Growth Rate and Energy Demand of Public Lighting in Kapit
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Yeaar 1986 1990 2000 2010
Growth rate - 5% 4% | 3%
Energy Demand (MWh) 64 78 115 155
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141.4.5 Results of examinations

This subsection descrlbes the results of examlnatlons on . the
power demand forecast made by using the basic data and criteria
mentioned in Subsection 4.4.4. The results express the so-called
Ynormal" growth. x '

In addition, both high and low power demands are also
projected considering the uncertainties involved in the assumed
values.

(1) Results of demand forecast (Normal)

Power consumptlon (energy sale) in the Kaplt demand centre
is estimated by totalling the consumptions in the domestic,
commercial and industrial sectors and the public lighting.
Furthermore, energy generation and maximum demand are predicted
based on the estimated power consumption. ~ Following are the
summary of demand forecast in the Kapit load centre. '

_Results of DemandrForecast (Normal)_
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Energy Energy Maximum Annual Load

Year Consumption Generation Power Demand Factor:

(MWh) _ (MWh) . (kW) (B)
1984 3,689 4,209 948 50.7
1985 4,611 5,038 1,184 48.6
1986 5,045 5,528 1,358 46.5
1987 5,410 6,150 1,430 49.0
1988 5,760 6,545 1,490 50.0
1989 6,130 6,970 1,590 "
1990 6,520 7,410 1,690 "
1995 8,710 2,900 2,260 "
2000 11,260 12,800 2,810 52.0
2005 13,840 ©15,730 3,450 "
2010 17,080 19,410 4,260 "
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‘System. loss and station use are counted in estimating the
requlred energy generation. A value of 12%, obtained from the
past records, is applied as the rate of system losg and station
use to the energy generation., On the other hand, the annual load
factor used for the calculation of maximum demand is determined
based on the past trend as glven in the above Table by referring
to that of the major cities in Sarawak.

{2) ngh and 1ow cases

_The hlgh and low cases of power demand are prOJected by
changlng the values for the electrification ratio in domestic
sector and growth rate of power consumption in the industrial
sector, since higher uncertainties may be involved in those
factors compared with others.

(a) Electrification ratio

The electrificaticn ratios used for the high and low power
demand forecast are given below: .

Electrification Ratios in the High and
Low Demand Forecast

Unit: percent
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Year Original (Normal) High Low
1990 10 10 10
2000 12 ib 11
2010 14 20 12
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{b) Growth rate Qf:power_consumption in industrial sector

The demand forecast in the industrial sector was based on
the past trend. Since high uncertainties are expected in the
growth rate of: power consumption in the industrial sector
compared with that of other sectors, following rates are applied
in the high and low demand forecasts: ‘

Growth Rate of Power Consumption by Industrial Sector_

Unit: percent .

Year Original (Normal) High Low
1990 10 12 8
2000 8 16 7
2010 & 8 6
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Power demand in the hlgh and . low cases are projected
applylng the procedure used in the normal case. Figs. 4.12 and
4.13 show the summary of the projection g1v1ng 23% and 32% higher



power consumption in 2000 and 2005 respectlvely in the. comparison
of high and normal cases, whilst 13% and 16% lower power
consumption in 2000 and 2005 respect1Vely in the comparlson ‘of
low and normal cases, ' . :

4.4.6 COmparlson between prev1ous and present studles

As mentloned in Subsectlon 4. 4 3 there is a previous study
for the power demand forecast of the proposed load centre, Kapit;
that is, the projection by SESCO in 1986. The comparison between
the previous and present studies was ‘made on the power
requlrement and maximum demand

-~ As seen from Figs. 4.14 and 4.15, there are no remarkable
differences on both power requirement and maximum demand, and the

average growth rate in the power requlrement and max1mum demand’
is compared as follows: .

Comparison of Average Growth Rate

Unit: percentage
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_ Power-Requirement Maximum Demand

_ Yaar SESCO - JICA : SESCO JICA
1986 - 1990 4.9 6.6 3.4 5.6
1990 - 2000 5.0 S " 5.6 . 5.0 - 5.2
2000 ~ 2010 h 5.0 4.3 5.0 =4.2
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~ Moderate growth in the- power demand is projectedufor the
Kapit area, even taking into account the implementation of rural
electrlflcatlon.

4.5 Power Balance study

- According to the power demand forecast dlscussedA in the
prev1ous section, power demand -in the Kaplt system is- expected to
increase from 1.4 MW in 1986 to 1.7 MW-'in 1990, 2.3 MW in 1995,
2.8 MW in 2000 and 4.3 MW in 2010, whilst 5.5 GWh/yr in 1986 to.
7.4 Gwh/yr in 1990, 9.9. GWh/yr in 1995, 12.8 GWh/yr in 2000 and
di9.4 GWh/yr in 2010 in energy demand. In addition, reserve
capacity is required for maintaining the system reliability. If
a largest diesel unit or 20% of peak demand, whichever is laxger,
is taken as the- reserve capacity, the total capaCLty ‘required
will reach 2.3 MW in 1990, 2.9 MW in 1995 "3.4 MW in 2000 and 5.1
MW in 2010 on the sent«out baszs. o

The present power supply capa01ty in the Kaplt system stays
at 2.4 MW and will increase by 2.7 MW in 1991. " An addition of
new plants will be required for meetlng the - grow1ng demand after
.1994. The Mukoh hydropower project is a promlslng scheme - to be
added to the Kapit system besides diesel plant in llne w1th the
energy diversification policy of the Government. :
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CHAPTER 5 PLAN FORMULATION

5.1 Optimization study
5.1.1 Approach

An optimal development scale and tlmlng of Hukoh project
will be determined by searching the installation scale and timing
of ‘it in the optimal power development programme of a long time
span . called'plantlngwup. The search for the optimal development
scale by this procedure takes- into ‘account not only the
development merit at the Mukoh site itself, but also the system
requirement. Namely, a power balance on the 1load curve or
estimate of saleable'energy of Mukoh is tested for finding out a
sequence to minimize the present worth of capital and operating
and maintenance costs including fuel costs of power plant needed
to the system 1n a 1ong time span.

The optlmal development scale of the Hukoh project is,
indeed, defined as the scale appeared in the power development
sequence to give the net benefit maximum among the sequences
. iné¢luding the alternatives of Mukoh. Counted as benefits are the

costs incurred from the least cost development sequence by all
diesel plant, which will be most adequate. alternative pover
source as discussed in the subsequent section. On the other
hand, costs are counted from the least cost development seguence
1nclud1ng the alternative of Mukoh pro;ect.

The development alternatives of the project for comparlson
are made by combining plant dlscharges and dam heights (or full
supply levels) .

'The_least cost- development: sequence for the cases of with-
and-without project will be searched by the technique of trials
and errors. The estimate of saleable energy will be made using a
daily 'load curve and 365-day runoff data availed in the
hydrolaglcal analys1s. In this case the - runoff data of 1975 is
applled., o . o ' '

5.1.2 Condltlons and 1nput data for the plantlng-up study

A number of conditions are set up for thls planting—up study
considering the reality of construction on power plant.
Furthermore, the planting-up study requires input data. Thosea
are: summarlzed as dlscussed beloW°

(i)“a Parameters to be applled to the discounting
technique ‘
. - Discount rate _ : 10%
- Investing horizon = : 24 years between 1987
§ ' and 2010
- Planning horizon : 50 years between 1987 and

2036.



(iv)

(v)

The discount rate of 10% is selected as the prime .
test discount rate, and the tests by changing the
discount rate are discussed in the sen51t1v1ty
tasts. .

Power and energy demands forecasted by year 2010
including high and low demands.

Reserve capac1ty for power demand

A 1argest diesel unlt or 20% of peak demand
whichever is larger, is taken as the reserve
capacity. ,

Presumed load curve and factor

The load curve, whlch shows the pattern of energy
requirement, is presumed based on the daily load
records and the projection of power and energy
demands. Figure 5.1 shows the daily load duration
curve applied to. the investing horizon of the
Kapit system, and stacking of plant to assess
whether or not energy'requlrements'are sufficed
with the plant concelved is based on this -load
curve.

‘The load factor applied.te.- the load curve is

changed by year as follows:

1987 - .1 49%
1988 to 1999 : 50%
2000 to 2010 : 52%

Power of hydro plant in the plantlng-up sequence
is- evaluated with guaranteed power which is
defined as the minimum out of power outputs in a.
year obtained by the simulation of daily .load
curve and daily runoff data. The power generated
from the hydro plant would share the peak portion
of load curve in the dry perlod to 1ncrease
guaranteed power. _ :

List of ex1st1ng and under- constructlon power
plant . .
Table 5.1 shows the' 1ist of existing}-:ﬁnder-.
construction and committed power plant in the

Kapit system including the 1nformat10n required in
the planting-up study.



(vi)

: kvii)

Alternative power source
- Type of alternative power plant
Power demand is projected to increase from the

level of 1.35 MW in 1986 to 4. 26 MW in 2010 in the
Kaplt system.

"An economlcally feasible ranéé for the addition of

gas turbine plant to the power system would be in
10 to 100 MW. The plant size required to be nevly

_added to the system is 1.0 MW or 2.0 MW at most.

It is far small from the economically feasible
range of gas turbine plant, and then diesel plant
is only selected as the alternative candidate to
be added to the systemn.

- Information on diesel candidates

The diesel plant llsﬁed in Table 5.2 is assumed
o be the candidate which will iteratively come to
the system.

The retirement of existing plant is considered, if
the retirement of the plant comes during the
investing horizon.. The replacement of newly
added plant is taken into account. The 1life time
of diesel plant is also depicted in Table 5.2.
The replacement cost is 90% of initial cost.

The economic cost used in the planting-up study is

- egtimated for the construction cost as follows:

Capital cost :+ 0.85
Operation and maintenance costs 2 0.97
Fuel cost . : -3 0.86.

it is predicted-by the World Bank, Department of
Energy, U.S.A and so on that o0il price will
gradually increase after 1990’s onward. This is
counted ‘in the optimization study. Table 5.2 also

',shows the increase rate of fuel price in the

investing horizon.

'_Transfer and cold reserve of diesel plant

'Dieséla plant' will be transferred to other 1load
_centre, if the .diesel plant is not used for more

than three years successively by the addition of
the Mukoh project and furthermore the system still
remains the capacity to meet the demand even under
malfunction of one unit of the project. The



transfer of diesel plant is counted as the-
negative cost on the least cost sequence with the
project, the value of which is assumed at 80% of
installatlon cost. . .

on - the other hand, ‘the diesel plant whlch will
be used again within three years, will be kept as
a cold-reserve unit, in which flxed O & M costs
are saved in the evaluatlon.-

(viii) Tw0wstage development is con31dered for the
S ‘development candldates of Mukoh, if guaranteed
power of it is far big compared with the demand

growth in the Kapit power system. : .

The lead time required prior to constructlon is
assumed to be five years from the beginning of
year 1987(refer to Figure 7.1), the breakdown of
which is as follows: .

17 months (up to May
i988)

Feasibility study

Financing of detailed o
design and construction 12 months (June 1988

to May 1989)

[

18 monthe (June to

Detailed design 1nclhding

the selection of _ "1989 to November
‘consultant ©1990)
- Pendering and contract : 13 months (December
for construction : 1990 to December
© 1991}.

The construction of Mukoh is assumed to start in
1992 following the pre-activities of construction
and to complete with the construction perlod of 3
years. Thus, in-service year of Mukoh is assumed
to be at the beglnnlng of 1995. '

The costs of all the civil Works are assumed to be
incurred in the first stage; that is, the costs on
the second stage ' are incurred from the
installation of generating equipment.  The

- economic cost used in the planting-up study is
assessed to be 0.85 of the construction cost based
on -the study of'subsequent Chapter- 8. Further-
more, outlay of construction costs is assumed to
be 12.0%, 53.6% and 34. 3% in the flrst stage.

In searchlng the optimal development scale of Hukoh ‘the
installation' timing of its first’ stage - is fixed in 1995. The
optimal installation timing of Mukoh is searched by shifting the
installaticn year of each stage for the scale determined to be

optlmal



 Sensitivity tests ~are carried out for assessing
‘uncertainties involved'in the future costs and assumptlons
applied to the planting-up study. Following are selected as the
cases to. perform the sensit1v1ty tests:

- Variation of discount rates; 4%, 5%, 8%, 12% and 14%
besides the prime test discount rate oF 10%,
- Low and high demand forecasts,
-~ '10% capital cost up for Mukoh, _
- 10% fuel cost up and down for diesel plant, and
~ . 1987 constant fuel cost for diesel plant.

5.1.3 Development aiternatives

 The Mukoh project was originally conceived as a run-of-river
project using head harnessing several rapids. The  reservoir
"created by the proposed dam has been found to have an impounding
capacity (a reservoir storage curve is referred to Figure 5.2)
' necessary for the seasonal regulation of flow in the survey of
this 1nvest1gatlon stage. Thus, the project is contemplated to
develop as the reservoir type besides the runuof-rlver type with
a dally regulating pondage. .

Three alternatives are concelved for the hydropower
development of Mukoch as depicted in Figure 5.3. The basic
develophent idea'of those three altErnatives is as follows:

Alt-1 : A 'plan to create head for hydropower generation
with a dam and to have a powerhouse 3just behind

the dam

Alt-2 : A plan to utilize head of some 13 m created by
‘rapids with a 1,120 m long headrace tunnel besides
head created by the dam :

Alt=3 ¢ A plan to make the headrace longer {1, 740 m) and

to increase available head. -

_ The principal dimensions of these three alternatives are
summarized as follows.

