6.5, Eﬂgineering Ceotogieal: Assessment
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6¢5t1. Damslts éuﬁ_ 5 . :
N T I T ¢ l .
1) Upper ﬁamsite _ .

Tekai uﬁper damsite is geologieally sultable for thé coﬂsttuc—
tion of an eétlhfill; réckfill or ‘doncrete dan;- bUE ‘thé! héigbt of the"

dam is limited by tﬁe topographic and géological conditions. Ybundation
'?pfeparétioﬂ for the dam will involVe temoval of top Soil aﬁd highly |

ueathgféd rask éown to genefally moJerately or slightly aeatheréd rocks.
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.-hhﬁéﬁ By Figa 6 6 shous the- géological pfofile “of the”dam centéf.
E Ovér most of - the damsité thé Béﬂrock is obscured bj a ﬁantle of tesidual
soil: and a“aéathéréd zéne 2 thé slope'” This ﬂaﬂtlé ténds té increése
.l'in thicknesé with incteasing elévatién. It vill be propet to strip .

-?:the highly and moderately weatheréd zones foé}a céncreié dam. Fbr a
: mnc‘kfi}."r s il‘hé best

7 Stfip compfetely‘ _ 'high }”weathered

2_?abié;6;?‘ Estimated Féundation Stripping Depth s

-,_;5; LT e te at the Uppet Damsite
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The stripping depths should be estimated at the detailed

~design stage, based on grade of weathering, quality classification of

rock, RQD and permeability data determined by muéh moré drilling.work

_anyway, it is recommendable from the viewpoint of geolOgicai condition

to adopt a fill type “dam at’ thé site because the stripping VOlune for : '.i3
a. concrete dam is’ enornous, as shown i Table 6~ 9, and a great deal of

concrete material uill be sﬂbstantially required fof the dam construc—i
;tion.

'mainly comeosed of quartzose:san&stone inter;interbedded uith shale.'_The

, fresh rock possesses great bearing capacity except for fractured zones.
:JThe dip of the strata tends upstream, although the strata have “beén
folded. Ihese conditions are fagourable for.a dam foundationr };:.f;;v

So

perneability occur ess tally in the upper sections'of_the foundations,
blanket grouting would be required over the full width of the 1lper—
vious section of a fill type dam.:f'; o '

. The heig‘ht of the dan 111 b liaited €6 about 90 m 1n the

case of the proposed dam center line U—A, based on topographic and L
égeological conditions.' In any case, e will be limited to 120 n under
%topographic restrictions.i' P

é) ‘mué‘f Dansite

Fig._6 8 shows a geological profile ‘of the lower dan center.‘
iOutcroppings of hard quartZOSe sandstone are Eound on the right bank
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.covered with a mantle consisting of résidual soil and heavily Heathered
rock.' The Eantle tends to increase 1n thickness with increasing elevation,
but the thickness 1s not so ‘gréat as compared that of the upper damstte.
The" stripping depths for concrete and rockfill dams are estieated for
éach of the drill holés as shown in Table 6= =10,
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viewpéints, but thé height of dam vill be limited to about 60 m because
-tthe left ridge oF the damsite is ?0 . above the river bed and the

gweathered zones to: be cut off -aré’about 10 m- in thickﬂééé'
e ocdr Go £l Lxend 33800 : 'fuf:«l' -

“:; As shown in ig..6—‘%iﬁJi;‘

will be necessary to prevent water leakage.

;;tunnel at the upper site u0uld be best located on the left bank

.50, Diverstod fumiel

N IR
R
< 3

- Froa the topographic and geological conditions, the diversion

Since

iufloa can be expected during Excavation._

that large inflbu will be common, because the ground-watet level is

very low, as shown 1a Fig. - -6, and the rock is generally tight, as
indicated by permeability tést of U-5.
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There is some concetn about stabillty above the tunnel portal
because the weathered zone at this point may be rather thick. This
problem should be further investigated during the detailed design stage.
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{61503 powet étsjtf.gf.-”t}-

: The power stations at the upper and lower ‘site would be
'ilocated réspectively on the right bank in~ view of topogréphical

lrand geological conditionsL Both proposed poker station sites

Eare covered with tOp soil- and highly Heathered rock however fresh to
slightly weathered foek may bé: distributed at- the level of the rive:

e R 4 1 T AR

'bed and this s expected @ have adequate strength as a forﬁation. o

Further explorations will be required duting the next stage.

Yuitg
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. uith an- earth or tockfill dam at the upper site, thé spilluay
can be located cutting through the left bank HUch of the spillway
will'be’ virtually “founded o the modefately weathered ek,

- of, excavation “abové’ the;spilivay chute foundatien wili b‘
"coﬁpletely and highly‘ 5

ftheréd rocks. Thesé materials 're innl.r 3y
from the ‘Tesulis Of the seismicrp ospecting and drillr '

- abGUE 20 @ 1A’ tbickﬂess. Batter stopés of 17717 should be stab
for a portion 6f the éverbuvded.” Purthés' explorations 1T be tequired

6.5.5. Quarty Site - SR S ERT o

Rock atonnd the uppet ahd lovet damsites is aainly composed of
sandstone and’ shale., ?tesh sandstone is suitable ‘for¥ construction material

except tock in the sheared or fractured zones, shile shale is generaily

. S : o et T emEre i)

- 58 -

'&g‘..



Fig. 6-3 and Fig. ﬁ -4 show respectively the proposed upper o
. and lower quarry sites, uhere a large volume of hard sandstone is
.-distributed. o '

gl DR T PR

'?*’At both éites, SOund roek is cdveréd Hit eathered rocks “hiCh
may rangé fron 154 £S 30 m in” dépth Fhe” “Ambdunt” of Seénd’ dug out 18
given:by;the/thickness and extent,of the sound rock A good‘topographiCal

;‘seetions, from wbieh the total volune of s;o_e was computed

: T - : s 3
total volumee of fresh rOck in the upper aod lowet Sites wereKIOughly

*

‘,sg;‘,rf; '

tion should houever, Be carried out by driiling,_seiemic ojospecting,'

'technoiogieal tests, etc.

