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Type of Power of
" Generation

Catchment Atea
Annual Inflow

Reservoir’

Power Production

Dam
Wéter Way
Spillway

Turbine
Generator
Transmission -

Construction Cost

Economic Analyses

General Description of Project

: Stdrage Type
{5,920 km®

: 2,800 x 10°n
: Normal Heigh Water Level;

6 3

Total Storage Capacity;

Effective Storage Capapity§

Available Drawdown; .

: Normal Effective Head;

Max. Tqrbiné Dischargej
INSTALLED CAPACITY;

ANNUAL . ENERGY PRODUCTION;SﬁSGWh

Center Core Typé‘Rockfill Daﬁ
- Hedight x Crest Lehgth;

Volume;

170m
444 x 106m3;.
261 x 1O6m3
de .
87.30m
21Sﬁ3lsec.
162M0

. 120m x 350m-
4,650 x 10°m°

: Headrace Tunnel Dia.x Length; 7.80m x 240m

Penstock Dia.x Length x Line; 7.80m x 186m x 1

Penstoék Dia.x Length x Line; 5.50m-4.40m x 112m x 2

: Design Flood;

DesignfDischarge;

Dissipator;

: Type;
Number of Units;

: Type;

Voltage x Distance;

: General Facilities;

Transmission & Otheérs;

Total Construgtion Cost:

: Cbst of Energy;

(at Primary Substation)
Benefit Cost Ration;
Annual Surpius Benefit;
I.R.R.;

Discount Rate;

6,200m3/5ec.
4,?70m3/éec.

Ski-jump type
Vertical-shaft Francis
‘2 .
Threeéphase, A,C.

Syncronous |

: Power Plant - SuBstation of Tak

230kv x 185kn

3977.8 x 10° B
6

1770.2 x 10° B
5,748 x 10° B
1.24 B/WWh
1.105

70 x 10° B
11.4'%

10 %






T

Gl

Qs

ogl

&Ll

o%E cog o6e o0z oGl .0.9 oS Deay socpng O
C0L [o]s) oo a0l
.OOm [ 00g 0.0N ole]i Kpode) sbouais  ©
!
v'0 S /
Z g0 ce
g L0 e
N £0 C& !
Bl z s6 ,.\
0Z S co1 l
82 31 S01 fl
LT Sl ot __w
iy 22 Sl : ) h_\
eg SZ ozl W 01X ppp| - 8DDLGIS [DIOL i !
T2 iz getl . %
98 | et OE]
0 i 8% SEI ] r
szl X Ov! \
161 CE] St IS OTX 192 SboI0IE SAT19977g \
¥8 v 0% 1 nEm. /]
522 [ 06 sc! \ /
612 g2l 091 Ly
TSE Zg1 CER 7 \..
vvy | 202 0Ll : 3 = /
550 e R WQOBzZ] @A JUBWIRES palowHS TN
T 02 TEE GEX , P71 L
| KO | (gnioery | e SR A
. AT A
, \ 7o
A
- \ - \\
\\ \\.\\ . .
ZTWUGOCGl T T2
\\1 -~ ui ) ’ W w
- —— [ =
el Wm
| et \\ll\ (=
el i
: | et e . B=
e P el ) : = ¥3
] - WO oLl TMHN 2
|.!|\.__-.|..||...|\|l.._ll.\\|.
. e gy it
‘”1“;\1“!1141

aaing  Apoedon abousojg  puo

DALY J10ALBSBY

uvoijoas |3

{ur)






CONCLUSION AND RECEOMMENDATIONS

The economic growth in Thailand is so'remarkable that power
demand likely becomes 6, 200MW, 36,900GWh by 1991, amountlng to over
double of the present and. also seems to continue growing at an annu-

al rate of over 6% after 1991.

On the other hand, assurance of oil substitute resources is
very important for stable development of the Thai economy , and
development of economical hydro power generation projects 1s, thus,

considered significant.

The Nam Mae Yuam river'is-e'tributary of the Salween river in
~the north~western part of Thailand, having catchment area as wide
as 6,000 square kilometers where the rainfall is relatively heavy,
The_elea councerned in this project is located 170km south-west of

Chiang Mai, near the Burmese border.

It is concluded that the project is dptimum in'stOrage type
with 1nstalled capacrty 162Mw and anuual generated energy 565GWh.
The generated power to’ be transmitted Lo Tak 185km away, on a

230kV power line is sultable to meet the demand in Bangkok area.

The estimated construction expenditure is 5,748 x 106 Baht,
prOject eédnomy being fullylassured. On technical matters too,
there'ere no gpecially hard problems. It is desirable that the

project will be implemented as early as possible in 1990's.






Thé geology around structures including the dam is Mesozoic
shale, which 18 solid and favorable for construction, bearing no
problems. In the reservolr area, calcarious rocks are dlstrlbuted
to some extent, but there is almost no fear of water leakage, judging
from the result of lovestigation widely performed in the area payling
much atfention to the watertightness of the area. It is noted,
however, that treatmeunt of calcarious rocks in the left bank right
upstream of the dam should be careful, for which, in this study;
watertightening treatment has been considered to some extent, thus
the necessary cost was involved in the total cost, Detail investi-
gation thereef lias to be pursued as soon as possible by the time of

definite design.

