizon-
tal portion including branches, Along the-pénstdck route, there
distributes homogeneous gneiss rock without sheared’ zone. Only
" penstock No. 1 which trifurcates into threé’branch'ﬁipés at its end
is to be constructed as the first stage. The works for penstock
include excavation of upper and lower portions, shaft excavation,
installation of steel penstock pipes followed by placing of back-

fi1l concrete,
(1) Excavation of Upper Horizontal Portion

Upper horizontal tumnel is of 5.80 m in.diame£er;and 35 m in
length between the bottom portion of surge tank and penstock
vertical shaft. Tunmel excavation is fo.bercarried out - by
full-face excavation withrconventional blasting method same as
the case of downstream section of headrace tunnel, through

upper work adit.
{2) Shaft Excavation

Vertical penstock shaft is of 4.50 m to 4.00 m in diameter and
271 m in height, Shaft excavation is to be carried out by
pilot shaft of around 2 m by 2 m from the bottom upto upper
horizontal portion. followed by ehlargement ‘from the top,
through lower work adit. Cranes or winches will be needed for
moving excavation machines and workers during enlargement
works as well as installation of penstock pipes to be per-

formed thereafier.

The time required for shaft excavation is expected to be 4
months for pilot shaft excavation, 6 months for”shaft”énlérgém

ment and 2 months for unforeseen troubles, 12 months in total.
(3) Excavation of Lower Horizontal Portion

Lower horizontal portion is the section between the bottom of

vertical shaft and powerhouse and trifurcates into .branch
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1054.8 )

pipes No. 1 to No. 3. Tunnel excavation 1s to be carried out
through lower work adit and partly, from the powerhouse side,
‘The time reduifed' for excavation of this portion including
' largé excavation at the trifurcatidn' is expected to be 4

months.

(@) Ihsﬁallétioﬁ of Penstock’ Pipes and Placing of Backfill

Concrete

Installation works of penstock steel pipes are to be carried
dutrimmediately after completion of excavation in upper and
lower - horizontal portions as well as shaft portion, Steel
pipe at the lowér bend will be first installed and extended
toward shaft portion and then upper. horizontal portion,
through upper wak adit, Steel pipes for lower horizontal
portion: is ‘to be installed from the lower bend and also
" downstreammost branch pipes through lower work adit. The time
reﬁuired for installation of penstock'pipes-ihcluding trifur-

cation 1s expected to be 18 months.

Powerhouse -

'Ther Arun 3 powerhouse 1is mainly composed of ,underground type

machine hall of 18 m wide, 41.50 m high and 122 m long (excavated
gize), undéfground type transformer room of 9.20 m wide, 15.00 m

high and 122.2 m long (excavated size), switchyard of outdoor type .

'and'contrqI building. -In addition to the above, access tumnel,

-cable 'tunnei,' etc. are to be constructed too, As described in

“'Chaptep-h,'it'is considered that sound homogeneous gneiss rock is

‘widely distributed around the powerhouse giving favorable condi~

tions for construction of underground structures, It is planned to

construct’ all the civil structures for the second stage simulta-

"neously with those for the first stage, except for those to be

worked with 1installation of turbines, generators, etc. for the

second stage.
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(D

(2).

Machine Hall

Excavation of wmachine hall cavern 1s to be carried out in

three stages; arch portion, ﬁpper and lower'cavepn portions,

Excavation of arch portion will be carried out in the order of
excavations of work adit branched off at access tunnel and
lead to arch portion, top or bottom ﬁeadings-and éonnection
tunnél, and arch section followed by center core secfion
remained., Fxcavation  and placing .conc:ete at. arch portion
will be performed alternately. As arch.portion is of 122 m
long, this will be divided into 3 sections, thus permitting

excavation work at arch portion to be completed in 8 months,

Upper cavern portion is above EL, 543,50 n 3£  which access
tunnel is to bhe provided; Eﬁcavation 1s.to be éér:ied out by
bench cut methdd and all mucks ﬁ111 be pushed off to access
tunnel through glory holes provided between aréh portion and
access tuﬁnel, and then transported thro@gh'access tunnel by

dump trucks.