6 Borror. site

P R I R =«.--,,-'.--, IR T cos

B Residual and highly whithéred In  $1te’ deposits aré considered
to’ be a sourée of borrow material because they are composed of videly '
_graded elay-sand fine vock [ragments which are good as impervious fill
materiaISr3 In the projeet areé, ueathered zones are generally quite
thick. A proposed borrow area ‘at ‘the 1 upper site is shown in Fig._6 3.
It is- located ot the lefe bank of the. Tekai River near ‘the Termus River

.crossing, taking iato consideration a short distance fron the dansite

“and a possibility o[ a vast supply of material. Explorations shoold
'be exeeuted prior té the definite study of the Projéet.

The flood plain and : river bed deposlts consisting of quartz
sands, Bay ‘be rather variable uithln short. distance. = Fig. 6~ 1? shows
'particle size distribotion eurves obtained by sieve analysis tésting.

_The river depasgits may forma a satisfactorily fine aggregate because

they consist mainly of eediuz-coarse- grained sand and Eine gravel as
shosm in Fig. 6-17. '
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6.6, Seishiéitg

Somé recent works have revealed chatacteristics of scismicity
which are of great interest with reference té major tec‘htonic ‘mechantsms
. and pattems.}_ 1t is pointed out that virtually a11 the epicenters are
: located within ‘a degree or so of th_ _topographi.c rift.;_ :

on which the épiceniééé are“s

.....

-part QE the Sun&é éhelf vhlchéis Vety stable against crustal movemen

of théféatth énd thérefore, tﬁere ﬁave been nb reaarkable eaéthq;akes

Pirieg N

within te. | o LT e

inferred _
from earthquakes with known magnitude, depth and locatioﬂ of epicenters.

Fig. 6-19 shows earthquake accelerations which :

I is assumed that earthquake acceleration on the Halay Peninsula is
less than 0 01 g (‘ 10 gal). L

; Lo R . -
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Chapter 7 Hydrology and Meteorslogy.

:'Sea usually-from NOVésber to January, striﬁlng the north—eastern parts
of Peninsular Halaysia first ‘ang: then éOvexing’almost all of Péninsular

the west coast,_which 13 sheltered by the mountains of Central Halay
Peninsular, receives little rain during this season. Hours of sun—
shine during thls season are shortest of the year aud air tempersture A

is highest in December and January throughout Peninsular Halaysia.'

diia February and Maréh ‘are the driest ‘wonths" of the year 1n
Peninsular Malaysia._ Relativa humidity 1§ at Uis- Iowest ‘and ‘hoved 6L

sunshine are: the*longest during these months.'zfs?f S ES ownonusg S

R N N I NS U .'-,-.‘:.-'

;th-uest monsoon reaches

3 The monsoon prevailing
over Peninsulsr Hslaysla‘in Hay June causes fairly heavy rainfall on
the west coast, but it f4 not significént on the east ooast. Due to
the’ sheltering effect of Susatra, rainfall during ‘this season s less

than that in the north east nonsoon season, with the exoeption of. thef

northern part of Hest coast. Haximum temperature usually occur in April

P ..,
.

-~ on the west coast and in Hay on the south dn east coasts.

t"“'- :-1,4.»,) P I S AT T R T FRE L I

-:;:?TA o the period betueen the both monsoohs, ‘frof- August o'
October, the norrhérn part’ of ‘west™ cobst: has'a “peak’ in fainfald’ bfbbght
by Hestern 1T 1. 7 TR T e e R TP SNEE B SEEMIL S T SR
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7.1.1. Atmosgherié T@mperatures

The atmospheric tenperature recording from 1972 to 19?9
shows that the aVerage annyal atmospheric temperature at Kuala Tahan
near the Tekai River is 26 0 degrees centigrade (°C).‘ In terms of the :
:monthly averagé air temperatures, Hay registered the’ highesi of 27 1° C,
while January registered the lowest of iﬁ 160. Thé:diffetencé betweéﬁ .
- the highest average temperature and the lowest s only 3.0¢ C, indicating
that there is apparently very 1itt1e-vériation in.temPerature thr0ugh0ut

;the year. St

valuas. A f o i"f R o R ‘”5"”7“‘”f “f"
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-k '“At‘Téaérléh éaﬁéit§3loéé£eﬂ ét rﬁé'céhféfhbf*iﬁe*Paﬁang }iver”

86 percent. There 1s Iittle variation in hu:idity throughont the year,
wvith a minimug of 8% percent occurring in Harch and April and the

Eaximym "6f 89 peréent in Novéabér, = The diffefencé betWeen the maximum_: .

......

'andwfﬁe -iniﬁua huaidities {§ oniy afOBnd 4 percent. The'ﬁéilation &b
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The average sunshine duratlon tbroughout thé year is 5 79
hours at Kuantan on the eést coast‘ 4 6? houré at Cameton Highlands, )
situated at the high altitude part of the Pahang River Basin. Here .

| it .1§ six to sévea hours during the dry Season fi fon _F.eb;_uary to April,.

and four hours iu the rainy season from Rovember to December. - .