As a result of sampling and testing, the core material satis—
factory in quality could be found in general around'the area.
However, it would be hard to collect Full amount thereof at the
tested area.only. Therefore it is necessary to perform further investi-
gation faking-close area'also into .account. Use of incidéntal ma-
terials obtained in LOllECtlng rock materlals is very appropriate
Wlth plllng and mex1ng Thus, lnvestlgatlon on rock materlals in
quarry - sites, which is also needed in preparation of quarrying

schedule, is deslred to be proceeded as early as possible.

It is extremely important fdr project development and should
be pursued as soon as possible to investigate the present state of
environmental aspect of the area including resettlement of houses
to be inundated by the reservoir, and upon considering the effect,

necessary measures must be taken.

Technical investigation works necesséry for further definite

study are as shown helow.

(Geology) _

To pursue a further detailed designing for.Damsite A and main
structure Sités; the additibnal geological survey shown in Table 2-2
and Fig. 2-4 is considered necessary. The number of additional
investigation works is as follows: .

Drillings 8 holes 800 m






{Construction Material)

' Based on results of surveys and tests conducted so far, the

following investigations are concelved necessary for implemenﬁing

further detailled deéign:

1) Impervious core materials

2)

Since the rough figure of the presently—eStimated_.'

'available amount'does_not likely meet the whole quantity

of_impérvious core matérials,ienlargement of investigation
areas is required. The additioﬁal'inveStigation is sup-
posed to be impremented in borrow areas A and B surveyed
this time and in borrow area D (located about 2:3km
downstream of Lhe damsite; on the left bank of the Huai
Mae_Lama.Luang river; the branch of the Nam Nae Yuam river)
which has been newly Selected through the field investi-
gation, and test pits are planned in these areas, which
are located as indicated in Figs. 4-1 and 4-2. The

sampling quantity is as follows:

Digging Depth

Inyeiiiiatlon Digging Depth Pit Number in Total
Area A . R 2 " 10m
Area B Sm 7 35m .
Area D ' Sm 12 : 60m

Rock and filter materials
As for the rock and filter materials, no tests have
been cbnducted_so far. 1Investigations necessary for further

study are considered as follows:

First, test boring should be performed in thg area

to be investigated and the boring core obtaiﬁed'should be

examined. When they will reveal the area good for quarry
site, test adits should be provided so as to collect samples

and to conduct various tests,






The number of test boring and test adit is as follows:

Test borings ; eight holes (The location is shown
_ in Fig., 4-1.)
Test adits ; four adits (The datail is determined

from the results of test borings.)
3) Concrete aggregates

(Construétion Planﬁing)

1) Topographical mapping

For the layout of roads for construction, a topogréphical
mdp in a scale of 1: 2000 or of 1:5000 is necessary.
Preferably, the mapplng is to be made along the Route 2 by

interpretation of aerial photograph.

2) Geological investigation

Along the planned route, geological investigation by
reconnalssance is necessary. Also, 1nvest1gat10n, preferably
by borlng, ls necessary where construction of long spaned

bridges are planned.

At 1ast,'it had been required in this feasibility study'that this

Yuam project should be compared Witﬁ Pai No.6 or Chaem No.5 project.
These two projects -are still in a master plan stage and the investiga-
. tion on environmental impact which is 51gn1f1cant factor in develop—
ments has not yet been performed Therefore, proper comparison in the
priority would be difficult. But, Comparing them simply in the
‘technical and economic terms, Pai No.6 project is judged superior

to Yuam project; and is concieved favorable to develop the Pai No.6
project first and then, with time lag of two or three .years, to develop
the Yuam progect. On the other hand, Chaem No.5 prOJect is con51dered
rather difficult to be developed, judging from the economy of near

future.
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CHAPTER 5. PLANNING OF DEVELOPMENT

5.3 Choice of bevéiopment Plan

Damsites A and C can be considered as a planned site élong
the main course of the Yuam river.. The optimum plan, for A, C
or thesg combinatibn, can be determined through study of dam
height, effective storage, output level, generating type and
developmént time, Furthermore, comparison with Pai No.6 and

Chaem No,5 Plans is requifed in terms of precedence.

The'optimum plan should be based on the pfinciple to mini-
mize the total cost-of tﬁe system in forecasting the future
demand and'supply. This plan is, in other words, such that
the saving amount due to the said plan, i.e., the resulting
amount in subfracting the cost of the said plan from the cost

of alternative supply plan becomes the largest.

Thié study should. cover over the life of facilities at the
site in question and also should be adaptable for fhe estimated
demand and supply volume. However, since all possible reviewing
on all thinkaﬁle cbmparison schemes makes the calculation
complex in vain, some are disregarded experientially to the
extent that no large error arises, and 1ts accuracy is to be

increased stage by stage.