Unit : n
Alternatlves Alt~-1 Alt-2 Alt—3
'Full supply level L 89 to 110 89 to 110 89 to 110
Minimum operating. level 87 87 87
Tailrace level o ~ 73 ' 60 56
'Headrace tunnel 1ength o 1,120 1,740
Penstock length 50 50 70
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Minimum operating level, MOL, is set at El. 87 m with the
operation of flush gates. : : ‘



Reservoir simulation was carried out for flnding the
relationship between the required active storage and firm
discharge. Runoff data estimated with. Tank Model are used for
simulation. (refer to Appendix III of Volume .II). Figure 5.4
shows the relationship between the required active storage ‘and
firm discharge at the project 51te of the- Hukoh River. :

Plant discharge, one of - parameters to . ‘be Optl'leEd, is
varied in the range of 1.33 times {l8-hour peaking operatlon) to
4 times (6-hour peaking operation) of flrm dlscharge.

baily turbinable flow, the maximum of which is plant
discharge, is estimated by simulating 365-day inflow data with
the reservoir. Computation of power generation for 365 days is
based on the turbinable flow estimated above. Comblned
efficlency of the turbine and generator is assumed to be 0.84 for
Mukoh. . , . -

Constructlon costs are estlmated based on the results of
simulation study. The. major information transferred from the
simulation 'study to the cost estimate is plant discharge, dam
height, head and so on for each alternative. The work
guantities of hydraulic structures are estimated through the
optlmlzatlon of those structures. : . :

The constructlon cost for each component is estlmated based
on the unit ' costs given in Table 5.3.  The price level to
estlmate the construction cost is set at December 1987, and the
rullng exchange rate applled is

USS$1.00 = M$2.50.

Besides direct_constructlon.cbst, engineering services and-
administration costs and physical contingency are counted as the
necessary cost to implement the project and are assumed to be 15
per cent of direct cost and 15 per cent of sum. of direct and
engineering serv1ces and admlnlstratlon costs, respectively.

5.2 0ptimum Development Plan and Installation Timing

_ The study results to search the optimal developemnt scale of
Mukoh are given in Table 5.4 and Figure 5.5. Maximum net benefit
of M$1.7 million and .economic internal rate of return, EIRR, of

% .3% are obtained in. case of giving plant discharge of 18.8

n?/sec and setting full supply level at El. 90.0 m in alt-1.
Thus, this development is proposed as the optlmal scale of Mukoh. .
The development features of it are: : - L _

Alt-1

Alternative plan :

Full supply level C : 920.0m
Minimum operating level :t. . 87.0m
Tailrace water level :

73.0m



Concrete gravity
50 m

18.8 m>/sec

6.3 m”/sec

Type of dam .
“Penstock. length

Plant discharge

Firm discharge

Peaking operation hours

e oe uv #¥

for firm discharge 8 hours
Rated net head 14.98 m
" Maximum output 2.32 MW
Annual enerdgy genexration 13.0 GWh

M$27.5 million
 M$1.7 million
11.3%.

" Construction cost :
Net benefit {capltallzed)
EIRR - .

8 40 B8 36 U Bs 4e

._Cash flow diagrams for the optimal development scale and all
diesel are given in Table 5.5 and. 5.6, respectively. - The
construction cost required for the optimal . development case  is
M$27.5 million as referred in subsequent Table 7.1.

. Flgures 5.6 and 5.7 show the optimal installation sequence
given by the conbination of Mukoh and diesel plant so that power
and energy requirements of the Kaplt system can be met in the
time period of 1987 to 2010. Two units of turbine and generator
are simultaneously installed in 1995 for securing guaranteed
~power as large as possible. Figures 5.8 and 5.9 depict the power
and energy balance by all diesel plant.

The search for the optimal installatlon timing of Mukoh was
made by shifting the installation year for the scale determined
to be optimal; that is, 2.32 MW. The study results to search the
optimal installation timing are summarized as follows:
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Net benefit in - 10% .

Installatlon ' . discount rate, T
. year : M$ million . EIRR, %
1995 1.74 11.3
1996 2,13 1.9
1997 2.22 12.1
1998 2.17 12.3

The ihstallatioh of Mukoh in 1997 gave the maximﬁm ‘net
benefit of HM$ 2.22 million.  The variation of net benefit is,
-however, 1nsen51t1ve for the Shlft of 1nsta11atlon year.

The Teasons why the max1mum net beneflt for the- Mukoh
project was obtained in the installation of 1997 would be due to
.applylng ‘the ‘increasing fuel price in the study;  that 1$, there
is a tendency. that the optimal installation year moves backward
in case of applying the increasing fuel price,



It can therefore be gaid that the optimal installation.
timing will be greatly influenced by: the assumptlons and
conditions set up in the optimization. study, - since the variation
of net benefit ig insensitive for the shift of installation year.
Considering that the assumptions and conditions in optlmlzatlon
study involve uncertainties and that Mukoh keeps - high viability
in spite of shlftlng the installation year, the earliest
installation is recommended as far as the time period required -
for lead time, which is such pre- constructlon actlvity as
flnan01ng and detailed design, and constructlon is sufficed.

The verlflcatlon of earliest 1nsta11at10n for the Hukoh
pro]ect is studied from the financial viewpoint by preparing
financial statements as the ‘endorsement of the above study. As
‘discussed in the subsequent Section 8.2.3, Financial analysis, -
the financial statements to assess the ‘1oan repayability and
financial manageability are prepared under the condition. that
local costs are financed by SESCC itself and that foreign costs
are funded by soft loan. Variation of financial statements by
Shlftlng 1nsta11at10n year is’ summarlzed as follows: :

~ : Year to turn p051t1ve_ Accumulated amount
Installation - "in accumulation . ' in the maturity
year of net cash flow © period (MS)
1995 - 2008 . . 6,866,370
11996 ‘ 2009 : ' 5,891,348
1997 5 2011 R 4,809,960
1998 - - 2013 oo . 3,617,710
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The accumulation of balance, revenue minus cost, for the
maturity peroid is highest in case that the Mukch project is
installed in 1995. Thus, earliest installation is endorsed from
the financial viewpoint. : : S e : B

As discussed in condltlons and 1nput data for the planting-
up study, the earliest in-service year of Mukoh is assumed to be
at the beginning of 1995 by taking into con51deratlon that pre-
activities such as financing, detalled design, - and tenderlng and
contract for constructlon are in pr1nc1ple carrled out 1n serles.

'The varlatlon of viablllty for the . Mukoh pro;ect is' also
assessed in' case that some pre—act1v1t1es_ are accelerated by
carrying out in parallel; that is, "installation year of 1993 and
1994. 1In case that Mukoh is installed in 1993 and-1994, the EIRR
is revealed to be 10.5% ‘(net benefit of M$0. 76) and 10 9% (net
"benefit of M$1.35) respectively. Thus, Mukoh is judged to keep
viability, even if the 1nsta11atlon of pro;ect is accelerated

5.3 @Sensitivity Tests

The sensitivity tests were carried out by setting the



" installation year at year 1995, earliest installation year.
Following are the tested cases:

- variation of'disc'_ount rétes; 4%, 5%, 8%, 12% and 14%
besides the prime test discount rate of 10%,

~ High and low demand forecasts,

- 10% capital cost up for Mukoh,

- 10% fuel cost up and down for diesel plant, and
- 1987 constant fuel cost for diesel plant.

The results of sensitivity tests by wvarying the discount -
rate are summarized as follows:

Piscount rate, % Net Benefit, M$ million
4 27.6
5 19.6
8 6.0
10 1.7
12 -0.7
14 -2.0

The net benefit of Mukoh increases from M31.7 million in the .
discount rate of 10% to M$27.6 million in 4%, M$19.6 million in
5% and M$6.0 million in 8%.

The results of sensitivity tests for the uncertainties
invelved in the demand forecast are summarized as follows:
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Net benefit in 10%

‘Demand discount rate, EIRR
forecast M$ million %

High 3.0 12.4
Medium 1.7 11.3
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Mukoh shows high viability for the high demand with EIRR of
more than 12%. On the other hand, Mukoh keeps EIRR of 10.7% for
the low demand.

In case that the capital cost of Mukoh is increased by 10%,
the EIRR is reckoned to be 10.4%. On the other hand, in case of
10% fuel cost up for diesel plant, the EIRR is improved at 12.2%.
Oon the contrary, even if fuel cost for diesel plant is down by
10%, the EIRR is maintained at 10.5%. Mukoh gains the EIRR of
7.5%, applying the 1987 constant fuel cost for diesel plant.



It is concluded as the results"of-sensit'ivi'ty tests for the
uncertainties involved in the future costs and assumptions that
Mukoh is a promising hydropower project to be developed.

5~10.



CHAPTER 6 BASIC DESIGN

6. 1 General

. Thls chapter descrlbes the preliminary design of ma]or
structures on the proposed Mukoh hydroelectric project. - The
design was made at a feasibility study 1level, to the extent
required for  the purpose of estimating construction cost,

The following basic dimensions have been'wérkéd out for the
project through the optimization study discussed in the previous
Chapter 5: .

- Full supply level of intake pond

: El. 90.0mn
-~ Minimum operation level of intake pond : El. 87.0 m
.= Firm discharge : “3 6.3 m7/sec
« Plant peak dlscharge : 18.8 m”/s
- Tailwater level at plant peak dlscharge : El. 73.0 m’
- “Gross head at plant peak discharge T 17.0m
- Installed power capacity (2 unlts) : 2 32 MW.

The project involves the constructlon of a 23 m hlgh gated
1ntake dam on the Mukoh River .in which an intake structure is
incorporated, a 44 m long penstock line, a power plant with 2.32
MW installed capacity,  for which the number of units was
selected  to be two considering system reliability and
maintenance of turbines and generators. The project also
includes the construction of a 35 km long 33 XV transmission line
to deliver power to the Kapit substation and a 7 km long access
road between the existing road and the site.

6.2 Design of Maln struatures
6. 2 1 Slte condltlons

The dam 51te is located about 120 m upstream from a gorge,
where the river width is about 40 m and the elevation of riverbed
is about E1.72.0 m. At the site, the slope of the original
ground is about 40 on the left bank and 30 to 50 on the right
bank. There exist two rapids; one about 40 m upstream and the
other are 60 m downstream from the dam axis.

The foundation of main ‘structures such as the intake dan,
powerhouse and.so on consists of shale intercalated with thin
layers of . sandstone which is covered with an overburden about 10
m deep on the left bank and 5 m deep on the rlqht bank. This
geological condition is considered-teo be similar in the section
" between the gorge and the rapid upstream of the dam, The shale
rocks for foundation is in good condition as slightly weathered
' to fresh. Consequently there will be no serious problem in the
'constructlon from v1ewp01nt of geology.



6.2.2 Intake dam

The intake dam has the function to store water of the Mukoch
River for daily power generation. The location of the intake dam
was determined to afford the gently-sloped area of the left bank
for the power statlon._ The spillway section is provided almost
in- the natural river -course so that’ the rapid flow from the
splllway will not cause any damage such as slope failure of the
river bank. .Curtain and consolidation groutings are taken  into
account for foundation treatment. :

Fig. 6.1 shows the general layout of the 1ntake dam and 1ts
assoclated structures . .

Design concebts

The 1ntake dam and related structures were des1gned on the
basis of the follow1ng concepts. :

{a} All the structural foundatlons are- hard and watertlght

{b) The intake dam is provxded w1th qated orifice, and its sill
elevation is set at the present riverbed level to keep the -
51ltatlon 1evel of the created pond as- low as p0551b1e,--

(c) Sedlments to be dep051ted in the 1ntake pond are flushed out
by openlng the gates durlng flood perlods, and

“(d)  Large flonds are ‘to be evacuated through the overflow
o spillway. :

Intake'dam

FSL. 90.0m was determined on the ba51% of the'study"results :
of the pond storage capacity of 360,000 necessary for = peak
operation of 2.32 MW for 8 hours dlscussed in Section 5.2. -~ .

Gated weir was adopted for the splllway, gince it gives an
economical - structure of the intake dam as" compared with no-gated
weir. S ,

on the basis of abovevreselts{ the intake dam wasidesigned
to have the following dimemsions: == - - : ST
a) Gate top elevation CFSL-4:0.5m = El. 90.5 m

b) Dam crest elevation ;7 FSL +:2.0m =-El. 92.0m :
c) Splllway gates : Ty12.5m0 w1de b4 8 Sm- hlgh x 2 Nos.

The above dam crest’ elevatlon has a freeboard of about 1 4 m
above FWL. 90.601, when the design flood of 1,135 m3/sec with a
200-year recurrence interval (refer to Appendlx III of Volume II)
is releaseéd through the splllway : _ :

In addition, the rlverbed downstream of the 1ntake dam is
protected with concrete apron against being scoured by the flow



from the spillway which will endangar the dam stability.

Stability of intake dam

- Stability of intake dam was examined against overturning,
gsliding and bearing of the foundation. The stability of
‘overturning was checked so that the resultant force would fall
within the middle third of the dam base. Furthermore, the intake
dam was designed to have an adequate resistance against sliding.
In these stability checks, horizontal seismic coefficient of 0.05
'g was taken into account.

Intake

The intake is located on the left bank just upstream of the
intake dam so that the silt around the intake be kept as low as
possible by perlodlcal flushlng of the silt through the orifice
of the dam.- :

.Thg floor level of the intake is set at El. 79.0 m to haﬁe
enough depth of water in avoiding air entrainment into the
penstock, when water level drops at MOL 87.0 m.

River diversion

The first stage river diversion is made by encircling the
left side work area with embankment of cofferdam. The remainding
right side section of the river is used as the diversion channel,

The second stage river dlver51on is made through the orlflce
openlng of the dam constructed in the first stage by encircling
the right side work area with concrete and embankment cofferdams.
The partition wall on the apron is used as the part of second
stage cofferdam. : :

he river dlverlson was planned aqalnst the de51gn flood of
273 m”/s with a 2-year recurrence interval (refer to Appendix TII
of Volume II) taklng into consideration the small scale concrete
_structure.

6.2.3 Penstock

The penstock is 44 m in total length between the intake and
the turbine centre. A distance of 9 m is provided between the
centre line of penstock and the left side guide wall of spillway.
concrete encasement is provided to support and protect the
penstock ghlch feeds two  units of turblnes w1th total discharge
of 18.8 m/s.: .

The diameter of penstock was determined by an economic
comparlson in whlch the fcllow1ng components were taken into
account: .

a) construction cost,
b) energy loss value. due to head loss in the penstock line,



and
c) operatlon and malntenance cost.