A(:i



7.3.4, Evaporation . B A

- The annual amount offevapération along thé Paﬁang River Basin
is .about 1,800 i _measured by the Ciass'A (black) gan._ It 1s evenly
¢ ] i - 4 ;

dismbut,ii. fir_ o 7 |
seagon, fﬁ% annuél evapbratién 13 régis red :'_, 00 mm at the hlgh—

fiey CaripEategd ol d kel

rth east monsoon

7altiéuée Cameron H{ghlands, ‘at- l 2?0 B atTKuala Tahan, situated on’ the

.::‘J--

: middle coursé of the Paﬁang River, and at 1, 660 i in the éoastal areas
of Kuantan : L e

: 7. 11 5: Hiﬁd , R TEEN RS ST IS B it Floos o vt

: Thé Hiud bloaing 6Ver thé Pahang River Baéin ig: gentle»f
:throughout the yéat:; “The: évefage wind veloéity is 1 T’ﬂlsec, in’ the,
”éoaétél ateas, and leés than 0:37 wfsée; at Kuala Tahan.t'The”diféétions
of the winds:in the: eoastal dréas: ate mainly noreh €6° nortb—east [r0m
:‘Dece-ber to: Harch, and HESt teo”® southcwest from Jone té October, with"i-

'f?the ﬁighest velocity for’ thé notth-east widd.

g The northveast Hind 13 also the fastest in velocity in the

areas of 5 degtees Rorth Latitude or farther south since these aféas

:'lie outside the typhoon belt. ; TR NS e
pPiiid < T Rk i 5 3
. 13
P s : 5 - i t
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7.2, Ralafall

2 7.2,1.

General Rainfali Characteristics T T

_ VJ;  The rainfall in Peninsulat Halaysia was firstlyrstﬁdied by
Dale.— He divided Péninsular Halaysia 1nto five ralnfail regions as al

P

_shown 1n'Fig. 7 i and diStinguished the characteristics of rainfall

;in each region as follows.,A

W N

No¥ th Hest Region, vhich has peaks in rainfall duriug both

- the post eQUinoctial transition periods between ménsoons, low

‘rainfall during the north—east monsoon, and moderate LT

'_precipitation durlng the south—uest monsoon. The plain

':(ii)

of Kedah and Perlis recelves less raln than the Kedan Peak

_as_ye}l,as the mountainous_parts_of Penang aqd squth Kg@ah.ﬂ

Hest Region which has peaks in’ rainfall during the .

: ,transitional petiods' ‘oftén’ the first (April} is moré

ﬂiﬁ;intense but of shorter duration than secdnd (October and

;(iii)

,1y in July. T

-Hovember) during which there 18 more rain in total Paly e
. a40unts of rain ate received during the north-east wonseon. ;

'1he period of the south—uest monsaon has Ieast rain, especial—

o ;":;.'*.-‘.

Port Dickson—quar Cbast Regidn, yhich sometimes has rain‘=*<‘

_ during the first transiticnal périod Usually there ig-a -t

.__steady buildup during the north -east monsoon to a Eaxlmu-

| '(1&)'

 _(vi

duriog thé sacond ‘transitional’ period ‘followed by little

¥ain during the south-west monsoom.

South Hest Region, which has a rather equitable distribution
of rain throughout the year.: Rainfall 18 1ow inland," and

" inéreases towards thé coast. -

East Regién, which has beéyy,raipfali during the north-east

monsoon and a’very ii{tle'taih &ufiﬂg the rest of the year,

Fig. 7-2 shows the tyﬁicél seasonal rafnfall pattern of each reglon.
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7.2.2, Chnduéllkgiﬁfélfs’j .

v E

'7; The rainfall iﬁ Trenggaﬁ& and the Border areas fo Keiantan ’
is lictle knoan, as there are only 21 stations to obsér\é rainfalls at
“highér places with 300 S or more above sea level Lt

<

_ The annual average rainfall along the Pahang Rive fﬁzgiﬁﬁiéi
estimated at 2 300 ‘to, 2, 400 m_ o o

:':.;-:;_7_ I I L

Théfé éré'fwo raiﬂ géﬁges, station Ro; 4227001‘ d‘&iﬁ?ﬁél,
'installed in thé Tekai Rivet Basin. “The - recﬁrdings at the gauges [
staitéd as feceﬂtly as ETY 1974 and there hivd’ Been many occasions_
whén no” meésurementé wére takeﬁ The téadings at Ehé gauges,'theréfore,
cannot be taken as. the représentative avérage rainfalis in the Tekai

Basin. Houever, 3upp1em£nted;by the recordiugs donekat the nearby ,

-~ 65 =



7.2.3. HMonthly Rafnfalls

1) uon;hly Rainfalls iﬁ”théﬂPaheﬁg;RLyét-Bésin,::

Fig. g 3 shous month-to—montb dis;i':jé;{ﬁ:

vainfalls recorded At the' stations witﬁ significant monthly Variatfons
J(Kuantan, HEntekab, Cameron Highlands) vithin the Pahang River Basin,

i o

Table ?-2 shows mOnthly average rainfalls‘at‘the three

,,,,,,

together with their standard deviations, maxi-um values aﬂd minimum S

values per month

Froa the abové Eigure and the table, the followlngs have been:

detereined' ;,,‘

R T SR WA Y

(1) 1In the east coast region represented by Kuantan, there 13 )
- large seaspnal variation in rainfall._ (Coeffgcient of '
.?“;variation, D 60) T TS PO

'__Nearly the halt of the annual rainfall occurs during the
' north east eonsoon season that lasts from November to

jJanuary, s

(ii} At higher places represented by the Capéfon Highiands, the:ﬁ
LA rannual rainfalls are most evenly distributed througﬂout the '

year. The maximum rainfall occurs in Aprit’ “and 6ctober,

when the mOnsoons change their course.

(iii)' The eiddle course areas represented by Hentekab is the_

driest region, having little variatlon in annual rainfall.

:(1§) In general, the driest time in the basin 1s ftom June to _
July. The rainfall however, falls at ‘a minimum fa February

"during some years.

i1ab1e ? 2 shows data observed at Kuala Tahan. The values
show characteristics Very similar to those recorded in the middle )

course réglon.

- 66 -
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2) 'Hontbiy_xaxnfail in the Tekat River Bosin .