A thermal power plant is veasonably the alternative power
supply source, of which the cost is due saved by an electric
power project in question, in such nations as Thailand wheré
a large part of power system relies on thermal power plants.
0f course, there are various kinds of thermal power plaﬁts,
but the one with imported coal was empioyed here, Howeﬁer,
with this supply sourcé alone, load fluctuation such as peaking
is not met, so that it is required that a gas turbine thermal
power sustains about 14% of the peak demand. General Description
of the employed gas turbine and.imported—coal thermal power

plant are given in Table 5-2.



Fig.9-2 EGAT Power Development Plan
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Table 5-1

Comparison of Project Features
and Presently Proposed Schemes

between Previous

Unit Previeus . Presently
{(1976) Proposed
H.W.L m 170 170
Total Storage Capacity 106m3 4?0 444
Avilable Drowdown m - 30 20
Effect, Storage Capacity 105m3 375 261
Max. Discharge w3/s 160 215
Normal Effect. Head m 88 §7.3
Installed Capacity Mu 120 162
Annual. Energy GWh 578 565
Table 5-3 Cased examined in the Study
msite
NLH.W.LL A ¢
() 1757170 | 165} 155 | 119 [ 180 | 175| 170 | 155
L
o (105m3)
e .
M Eff. Storage 319 O] 0O O
o | - ditto - 290 O |1C]0O O
k -~ ditto - 261 OO0 | 0O O
@ | - ditto - 22 | O} O} O 010
P
% (m3/s)
t Max. Disc. 88 O O O O O
@ | - ditto - 106 O | O Q1010
9. | - ditto - 123 o410 Oj]0 10
S8} - ditto - 140 O ) O]0
“Note: "*" indicates combination of damsite A, N.H.W.L. 119 m,
and damsite C

13-




Table 5-2

Scale of Development

Benefit and Cost Rate for Studying Optimum

Interest Rate: 10%
1982 price level

Gas Turbine

Coal-fired Thermal

Construction Cost

B/kW 6,200 19,300
Fuel Price at Plant (%) | 8.17 (B/1) 70 (USS/t)
Annual Cost Rate (%) 14.0 14.0
| station Service Power Use (%) 6.0 6.0
Ther
-mal } Forced Outage Rate (%) 4,0 4,0
Overhaul Rate (%) 12,0 -
Unit kW benefit (P/ kM) 1,100 3,000
Unit kWh benefit (B/kWh) 3.21 0.68
Annual Cost Rate of Hydro (%) 11.6
Annual Cost Rate of (%) 11.7
Transmission Line
Hydro .
Annual Plant Factor of (%) 97.0
Hydro
4.8

Transmission line Loss Rate (%)
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Fig. 5-7 B-C. U
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Table 5-6 Comparison on Capacities of the Project

Site A, H.W.L. 170 m,
Effective Storage 261 x 100m3
MW 162 137 103
m3/s 215 182 137
Dépendable Capacity MW 128 107 - 80
Equivalent Peak Duration hr 5.04 6.0 8.0
Time
Annual Energy GWh 565 541 .483
Construction Cost 1068 5,787 5,492 5,160
Annual Cost 1068 672 - 638 600
Unit Price B/kWh 1,29 1.27 : 1.32

Digcount Rate'IO%; Not consideréd implementation time. Considered
pattern of demand only and not considered magnitude thereof.

Annually Equalized 106B/Y 44 7 8 i)
Surplus Benefit

Benefit Cost Ratio 1.07 1.01 0.90

Discount Rate 10%Z, Demand Growth Rate 6%/Y, Implementation Time 1991 Yr.

Annuaily Equalized 1068/ 40 | 10 -59
Surplus Benefit

Benefit Cost Ratio | 1.06 1.02 0,90

Diséount Rategloz;'Deménd'Growth Rate 3%/Y, Implementation Time 1991Y¥r.

Aonually Equalized | 106B/Y " 31 4 -60
‘Surplus Benefit 1 '

Benefit Cost Ratio - . | 1,05 1.01 0.90

-17— .
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Table 5- 7 Monthly  Inflow

(Unit : md/s )

Month

Year Jan.  fFeb. 'Mar_'. Apr. May Jun. Jul. Aug Sep. Oct. Nov. Dec. | Annuagt

SRR S -

70 | 489 352 256 251 S0 704 147.6 2513 267 1483 785 567 | 1008
71 | 363 260 203 150 303 854 3200 3658 2727 1445 77.3 488 218
e 337 245 195 195 175 370 2005 3[58 1984 1308 970 613 | 9.8
73 | 407 270 223 | 163 322 652 1355 2690 2940 832 soe _ 563 1031
7a 1359 255 174 165 316 734 1208 2314 |78 1i80 Ba6 421 | 824
% | 305 261 217 155 254 726 1431 2086 2795|1860 874 51| 967
76 | 366 267 190 142 272 518 1174 2249 1918 157.5 844 492 83,7
77 | 536 252 187 7.9 204 298 722 1734 2955 N7 737 asz2| 788

78 | 320 239 161 119 223 237 1359 2483 2147|1433 599 353 | 8l.2

79 |253 195 135 123 193 236 596 2451.1183!1100 480 287| €07

80 183 135 111 92 334 525 963 1462 3329.1884 B840 535 866

Av. 365 248 187 158 281 53.2 1425 2436 2402 1480 786 480 90.2

Table 5~ 8  Monthly Available Discharge
' ' (Unit 1 m3/s )

Month

Year Jan. © Feb. Mar @ Apr Moy Jun. Jul. Aug. Sep. Oct.  Nov. Dec. | Annual,

.