As the result of comparlson, the economic diameter was
determlned to be . 3 0 m for the d951gn dlscharge of 18. 8 m /s._

; The plate thlnkness of the penstock is governed. by the
required minimum plate thickness, which is not the function of
internal water pressure, but the. restriction to avoid deformation

by ' erection and conveyence,' since the maximum water pressure
including the pressure rise is as small as 26 m at the turbine
centre. SM class is used for the penstock and the plate

thicknéss is 10 mm for the penstock of 3.0 m in diameter.

6.2.4 Power statlon

. . The power station is located on. the ‘left bank 1mmed1ately
downstream from the intake dam. The switchyard is provided on
the backfilled area behind the power house. The powerhouse
accomodating two units of generating equipment of 2.32 MW in
total capacity is a semi-underground type of. reinforced concrete
structure. After construction of the concrete structure, the
generating equlpment will be installed by monorail hoists. The
tailrace channel is a box culvert with a partltlon wall at the
centre and embedded underground

. The general layout of the power statlon is shown 1n qu.
6.1, while further detail of the powerhouse is depicted 1n Fig.
6.2.

6.3 Das;gn of Hetal Work

6.3.1' Gate and trashrack

.. A flxed-roller type is ‘basically selected for the gates of
the project in this feasibility study, becuase this type is the
most popular and is typical for medium sized gate and its cost is
little different from that of other types such as radial and flat
gates. The following are the type and dimensions of gates and
trashrack and valve: ,

Spillway gate .
. Type

: flxed—roller gates
- 8et numbers 1 2 sets o
Dimension : 8.5 m high x 12. 5 m w1de
Hoist type : stationary type wire rope hoist

§and flush gate

fixed-roller gate

Type :
Set number ;1 set
Dimension : 6 m high x - 5 m wide .
. ‘Hoist type :  stationary type wire rope h01st



Intake gate

Type : fixed-roller gate

Set number : 1 set

Dimension : 3.0 m high x 3.0 m wide

Hoist type : stationary type wire rope hoist

Draft tube gate

Inlet wvalve

Type . . - : . slide gate
" Set number. 1. 1 set :
 Dimension : 2.1 mhigh x 2.5 m wide
Hoist type 1 travelling type monorail hoist
iTrasthCk _
H Type + fixed type'
Set number : 1 set _
Dimension : 12 m high x 6 m wide
Bar pitch : 50 mm.

Ty?e : butterfly valve

Set number - :: 2 sets

Diameter : 1.75 m

Hoist type hydraulic cylinder type hoist
6.3.2 Penstock

One (1) complete lane of the penstock will be provided from
the intake to the turbine centre of two (2) turbine units. The
penstock with 44.0 m long in total consists of shell proper,
reducing pipes, bifurcation, bend pipes, manholes, seepage and
thrust collars and so on.. :

" The principal features are as follows:

Type : steel penstock with concrete encasement
o including Wai (Y) type bifurcation :

Quantity : One (1) lane

Diameter : 3.0 m (2.1 m to 1.75 m after bifurcation)

Length 5 44.0 m.

6.4 ﬁbasignfof:éenérgting Equipment
6.4.1 'Generating equipment and its auxiliaries

The basic de51qn conditions of generating equlpment are
‘summarized below:

El. 90.00 m
'87.00 m

(1} Full supply. water level :
o {2) Minimum operating water level : El.



e

(3)  Plant peak dlscharge 18.8 ﬁ3/eec
(4) Tailrace water level at C '
plant peak discharge

(6) Rated head

: Bl. 73.00 m
: 14,98 m

The turbines and generators were de51gned based on the above
mentioned conditions as follows

(1) Water turblne

In general, a 'propeller type turbine, which is
classified into two types such as Kaplan and Tubular
types, will meét the given conditions. In addition, the
Tubular type turbine is also divided into two types;
i.e. S-type Tubular and Bulb type.  Judging from the
cost of equipment as well as easiness of maintenance,.
following were selected:

H(a) Type ‘ ' : Horizontal shaft, S-type Tubular
(b) Number of unlts 2 o
(¢) Rated output = : 1,210 kW

{(d) Rated Speed : 429 rpm

(2) Generator

(a) Type : Horizontal shaft, revolving-
- field type I

(b} Number of units : 2 '

(¢) Rated output ¢ 1,160 kW

(d) Rated capacity : 1,500 KVA

(e) Rated voltage : 6.6 kV

Hajor auxiliary equlpment of the power statlon would
1nclude the follow1ng B

- Three (3) sets of 10-tone monora11 h01st and
- One (1) set of diesel engine generator for emergency
power supply to the aux111ary equlpment and the
_ gates 1n the dam.
6.4.2 Outdoor sw1tchyard

One (1) set of 3,000 kVA main transformer will be provided
for two (2) generators as a central system. .

In addltlon, necessary 33 kv SWJtchyard eqnlpment such  as
circuit breaker, line switch with earthing switch and lightning .
arrester will also be prov1ded.

6.5 Transmission Line and Substation

6.5.1 Transmission line

The power system in Kapit 4is at present isolated from other



systems. Power denerated by diesel'plant is supplied with a 11
kv distribution 11ne, which extends only in the urban area of
Kapit.

A 33 kV transmission line will newly bhe constructed between
the Mukoh power station and the substation newly constructed near
Rumah Tajok (name of longhouse) located 5 km south from Kapit as.
shown in Fig 6.3. A diagram of power system is depicted in Fig
6.4, The transmision line runs 35 km distance, out of which a
first 15 km. from the Mukoh power station passes along the Mukoh
River and goes across the Janan River. A remaining 20 km from R.
Nyelang to the substation has a route in the plains extended at
the foot of north of Bt. Goranm. The highest point of the
transmission line will be El. 600 m.

Timber poles called Belian (iron wood) are considered to be
used for supporting the transmission line of 33 kV. Belian poles,
which will endure for the use of more than 100 years, can locally
be produced and are easy to erect. Poles with 11 m high will
stand every 100 m in standard, and aerial cable will be adopted
considering the route of transmission line passing through the
forest areas. -

A voltage of 33 kV is selected to transmit power of 2,320 kKW
for the distance of 35 km, taking into account the following:

(1) 11, 33, 132 and 275 XV are selected as the standard of
the transmlsSLOn and distribution line systems in
SESCO.

(2) Direct branching from 33 kV to 11 kV is possible by
pole transformer for the Ilonghouses nearby from the
transmission line.

6.5.2 Substation

_ A site located 5 km south from Kapit is selected as the
place to construct a new substation.

A- new 11 kV distribution 1line will be extended to the
substation for rece1v1ng the power generated at the Mukoh power
station,

The substatlon will be equipped with the following:

- One (1) 3,000 kVA stepdown transformer,
- One (1) lot of 33 kV equipment such as CB, DS and LA,

- One (1) lot of 11 kV outdoor cubicle for feeder, and
- One (1) lot of control boards including DC supply.

An equipment layout of the substation is shown in Fig. 6.5.






CHAPTER 7 CONSTRUCTION PLAN AND COST ESTIMATE

7.1 Construction Plan and Schedule
7.1.1 General ‘_

- All the works of the Mukoh project will be executed by the
contractors selected through an international competitive tender

including pregqualification except for the engineering services.
The following are modes of construction for the project works;

= Civil works ‘ : International
(River diversion, dam and conmpetitive tender
intake, penstock line, power
station including building
works, tailrace, drainage
channel, road constructlon)

- Metal works - : International

(Dam, intake and penstock competitive tender
line)
~ Generating edquipment ¢t International

competitive tender

~ Transmission 11ne and : ¢ International
'substa+1on S competitive tender

Direct order

- Englneerlng services -
{(Detailed design and
construction supervision)

7.1.2 cCconstruction schedule
1. Constructlon period

The constructlon perlod of the pr03ect is scheduled to
extend over seven years. ‘First four years are required for

- the arrangement of construction finance, the selection of
engineering consultant, the detailed engineering services
and the tendering. Latter three years are required for the
construction work.of the project. The arrangement of
construction finance shall be made. by the Economic Planning
Unit of Prime Minister’s Department/Sarawak Electricity
Supply Corporation. ' In order to secure the target, the
following basic schedule shall be kept for the
implementation of the project: : :



(a)

{b)
(c)
(d)

(e)

(£)

(9)

~detailed design

?re—Qualification for

12 months from June 1988 to
May 1989

Financial arrangement

Contract for engineering: . -
services

3 months from June 1989 to
August 1989

Engineering services for _ :
15 months from September
1989 to November 1990

1 months from December 1990
"to February 1991

tender. and contract

9 months from March 1991 to
December 1991

Tender and contract

Commencement in January
1992 to -completion in
December 1994, within 36
months

Main construction works

Ccommissioning of - o
cemmercial operation :. Beginning of January 1995

The overall construction schedule of the project'is'shOWn in
Fige 7.1 and 7.2. It is noted that the compensation to be
claimed for the construction of the project will be settled
by SESCO in advance of the commencement of construction.

. outline of work execution by year

(a)

(b)

First year of construction (January to December 1992)

Preparatory works such as constructlon of . access rcads
and camp facilities, installation of a diesel
generator and so. on are to be carried out in a perlod

-of apprcx1mate1y 6 months...

'Immedlately after preparatlon works, excavatlon ‘for the’

rlqht bank of dam .is to start in order to enlarge the
river bed for diversion. Upper part of the left bank
of the dam i -tc-be excavated ‘at the - sane. time.

'Second year of constructlon (Janaury to December 1993}

After enlarglng the rlver bed coffer dams and concrete'
walls for river diversion are to. be constructed.
Excavation for the left bank of dam and the base of
other structures such as penstock lines, powerhouse and
tajilrace is to be completed in the first 9 months.
concrete of the left side of the dam and other
structures is to be placed in succession. Steel
penstock, an intake gate and a sand flush gate are to



be installed following concrete placing.

-After completing the left side of the dam, new coffer
dams for river diversion are constructed to enclose the
right side of the dam and to divert river flow to left
side of the river through the sand flush orifice.

Excavation for the right bank of dam is to be completed
by 11th month of the second year  (November, 1993) .
Concrete placement for the right side of the dam is to
start in succession.

Works on geherating equipment, transmission line and
substation are to start from 1ll1th month of the second
year {November, 1993).

(e} Thlrd year of constructlon (January 1994 to December
1994) ,

The_righf side of_dem_is'to be éompleted by 5th month
of the third year (May, 1994). Coffer dams are to be
removed in succession.

Generating equipment, transmission line and sﬁbstatlon
are to be completed by 10th month of the third year
(October, 1994) .,

Impounding of water.in_the head_pond to be started in
11th month of the third year (November, 1994).
Following this, discharge from the waterway and wet
tests are to be completed by the end of third year.
Commercial operation is to be started from the
beglnnlng of January, 1995.

7.1.3 Constructlon plan andg method
1. Access road

There is a shipping port for timber about 10 km upstream of
Song teown along the Rajang River. It is possible to
transport construction material, machine and equipment for
the project upto the port by navigation.

A logging . road extends from the port to 6 km far from: the
project site. The logging road has enough width for
conveying construction material, machine and equipment and
‘are well maintenanced, so that the road will be able to be
used as transportation road of the project without any
improvement except for 1.5 km near the the prOJect site.

: An 'access road of 7 km long is to be constructed from the
logging road to the progect site:



- Access road to be constructed : 4 m wide x 7 km long

- Existing road to be improved : 6 m wide x 1.5 km
_ long
- Bridges to be constructed : 20 m long x 1

10 m long x 2.

Constructlon plant

The to% al concrete volume is approx1mat1ey estlmated at
2%,000m”. Considering the amount and schedule of concrete

’placement following facilites w111 be adegquate as the

aggregate and concrete plant
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Name of plant Cab361ty Quatity
Aggregate plant 30 Y/hour 1 unit
COhcreteiﬁlant 24'm3/hour' -1 unit

River diversion

Rlver diversion durlng constructlon w111 be made by a two-
stage diversion, taking into account the size of the 1ntake
dam and topographical condltlon of the rlver.

The plan for the river dlvers1on ‘is shown in Fig. 7.3.

Intake dam

The sequence for the constructlon of 1ntake dam is shown in
Fig. 7.3. _ '

The rlght bank of the dam site is to be excavated in order
to use as a river dlver51on.

After closing the left bank by a coffer dam and dlvertlng
flow to the rlght side, all excavation work and most of
concrete work in thé left side are to be done. Then,
excavation and concrete works in the right side are to be
done by c1051ng the rlght bank by a coffer dam.

‘During - the close of the right bank, the river flow is to be

diverted through the orlflce of sand flush gate.

The volume of excavatlon is approx1mately 30,000 m3. The
work for this amount is to be completed in about 11 months.
The heavy equlpment requlred for thac work will -be 21 to
class bulldozers with ripper, m* class backhoe, 10 m
class crawler drills and leg hammers.



Tge concrete volume of intake dam is approximately 17,000

‘m?, the work for which is to be completed in about 12

months. Concrete for the main dam. and  other structures is

glanned to be placed by a 20 ton class truck crane and 60 m
: /hr class concrete pump, respectively.

Dam blocks are to be 10 m wide and with lifts of 1 to 2 n as
"standard. - The installation of gates is to be done during
: concrete work by .20 ton class truck crane. .

5. Penstock line

Excavation of the penstock line is to be done by the same
equipment used in dam excavation. Concrete is to be placed
by a 60 m“/hr class concrete pump.

The 1nsta11at10n of steel liner for the penstock line is to
be carried out together with concrete work and is to be
completed in about 3 months.

6. - Powerhouse

Excavation of the powerhouse is to be done by the same
-equlpment used in dam excavatlon.-

gundatlon and 51de wall concrete are to be placed by a 60
- m?/hr class concrete pump in advance, while an open space is
" to. be secured in the vicinity of the powerhouse to
fac111tate_dellvery of power generatlng equipment. Colum
and slab concrete are to be placed later.