TR

N %-‘:A

ol

I

The reCOrding of tainfall 1n the Tekai River Basin statted,

when three digital rainfall recordets were installed with the .

technical assistance of the Australian Study Team under the Colombo
Plan. rARLS o

e o ‘. :
i S R PRRCRLE SR

'_;: According to a map of climatologlcal staiions obtalned
in July 1931, these recorders were installed at station No. 422?001_

'fnd 41?700i However, data are ftOI the recordings of the perlod
SRE A AR A :

of only geveral months;i

&

Cotfelation regtession analysis vas conducted usnng these

.......

ta and data obtained from the nearby stations. __J N

?

Linty e

,ﬁga

'the st:itién Nor 4227001‘ .the mﬁthly raint'all arounci station ,Vo-‘}'ffl‘???OOI
A thé Tekai River Basin is estimated to be larger than the ¥ainfalls

recorded by other'statiéns.j In contrast, statlon Ro. 4127001 registered

: smalier observation values._ L

«'-.’:.. - = L v ox e -___;_ - P

Station = Station %ﬁ‘:%s*‘.é*f ﬁ7i N R e ff‘?' AN v e
No. L 1\3«“-19- ?0*‘ ?1 ?2 ?3 74_ 7?‘ 761 ? z ?:'8 Rk

o ggata Tahan
432§!13: Taman Negata

4227001°

411?661

4023001 Sg.Yap

4223115‘ Ke. uertiﬁg'

4023117 Sek, Keb,

Kg. Tembeling

‘ “{Balok
- 3933003; Kuantan

3924072 Paya Kangsar

Pumphbuse

3é23691 Ulu 1spat

Estate

( Source; N.M.R.S. )
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[

L basin has thé 1argest rainfall uhile the western part of
_has the smallest.

'The figure shows thal'

7.2.4, Rainfall f;n‘é;f{i{--"}fa%%i1;«.;n':‘f}.;qa‘efiégfa‘é‘fa‘-{i;{agi;'i;;s'

‘feturn petiod and 100 years return period for each rainfall-' The - ) ',g
_distribution map was prepared based upon the reoo:ds of 34 years kept

at 30 stations in the basin. et f. R “qiigg5}f

e
ort rainfalle

SIS R

;'1'

Fig. 7—6 shows the inteosity cutvés of sﬁ

,!iad

_based upon the observations conducted at Kuantan and Cameron Highlands.

SOme curves in the figure are obtained by the logatithmie normal

};hdistributIOQ‘méthod and anothéf Curves are based on; the Gumbel method

he_GUﬁbel method usually yields higber estimate

values than the logarithmic norEal distributioq Eethod

. N
Table 7—? shows maximum rainfalls—ofjiS -inutes to 10 days<
durations obsérved at. four climatological stations.‘ Thrée stations
on the east coaSt came up Gith sinilar tesults, while the' station
- at: Cameron Highlands yielded far smaller obsérvation values, an’ ..
i'apparent characteristic hf tho wéstern patt of the Basin. ft,
g : { : j
: - : : i



1.3, River Runoff - . ., i

7.3.1. t*Examination of the Discharge Data of ‘the'
Grdn o terd Tekai Rivgr Cieeiise :

i” s =-.f';, :

15 kn upstrea-‘frOl the confluence of the'Tekai River and the
mainstream Tembeling River.; The NEB 1s also conducting the ‘same typés
2t Of | observations at’ Kuéla Tahén on the Tembéling Rlver, vhicb is 15 ke

‘-'f: PR Teepsln Ty

upstream ffom the éonfluence of the two riverss

oo

'dbﬂéi§in§§j$pilit’i§??, and about 90 different measured values have

bééh-dﬁiaiﬁéﬂ.“ $6. far, the maxlmum uat_r level observed 13 3 31 -,

and the maximum discharge observed‘is 150 m3lsec.
dischargé at high le?els afé not obtained—--= i

equation was obtained by comparing the observation results of each
year. (Please refer to Fig 7 9 = 15) Our results show close
correlations with the raﬁing table made by the ﬁEB. Likewise, an

éxcellent rating Curvé - was obtained at Kuéla Tahan.

7.3.2: .Cnnjéfiéoh'df'ﬁiéchatgés

Thé'dat*""nalysed by the catchmént area—discharge ratlo

at Pénut .

= 69 =



7.3.3. Q_ischargés at the Dam Sites . . ii.iundoLr

The discharge to. be: used fof the Tekai Hydto-electric
Development Project was obtained by converting diSCBarge at Kua!a Tahan
into a value over the entiré basin, since some obsetva'ions uere not
-‘done for discharge at Penﬁt,‘aﬁd a ra f_?ét Eh Tekaigaiver Basin .

is small in spite of the féct tﬁat the Basia® 14 'é' téd in the rain
belt.._ EREAE N I « IR < .:7 . “_.- _‘-_.'._;'7 f .-,.'_-,=' EPE RN ,‘ Lz ,- i

f@;'f; The lack of the data mentioned above was supplemented by ‘the
followlng procedures. ;;;1; 4531“5?.3* c D el Lo ;

nTE

Pischarge v the Lowel Dadsite =

{ DlsdRaddd 'a¥ the UpEEE Daddice | T

_ Discharge at Kuala Tahan -
App Catchment area ‘at the Lower Dams1te
= 1,380 km?

.:.70?

Pl



AUD 1 Gatchment avea at’ the Upper Damsite
: = 1,200 kn? » ‘ '
_ Ak i Catchm-ent ‘area at Kulala Tahan
SRREUREE. 19 2 13 P L

CTe FPeT ,-,-ﬁ

ui‘- ' A

) Basin, escimatéd by thé re§ults'o£ ci__ f_ ¢ 1 I _nalysis of monthly
rainfall and the rainfall at. Kuala Tahan (Aug = 2 100 mm), is 2 300
to 2 400 rEm, Assuming that ‘thé dctual evapdfréﬁéﬁiration 13"1;300 e5e,

" the annual’ ‘dépthiof: nmoff estie.ated at; i, 060° m may be- appropriate. '

. e T - R H -
. . T oe %3 0 5
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7.4, Ploods .