70 | 489 a2 31.8° 305 555 764 1831 1764 1920 .1444 785 567 | 934
71 363 324 ) _3()"0? 0.0 30.0° BAT (930 201.0 1904 1328 773 488 __9|,0::
72 | 338 310 300 300 300 300 1822 1995 1838 1308 959 613 86.8
73 | 40.7- 330 300 300 300 702 1739 1825 2003 1642 898 563 o2
74 | 359 320 300 300 300 726 166.5 1640 1759 1169 846 421 | 822
75 | 396 319 304 2.0/ 300 687 1818 1606 1967 1657 87.4 5.1 | 898
76 '_’-'_3&.751 329 300 300 300 " 456 1561 187.5 I589 1502 844 49.2| 829
77 536 "3'4'_74 36.@_ 300 300 300 974 1758 1761 1175 737 452 | 745
'.:78 ,'3:'4_5._ "30:.6 .é_:o.o 300300 30,0 151.2 1762 1939 1395 595 353| 788

179.1|°300:300° 300 300 300 300 652 I701 1494 974 300 311 | 605

‘80 | 300,300 300 300300 300 1205 1298 1884 1757 840 535| 779

avi | .3B2 32377302 301 323 517 152.1. 1749 1823 1396 769 482 | 827

—~19—



Table -9 'Monthiy Enérgy

| (Unit : GWh)
Month ' ’ ; : ) =
Year I_Jdn‘ Feb. © Mar. :Ap_r. . May ~Jun. Jdul. " Aug. _ Sep. QOct, Nov. Dec Annua!M
70 | 294 223 189 179 323 427 989 972 L5 866 456 20| 6373
71 (218 175 178 168 171 473 :_iz,é_rieo_s 05 796 449 293 | 6358
72 | 203 173 177 189 171 165 1001 1195 (067 783 557 368 6030
73 {244 178 178 169 175 30.2° 934  99.0 162 985 522 338 | 6266
14 | 205 173 17.7 168 ' 171 . 405 906 938 (021 700 491 253 | 5618
75 | 238 172 180 169 172384 986 Br2 135 994 508 107 | 6116
76 | 220 184 177, 168 17.1° 254 846 (028 09 00 490 295 | 564.3
17| 322 170 i r’s.é';.l?.o 16.4 518 943 1000 70.1 428 272 | 5034
78 | 207 162 ] 177 167 168 160 812 1004 1126 837 348 21.2 | 537.8
75 .| 180} 16, 17.4, 164 | 164155 343952 852 558 173 18.7] 406.2
80 | 178163 169|157 154 156 644 691 1083 1055 488 321 | 5257
Av. 229176 178 168 183 285 827 981 I052 834 446 290 | 564.9
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Table 5-10 Gomparisoﬁ among Yuam, Pai No.6 and

Chaem No.5
Yuam Pai No.6 Chaen No.gj

H.W.Lo170 m | H.W.L.400 m | HoW.L.430 m

Effective Effective Effective

Storage - | Storage Storage :

261 x 10%m3 | 571 x 10%w3 | 500 x 106m3 |

Installed Ingtalled Installed

Cap, 162 MW | Cap. 291 MW | Cap. 92 MW
Dependable Capacity MW 128 273 80
Equivalent Peak Duration’ hr. 5.04 6,88 7.10
Time
Annuwal Energy GWh 565 620 258
Construction Cost 1068 5,748 8,897 5,971
Annual Cost 1068 672 1,032 692
Unit Price B/kWh 1.29 1.77 2,82

Discount Rate 10%, Not considered implementatiop time. Considered
pattern of demand only and not considered magnitude thereof.

Aﬁnually_Equalized
Surplus Benefit

Benefit Cost Ratio

10687y

44

1.07

155 -298

0.58

Discount Rate 10%,

I

Demand Growth Rate 62/Y,_Implementation Time 1991 Yr.

Annually Equalized 106B/Y 40 134

Surplus Benefit

Benefit Cost Ratio 1.06 1.13

Discount Rate 10%, Demand Growth Rate 3%/Y, Implementation Time 1991 Yr.
Annually Equalized 106B/Y 31 87

Surplus Benefit '

Benefit Cost Ratio 1.05 1.08




CHAPTER 6. PRELIMINARY DESIGN

6.1 Major Structures

(1) Diversion tunnel _ ,
Design flood | l,300m3/sec
' (ZO_year return period}
Type : ' Pressure tuﬁnel horse-shoe type
Number of tunnels 2
Innér diameter 9.00m _
Length - ' No. 1 730m
| - No. 2  840m

(ii) quferdam (Upstream cofferdam)
Type- Roékfill.dam with center core
Crest elevation 95.00m
Crest width 10.00m
Crest length  290.00m