The power generating facilities such  as turbine and
-generator are lnstalled by us;ng an overhead travelling
crane, _

7.2 Cost Estinates
7.2.1 Construction cost
1. Genefal

- The construction cost for Mukoh project was estimated under
the condition that the current construction technique will
be applied, and furthermore.the geological conditions at the
project site, construction scale and .construction schedule
are also taken into. account.

Batang Ai Project (108 MW, 1982), Mini Hydro Projects (50
to 1,000 kW, 1982-1989) and other projects in Malaysia were
. referred to the construction cost estimate. .



2.

Construction cost

a)

b)
(1)

Critéria for estimate

The follow1ng crlterla were adopted for the cost

estimates:

The cost estimation date was taken in December 1987.
A foreign currency exchange rate is taken to be
Us$1.00 = M$2.50, prevailing rates in Malaysia in
December 1987. . . .

The construction coéts]are -~ divided into local and

foreign. currencies. - Portions in local currency are

mainly composed of labour, domestic material, inland
transportation and installation costs. On the other
hand, costs in foreign currency are mainly composed of
the ones for 1mported materlals, ‘equipment and
machines and engineering services. =~ -~ .. .

Import tax on hydraulic equlpment, electro-mechanical

equipment, etc. is to be free.

Engineering services'and'administration-ccsts are to
be 10% and 5% of the direct costs, respectively.

Physical.contigendies are estimated at 15% of sum of
the direct .cost, enqineering services and

"adminlstratlon cost.

Land acqulsltion costs are not con91dered - but
compensation costs for native customary rlghts are
estimated for -all the project area. - Furthermore,
costs of right-of-way are also counted for the
transmission line.

Cost estimates

Preparatory works

Access road

Costs for the improvement of existing roads and for
the construction of new roads were estimated by
referring to the contracts for the constructlon of new
roads in Sarawak. :

Camp fa01lltles | _
Costs of camp facllltles for SESCO'S staff and the

consulting engineers were estimated by referring to
the contracts for building new guaters.



-~ rield investigation

The <costs - for - geological investigation and
"~ topographical survey necessary for the definite design
were estimated by referring to the costs for boring,
topographical mapping and selsmic prospesting, etc.
'carried out in this feasibility study.

(2) ClVll works

After reV1ew1ng the construction costs of similar

- .projects in Malaysia, the construction costs of the
Batang Ai and Mini Hydro Projects which had been
constructed or under construction in Sarawak were
mainly referred to estimate costs of c¢ivil works. In
case of adopting construction costs of these projects
to  Mukoh progect, the site conditions, the
construction conditions, labour costs, material costs
and machine costs were taken into consideration.

Costs for the main items of c¢ivil works were
calculated on the basis of gquantity. Those of other
unknown items -at the preliminary design stage were
added up as a lump sum.

(3) Hydraulic equipment

All hydraulic equipment such as gates, trashracks,
raking equipment and steel penstock is to be imported
and the costs of providing these equipment were
estimated by quantity and unit price of each
equipment. Unit prices include all cost of materials,
processing, transportation and installation.

(4) Electro mechanical equipment

Turbines and generators are to be imported and these
equipment costs include all costs of transportation,
insurance and installation. on the other hand,
domestic products for transformers and auxiliary
equipment are to be used.

(5) Transmission line and substation

Domestic products are to be used for the equlpment of
transmission line and substation.

c)' Constructlon costs

The construction costs for the project are estimated
at M$ 27,478,060 in total, consisting of M518,255,497
in foreign currency portion and M$9,222,563 in local
currency portion. The construction cost and its
detailed estimates are shown in Tables 7.1 and 7.2,
respectively.



7.2.2 Annual disbursement of construction cost

The annual disbursement of construction cost for foreign and
local currencies is -estimated on the basis of the . construction
schedule. The disbursement schedule - is shown in Table 7.3 and
summarized as follows: Rt - o
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Year Foreign currency Local currency'_ Total

M) (us) us)
Tieom z.227.771 2,433,139 4,660,916
1993 . 9,185,620 . 4,270,468 13,456,088
1004 6,842,100 2,518,966 5,361,066
Tzotal | 18,255,497 9,222,563 27,478,060
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CHAPTER 8 PROJECT EVALUATION

8.1 EBoconomic Analysis
8.1.1° Hethodology-of economic evaluation

The evaluatlon method of the Mukoh Small Hydropower Progect
puts its basis on the' future power expansion programme in the
Kapit system. The advantage of evaluating the proposed. project
in ~the framework of power supply system rather than in
conventional. method using alternative plant lies in the following
setting that economic benefits and costs are evaluated based on
the entire Kapit system. "By -considering that benefits are
equlvalent to cost saving of the supply system with all diesel
plants if the system with the proposed hydro project is
implemented, they are counted as costs incurred from the least
cost sequence of supply systems with all diesel plants. Costs
are derived from the least cost sequence of supply system with
the proposed hydrc proiject. .

‘As stated in an optimum development plan of Chapter 5 power
-eXpansxon programmes’ with and without the Mukoh prOjeCt are
formulated so as to meet power and energy demand requirement in
the Kapit system during investment horizon from 1987 to 2010.
8ince evaluation period is required to extend to time span of
project life of the proposed project, economic benefits and costs
are evaluated during planning horizon ranging from 1987 to 2036.
The least cost sequence of supply systems with all dlese] plants
is formulated by the system to meet the requirement of minimizing
investment costs, 0 & M costs including fuel costs of power
plants, and replacement cost. The least cost sequence of supply
systems with the Mukoh project is formulated by the system giving
the net benefit maximum among systems with the project by
simulating.an optimal scale of the project-and-varying input time
of ‘it’ into ‘the system... The net benefit is defined as the
difference of .costs incurred from. least cost. sequence in both
cases of w1th and without the Hukoh pr03ect. :

. . Since costs and beneflts are evaluated by cost streams -of
the 1east cost seguence in cases of with and without the project
respectively, the proof that the proposed supply system with the
Mukoh project is economically viable justifies the reason for the
Mukoh project to be incorporated into the future Kapit systen.
Economic feasibility of the system with the Mukoh project is
assessed by a comparison of economic ‘internal rate of return
(EIRR) to opportunlty cost of capltal (OCC), asguming the 0CC is
-10%. - .

Since condltlons ‘and assumptlons for calculatlng benefits
and costs, and the results of economic evaluation including
sensitivity analyses based on benefits and costs are fully
discussed and analysed in Plan Formulation of Chapter 5, this
chapter demonstrates the fundamental v;ewp01nts related to
economic evaluation.



8.1.2 Conditions and assumption required for evaluation
{1} Guldellne fcr valuation of goods in economlc sense

valuation of goods formlng cost components of the Mukoh
progect and diesel plants is assessed at accounting price in.
econcmic sense. Value of equipments and some  materials to be
categorized as foreign currency potion is assessed at c. i f
Kuching being border prices, on condition that they have to be
1mported according to current domestic productlon capablllty of
produ01ng them.

‘As to 1oca1 currency potlon of investment costs, some - of
construction materials which are partially traded: and partially
non-traded are categorized as tradeable goods since. economic
sense of valuing any goods is based on the. assumptlon that  a
" country is trading to its own best advantage. As a result, non-
‘traded goods are treated as goods belng nelther exportable nor
1mportable. : : . '

By adoptlng the method of conversion factor approach, a full
list of conversion factors to be applied to the Malaysian economy.
shown in Table 8.1 is utilized to convert market price to
economic one. The market price is. defined as price less . the
internal transfer payment like tax portlon. Economlc labour cost
of unskilled labour assessed by .its real earning power is valued
at income level: covering monthly household expenditure for food,
assuming that if foods being normally given  to unpald famlly
labour have to be purchased for their sub31stence .life, income
equivalent to expenditure for food must be earned. According to
Annaual Statistical Bulletin of - Sarawak, monthly household
expenditure is referred to statistics. applled to Ibans of ethnic
group which are mostly 1dent1fled around site of the Mukoh
prOject. . :

‘Economic sense of compensatlon costs to be outlaid to. local
people. or entities due to the Mukoh project focuses on value of
materials to be sacrificed by land acquisition. Nevertheless,
any marketable things such as crops and forest product, and
houses - to be made up for are not -identified according to the
reconnaissance survey. Therefore, economic compensatlon costs
are decided to be nil. S : :

{2) Conver81on from flnanCLal cost to economlc cost

: _ Cost 1tems of the - Mukoh hydro pro;ect broadly con51st of
equipment like machine, construction materials and labour cost.
As far as the tax portion to be deducted from market prices are
concerned, construction materials are divided into specific ones
which shares a substantial portion of material costs, and others.
Tax rates of the former are. individually counted, whereas. tax
rate of others is represented by the everage rate. The kind of

tax is mostly conflned to sales tax; S R



Cost categories of the Mukch project evaluated in prev1ous
Chapter 7 are direct, land acquisition, engineering service,
administration, and physical contingency. Construction costs by
cost catergory is further broken down by cost item in order that
the concept discussed in "Waluation of goods in economic sense"
should be applied to project costs of the project for the purpose
of estimating economic costs. The estimation of economic cost by
‘gost item is made in the following way. ' :

- Costs’ of equipments for economic evaluation is the same
-as the correspondlng costs evaluated in Chapter 7 51nce
value of them is measured at c.i.f Kuching.

"~ "All of construction materials are considered to be
tradeable goods. As to some of specific construction
materlals, conversion factors to be applied to them are
classified into import or export cases by referring to
statistics of import and export in Sarawak. As to the
rest of materials, a combined conver51on factor of 0.88
is used for evaluation.

- As far as equipments belonging to local currency portion
" -are’ concerned, a combined conversion factor (0.85) of
. "Investment goods" in Table 8.1 is used. o

. = Economic labour cost per man-day is estimated to be M$6
' ‘which is approx1mately 20% of financial wage of unskilled
labour.

- With respect to the rest of labour cost other'unskilled

labour, a conversion factor of 0.77 shown in

'“cOnstructlon“ of non—traded good/serv1ce in Table 8.1 is
used.

- A conversion factor to be applied to administration cost
~ is 0.80,

- Operation and maintenance costs are simply assumed to be
‘1% of direct economic construction'cost

The results of economic constructlon costs of the Hukoh
project is shown 1n Table 8.2.

Conversion factors to be applled to diesel plants are
summarized as follows.

- A convers;on factor of capital cost is decided to be
0.85 which corresponds to combined conversion factor of
"investment goods",

- A conversion factor of fuel costs is assumed to be 0.86
shown in the columm of "petroluem (crude)" in Table 8.1.



- A conversion factor to be applied to operatlon and
maintenance costs are assumed to be 0.97 by considering
cost share of labour, spare parts and lubricating oils
requlred for operation and maintenance, and respectlve
conversion factor. _ y

Economic construction costs are. evaluated at 1987 prlce
1eve1. Ag far as fuel prlce is concerned, the augment of real
value in crude oul prlce ig taken into an account in order to
estimate the future price of fuel by referring to "Price Prospect
for Commodities" issued by IBRD. In this case, fuel price is
valued at 1987 constant price,. : R :

(3) The lead time and constructidn period'of the.Hukoh project

. 8ince evaluation of beneflts and costs are based on the
Kapit- power supply  system, the year ‘when the: proposed hydro
project is phy51ca11y capable of being 1nsta11ed is necessary to
be searched in partlcular.-Installatlon year is -subject to the'
lead time and construction period. :

The lead time prior to ‘construction.is defined as the pre-
constructlon perlod requlred for conducting . fea51b111ty ‘study,
financing of detailed design, detailed design and. tendering plus
contract for construction. Subsequently, construction perlod
after the lead time is assumed to be from 1992 to 1994 during
three years.  hs a result, the operation of the: Mukoh hydro
project is assumed to start in 1995.

8.1.3 Benefit analysis
. AS stated in 8.1. 1, heneflt are evaluated by cost streams of
the 1east cost sequence with all diesel plants. The installation

programme of selected system during 1nvestment. horizen (1987-
2010) 1s shown in the following way:
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~ Plant No of 1 and 2 are committed power plant in the Kapit
system under the plan of SESCO.  The setting for formulating
ingtallation programme being the least cost sequence with all
diesel plants considers the retirement of diesel plants,
assuming  that plant life is 15 years. Plants whcih would be
retired during investment horizon are the existing plants, plant
under construction, and some ‘plants shown in the above
installation programme. JInstallation programme is formulated in
such a way that the newly plant is added to the Kapit system so
as to meet. the requlrement of power balance after the retlrement
of the plant.u

= 51nce evaluatlon perlod is extended to plannlng horlzon from
1987 to 2036, replacement cost of newly installed plants  is
.cthidered after.zglo._ The replacement cost is assumed to be 90%
of the initial - cost. Present worth of the least cost sequence
with. all diesel plants during planning horizon is estimated to be
M$38.18. mllllon at 10% of discount rate.