7.‘%1._ Hlstéi‘lé'il’iﬁbﬂs.

: Floods 1n the Pahang River Basin occur during the ﬁorthreast
WORSO0N Season from the 1atter half of Decembér to. the beginning of
Januarys ’Historic fldods include thoée in 1926 'Januar: 1971, and -
December 1972 Fig ?—19 1§ an 1sohyeta1 map“provided by the Halaysian-
Heteofolegiéal Qervice (HHSi Thé wHap’ éhovs that the upstream “Apda’ of .

~the Tembeling River, that is, ‘thé bordering area to TTengéanu, isva high—

rainfall area.

H S )
= ie R e T

et A 5 T S s
P AT PR ot PR S O SN - BRI S o i A A A SR O A

(i) 1926 Flood

PP the”flébd

4.( UJ!u-

iiiéénfﬁf hsince the Basin wés noé adequatély di eloﬁed

ﬁi(fif January 1971 Floedf 3.,;ﬁz'-?}-fafiiio}‘;gif";u: J'é el
,-iHeavy rains began to. fall ot Decembef 26th, 1970. The 6:}

_Coast, 104 ma 1n the Tembeling Basin, and 109 e in
Jelai Basin, The downpour weakened on the 29th over S
nearly all aeeas, but” 1t bégan again 6n 30th and continued
€6 raln until Januaty Sth, 19?1.; The maxinum rainfall
for the day registered al: 3!:1 eg_on the East. Ceasl: 162
in the Teabeling River Basin, 124 g in the Jelai _
Basin, 154 e in the Ser-_tantan Basin, and 221 = in the

' Teriang Basin. The péak of the flood aléng the main
trlbutar[es was on Jhnuary 4th aad Sth. S
For the 40—year period from 1931 to 1971, theré had been :
_no Eajor floods, and hence urban and agricultural
devélopments had beeﬁ carried out in low~1ying areas,

" which were inevitably more vulneréble o floods. As a-
result,-most of the commercial and fesjdential areas at
Hengekab,rfef example, were %Obﬁérﬁéﬁ."‘ﬁt¢3ﬁngal‘and .
Semantan, the waterd levels wéré raiséd almost up to the

rails on railway bridges. The total amount of damage

= 72 -
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- reached. as high as 380 billion Halaysian dollars. Tﬁe5

number of the persons killed_was 24, and 153 000 persons were
- H .r-zf.'.',_{i;
' vachated The scaie‘ f he flood damage was, theraiore,

(iii) Decembér 1972 Flbod £ : :
Al i'The raiﬁ‘begéﬁ on December 11, and cOntinued up 0
_f December 23 The maximum ra{nfall recorded for the éntire

théﬁfactrthat ]
vn'thé Basin. -
of Pekan,_:

— i : 1.2
- i
=k § 5 Ceem s o
i v ¥ 08 RS FL
R - s * 4 T
7 R S > b .
. T .
B T
R r 5
[N I N . 3
Lot BEar T
., = .

= ?3;



7.4.2,. Pxobfé’b‘le,mood].l}iééharges_..

RS
£ %5

Basin ﬁere first subject to probability proéess in ftequency&by ¥

'Gumbel's T BOmEnt - method,ythen the. relationship bétwee brdﬁableu'

discharﬁé and the éatchmeht area was plotted gréphicélly On -
o1 JOgarithmié paper‘ : A T . ‘

3 The falidity of f:sumptioq igure was verified

_;»,_',,_1‘

Jéf this f

following two regions.‘

8. Tembeling and Rast of $. Pahang (Region 1)
e 3_.__._je'iéi'andfi.'éé_t o_'f_s._ 'P_ahjahg o (Re}gi_pﬁ'z)

Thus the Tekai River Basin belongs to Region l and the

. probable flood d1scharge of the 100 year return period is about
- 3,000 m3lsec. at the Lower Damsite. o S

(Soutce: 3177éhd'3ﬁ;€11;?V61;€37 Pahéﬁﬁ'kiﬁet"Baéiﬁ ét&é})’ -

P S
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7.4.3. .Désigfl Floods at i:'hé: Iiamsit_e_

Dams are artificial strhctureé which aré built o bar Ehe‘i

natural flow of rivers, and to étoré or take in river water semi-

the dams again Elooés at the Hamsites.

maximum probaﬁle flood predicted tﬁ occur “at the damsites. : o

. The design floods at the Damsite planned in the Pahang River'ﬁ
Basin Heré caiculatéd by thé unit hydrograph métﬁodf

: Fig. ? 22 shows envelope cutves based upon d951gn3floods

;employeﬂ by aﬁother project
identified.

L Table 7- li

Design ?lobd Charactefiétics ‘

_ Vil L : -fk Tembelingg
_ :Damsite IR 5 Léwerlé :
favea (kﬂ?) | o 1. i BLY 1505 502,090
. |5-day Rainfall () : 11 680 '7 : 1,680 1,680 | 640
Hean" Point Rainfall i, 230 - "1;266?f5:=!1 180"3'12 640 %
Unit Hydrograph Log Time ﬂé'iﬁﬁf& 1§£:;3ﬁ;;;,¢ r&D’ . 26
’ Initf {78adel 'flou (malsec M?-ﬁilﬁt _tﬁ?§§6”f’:’ :'420_* }ZOOJ'
Effecti 'é’ﬁainféh S B T R 1N  Tas0 M| g0
Inflo':‘r Pea{c -'(m3ISéé.r .105)1 -*’5‘:“’01“" . 7""8_.‘6’?; V""ié.i?"‘f"" 5 71

( Sourcé 3 S 13 Vol k3 Pahang River Basin Stuﬂy )
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7.5, Sediment
7.5.1. .

ObSQIVétiOhsjéf_Runﬁihg'§and'r

£

the Tekai River.