(iii) Dam
TYpé Rock fill dam with center core

Crest elevation . 176.00m

Crest length 350.00m
Crest width 10.00m
Dam_volume 4,650,000m"
Normal high water -
level . 170.00m

Max. water level  170.90m

(iv) ,$§illway _ .
" Design flobd: - 6,200m3/sec (P.M.F)
Design discharge 4,770m3/SEC

-GféétugleVapion 158.00m _
Crest lqhﬁth_” ' 60.00m. (including pier width)
x:'DiSSiﬁétpf_ © 0 'ski jump type o '



(v} 'quer.intake

Number of intakes 1
_Max.'inflow 215m3/3ec

$411 elevation 130.00m

(vi)r Power tunnel and penstock

Number of tunnels

and penstocks 1 -2
Max. discharge 215m3/sec
Inner diameter _ 7.80m (power tunnel)
7.80 = 5.50 - 4.40m
_ {(penstock)
Total length 538,00m

(vii). Surge tank

Type : : Differential surge tank

{(viii) Powerhouse
Type _ Semi-outdoor Type
Tﬁrbine tfpe © Vertical Shaft Francis
Elevation of

turbine center ) 69.00m

6.2 Electricai Equipment

(i) Power plant output 162 ,000kW

(ii) Turbine
Type : _ Vertical-shaft Francis turbine
Number of units: 2 '

Normal effective

head 87.3m
Max. discharge 107.5m? /sec
Output 82.800kW

Revolving speed 188rpm



(114)

(iv)

(v)

Generator

Type

Number of'qnits
Capacity

Frequency:

Main transformer
Type

Number of units
Capacity
Voltage

Switchyard equipment
Type . '
Bus connection

Number of circuits
connected

Three-phase, AC, synchronouse
generator

2 .
90,000kVA (power factor: 0.9 lagging)
50Hz

Three-phase, outdoor, oil-immersed
2 . .

90,000kVA

230/13.8kV

Qutdoor conventional type

Double~bus system

2 (230kV)
1 {69kV)

Y I
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Fig.7 -1 Electric Power System of Main Part of Thailand in 1990
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CHAPTER 8. CONSTRUCTION PLANNTNG AND COST ESTIMATION

8.1 Construction Planning

Fig. 8-1 shows the construction schedule of this project. This
was made, taking into consideration the construction scale, its
methods, locations of structures, weather conditions, ete.. It
takes 5 years and a half (5.5 yr) in total for construction, i.e.,
from the starting of construction to that of operation of power
plante. The condition for carrying this schedule out is that making
roads for construction and arranging camping facilities should be

completed beforehand.

The following is the outline of the construction as well as
about roads for comstruction. As shown in Fig. 1-2 "Location Map
of the Project", two alternmative routes for construction road are

planned.

Alternative Route 1 crosses Yuam river to the right bank at
around Ban Mae Khatuan (2.1km in length), and then from Ban Mae
Khatuan to Ban Tha Rua, the existing road which has been constructed
by the Department Mineral Resources (24.5km in length) can be used
after improving the present road condition. Further new construction
road (19.3km in length) has to be constructed along the right bank
up to the projected sites. This route takes 45,.9km in total length,

Alternative Route 2 crosses the Yuam river at the junction with
the Ngao river, and then goes to Ban Tha Rua through the road to be
bullt newly along the right side of the Yuam river (11.lkm in length),
‘and takes the same route as Route 1 to the site. This route takes

30.4km in total length.

Comparing these two routes, Route 2 has been judged approprlate.
Although Route 1- advantageously has shorter dlstance of newly con—
structed road, the ex1st1ng portlon of the route is poor in its

‘alignment and longltudlnal gradient which’ should be 1mproved for

—34-



heavy equiﬁment and thus requires large amount of improvement cost
rendering the total cost thereof higher than of Route 2. In additiom,
Route 1 passing over a mountain of 800m in elevation would have diffi-
culties in maintenance and repair during the project's construction
period. The road in Route 2 should be completed before the com-

mencement of the main construction works.

Diversion tunnel construction works start at the beginning of
the dry season of the first year, and is to be completed by the
beginning of the dry season of the second year. At this point, the
river flow is to be diverted into the diversion tunnel. The exca-
vation of the dam fbundation is to be started from the upper parf,
and after tupning the river flow into diversion tunnel, excavation
works of the river bed is to be started. The embankment work of
the dam starts'from.the upstream cofferdam, and successively moves
to the main body of the dam. Three years and a-half (3.5 yr) are
estimated for the dam_embankment work, and ;his work is to be com-
pleted by the beginning of the dry season of the fifth year.

During this'period, foundation treatment of the dam and construction

of spillway are going on in parallel,

_ For rock material, quarry of calcareous sandstone is considered,
which found on the left bank of the river, about lkm upstream from the
damsite. Also, the excavated rock from spillway construction and
other construction's should be fully used. As for filter material
and -concrete aggregate, there is no natural ones nearby, and so they
should be made artificially. Core material is full in talus deposit
of weathered shale, and in soil on the surface of spillway; and . in

the quarry
Immediately after the dam is completed, the installation of the

outlet works are to be started and are to be completed by the end of

the dry season of the sixth year.