'8;1.4' Cost ana1y51s

_ Costs are evaluated by cost streams of the least cost
sequence. with the Mukoh hydropower project. Since the
commissioning: year of the Mukoh project is phy51cally ‘conceivable
from 1995, studies to search the optimal development scale of the
project is conducted in optlmlzatlon study of Chapter 5.
Subsequently this chapter focues on the further analysis of
1dent1fy1ng optimal 1nsta11atlon time. This study is simulated
by varying input  time of an optimal development scale of the
project into the Kapit system. Time span of searching optimal
installation time are four years . from. 1995 to 1998.
Installation programmes . of power supply system with the project
during investment horizon by installation tlme from 1995 to 1998
.are shown in Tabkle 8.3. ' :

All.-lnstallatlon programmes shown :in Table 8.3 are
formulated so. as to meet  the requirement of ‘power  and energy
demand. .. Present worth of supply system corresponding to the said
four installation programmes at 10% of discount rate are
calculated to be M$36.44 million in case of 1995 installation
time, MS$36.05 million in 1996, M$35.96 million in 1997, and

 M$36.01 million_in 1998. - Present worth of the supply system with

the project is estimated to . be the minimum cost when the
installation time of the project is assumed to be in .either 1996
or 1997. . Consequently, ‘the second or third instllation programme
shown in Table 8.3 1is. identified to be the 1east cost sequence
among systems w1th the project. _

8 1.5 Economlc evaluatlon

The net benefit being equal to B~C is, to be more precis,
defined as the cost difference of present worth of supply systenms
with all diesel plants and with the Mukch project. The results
of net benefit at 10% of discount rate are summarized as below:



Installation - Net :  EIRR Installatlon Net  EIRR

year Benefit (%) year - Benefit (%)
(M$ mllllon) N (M$ mllllon)

1995 1.74 11.3 1997 2 22 12,1

1996 2.13 11.9% 1998 2.17 12.3

Installation year indicated above means input time of the
Mukoh hydro into the Kapit system. The réSults that net benefits
in -all cases turn out to be positive proves the Jjustification
that the Mukoh project should be 1ncorporated ‘into. the Kapit -
system. ' In other words, it is proved that the Kaplt system -with
the project is economically more viable than the same system will
all diesel plants.  Optimal installation time .of the ‘Mukoh
project determined by an indication of maximum net benefit is
identified to be the year of 1997 since present worth of supply.
system with the project proves to be the minimum cost in 8.1.4
when the Mukoh hydropower project is scheduled to be installed
in that year. Consequently, installation programmes of the Kapit
system. with the Mukoh PrOJect is identified to be the least cost
sequence when the pro:;ect is 1ncorporated 1nto the systen. in
1997. :

Nevertheless the’ varlatlon of net beneflt 1s'1nsen51t1ve
for ‘the 'shift of installation year 'since  the difference of net.
benefit among four cases is- negllglbly small. Con31der1ng that
the Mukoh keeps an economic viability in term-of EIRR in spite of
shifting the installation year, +the earliest installation. is.
recommended for the proposed.project. Although ‘the Kapit system
with the project at its installation time of 1995 is not
precisely the least cost sequence, economic fea31b111ty of this
installation programme is viable since EIRR of 11.3% is higher
than opportunity cost of capital (10%). Cash flow of benefit and
costs are shown in Table 8.4. In this case, cash flow of. costs
corresponds to cost streams of 1nsta11at10n programme w1th the
project at its installation time of 1995, :

So far, the.increase of fuel cost in the future is taken
into account as one of assumptions reguired to- discuss economic
analysis. Since full cost shares a substantial'portion out of
total costs in benefits streams, as shown in Table 8.4, eccnomic
feasibility of the Kapit system with the project would ke much
influenced by the following assumption that fuel cost will
continue to be preséent level. Present worth of benefit and cost
streams under increase of fuel price and constant fuel prlce is
shown as below: - )



unit: MS Hillion;
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Benefit Cost

Discount rate =——=—ew———mcmccmwacecae ceec s ————
. Increase Constant Increase Constant

7% 60.2 45.1 50.8 44.1

8% 51.1 38.8 50.0 39.6

9% 43.9 33.8 40.3 35.8

10% 38.2 29.8 36.4 32.7

11% 33.5 26.5 33.1 30.0

12% 29.8 23.8 30.4 27.7

13% 26.6 21.5 28.1 25.8
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The -¢lear result is that benefit decrease is much 1larger
than the cost decrease in money terms. Consequently,: the
assumption of constant fuel price brings an unfavourable effect
teo the Kapit system with the project in terms of economic
feasibility. The result of EIRR under a senario of constant fuel
price is calculated to be 7.5%.

8.2 Financial 2Analysis

8. 2. 1 Objectlve of flnancial ana1y51s

- Flnan01a1 analy51s put 1ts prlmal purpose on: flnanclal
vxahxllty of ‘the Mukoh hydro project itself and manageable
ability of. the 1mplement1nq agency  (SESCO) to repay foreign and
local portion of investment costs or to finance local portion of
them if local cost is to be entirely funded by SESCQ. As far as
the aspect of financial viability is concerned, analytical
viewpoint focuses on financial rate of return to all resources
engaged if the project is implemented. 1Its analysis usually put
an emphasis on FIRR being equalizing discount rate based on
present-worth of investment costs and projected revenue amount.
Concerning to financial manageability of the implementing agency,
analyses are based on flnanczal impact of the project to the
implementing agency. _

For the purpose of fulfilling objectives of flnan01al
analyses, conditions and assumptions to be applied to evaluation
items has to be clarified.. Evaluation items required for:
financial analysis are project costs including price contigency,
forecast on electricity tariff for estimating revenue amount, and
terms of repaying foreing loan plus financial performance of the
implementing agency to finance local cost. Cconditions and
assumptions to conduct the appropriate estimate of evaluation
-items are discussed -in the next sectlon.



8.2.2- Conditions'and assumptions for evaluation items
(1) Pro;ect cost

Financial costs of the Mukoh project evaluated in cost
estlmate of Chapter 7 are estimated at the price level of 1987.
Operation and maintenance cost is assumed to be simply 1% of
direct construction cost. Price contlgency ig added to financial
cost of the project at 1987 price 1level by ‘applying annual
inflation rate for foreign and lodal currency portion of
investment costs respectlvely. Price escalation rates for

foreign and local costs are shown as below. -
' Unit:s
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aAn escalation rate for foreign’ cost is v...erlved from the
weighted average of price indexes of major manufacture goods in
_1ndustr1a1 countries, which is estimated by IBRD. As far as
price escalation rate for local cost is concerned the recent
movement of consumer price index (CPI) in ‘Ssarawak and factors
-affecting CPI are taken into account. ' As general circumstance of
the Malaysian economy, an unfavourable condition surrounding oil
sector . featured by the decline of o0il price worsened public
revenue and expenditure, resulting. in" contraction of the money
supply leading to stabilization of CPI. Assuming that CPI is
prlmarlly correlated to public expenditure to be boosted by oil
revenue, forecast on price escalation for local cost is roughly _
estlmated by referrlng to forecast on 011 prlce movement. '

‘Time range to which prlce escalation is applled is up to the
commissioning year of the- project (1995). As a result, total
financial costs of the Mukoh project are estimated to be
M$30,687,420 consisting of M$27,478; 060 of construction cost, and
M$3,209, 360 of pirce contigency. Foreign and 1local currency
portlons are estimated to be M$21 040,990 and M$9,646,430
respectlvely.

(2) Study on electrzclty tarlff

: Electrlclty tariff in the future has nmuch 1nf1uence on
flnancial ‘viability of’ power projects in- terms. of FIRR:  since
projection of power revenue to be. generated. entirely depends  on
tarlff setting. Prior to the estimation of future tariff,
historical movement of the average electrlcity tariff in ‘1oad
centre of Kapit and entlre Sarawak is shown in the follow1ng

table:



' Unit: M$/KWh'
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" Average tariff in Kapit and Sarawak in the first five years
of 1980’s kept the constant price of M$0.34/kWh and M$0.29/kWh
respectlvely, Reglonal feature of tariff level is appeared in
Kapit in comparlson to tariff level in ‘Sarawak. The fact that
tariff in Kapit region has been higher by 5 cent per kWh than in
Sarawak is partly because diesoline being fairly expensive oil is
used as fuel for operation of diesel plants, and parlty. because
‘economy of scale is not workable due to small consumption centre
characterized by Kaplt region. 0w1ng to these reasons assumed
average ' cost. per kWh of sold energy in Kapit has been a blt
higher than tariff in Sarawak.

s The ‘future electricity tariff is estlmated by a few methods
concervable. At first, the_method of cost covering prlces to be
paid by consumers in Kapit reglon is introduced in order to
clarify average tariff coverlng all project costs of Kapit
system. The cost covering prices are calculated as the ratio of
present value of all’ project costs of Kaplt system over. present
value of electricity sales for various discount rate. The
results of present value of project costs and electrlclty sales
by dlscount rate are shown as below:
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‘Discount rate PV of Costs . PV of E. sales Costs (M$)/kWh
(%) T gy  (xWn) |
s se 759,210 249,744,226 0.36
6 o 65,022,290 ' 168,109,712 ' 0.39
8 o 49,894,956 120,388,307 0.41

10 s o 39,997,210 90;805,538 ‘ 0.44

Noté{ PV Present Value

o Understandlng obtained from the above table demostrates
_that for 1nstance, if average tariff accordlng to cost coverlng
price method is. M$0_44/kWh, FIRR of the,Mukoh prOJect is

'fcalculated to be 10%.

A< one of flnalnc1al guldellnes, SESCO alms at mlnlmum annual
rate of return of 10% on the average net fixed assets in
operation. This rate called ROR is equivalent to FIRR in terms
of rate of return to all resources engaged. If this guideline



of wminimum rate of return is applied to the FIRR of the Mukoh
project, tariff in the future is calculated to be M$0.44/kWh.
Neverthless, cost covering price determined by the approach of
minimum rate of return tends to dlsregard general trend or
performance of tariff at present and in the future, Therefore
tariff of M$0.44/kWh is rev1ewed and checked by another methods
shown in the next. . :

The second approach belng a- conventlonal method is to.
egcalate present tariff (M$0. 32/kWh) in proportion to the
increase rate of oil prlces and . domestic CPI. Forecast focuses
on. the future tariff in the commissioning year (1995) of the
Mukoh project.. The ‘simple estimation by methods of oil price and
CcPrIl turns out to ba M$0 42/kWh . and M$0. 34/kWh respectlvely.

- However, the further judgement whether electrlcity prlces
estimated so far are the apprcprlate tariff setting applicable to
the proposed project or not is required by the method reflecting
financial conditions of supply side (SESCO) assessed by future
financial performance. F1nanc1a1 performance of SESCO in’ the
past and the selectlve year of 1995 is shown 1n Table 8.5.

~ The prediction of financial performance in 1995 is hased on
the simulation results of System Planning Division in  SESCO.
Tariff setting in 1995 is assumed to be the same tariff level as
present one (1986). ‘Since the targets of key f1nanc1al ratios
" such as ROR. or Debt-service ratio are more than 10 $ or more than
1.5 times, financial performance of SESCO in 1995 based on
present tarlff level satlsfles f1nanc1a1 requlrement SESCO ains.

. It is reminded that an 1mportant assumptlon used for
predicting financial performance is the exclusion of Bakun-Hydro
project from future projects. . Since the simulation results
meet with financial targets satlsfactorlly, the p0551b111ty that
tariff will soar more than present level 1s hardly expected.

' Congsequently, tariff settlng at Mso 44/kwh or M$0 42/kWh
determlned by cost covering prices at the discount rate of 10%
estimated by the method of oil prices would not be the
appropriate tarlff due to reasons stated above.  In the
conservative way of estimation, an upper limit of tariff is
fixed at M$0. 34/kWh estimated by CPI method. The future tariff
in standard case is assumed to be equivalent to present price
(M$0.32/kWh) . :

(3) Financial sources and conditions'cf prdjéct financing'

‘Financial sources of power' prOJects commltted so far by'
SESCO normally take the form of grant from federal govenment and
external plus 1nternal loans from the various institutions. and
banks. Grants usually supplled to rural electrification
programme rather than individual pro;ect ls sometimes extended to
a big project like Batang Ai hydro power prcject to finance local
currency portion of investment costs. _
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The major national sources for financing power projects are
derived from loans from federal government and non-bank financial
institution like the Employee’s Provident Fund Board (consisting
of pension and social security £und). As to external loans,
financial sources of external borrowing by SESCO are a
multllateral flnan01nq agency like ADB, a financial institution
like OECF, and various banks supplylng syndicate loans and Yen
credlt. The list of financial sources and loan condltlons is
shown in the folloW1ng table, :
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Financial sources e o e e e
Interest Grace period Repayment Maturity -
rate (%) {year) - (year) . (vear)

Local fund _ B _ : '

Federal Govermment 7.5 5 _ 20 25
Non-bank”institutibn 8.0 5 15 20

Externdl fund :

International Ins. _

(ADBY . - - 8.0 - 5 . 15 20
Financial Ins. (OECF) 4.0 7 18 25
Commercial - (Yen

credit). 5.8 2 6 8
Commercial (Other o _

loan) - ' 5.5 2.5 5 7.5
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Loan condltlons shown in the above table indicates terms of
fund requirement prevailing in 1987. Although loan conditions
depend on type or scale of projects, loan conditons appllcable
to the Mukoh project are chosen among many terms. It is assumed
that these conditons will continue and be extended to the
-proposed progect. '

Since prOJect costs 1nclud1ng price contlgency is egtimated
to be only about M$30.7 million consisting of foreign cost of
M$21.0 million, and’ local cost of M$9.7 million, it would not be
necessary to project financing plan for the Mukoh project. Local
cost - of M$9 million is surely under financing manageablity of
federal government or the Employee’ Provident Fund (EPF) and
might be’ capable of being financed by SESCO’s intenal cash
~ generation.,. Since the amount of" forexgn currency portion is
"neégligibly small, many- sources do not have to be considered.
Soft 1loans be1ng OECF fund could be . the most approprlate
financial source among them. As a result, ‘any manageable issues
of financing local or foreign costs can not be observable.
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8.2.3 Financiél aha1YSis
(i)- Flnancial 1nternal rate fo ‘return:

. Cost stream of the Mukoh prOJect in flnanclal term is based
on condltlons of . financial requirement with advance payments.
Saleable energy. i calculated as the amount after deducting
station use and transmission loss (12%) from energy output.
~ Revenue is to be ‘generated from 1995 where the estlmated tariff
of M$O. 32/kWh iz assumed to continue up to 2036. Evaluation
perlod is decided to be time range from 1987 to 2036, which is
the same duration. as evaluation period' in economic analy51s.
Based on cash flow of revenue and cost shown in Table 8.6, FIRR
‘is calculated to be 6. 7%. If local and forelgn cost is flnanced
by federal government ‘loan and soft loan from OECF respectlvely,
this result of FIRR turns out to be marginally lower than local
interest rate (7. 5%) ‘and hlgher than foreign interest rate (4%).
From an overall poxnt of view, FIRR of 6.7% would be . justifiable
in terms of financial v1abillty since combined Trate of interest
on -both- forelgn and local loan is around 5.2% per annum. If
local cost is financed by SESCO’s internal cash generation,
flnanclal viability of the project is satisfactorily assured.