Cas recently as in 1972

'one on .

Such observations on the Pahang Rivér étarted only

sediment obsérvations on the Pahang River at five points shown on lgi

Table 7- 12:

3

CopE el

Table, 7212

- Stéam: Floy:
Data

Y FER v

Station Hame'

PRI
Catchment

N TS )‘7“_:‘. -
‘DaEal?|

-

17.5:2.

Sediment COncentration

points fro- July 1981 to Septeaber of_the same yeaf.,NAnaly“ |
*samplings indicate that the sediment concéntration on the Tekai River
is 10 ppa or so.

Area (l::m3) “Péried Concentratioﬁ (ppm}
a23azi Semantan | 12,920 -”?2%?8”* e
3424511 ‘Pghang .- - ?119,000_;;L_-ii??&“* CEse
4019462 Tuipis | 1,670 | 72-76- 130
jéozaalﬁél'é  Pahang" . 13 200'j ﬂ72-74 RIS 1 X
: 4223450,,;5 ’ Tegbeling 5 050 Jff-;74 7 TTUi30
(Source‘NHRS. ) ' 7 - B

=y =

Tbis means that the Tekai waq clearer than the main

coursge of the Pahang. This may be partly due tb the fact that the

sampling on thé Tekai River were taken fa the dry season.'

-~ 76 -




7.503. "f“;e;i'i“ez;-éis‘n*—* sf'* Rér*s"éi—wﬁ“f |
The siitatlon of a reservoir depéndé mainly ot ‘the* amount :
of precipitation, the gradient of the stream, the geology of the arear

iand the character {if they are bare or overgroun)

A precise determination of the amount of coarse, material
such as sand ‘and gravel is possible only by measuring the volume of

the deposit_after danming.the river for several years.

-
K

' ACcording to reports of measurements Eor some reservoirs,
'the amounts of sediuents silted up in reservoirs of forested land are
-}generally less than 100 mjlkm2 ‘per year.

Namba proposed an experientlal equation (1) for the
' amount of sediment silted up in a reservoir, depending upon’ the results

-‘of measurement for a number of dam Feservoirs 1n Japan. _

Il o

R 002743x—F—~52&09 . (1)
‘where B anount. Bé'sé&'i&éﬁﬁ pex year (a3/ia?)
P mean annual precipitation (o)
R;t relief energy (EB)
Fi

percentage of forest area (%)

.?or tbis project area, the values of P R aud P are

: ;respectively Supposed as follows.
Bs '2,4_{"_)@ ma,  R.= 500 ex, r'=,1o_{}_;z._

Using equation (1), the amount of sediment éan be calculated
1. e., g = 883 m3ikm? '

_ Haking allovances for the possibiiity &uch rOYE sedimentatiOn,
;it may be appropriate to apply a voluge ‘of 160 a3lkﬂzl)ear as the
- anount of sediment for the projéct area. :



Since the catchment area of this projéct 18 apprc-xip&ately
1 200 kmz, the total amount of sediment s 1nferred to be 120 000 m3
per year- (1 200 km2 R 100 m3lkm2) ciom Tae foiraalte ni

Y

Era
P E

& Sovrces Senji;Nanba, Laboratory Repért No. 173 (1965),
Forestry ‘I‘est La‘bot‘ator)-, Japan '

! SAAR : s = 1 . ;
ey v : - e
54 = - = 3 * o
- = B 7.
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7.6. Evaporation
;1;641;-7évapaféeion

' The Drainage aud Irrigation Department (DID) and the National
'Electric Board (NEB) are currently conducting the observations of :
evaporation on the Pahang River Basin.'

. Fig. 7- 24 shows the relationship between elevation and
"evaporation obtained from the Class A Pan Evaporation values at DID
'statiOns, tainly 14 low—lying areas, and at NEB stations. l

Judging from the Class A Pan Evaporation 1n the Pahang River

same Eonth of the year do not fluctuate for many years. _ 0'._

- Table 7-13 shows monthly average evaporations and ‘standard _
deviations at three representative stations in the Pahang River Basin
' and at Kuala Tahan near the Tekai River Basin.‘ The maximum evaporation
- was reeorded ar0und Hay, and the -inimum evaporatlon, around December.

The range of variations 1s 20 to 25 percent Df the monthly nean value,

7.6.2, Ac’a;ﬁ_'éi -Evapc_;trar{.«;}s_i_'rétiéﬁ |

Hhere records of rainfall and runoff are availablé, actual
evapotranspiration can be obtained by calculating the difference

betwéen rainfall and runoff.

Table ? 14 shows the results of such calculations using the
-VIdata obtained froa the’ stations in six basins 1n Peninsular Halays1a o
and in the Tekaf River Basin.

Fig. -24 shows the relationship betueen elevation and
actual evapotranspiration. fhe actual evapotranspiration in the Tekai
'River Basin 1s estimated to be apprOximately 1 280 o, assuming from
the annual rainfall at Xuala Tahan. '
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_ CHAPTER 8

* ENVIRONHENTAL 1SSUES






o
DRI

- Chapter 8 Eavironueatal Issues
(L B -

,t is necessary to pgedict
effects of the development activities on eﬁvironments, and o

'examine the plans beforehand To grasp the present status ‘of natural
environments existing at the proposed 31tes, therefore, fofes a v1tal
”initial requisite in ordet to’ fofesee the effects ot development upon
':envitonments and bossib[e changes in future.: The’ survey fof ‘thée’ Project -
. Yasg thus conducted so as’ to® grasp'géheral environmental conditions, T
'lpriot to the field- survey requifed to gra3p effects of the Project upon'
ienvironments.- ks S EEEE L R S b N

: :i1 onméntal nistry of Science, Technology and ?:T
S I Ry S Environﬁent, Envitonmental Div131on T
Fishety; : c s Agriculture Hinistry, Trainlng Pivisién