As for the f£illing reservoir, the average discharge at Ban Tha

Rua Gauging station indicdtes that, the filling reservoir is started

,,35_



from April, thus the reservoir surface level will be able to reach
up to the NHWL by the middle of July. Construction works for intake,
" headrace, surge tank, penstock, etc. are started from the second year
respectively, and are to be carried out in parallei. As for the con-
struction of power station, after the installation of the overhead
crane, as the construction progresses, the installation works of
turbine and generator are to be started and to be completed within
about one year and a half (1.5 yr). After the various test for the
commencement of operation which are to be performed while reservoir
filling, the operatioﬁ of power plants could be in service in the

middle of July of the last year (6th yr.).

It is planned that the construction of power transmission lines
and switchyard are to be carried out during the installation of
turbine and generator and to be completed at the same time as turbine

and generators are completed.

8.2 Construction Cost and Financial Program

Construction cost of this project is estimated refering to the
labor wages, unit prices of construction materials, unit construction
cost of the similar projects, etc., as of December 1982 price level
in Thailand. Among labor wages, material costs, machinery costs, etc.,
those which can be proﬁided in Thailand are estimated in local cur-

rency, and the others are estimated in foreign currency.

Yearly financial program is figured 6ut_over the whole construec~
tion period, assuming the actual amount of payment in each year being
calculated oﬁ_the basis of construction schedule,‘and procedure of
payment familiar in Thailand being taken into consideration. These
considerations were also taken in the case of hydraulic equipment,

electfical equipment etc.. These are on Table 8-] and 8-2.

a6
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Fig. 8-1 Co_ns?ru_CTio'n Schedule of Nam Yuam ~ Project
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Table 8-1

Construction Cost

Unit: 10° Baht

_ Currency
Item Total . :
Foreign Local
Preparation Works 610.0 98.6 511.4
Camp, Road, Compensation
Clearing, Contingency
Civil Works |
' Diversion & Care of River 261.0 58.9 202.1
Dam 893.,0 467. 7 425.3
Spillway 519.0 81.0 438.0
Outlet Works 41.0 5.9 35.1
Intake ' 25.0 2.7. 22.3
Head-race 49.0 10.0 39.0
Surge Tank 32.0 2.8 29.2 .
Penstock 9.0 13..0 56 +0
Power Station 213.0 20.9 192.1
Tatl-race 31.7 5.2 26.5
Miscellaneous | 93.8 35.5 H8.3
Contingency 922.5 70.4 152.1
Sub-total 2,450, 0 774, 0 1,676.0
Hydfaulic Equipment
Diversion Gate 9.8 0.5 9.3
 spillway Gate 43.8 34.2 9.6
Tntake Gate 25,4 21.6 3.8
' Tail-race Gate 8.0 6.8 1.2
Outlet Valve 19.5 6.6 2.9.
Penstock 90.0 67.5 22.5
-Surge Tank 66:0 49.5 16.5 -
Contingency 26.5. 19.3 7.2
Sub-total 289.0 216.0 73.0
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. : Currency
Item . |- Total - '
Foreign |. Local

Electrical Equipment 628.8 534.5 | 04.3
Telecommunication & 606.6 | ° 424.6 |  182.0
Transmission Line '
Engineering Fee _ 137.6 82.6 55.0

Total o L o4,722.0 | 2,130.3 2,591.7
Interest during Construction N 1,026.0 - 1,026. 0
Total Project Cost -~ 5,748.0 .| 2,130.3 | 3,617.7




Table 8-2 Financial Program

Unit: 10° Baht

Ye:u _E‘f}_tal _ Foreign ' ”L.t)cal n Remark
ist Yr 8712 166.5 704. 7
2nd Yr 588.0 124. 3 - 473.7
3vd vr _1,-132‘._9 | sene  771.0
4th yf_ i,832.1 | 2.1 1,090.0
5th Yr 1_:,'127.5 614.9 512.6
Gth.Yr  186.3 1206 | 65.7
Total 5,748.0 | 2,130.3 3,617.7
(92.62
million $)

These amount are based on the price level as of December, 1982,

1US$ = 23 Baht
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CHAPTER 10. EGCONOMIC EVALUATION

10.1 Method for Economic Evaluation

Generally, economic evaluation of hydro power project is done
in the form of comparison in eost.betweQﬁ hydro power and altérna4
tive thermal power with tﬁe capacity of the same_ievél. ‘In this
case, the electricity generation cost of thermal power is_regarded

as a benefit of hydro power project.

In economic evaluat]on of this project, electricity generatlon'
cost and. beneflt by alternative thermal power is compared by dis-
counted cash flow_method, and also sensitivity analysis is done as
to how the changeé.of fuel price and discount rate affects the

economy of this project.

Since the Nam Yuam power plant is of hydroelectrlc coping with -
peak load, the alternative thermal is to be combination of gas
turbine and steam thetmal which are for peak and base léad, re-
spectively, Table 10-1 and 10-2 indicates outline of the projects
considered in the ecohomic'evaluation and basic criteria for the

study.