Lower cavern portion is below EL, 543.50 m and. bench cut
method will also be applied. All mucks will be pushed off to
tailrace tunnel through glofy holes provided between access
tunnel and tailrace tunnel, and transported through tailrace

tunnel by dump trucks.

The time required for cavern excavation including the. portion
to be used for the second stage development is expected to be
18 months.,. After comwpletion of cavern excavation, plécing of
base concrete, column concrete, etc. shall be stafted imme~
diately, followed by installation of draft tube, turbine, etc.
A part of the concrete works will be :performed 2with the

progress of installation of each turbine, genérator_unit.
Main Transformer Cavern

A11 the works to be carried out at transformer cavern are
almost the same as those described for machine hall éavern._

provided that this cavern will be divided in two portions;
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(3)

(4

arch and main cavern portions. Works at arch portion are to
be carried out through work adit brauched from cable tunnel
and all chks will be transported through access ‘tuunel,
Connection tunnel with machine hall and bus bar tunnels are
also wofked ﬁuriﬁgAthe same time. After complépion of civil

works, main transformers are to be installed.

The time required for execution of civil works at transformer

cavern is'expected to be 16 months.

Access Tunnel

. Access tunnel is. 4,00 m wide and 324 m long from access road

to erection bay at EL. 543.50 m. This road is the main access
to be used for all works in powerhouse in addition to
transportatioh of main equipment. Tt is, therefore, required
to complete this tunnel in advance of starting excavation
works in machine hall cavern. Tunnel will be driven by the
full-face conventional blasting method and lined at its entire

leagth,
Cable Tannel

Gable tunnel connecting main transformer cavern with outdoor
switchyard is of 3.50 m wide and 173 m long, Since this tun-
nel will provide a part of access to be used for the initial

stage of powerhouse works such as excavation of arch portion

.of machine hall cavern and ventilation, it is required to

excavate this funnel before execution of the above-mentioned

_accesS'tunneI;'_Cables are to be laid after completion of the

- related civil works, It is desirable to excavate this tunnel

to further investigate the rock conditions around powerhouse

.dufing the detailedidegign_stage.

10— 27



10.4,9 Tailrace Tunnel and Qutlet

10.4.10

(1)

(23

Tailrace Tunnel

Tailrace tuunels are 5,80 in diémeper and 270 m in length

inclﬁding branch tﬁnnels of 3.50 m in diameter.

For the first stage construction, only tailrace tunnel No. 1
and related branch tunnels are tbrbe cbhstruéféd. Since the
foundation rock along tailrace tﬁnnel is considered to be com-
posed of sound homogeneous gneiss similariy to. the case of
powerhouse, the full-face conventional blaéting method is to
be épplied to driving tailrace tunnel. - Tailrace tumnel will
be used for transportation of mucks from powerhouse excavation

and thereafter concrete lined at its entire length,
Tailrace Qutlet

As tailrace outlets No, 1l and No, 2 facé the Aruﬁ river, both
of them are to be constructed in oﬁe:time as the lst stage.
Tailrace gates No.. 1 and No. 2 are also to be installed at the
same time and it is considered that the closure of gate No. 2
will secure the safe construction of tailrace tunnel No, 2

geparately as the second stage.

Transmission Line

All steel tower materials, conductors, ground wires and insulator

strings as well as materials for tower foundations such as cement

"and reinforcing bars éxcept aggregate are to be imported. - These

materials are to be transported through the existing road and new

access road to several stockyards selected along the transmission

line route. Other access roads for the purpose ‘of construction of

transmission line only will also be prepared where deemed

necessary.

In order to keep the construction schedule of the project, the

transmission line route will be divided into 10 sections. or a0 and

simultaneous construction works will be executed at these sec—

tions. Prior to starting excavation works at tower foundations,
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