5 Archaeology ;af'h pii National Hggeum 4 uTe o

lantmar i 0o e BepEL G wiidiife oo
Forestty SRR Fbrestfy Reserach Institute S
Fbrestry Co f?*if' Pept . of Forestry i

-2+ | Zédlogy” 577/*5*;'9_ o Zoological Dept. UniVersity OF - Halayé

Publié néalth: - o) Hedical Research Tostitute

wtidiiee o oo wiidiEs Dept “5f National Psrk
Régioﬁaifbiéﬁ C Economic Planning Unit of Pahang State

(To be coht'd, )
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Item ' - ‘Name'ot'ﬁieited Offlce

Forestry' : ’ ,Forestry Dept. of Pahang State
Fishéry o I-'ishery Dept. of Pahang State
Public’ Health | Medical Dept. of Pahang State
Agricultufe R :e 'Agriculture Dept. of Pahang State
Hyd?ology, Heteologyfd?, ‘NatioRal’ Hater ‘Redourées Study Téam

- - S - = P S ,._‘:1_ ,.-_5
r . R E

'classified as tropical rain belt, accérding to the eeteofological clas—
;sificatron by Troll C.- The, rainfalls 1n the Hest Halaysia shou charac—
teristics in annual and monthly_;ainfalls for; different areas due to the
effects of hilly mountains located both at the east and uest of the
Halay Peninsula, as shown in ?ig. 8- 1 Characteristics of the site,

as seen from the figure, indicate that the rainfalls of this site are

greater than those ‘of. the piace located at the sbuth of the Helay
Peninéula. Revertheless?‘

the rainfalls are’ not markedly heévy as in j-“'
the case of typical méunta:n area. Fig. 8- AN t‘he othel’ hand, s‘hows
;Jmonthl """ éinfalls of Ruala Tahan 1ocated approximateiy 30 km north to“ o D

“the project site. The distribution of monthly rainfalls does ot ex-"‘,
hibit significant monsoon-type seasonal changes between the rainy season
and dry season, as observed in the coastal areas such as Kuantan, Pekan,

-etc., Eeasuring locations intended for this project shown in Fig.:8—1

In this sense, it may be said that Heather conditrons around the project -

_site 9111 show relatively eren monthiy rain[alls-tor trop1cal retn weather.

_ The floraé at the project site falls under the category 6E
' tropical rain forest. The characteristic features of the forest are

said to have the most coaplex structure among the plant comaunities in

g

the world with an extreme variety 1n composition of botanic speciés, .
having very bigh productivity‘ Animals living in this rich foreSt are,

' therefore, also variOus, and the protection of vild animals ia- ther

“H

tropical rain EorESt began to drag atteution of people cOncerneda

i"r‘{oii', 'g:,.. Seasonal Climate of “the’ Carth (1966)
© 7 wor)d Map of Clicatology, Sprionger
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Of finny tribes living inlthe Pahang State, _many. kinds of
fishes are edible, and hence iish _arkets exist in vital locations. S
Since the Tembeiing Rivér is said to be one, o[ routes for racial migra-

tions from the Continent of China, sone archaelogical remains have been
also confirmed.

_ The present land utilization shows that a certain degree of
-agricuiture is established along the Tembeling River, and the forest is
1a national forest “akin to primeval forests, with many of the aréas
‘designated as forestry conservations. As for ‘the forestry, useful

lumbers are being utitized with emphasis piaced ‘on cutting lumbers.

: As a uhole, it may be said that the region is superiér 1n

-natural resourees to economic activities._

Undef the hydro eleetric development progect, dams, pouer
‘plants, watetways, roads, éte. will be constructed. Through the con-
' struction of ‘dan baonks, a dam lake will appear at the upperstrea-,'vhile ‘
'variation 14 Tiver dlscharge wild occur at ‘the downstream. Additionally,
due to the construction of - power plants, waterways or roads, substantial
changes will occur as the surface plants will bé cut off and the ground
7wi11 be digged, banked etc.' : o )

e Uﬁaéf thié‘?fojéct; both‘:ﬁpi)érhﬁd' ioféf’dasé"iiii iza'\ie'ia’rge—'
sealed dém lakes (uppet dao.lapprox. 105 kmz, the uax. water: depth 83 a
‘0F §0} louer dam' approx. 24 kal s eax. uater depth '33'm or $0), as’
nentioned ifa Chapter 9. Hater level fluctuations for the upper reserv01r

ate Very mlld with the maxinun fluctuation velocity of 60 colnonth due

“toits lérge scale.

In this chapter, it was decided to make rough predictions and
studies on effects of the construction plans mentiOned in the foregoing
upon hydrological cOnditions, biota and socio~economic conditions.:

Hhen making predictionsp the present statos was grasped based on avail-
able data ootained so'far.concerning the envirOnments:in;thé proposed

site. - Tt should be noted, however;'that more direct surveys on

~ 83 -



environmehts fn the’ proposéd site will Be nécéssary, due to the fact

that aQéflableidata cover only hydrologicai aspects sucﬁ as water ijk
'propériiés, etc. Thi Chépter, therefore, may be said to be of stuJyJ

‘naturé on’ pdssible’ generai effects that ‘sdy ‘Scéur by the construction;

of dams.
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8,2,:-Bf.féjct,s Qn,-wa'_ter Reglons . .o i ...