' Sen31t1v1ty analysis is also conducted with the follow1ng

- caseg.

_ Case I o Progected tarlff of M$o0, 34/kWh _-7.?%
Case II Cost increase by 10% _ _ 5.9%

_ Even if project costs increase by 10%, it is clarlfled that
financial viability of the project ‘is sustalnable._

(2) Ldan repayablllty and flnanclal manageablllty

Three financial statements shown in Table 8.7, 8.8 and 8.9
are demonstrated in order to clarify loan repayablllty of the
implementing agency. The condition of loan repayability is
searched by net cash flow between revenue and ‘interest plus
repayment to be outlayed. A statement shown 1n Table 8.7 is made
with the following assumption that local cost is to be. ‘funded by
federal government, and foreign cost is to be financed by soft
loans. Terms of loan are already mentloned in 8.2.2. The clear
result can be seen in net cash flow which would be contlnuously
negative flgure within maturity period except for a ‘few years of
grace period. As a result, accumulation of net cash flow will
not turn to be positive within the maturzty perlod.3 Although
negative net cash flow amount is considered to. be negligibly
small, condition of loan repayablllty 15 not satlsfactorily
1dent1fled. : } .

A statement shwon in Table 8.8 demonstrates net cash flow
and its accumulation during the same maturity peiod with the
following assumptlon that local cost is to be financed by SESCO,
and foreign cost is to be funded by soft loan. quuldlty problem_
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of whether or not local cost and. interest on foreign loan can be
financed by SESCO will be no serious matter from the viewpoints
.of the implementing agency. since internal cash generation even at
present level seen in Table 8.5 would be large enough to cover
local cost and interest on foreign loan. Balance would turn to
be positive in the commisgsion year . (1995) of -the project.
Accumulatlon of net cash amount .is simulated to turn to be
positive in around 2004. So the implementing agency will enjoy
favourable financial p051t10n under operation of the Mukoh hydro
project w;thln the maturity period.

A statement ‘given in Table 8.9 is prepared under the
assumption that' local cost is to be funded by SESCO and that
foreign cost is to be financed by hard loans (8%). Negative
figures continue in net cash flow for the maturity period except
for two years of grace period, resulting in negative accumulation
of net cash flow within the maturity pericd. Thus, condition of
loan repayability is not satisfactorily identified. :

Furthermore, financial statements for entire Xapit systen
during investment horizon are alsc demonstrated in order to make
a comparison study of net cash flow and its accumulation between
all diesel  and the HMukoh project with diesel. The following
financial case studies shown in Table 8.10 through 8.13 are made
on assumptlons that oil prlce would be constant at 18 US$ per
barrel or is expected to increase according to the IBRD’s
forecast.

Table 8.10

; All diesel in case of oil price 1ncrease.
Table 8.11 ; All diesel with oll price constant.
Table 8.12 ; The system with the Mukoh in case of oil price
' increase.
Table 8.13 ; The system with the Mukoh under constant price
of oil.

A slight modification of tariff setting from M$ 0.31 to
0.33/kwh does not make any difference since the reduction of
negatlve net cash flow on an annual base is negligibly small.
What is more important is, despite of assumptionsabout oil price,
that comparison studies result in favourable condition in the
system with the Mukoh financially in terms of net cash flow and
its accumulation. This is mostly attributed to the difference of
fuel'consumption between the system with all diesel and hydro
- project. It is expected that fuel cost would become the major
expenditure items in case Kapit system is formulated with all
diesel.

{3) Conclusion of financial analysis

Based on the simulation results of loan. repayability and
financial manageability, flnanC1ng plan is recommended in such a
way that local and foreign cost is to be funded by SESCO and soft
loan respectively. The maximum amount of fund reguired to
finance local cost plus interest on foreign loan is estimated to
be about M$4.8 million at annual base, which is to be completely
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under financial manageability of SESCO itself. Under 'such
financing scheme, accumulation of net dash amount would ‘reach to
a substantial amount of about M$11 million at the end of the
maturity period. - : :

- Financial viability of the project is sustainable since the
project’s ‘rate -of return (6.73%) represented by FIRR is over
interest rate (about 4%) on foreign loan. Although FIRR of the
project is considered to be lower than. ROR indicating overall
SESCO’s profitability, the implementation of the Mukoh project
would not undermine financial position of SESCO since project

costs of the Mukoh is quite small.’

The implementation of the Mukoh project is proved to be
preferrable to all diesel since simulation results of financial
condition for Kapit system turn out to be favourable outcome in
the system with the proposed hydro project. ' '
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CHAPTER 9 FURTHER INVESTIGATION AND STUDIES

9.1 General

as dlscuSSed in the precedlng chapters, the Mukoh hydropower
- development project was  evaluated to be economlcelly and
"financially viable. The project is recommended to commission at
the beginning of 1995 according to the study of construction plan
and schedule. _ .

It is de51rable for keeplng the commLSSLOnlng year of the
pro;ect to start the detailed design by September 1989 with the
financial arrangement. Post-feasibility study investigation is
recommended prior to the detailed design for smoothly carrying
out it. Further investigation and studies in the post-

feasibility study and detailed design are discussed hereinafter.

9.2 Post—fea31b111ty Study Investlgatlon

A staff gauge to estimate river runoff was established near
the projec¢t site. - Regular readings of stage height are continued
gsince installation. Furthermore, discharge measurements to
establish a reliable rating curve are regularly caxrried out by a
task force of DID and SESCO.

_ For relnfor01ng hydrologlcal measurements and accumulatlng'
reliable runoff data, it is recommended to install an automatic
stream recorder close to the staff gauge. Stage records of the
automatic stream recorder will be endorsed with staff reading
twice a day. Furthermore, discharge measurements are desired to
successively be carried out especially .during high flow seasons
for extenting the reliable range of the rating curve.

A manual rain gauge was installed near the staff gauge.
Considering that tropical rainfall is erractic, two more
automatic rain gauges are recommended to be Iinstalled in the
Mukoh River basin upstream from the pmoject site.

o It is expected that ‘the detailed de81gn Wlll be carrled out

in .a relatively short time perlod Considering this, topographlc
maps of 1 to 10,000 scale are recommended to be prepared prior to
the detailed de51gn with photogrammetry along the proposed
transmission line route. A shooting scale of aerial photographs
will ‘be 1 to 25, 000. ' ' '

Establlshment of'QUarry is proposed as the source of
concrete aggregate material in the Study taking into account the
quantity, haullng' distance and phy51cal condition of riverbed
deposits and quarry. However, since the required quantity is
relatively small, detailed investigation and study with regard to
commercial supply source will be required to be carried out.



9.3

9.3.1
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(1)
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(iii)
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Would

(1)

pDetailed Design

Objective

Subsequent to the completlon of this feasxblllty study,
led design (D/D) for the development of Mukoh project should
itiated. The objectives of the englneerlng serv1ces for D/D
be as fOllOWS‘- ' ‘

to collect updated/addmtlonal datd and 1nformat10n and to
review and analyse the findings and recommendation for
optimization of the project,

to conduct additional field investigation for obtaining
- essential data for design, s '

“to prepare design drawings, design report, technical

specifications, pre-qualification and tender documents,

cost estimate and- detail implemetation programme for

constructlon of the Hukoh hydropower project, and

L to transfer technology tc the SESCO staff concerned durlng
the perlod of serv1ces. .

-8cope of ‘work

The engineering serv1ces for D/D . would be carrled out in
‘cooperation with assigned SESCO counterparts, The services
include but not necessarlly be 11m1ted to the follow1ng._

Review of avallable data

'The"rev1ew of avallable data is to obtaln updated

information, to review the feasibility study report and, if
necessary, to revise the development scheme, _scale, and

Uprlnclpal features of the prOject.

(2)

Preparation of Inceptlon Report

The Inceptlon Report w111 cover the follow1ng dlscuss1on8‘-

(a) Work schedule w1th study and survey methcds for thls
englneerlng serv1ce, and _

(b) Review of the’ feasibility study.."

(3)

Preparation of tender documents for field investigation

The tender documents for the field 1nvesti§ationp carried
out by local contractors are prepared. Field investigation

. covers following work:



(4)

(5)

(6)

{a)
(b)

(c)

(a) |
o (e)

(f)

{9)

‘Pest boring and grouting,

Seismic exploration,

In-situ rock shear tests,

Shear test for rock materials on a large scale,

Concrete 'tests 1nc1ud1ng samplings and test pits in
aggregate quarries,

Topographlc surveys, and

Borlng and penetratlon test

Field investigatioh and tests for detailed design

The field invéstiqatioh'and test work of the above items (3)

‘(a) through (g) are ‘executed by the local contractors under

the superv151on and technlcal guldance of the Consultant.

Ba51c de51gn and ‘cost estimate

Basic deSLgn and constructlon est;mates include the work as

follows°

(a)

(b)

(c)

(d)

(e)

(£)

To prepare design criteria for detailed design of all
major components with respect to methodeology, analysis

and computatlon crlterla, etc.,

To make a flnal review and revision of layouts and
optimum scale of the plant based on the 1nvest1gat10n
results of 1tem (4),

To review the d951gn of main structures lncludlng the
dam, ‘intake, penstock, powerhouse, generating equipment
with switchyard fa0111t1es, metal works of gates and
penstocks, and transmission lines,

To study construction schedules at the ba51c design
level, :

To estimate construction costs at the basic design
level, and

To confirm economic viability of the project..

Detailed design: -

Detailed desigh, construction schedule and cost estimate

include the work as follows:



(7)

(8}

(a)

(b)

(c).

(Q)

(e)

(£)

(g9)
(h)

()

To make a plan for preparatory works includlng 1ayout
of camp, workshops, warehouses,' etc.,, and supply of

~ electric power and water,

To design access roads 1nclud1ng bridges,

To de51gn in detail the structures 1nolud1ng the

diversion channel, dam, intake, penstock -11ne,-~

-powerhouse with tallrace, switchyard,  etc., including
flood warning system to the downstream reaches of the

dam,

To des;gn in . detall generatlng equlpment and aux111arys
facilities, . _

To design in detail the metal work suoh as gates,
penstocks and valves, S L

To design in detail the transm1351on line including
poles and a substatlon 1nclud1ng electrlc equipment

" To make detailed constructlon schedules/networks,

To estimate construction cost in detail, and

To study on envoironmental and other aspects; if
necessary.

Preparatlon of tender documents

Tender documents are prepared for the follow1ng work 1tems.

.(a)

(b)

(c)

(d)

- (e)

(£)

Documents of pre-quallflcatlon questlonalre,"
Tender documents for oiv11 works,

Tehder documents for genereting equipment,
Tender documents for methl-works, o

Tender documents for - a transmission 1line and
substation, and

- Tender documents for preparatory works, access - roads
and bridges.

Documents to be prepared

Following reports and documents are prepared:

(a)

(b)

Inception Report,

Tender documents for field investigation of the above
item (3), .



(9)

(10)

()

(a)

(e)
(f)

Reports with data books on field investigation,
Report on design criteria,

Design_réport with drawings, and

Cost estiamte.

Transfer of technology

The Consultant will make efforts on transfer of technology
to SESCO’s staff and local contractors during the service

period.

Assistance in pre-gualification

The Consultant will assist SESCO in the pre-qualification of

constractors.
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TABLE 3.1 RESULT OF LABORATORY TESTS (1/2)

. e s e s e e e A cer <6 M A SR G EE G R M N G O e e G e e veh G A0 S bk e e S R e e Fe A A e e AR RS e i o o VS W SR e D eE3 A e

Item Placés o Value
of | e e o e ' in
tests : Mukoh River - Tekalit River  Quarry General
: : { TMK~6) {THR-1 - TMI_(-'? } (TMR-7)
a. Fineness. 8.29 8.00 - 6.5 ~ 9.0

Modulus of
Gravel (F.M,)

Fineness 2495 3,10 . = 2,3 = 3.5
Modulus of | | 3 '
‘Sand (F.M.)

b. Specific =~  2.484 2.529 2,500 2.5 - 2.7
Gravity of ' ' : : . s
Gravel

Specific. . 2.602 2.516 - 2.5 - 2.7
Gravity of - =
Sand

Ce Abéorption 3.53 1.34 2.49 less than
of Gravel (%) o 3.0
Absorption  4.02 | 1.35 " - less than
of Sand (%) . : ' o 3.0

d. Organic paésed | passed - |
Impurities -
of Sand

e. Scratch 38,1 7.8 2.4 . less than
Hardness of . : _ S 5.0
Gravel (%) ' : - o
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TABLE 3.1 RESULT OF LABORATORY TESTS (2/2)

Ttem . Places Value
Of T emememsassee— o ——— a8 L0 e e S8 e m in
tests Mukoh River Tekalit River Quarry General
% {TMK_G) . {THE~-1 - TMK=-7) {(TMK-7) ‘ o
£. Soundness . 15.3 64 1.9 less than
'of Gravel (%) - ' : : '12.0
'Soundnessw- 16,0 8o1 less than
of Sand (%) - 10.0
g.' Abrasion ' 35.4 - 241 2541 | less than
of Gravel (%) ‘ 40,0
h. ' Unit weight 1.759 . 1.775 - 1.5 =" 1.9
of Ggavel‘ ' S .
(t/md)
) Unit Weight 1;761 1.590 bl 1‘4 hnd 138
of Sgnd : '
(t/m”) -
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TABLE 3.2 PLACES OF TEST PITTING AND SAMPLING MUKOH

--.—q.-..—q..-——-.———-«_u.'—-‘—u-u—mu-.-——mnq—umnuﬂ—-..-—u{.-a—n-m——.au-—u--sm-—m-_--——.._-.