10.2 Cost for the Project

Economic analysis has been performed for. the period of fleYH
seven years, and the total cost for operation & maintenance and
investment for'equlpment is taken as the annual cost of the project.
The cost is converted into preseﬁt value, aﬁd iﬁé total for'the
fiffy—séven years is taken as the cost for the'project. ‘Qperation
& maintenance cost is calculated by the following ratio against
construction cost

_ Operation & maintenance
Equipment _ cost rate

Dam and Reservoir
Power Station . ) 1.5%

Transmission Line



10.3 Benefit of Project
1) Alternative thermal §0wef
The followings are the outline of features of

alternative thermal power chosen as the criteria for

economic evaluation of this project.

(i) The utility rate of plants of thermal power and
gas turbine is as follows.
thermal power : 70%

gas turbine 1%

(i1) The scale of alternative plahts is taken as having
' the same capacity as this projeét. {refer to Table
10-5)

(iii) Construction cost is computed on the basis of the
construction unit price of the present thermal

power plants in Thailand.

For the reasons below, the combination of alternative

thermal power was decided as follows.

Case A. Gas turbine using diesel oil and thermal power
using imported coal.

Case B, (as turbine and thérmal power using natural gas.

a).Lignite,-as fuel, costs least, but is not very

_. _fiéh reéoﬁréés, |

'b) 0il price had kept rising since 1973, and fell
in 1983, but it still keeps a high level, and
its'éupply is_unéﬁaﬁle. _

‘¢) Imported coal costs the next least to 1ignite,
‘and 1is rich”resqurces and is available over the
ﬁorld.' Cbnééquently, its supply is expected to
beistable; '
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d) Watural gas in Siam Bay has been utilized since
September 1981, So far there is no plan to apply
it for new thermal power, but it is widely appli-

cable as substitute for imported oil.

Yearly operation & maintenance cost rate of the alterna—

tive thermal'power goes as follows.

Coal Thermal.Power : v 3%
Natural Gas Thermal Power ": 2.5%

Gas Turbine r 3%

.2) Fuel cost

Crude oil price, which had been rising since the autumn
of 1973, fell by about 15% (FOB price) in 1983, due to
miscontrol of prqduct-and-depression in demand. This also
influences coal price. At any rate, this study uses fuel
price as of 1982:(refer to Table 10-3). As for coal price,
taking into coﬁsideration the conditions of coal in Austraiia
and Soﬁth'Africa, its price is predicted as 70 US$/t in CIF
price (45 USS/t in FOB price, 25 USE/t as charge for shipping

and staying, insurance etc,),

Fuel price still fluctuates, and so the sengitivity

analysis of the project is done as well.

10.4 Economic Evaluation

The result of economic evaluation by cash flow is shown in
Table 10-6 to 11, and the Nam Yuam project has enough econcmy for

any combination of alternative thermal power,
Also as the result of sensitivity analysis in Fig. 10-1 to 8

shows it can keep 1ts economy regardless of some. changes in discount

rate, fuel price, etc..
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Also, if coal price (FOB) would be reduced'by the séme rate:as
OPEC'Standard Crude 0il Price being veduced in March 1983 (34 USS$/
Ballel to 29 US$/Ballel), coal price will be about 63.4 USS/t in
CIF price (which corresponds to the reduction by about 9.5%). At

any rate, even in this case, it retains enough economy.

10.5 Financial Evaluation

According to the EGAT Annual Repért 1982, cost of.energy at a
power station is calculated.to be 0.8% B/kWh.. This is an average cost
based pﬁ whole energy demand which is characterized by an annual load
factor of 67% and a ldad'féétor on a heavy'load_daj éf 73.7%. Then,
in caée that all thé'ﬁew démand will be met by newly constructed thermal
power plants'and:that the thermal poWer.plants will be operated by an
average plant factor of 70%, the cost of energy is.to be 1.27 B/kWh.

On the other hand, cost of ehergy of the alternative thermal power
plant for the Naﬁ Yuam Project is 1.33 B/kWh which has been collected
by appropriate_féctors. Therefore, power tariff of the Nam Yuam Project

is derived as follows, on the basis of the present cost of energy.

1.33
1.27

0.89 x = 0.93 B/kWh
- The resultant cash flow is shown in Table 10-13. Despite of the
slight escalation rate, i.e. 3%, for the power tariff as well as for the
qonétructioh cost and operation & maintenance cost, the investment of the
Nam Yuam Project gives Financial Internal Rate of Return (FIRR) of about

'10% for the entire service life,



Table 10-2 Basic Criteria for Economic Study

Method of Analysis : Discounted Cash Flow Method
Study beriod = : 57 years (1982 - 2038)

Discount Rate = : 10%

Escalation

Case |
0 & H'Cosf | i not considered
Fuel Cost ¢ not considered
Replaéement Cost i mnot considered

Shadow Price Factor
Foreign Currency
Local_Currency‘for Hydro
Loeal Currenéy for:Thermal

Fuel Price

Service Life of Faéilities
Dam & ReserQoir
Hydro'Power Plant
Thermal Power Plant
Gas.Turbine Power Plant