Sampllng Distance from Volume Maximum . Type Sampling
No. - -the dam site = of River - 8ize of - of . . weight
' {km) Depo§ particles rock Lo
o - (em) o o {Kg)
TMK-1 = Down 15 600 4 10- 20  Shale 90
- Left bank - (400}~ o and
_ o Sandstone
TMK-2 ~ Down 22 2,000 10 - 20 Shale . - 180
: Right bank {1,500) and :
. ' - : Sandstone
TMK-3  Down 25 1,200 10 - 20 Shale 180
Right bank {(800) . : and- oo
. : ' ' sandstone
. TMK-4 ~  Down 27 1,500 10 -20 Shale - . 90
. Left bank (6,000} ‘ and . ..
' Sandstone
TMK-5 Down 32 1,500 10 -20° - sShale-. . 90
Right bank (7,600} and e
' _ Sandstone
TMK-6 Down 25 3,000 30 - 50 Shale 180
Right bank “(1,500) and
. _ : Sandstone
Total Volume 9,800
of River {6,200)
Deposits :
TMK-7  Left bank ' Shale 50
{Rock . . of damsite and _ '
samples o sandstone

from Quarry)

Note: 1/ = Figures in parenthesis show the estimated volume of
- gravel with the grain size under 10 cm -



. TABLE 3.3 RESULTS OF ENVIRONMENTAL IMPACT

ASSESSMENT o {1/2)
CItem Prediction Evaluation
Settlement | No submergence is expected L0

in the project area due to
no .inhabitants -in the
upstream from the damsite,

Land.issues ~ About 40,000 m2 will havé =1
and to be secured for the
compensation consiruction of such major

facilities as dam,
"powerhouse and access road
in the forest : '

Land issues.  are not
foreseen so far as
compensation for native
customary <rights is
properly transacted.

Bconomic large construction labour +H
activities and demand 1is expected,
social welfare Electricity will 'be

supplied to the longhouses.

Public health It is not predicted that a 0
- vector of malaria will
increase due to the
creation of pondage.

Sedimentation Sediment deposited in the ~-L
pondage will be flushed :
out by the sand flush gate.

 Thus, the sedimentation
prohlem is less affected,
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TABLE 3.3  RESULTS OF ENVIRONMENTAL IMPACT

ASSESSMENT .- (2/2)
Item Predlctlon Evaluatlon
vVegetation Since'only a limited area - - =L

of. forest is opened, the
_effect to the vegetation is
minimal, - Howaver,
afforestation will be
. necessary at thée opened -
areas after construction.

Wildlife ~  Wildlife will not be -L
: affected, since the project
area is only limited.

Fish and The '~ migration of river’ ~L
fisheries : fish is affected with the '
-construction of dam,: Thus,
a fish 1adder will be
provided.,
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Table 4.6 POWER CONSUMPTION BY CATEGORY IN KAPIT

_(Unit:i"IWh)

Year 1980 1981 1982 . 1983 ~~ 1984 1985 - 1986
Domestic | 305 360 451 . 560 575 685 - 799

Commercial 1,605 1,948 2,249 2,433 2,691 3,352 3,407

Industrial 187 215 279 350 . 362 510 775
Lighting 55 - 61 60 55 .61 .64 64
Total 2,152 2,584 3,039 3,398 3,689 4,611 5,045
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TABLE 5,1 LIST OF EXISTING, UNDER-CONSTRUCTION AND COMMITTED

' POWER PLANT IN THE KAPIT SYSTEM

. o e o e B A e e for b e aa o R B SR A Ak i SAR A Sw A S G0 BNS RS M CE g O N M S WS G S MM S G S W W TEN M E e M Mw e wm dme mm

_ Installed  Inst, Designated Annual Max,

NO. Type Cap. kW Unit Year Ret_irerne’nt- Operation Rate,$%
1 biesel 75 a1 = Tdesr 60
2. W ERYY 1 1977 1oss

3. " 1449 1977 1988 = "

4, 2000 1 1979 - "

5.0 200 1 1980 - "

6. M 2000 1 1981 - "

7. " 200 1 1982 _:. - oo

8. M. 600 1 1985 . . "

9. " 600 1 1985 . - -

10, " 300 1 1988 -~ o

1. " 400 1 1990 - "
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Table 5.3 UNIT PRICES FOR MAJOR WORKS

Unit: M§
Work 1tem Unit Price
1. Civil Works .
a. Excavation in common ne 5.0
b. Excavation In rock " 18.0
¢. Gonecrete Iin dam ‘ . " 210.0
d. Concrete in structure " ' 290.0°
~e. Concrete in powerhouse , " 350.0
f. Reinforcement ton , 1,900.0
g. Access road, new ' km ~ 160,000.0
h. Access road, lmprovement " 65,000.0 .
2.  Metal Works
a. Gates ._ ton - 12,000.0
b. Penstock " _ 6,800.,0

............................ T T T B
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Table 7.} Construction Cost

(Unit:M$)

BB B BB B

11. TOTAL CONSTRUCTION COST

- - Tu AP T W S WS IR M W S i A T . ———— T —— T i — — T . G e KO G K S Y S G U O AL U S U A R AR A S

Description Foreign Local Total
Currency  Currency
1. PREPARATORY WORKS
1.1 Access road 594,500 741,000 1,335,500
1.2 Field investigation 7,000 133,000 140,000
1.3 Camp facilities 84,000 336,000 420,000
Sub~total 685,500 1,210,000 1,895,500
2. CIVIL WORKS |
.1 River diversion 208,639 259,291 467,930
.2 Intake dam 2,588,024 2,247,006 4,835,030
.3 Penstock line 121,829 _ 98,681 220,510
.4, Powerhouse 894,528 752,322 1,646,850
.5 Tailrace 295,819 226,721 522,540
.6 Drainage channel 52,528 41,072 93,600
Sub-total 4,161,367 3,625,093 7,786,460
3. METAL WORKS 2,598,000 650,200 3,248,200
4. GENERATING EQUIPMENT 4,708,000 721,000 5,429,000
5. TRANSMISSION LINE AND . | o s
SUBSTATION 1,643,740 704,460 2,348,200
6. LAND COMPENSATION 0 .70,000 70,000
7. DIRECT CONSTRUCTION COST 13,796,607 6,980,753 20,777,360
8. ENGINEERING SERVICES 2,077,740 0 2,077,740
9. ADMINISTRATIVE COST o 1,038,870 1,038,870
10. PHYSICAL CONTINGENCY 2,381,150 1,202,940 3,584,090
18,255,497 9,222,563, 27,478,060
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TABLE 8.1 LIST OF CONVERSION FACTORS

S mee W S S e v A A P S M N U MM N O R W ) L WA A R ERC T R A TR Al T AR G A S G e L A A D e G S R SR e e O R e -

Impbrts Exports Combined
'Trédeable goods
1. Petroleum (refined)  0.47 1.13 0,67
2. Petroleum {crude oil) 0.84 1.13 0.86
3. Construétion material '0.82 1.12' - 0.88
4. Investment goods 0.82 1.12 0.85
| an-tyadéable goods/.
service :
5. Construction . - 0.77
6. Governmeﬁt services - ' - - ' 0.88

v me - Tre e - G mot AT L A e WP A ey A e GO W D B B WD ek ek el oy kb ey e v O ORI T I W . KN S LG S SN e M SO L wER AIH W T A W AT

Source 1 - National Parameters for Project Appraisal
: Malaysian Data (EPU) 1977



TABLE 8.2  ECONOMIC CONSTRUGTION COST OF THE MUKOH

Unit:M$
| _ : - Ratio of
Work Item Financial cost Economic cost E/F (%)
1. Preparatory Works 1,895,500 1,384,970 - 73
2. Civil Works |
2.1 River diversion 467,930 350,960 75
2.2 Intake dam . 4,835,030 3,734,920 77
2.3 Penstock line _ 220,510 171,790 78 ¢
2.4 Powerhouse - 1,646,850 1,286,740 78
2.5 Tailrace : 522,540 404,290 77
2.6 Drainage channel 93,600 72,480 - 77
Total of 2 © 7,786,460 6,021,180 77
3.  Metal Works 3,248,200 2,871,630 88
4, Generating ' - :
- Equipment 5,429,000 5,297,050 98
5. Transmission Line
and Substation 2,348,200 2,234,000 95
6. Land Acquisition T 70,000 - -
Direct Cost 20,777,360 17,808,830 86
7. Engineering Service 2,077,740 2,077,740 100
8. Administration 1,038,870 831,100 80
9.  Physical i
Contigency 3,584,090 3,107,650 87
" Total cost 27,478,060 23,825,320 87



TABLE 8.3

INSTALLATION PROGRAMMES WITH THE MUKOH

e ek Ak S L e S e e S G A e M A A T e e A ey Sk Al iy e g e i g Y P R MR R D TR W YER W ey S e N MR R AR A AN R U YRR W e

Year

A -

b e e -

© ek R AR R G e U T R T T AL M A S YRGS S M Ry M S A Sk G W WL M T N A WAR A A L R MU TR A e MM Ay Ay 4 M A AR A S TE A W AR

v o P A D SR A T W e e VI Ol A i P e e A N S S L U AL ey S b i iy e A L S Ay ey s S e W T TEE TR D RA SN W TR T

1.50

0.50
0.50
0.50

0.50

2.32

2.32

0,50

0,50
0.50

2.32

- . . L ETM NS R S A S AT S MM AT A ML NN S G e e e S R e SR L R G S SR TE TR M S TP TS S S N S e CHF S M A Che e S



TABLE 8.4 CASH FLOW OF BENEFITS AND COSTS (1/2)

Benefit streams Costs treams
VEAY s me e o oo o ok e e b v e e e ————— - o o
Capital Puel - O&M Total Capltal ruei 0&M Total
1987 : 0.230 0.919 0,301 1,449 _ 0.230 -0.9193f0.301f 1.449
- 1988 0.689 0,994 0,304 1,987 0.689 0,994 0.304 1,987
1989 - D.306 1.069 .0.,315 1,690 0.306 1,069 0.315 1,690
1990 0.918 1.213 0.324  2.455 0.918 .1.213 0.324  2.455
1991 - 1.356 04365 1,721 = 1.356 0.365 1,721
1992 0.382 1,509 0,375 2,266 2,990 1,509 0.375 4.874
1993 1.148 1,670 0.385 3.202 12.839 1.670 0.385 14,893
1994 G.382 1.839 0.434 2,656 - 7.509 1.839 ND.434 9,782
1995 1.530 2.016 0,428 3.974 - 0.381 0.359 0,740
1996 1.148 2,291 0.463 3.901 - 0,483 0.373 0.856
1997 - 2.593 0,498 3,091 . ~ 0,603 0.384 0.987
1998 - 2.914 0,494  3.408 - 0,742 (0.,397 1.139
1999 1.147 3.253 0,506 4,906 1.147 0.898 0.410 2,456
2000 - 3.443 3.610 0.517 7.570 3.443 1.072 0,426 4,940
2001 0,382 3.779 0.552 4.713 - - 1205 0.437 1.642
2002 1.530- 3,948 0.564 6.042 0.382  1.348 0.451 2.181
2003 1,148 4,117 0,615 5.879 1,148 1.494 0.474 3,115
2004 - . 0,382 4,286 0,642 5.311 0,382 1.644 0,492 2.518
2005 1,530 4,455  0.654 6.639 1,148 1,797 0.512 3,456
2006 . 147148 74,646 0.675 6,469 0382 1.971 0.528 2,881
2007 0.382 4,858 0.729 5.970 1.148 2.165 0.553 3.866
2008 14530 5.071 0,744 7.345 0,382 2,361 0.57% 3,322
2009 1.492 65,283 0,759 7.189 1.148 2.558 0.583 4,288
2010 1377 5,495 0,813 6,308 ﬁ w 2,755 0.624 3,379
2011 1.033 5,495 0.813 7.341 - 2.755% 0,624 3.379
2012 . - 59495 0.813 6.308 - 2.755 00624 3.379 )
2013 - 5.495 0,813 6,308 _ - 2.755 0,624 3,379
2014 1.033 5,495 0.813 7.341 . 1,033 2.755 - 0.624 4.412

2015 3,098 5,495 0.813 9,406 1 3.098 2,755 0.624 6.478

- —— o . S T Sy A e A GO M e e W G e o W M W A e WD e A NS S L NS S L S A S S e Ga R g o vk e A e



TABLE

8.4 CASH FLOW OF BENEFITS AND COSTS

(2/2)

: Million M$

e A LA S AR e e et S S e b S AT O TR G A AR M A A S RS A A WS A3 T S RS S A KRS Ak v Wl A Sab e G e e b b e b G SR G A EA WA W s O T

——— e O A R LR A SA WA M S AR AR R W S W N A R

v SR T S M A S T W N S W S T I T e N e T VR b T TN S TER 'S YRS MrE e AOA M M A A G (e S AL el A S M G S T . -

2016 0.344
2017 1377
2018 1.033

2019 0.344

2020 1377
2021 - 1,033

12022 0.344

2023 1.377 .