Trausmission Line

Conversion Rate of Currency

Case 2 Case 3

not considered not considered
3% 3%

not considered 5%

110%
85%
95%

100%

50 years

25 years

25 years

20 years

40 YEars

Us$1.00 = ¥23.0




Table 10-3 Fuel Cost of Altérnative Thermal Power Plants

Fiel calorie

Annual thermal
‘efficiency

Requiféd calorie
Fuel consumption
rate

Fuel price (FOB)
Fuel price {(GIF)
Fuel price at plant

Fuel cost of power
generation

Steam Turhine

Iﬁported Coal

6,300
(kcal/kg)

'36% x 0.96
2,488
{(kcal /kWh)

0.395
(kg /kih)

45 (US$/t)
70 (USS/t)

0.07
(USS$/kg)

0.636
(B/kWh)"

Nutural gas

. 8.000 .
(kcal/mB)

37% x 0.96
2,421
(kcal/kWh)

0.303
(m3/kWh)

2.79
(B/m3)

0.845
(B/kWh)

Gas Turbine

Diesel oil
' 10,800
(kcal/kg)
(9,300
kcal[kl)

25%
3,440
(kcal/klh)

0.37.
(1/k¥h)

6.70
(B/ %)

3.02
(B/kuWh)

Natural pas

8,000
(kcal/m3)

25%
3.440
(kcal /xWh)

0.43
(m3/%Eh)

2.79
(B/m3) -

1.2
{B/kWh)

_Tablé 10-4 Unit Conétruction Cost of Alternative Thermal Power Plants

Imported coal-fired thermal
Natural gas-fired -thermal

- Gas turbine (diés¢1 oil, Natural gas)

840 (US$/kW)
560 (USS/ kW)
$ 270 (USS/kW)

Intéreét'during chstruCtion is not included in the avove cost.



Table 10-5 Alternative Thermal Power Plant

Item Unit Gas Turbine | Steam Thermal
Required Ihstalled.Capépity e (MW). 89 64.
Firm Capécity of Hydro qu'Yuam - (MW) | 74 51
Annual Eﬁefgy Production | (10%%Wh) 55 515
Station Servicg Power Use (%> 2 6
Annual Availabie Enefgy (106kWh).. 54 483

Note: Required installéd'Capacity

1

= Firm Capacity df'Hydro Nam Yuam x (l—éSt) X (1—;0t) X TT=omt)

where,
S5t : Station service power use = 2,6%

FOt : Forced outage rate = 4%
Ot : Overhaul rate = 12%
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CHAPTER 11. IMPACT ON ENVIRONMENT

As development is practiced in large scale nowadays, more at-

tention is being paid world-widely at its impact on environment.

In the beginning age, the attention was given to the harmful
impac¢t on environment by large-sized development and to the incon-
gruency between development and preservation of environment.
Nowadays however, the awareness is more dominant that both can and

should go in harmony.

Generally, there are various types of impacts on environment
by development, and the investigation and evaluations thereof require
enormous amount of labor and time. Also, the methods for investiga-
tion and evaluation do not seem to be well?systematized yet.
Basically, te deal with environment problem, works of the following
types are to be includedj full recognition of préSenE conditions with
the help of enough data and information, sufficient understanding of
aims and methodology of the prdject in question, and then evaluation
and judgement of the impact anticipated due to the project inple—
mentation based on thé collected data. Harmful impact, if any, should
be coped with by-apprOpriate'measures, and the impact, resulted from
the measures should also be evaluated. In caseé when ény change in
project is hécessary, evaluation of technical and economic avail-
ability for.the change should be practiced. Taking all the works to

be done as a whole, the possibility of the project is judged.

Investigation and evaluation of impacts of Nam Yuam project on
environment are not included in the scope of this F.S5.. At any rate,
acecording to varilous feferences domestic and foreign, the followings
are the points that are usuaily'ﬁo be considered on, in those cases
whén:devélopment includes large-scaled dams and reservoir construc-

tion.
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1) Geophysical ILmpact

(i)
{(1i1)
(iii)
(1v)
(v)
(vi)

Erosion

Suspended and Bed Load, and Sedimentation
Flood

Slope Stability

" Groundwater

Induced Earthquake

2) Impact on Water

(1)
(ii)
(iii)
(iv)
()
(vi)

Physical, Chemical Features
Temperature

Turbidity

River Flow and Water Table
Water Loss

Evaporation

3) Impact on Flora and Fauna

(1)
(ii)
(iid)
(iv)

(v

Forest

Fish

Mammals, Birds, Insects, Reptiles and Amphibia
Precious Species

Phyto and Zoopiankton

4) Compensation and Resettlement

(1)
- (i)

(idi)

Land Acguisition
Resettlement

Compensation

5) Social and Economic Impact

(1)
(i1}
(iid)
(iv)
(v)

(vi)

Employment

Income and Ekpense

Poﬁulation and Industrial Structure
Transportation and- Communication
Scenery, Tourism and Recleation

Public Health and Sanitary

6) Archedlogy