2024 1.377
2025 1,377
2026 1,033
2027 -~ -

2029 1,033

2030 3,098

2031 0,344
2032 1.377
2033 1,033
2034 0,344
2035 © 1,033

streams
O&M Total
0,813 6,652
0.813 7.685
0.813  7.341
0.813 6.652
0.813 7,685
0.813 7,341
0.813 1 6,652
0.813  7.685
0.813 7.685
0.813 7.685
0.813 7.341
0.813 6.308
0.813 7.341
0,813 9.406
0.813 . 6.652
0,813 7,685
0.813 7.341
0.813 6,652
0.813 7.341
. 6.308

streams
Q&M Total

. 0.,624 3,379
0.624 3,724

- 0.624 4,412
. 0.624 3.724
0,624 4,412
0.624 3,724
0,624 4,412
0.624 4,412
0,624 3,379
0.624 3.379
‘0.624 3,379
0.624 3,379
0,624 4,412
0.624 6,478
0.624 3,379
0.624 3,724
‘0,624 3,724
0.624 4,412
c.624 3,379

vtk Y e S A Frk S A A A Y AP SR O L CER R T A G m A VEL SER M fEp S AN MER G MCN SN L D S M S S S R R M R M S TR A S e e ——



()
Q

_TSTSBQ [PNUUE UO S$39SSE PIXIF 39U 03 IWODUT 38U.JO 0I3vx 2y3 Aq pessaadxs ST YOu

HGOHumﬂowummv vmumeanwuﬁ, SNUTW S39SSe poxIy o3 7Tenba ST s3ass®  POXIJ aeN
: g uoT3eToIxdop pelEIIWNOOER Suslm GoflTIoazdeq ooy isjoN

1€ IvT €8T 9T LOT . TOT w8 v 69 19 (MR) puemap ywag
6 01 £ 8T [T ST 91 €T 9T TT ()  dox
T09°T w69 189 . 607 .S0C - €61 - wEL SZT  8IT  8IL  (GOT$W) siesse oy

€60 - €T I 11 00T 98 9. 99 8 05  (,0T$W)
. . uolaioeadaqg ooV

762'T 198~ GZ8 926  GOE 667 01 T6T 9T 89T (LOTSH) S29SS® Poxid

ST 69 1§ L€ ¢¢ €2 I 91T 6T ¥T  (4O0T$K) emoout 3o
0zz .26 80T €01 L6 68 | 6L S5 3¢ €€ (0T8W) ~ sosusdxy
20 82°0 08°0 62°0° 6270 62°0 62°0 €270 20 020 (WMU/SK)  3FTIEL
SLE- . T9T 6ST  OWI 2Z€T. ZIT 10T 14 LS Ly (o0T$H) anuaAsy

T7eT 695 . SES . LY SWw  €BE  WWE  G0€  GLT . €2T Aazuv sa1es £3xsug

6661 9861 5861 vB6T €86 7861 T86T 0861 6/6T 8L6T we31

mmm.m 3O areyx 23 puw u.m.ﬂm, 0.&9. UT 0DSIAS FO 9OURMIOIAO .mﬁ.m...v.._nﬁﬂ.m.m C°8 974quL

T3



002'5L9°T

002'6L9°C
00£‘8c9‘e
0zZ'H9w9‘T
0EE“LZ9°C
0E%°019°2
0%sE65°T
0%78°9/6°C
%L 6S6°T .
02T LE6°2
0L8°TTI5°2
09¢°6L%°T
070 EEY‘T
o%E ‘Z8E°T -
020°92£°2
000°%92°2
- 008°%0Z°2

$W:3TUq

069°177

069°122

069122
069122
069°122

-069°122

069°12¢
069122
069122
069°122

069°122

- 069°12¢

069°122

L 069°172

069127

069°122

069°1TCZ -
0LL°089°C
DOZT 99wy

09% 6152

0/€£'680°8

05826901

0LL°85%°T

yoNn 9yl FO AoTL Yse) TRTOUBUTS §°§ 9TqEL

9E02 0§

0102 2
6002 €2
8002 22
£00Z 12
900Z 07
$00Z 61
%00C 81
€007 L1
2007 91
1007 ST
000Z %1
6661 €1

8661 TT .
L66T 11

9661
66l
V66T
€661

1661
0661
6861
8861
L86T

ot
5
8
L
2661 9
<
b4
€
A
T

T-37



T . T T T . T T T e e e I T T I N A

T—38

09L°00£°S- 0E0 6ST-.00T'SL9°T  0£0°299°1 015 ‘9%6 - .069°12% 9107 S2
OEL°SHT'S- 0£0'SSI- 00Z°SL9°T 0£0°299°1 0TS 9%6 069°12Z S10Z %3
00L"066°Y~  0£0°GST- - 00Z°SL9°Z 0£0°299°1 0TS ‘546 069°12¢ %10 €2
0£9°6€8° %~ 0£0°SST- 00T°6L9°C 0E0°Z99°1 0TS '9%6 069°12Z £10Z 22
0y3°089°7- 0£0'SST- .00T°GL9°C 0£0°Z99°1 . 0TS'9%6 069°T2Z Z10T 12
0T9°Ces -  0E0°SST-- 00Z°649°T 0£0°299°T 0TS 9%6 069 ‘122 T10T 0T
08S°0Le°%- 0£0°SST- '00Z°SL9°CT 0€0°299°1 015°9v6 069°12Z 0T0T 61
0SS STT ¥~ 0E€6°TLI- 00€°8S9°T 0E0°799°1 015 976 069°12Z 600T 8T
- 0Z9°E¥0 'y~ 0TO°98T- 02Z°9%9°C 0£0°299°T 015976 069°T2¢ 800ZT L1
0T9°LS8'E- 005°C0Z- OFE'LZ9°T 0£0°%99°T 015 9%6 069°12Z £00Z 91
CIL'%S9 '€~ 008'61Z- - OEV0T9°Z 0£0°799°1 0TS 9%6 069°12C 900Z S1
0I6 %ER'E- 069°9€Z- OVS‘€65°Z 0£0°Z99°1 015°9%6 - 069°12T - §00Z %1
02Z°86T E- 06§°€ST- 0%9'9LS°T 0£0°799°1 015°'9%6 . 069127 %007 €1
0E9 ¥76°C- 06%°0LT-  OWL'6SSCT 0£0°799°1 015 ‘996 . 069°T2Z  €00T TT
Ov1%£9'Z- OT0'£67- 02T LES'T 0£0°799°1 015 996 - 069°T2T TOOT 1T
0ET T8€'2- 09€'8TE- ~0L8°TTS'T 0€0°299°T Q15 9Y6 069°T22  100Z OT
0LL°290°C- 04L6°%SE-" 09Z°GLv'T 0£0°799°1 0TS 976 -.069°1ZZ 000T 6
008°L0L°T~ 0TZ'L6E- OZO'EER‘T . 0£0°Z99°T 015 9v6 . 069°12Z 6661 8
065 0TE‘T- 00S'CLE .. OWE‘T8E‘T o9 1v8 015 9Mé 069°1TZ 8661 £
060°€89°T- 081°9T¢ . 0Z0°92€°¢ 095 ' 1¥8 016 9%6 o S 069°12T  L66T 9
0LZT°666°T- 06T°LL% ~ 000°%92°2 0%9 ‘1v8 08%°€ZL 069°TZT 9661 S
09%°9L%°2- 066°LT% . 008°%0Z°T 0n9' 1v8 Q8% €ZL  069°177 G661 %
0Sv ¥68°C- 07196 T~ 0%9 ‘ 1y8 08%7°€TL- . ¥66T €
0£€ 62 T- 20T TH0‘T-: -090°81S 096°¢€2S €661 T
01£°£8%-  0TE €82~ . 0sE‘86 096881 2661 1
qusukedsy 3s9x93UT jusmAeday 21S9I93UI RO
adueeyq |.|...|‘||.|....,....-|-u..||||| e Xeal ON
PaqETNENIOY soueTed SnuaADY ) ﬁo..nu.u.nom ﬁw.w x0g uoT2I0d huﬂwhuﬁo Te507

o e e e e e A e = s A = e = = e S = e e = e e = W i e e R & e e W e W e = = e e e e =

(.$W @ 3tun )

JUSWRIBAS TRIOUBUII ['g 9T9%lL



04£°998°9  08%°T6L
082‘VID'S 08% 1sL
QIv €8S  08Y°I6L
oE6‘TI6Y 'Y 089164
0SH00L'E  08%16L
- 046°806°C - 08%°16L
06v°LI1'e  08%1isL
0TO'9ZE'T 086w/
0cy ' 166 005°09L
- 0L0°60Z-  OT9EWL
089256 0TL'92L
" 06£°649°T- 0287604
QTZ 68E°C- 076°269
0£1°Z80°€- 0Z0'9L9
0ST‘8SL*'E- 006 ‘€59
Qe9“TIIY - 0ST'8Z9
008°6E0°6~ OWS'16%
OvETE9°6~ 0L  6%%
0v9°08T‘9- OTO6TIE'T
069 66 [~ - 069°T9Z°T
OwE‘Z9L°'8-  049°002°T
0T0‘€96 6~ L% TI¥T'T
08% ' %OT 1T- -01%°206 ‘€~
0L0°T09' L~ 09T %86 7~
0Tg8 L1992~ “ 018 L1992~
soueTeq

JUBWIIBIS TEIDUBUTY

002°6.9°2

002i6i9°2
- p0Z°649°T

00Z°549°2
002°649°2

002°6L9°2
002°629°C

00§ °869°2

0TT YT

QL€ 129°2
0E%°019°2

095 €65°2

0v9°9LS'e

oYL 655
02T L£6°T

0£8°115°2

- 09z°sLy'T
qordgiaied

Ore‘Z8E T

0Z0°97e T

000°%92°2
008'%v0T'C

arareasy

0£0°299°1
DEO 99T
0£0°299°T

0£0'299°1
0£0°299°1

0£0°299'T
0€0°299°T

0€0°299°1
0£0°299°1

0£0'299°T
0£0°299°T
0E0°299°T
0£0°'799° 1
0€0'299°T
0£0'299'1

- 0€0'299'1T

0£0°299'1

SQE0'T9%'T

09" 1%8
0%9'iv8

T O%9°1Ys

0%9 ‘Y8
0v9 ' 1%8
090°81§
0S¢ °86

8’8 °IQRL

0649°122
069°7122

069122

069°122
069°122

- 069°122

069°127
069°12C
069122
069122
069122

069122
069°122

069122
069°12¢
069°12¢

069°12T
-069°122

069°12Z
065°12T

069°122
069°122
0LL°099°T
L 0TT99% ‘Y
E _ 09%7'616°%

‘auemfeday as9xenuy

1509

9102
5102
%107
£10C
Z10Z
“ 1102
L 0T0Z
6002
8002
L007
900¢

6002

2002
. £00T
. 200¢
1002
00072
6661
8661
1661
9661
5661
76671
€661
"T661

_3ERR

A
e
£e
(44
iz

0Z

61
8T
L1
91
ST
Y1
€1
z1
11

- 01

e e K I R RN

T-39



	CHAPTER 4 POWER SUPPLY AND DEMAND
	4.4 Power Demand Forecast
	4.4.4 Power demand projection for Kapit area
	4.4.5 Results of examinations
	4.4.6 Comparison between previous and Present atudies

	4.5 Power Balance Study

	CHAPTER 5 PLAN FORMULATION
	5.1 Optimization Study
	5.1.1 Approach
	5.1.2 Conditions and input data for the planting-up study
	5.1.3 Development alternatives

	5.2 Optimum Development Plan and Installation Timing
	5.3 Sensitivity Tests

	CHAPTER 6 BASIC DESIGN
	6.1 General
	6.2 Design of Main Structures
	6.2.1 Site conditions
	6.2.2 Intake dam
	6.2.3 Penstock
	6.2.4 Power station

	6.3 Design of Metal Work
	6.3.1 Gate and trashrack
	6.3.2 Penstock

	6.4 Design of Generating Equipment
	6.4.1 Generating equipment and its auxiliaries
	6.4.2 Outdoor switchyard

	6.5 Transmission Line and Substation
	6.5.1 Transmission line
	6.5.2 Substation


	CHAPTER 7 CONSTRUCTION PLAN AND COST ESTIMATE
	7.1 Construction Plan and Schedule
	7.1.1 General
	7.1.2 Construction Schedule
	7.1.3 Construction Plan and method

	7.2 Cost Estimates
	7.2.1 Construction cost
	7.2.2 Annual disbursement of construction cost


	CHAPTER 8 PROJECT EVALUATION
	8.1 Economic Analysis
	8.1.1 Methodology of economic evaluation
	8.1.2 Conditions and assumption required for evaluation
	8.1.3 Benefit analysis
	8.1.4 Cost analysis
	8.1.5 Economic evaluation

	8.2 Financial Analysis
	8.2.1 Objective of financial analysis
	8.2.2 Conditions and assumptions for evaluation items
	8.2.3 Financial analysis


	CHAPTER 9 FURTHER INVESTIGATION AND STUDIES
	9.1 General
	9.2 Post-feasibility Study Investigation
	9.3 Detailed Design
	9.3.1 Objective
	9.3.2 Scope of work

	REFERENCES
	TABLES
	1.1 Installed Capacity, Generated Energy and Consumption of Electricity in Sarawak
	3.1 Result of Laboratory Tests (1/2)
	3.1 Result of Laboratory Tests (2/2)
	3.2 Places of Test Pitting and Sampling Mukoh
	3.3 Results of Environment Impact Assessment (1/2)
	3.3 Results of Environment Impact Assessment (2/2)
	4.1 Installed Capaicty in Sarawak
	4.2 Energy Generated in Sarawak
	4.3 Energy Sold in Sarawak
	4.4 Maximum Demand in Sarawak
	4.5 Number of Consumers in Sarawak
	4.6 Power Consumption by Category in Kapit
	4.7 Details of Power Consumption and Commercial Sectors in Kapit
	4.8 Annual Power Consumption per Consumer in Major Districts
	4.9 Calculation of Power Consumption for Kapit
	5.1 List of Existing, Under-construction and Power Plant in the Kapit System
	5.2 Construction and O&M Costs of Diesel Candidates
	5.3 Unit Prices for Major Works
	5.4 Economic Evaluation for Mukoh Project
	5.5 Cash Flow for Mukoh (1/2)
	5.5 Cash Flow for Mukoh (2/2)
	5.6 Cash Flow by All Diesel in the Kapit System (1/2)
	5.6 Cash Flow by All Diesel in the Kapit System (2/2)
	7.1 Construction Cost
	7.2 Detailed Construction Cost (1/3)
	7.2 Detailed Construction Cost (2/3)
	7.2 Detailed Construction Cost (3/3)
	7.3 Disbursement Schedule for Mukoh Project (1/3)
	7.3 Disbursement Schedule for Mukoh Project (2/3)
	7.3 Disbursement Schedule for Mukoh Project (3/3)
	8.1 List of Conversion Factors
	8.2 Economic Construction Cost of the Mukoh
	8.3 Installation Programmes with the Mukoh
	8.4 Cash Flow of Benefits and Costs (1/2)
	8.4 Cash Flow of Benefits and Costs (2/2)
	8.5 Financial Performance of SESCO in the Past and the year of 1996
	8.6 Financial Cash Flow of the Mukoh
	8.7 Financial Statement
	8.8 Financial Statement