B.Q;i; E fects on Flouing CQnditions € 

1} Pféséﬁf été'tug SR

ferreétrial ﬁaters ¢ the proposed site aﬁd 1¥s surrounding
) areas ate'all fiv

nd 1o lakes, wamps,’mining poois, paddy fields

or othet sealing‘h e‘water aréas have been ‘found Bo ‘far aé the

graphlcal explorat16ns .are concerned. IR

fleld sut\féys ahd Ito__
at S =Pénut (Basin area 1 390 kmz) located at the dounstream ‘of: the
lower dam in the Tekai River, as. mentioned in Chapter 71 of the Repott.?
Hater level fluctuation between the flood cOnditions and the ninimua
Ilow {low Hater) is ? @ or 80" at the sare. location during the observation
Period.r S BEa DD el wiilcroteinoeiooaic Sy rote amell e

".'55':»';,'4,-‘.'-5 -" BRI ‘:ﬁ-n"'—:‘_-'-,:-'_ REREETCE N SR SRR S S

. :.__‘2) Pfedlcted effec' & "": e .,! i L _T-"'Z‘. ':‘ PR R _'.'.,; [

It is predicted that certain changes uill occur 1n the down—
stream floving conditions according to duraiions Of construction and
operationa ‘The present plan is as follows‘ the tbtai storége will be’

3 400 x 106 3 forathe upper reserv01r, and 265 106 ﬂ3 fér the Tower 1 res-
ervoxr, éince the annual discharge at Ehe ower daa‘sité is expeéte& £ be

,1 &40 1106 m3, the tlvet dlscbarge équlvalent to the tbtal dlscharge for

2.5 yeats ILE be Téseived upon’ coapleiion of both dams: “1e isthas - F
ptobaﬁle.that aquatic:éﬁimalé and watet plants’ will“be &uﬁjéetitbie'fz
-5CEEtaiﬁ?effééts’ﬁy’ihﬁ*abﬁ@é. hamely, “que €6 thé lbwering of water s
level, finny tribes and. amphibia Eaking use of - the waterside for spawlng,
etc.,rand vegitations at’ the waterside will 2o through c¢értain changes
fn their births and breedings.‘ Further, because of. dams,_the running
sand and earth will be held, resulting in changes in gravel silting.

In practicé therefore, it will be necessary to take adequate weasures
‘g0 as to ainimize ‘such e{fects on the downstrean areas, by starting

partial water filling during thé process of the works, initiation of the
operatién of pouér plants as soon as the. fillings reach the water levels



to allow power: generation, etc. It is thus desitable to catry out more

detailed surveys on effects of dam consttuction to be placed on the

~ downstiean basin, inciuding ‘the above mentiened questions, and to fﬁz'ﬁ
exanine the apptopriateness of fiiling_velocity.

‘;;,_: As regards effects 6f dam lakes after the storage of vater,
such_effeéts may, be roughiy classified into thOSe related vith the S
emergence of dam lakes and those related with changes in downstream
river discharge.}z ﬁue o, the emergence of dam lakes, the area vili =
change from ri»er(s) to a water ‘areéa of lakes and swasps. Because of
- this transfer into 1ake" and swamp area, hydrological changes will océur,
Other ‘effects on inOrganic environments uill include effects on soiI
geologiéal characteristics or‘undergtound hydfological properties. i Int
additiOn, changes wiil occur in ‘the soil and watet content in the eatth
caused by fluetuations in undetgrohnd vater ievels, and landslides, etc.
nay take place as'a result. It is also predicted that sand and earth
ray flow into dam lakes, and sufficient safeguards will be necessary 50

as to prevent soil flow losts and landslides when deveioping tipatian

areas.

_ S As for changes ia- river dlscharge at . the downstteas due to;:n
the emergence of dam 1akés, the downstream fiowing conditiens may be.::.
stabilized th10ugh the discharge adgustment by the reservoirs, while the :
-water control efficiency and stable suppiy of agricultural irrigation
may be ensured at: the same time. On the other hand; adequate prelisjnary
suzveys wili be necessary concerning environnental eEfects caused by P

influences in the downstream areas, since the effect of Iapid discharge

- . . o R oA L - T LTI L e, e LR
1 L N DT T DT el T T LT E ¥

H
PR . dIn BPREELE |
i .
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89,2, Btfects on Water Prdperites’

- H?I)T'PfeSéhieéfatﬁg Tt T T s TR T s e s

e B B (LI T SRV S SURPTE P OP P ITS P
si1 In order to predict changes in water prOperties that may be;
. affected by the dam construction, the present status of waterjqualities
was investigated at both damesites and 5 points at the downstcean (see
Fig. 8- 3 ‘and Table 8~ 1),/ Accofdnng to thk'}Esults of Wafer quality tests,
‘né srgnifrcant eharacteristrcs are observed oA may bet said that ‘the*
-content of: ﬁitrogen compounds is soméwhat! high botT thls d6es not ekl
' hibit a‘notable charéctetistie. i ART compared with 6ﬁservétion results,:

_ obtained at ‘fuitber downstream location of thé Paﬁang Basin, SRR AR

- however, it should be uoted that wild: alkaliue tendency was found At ‘the

_Vdownstreaa through‘all recent tests'repeated 4 fimes (July, September-?
;twice and October), in comparison to’ the mild acidity that had been
f0und in June (see Fig. 8 4 and stle 8- 2) :

+

g) - P_r'edi_é_téd é’fféc_ts

' Occurrence of_turbid water is predicted for the da- construc—

Ltion period and the p :lod between the completion' ”dam constructibn

;and thé stabilizatlon of the surface." Thrbid water will affect on
-aquatic or vater utilizing animals ané aquatic plants.; It will also

" éxhibit an adverse factor for the utllization of the water system and
'scenery.' 1t will be, therefore, vital to take measures to control the

{occurrence of turbid vater except for inevitable cases.

Due to the emergence of - dam lakes, the areas uill transfer - )
from river system to lake. and Swaup system, and it is" predictéd that the
uater properties in the water areas will" g6 through drastie changes from
the initiation of filling to Subsequent few yeéars.: Although the-areas -

ﬂwlll be stabilized gradually, several points should be noted in réelation
to environsental effects, as the areas ‘of ‘daa lakes undeér ‘the Prdject
are large and water depths are “also great. '

‘; As for changes in uater properties during the stabilization
period plants located at areas to beée sunk at the bottoms of the danms
will be rotten in the water and generate hydrogen sulfide, etc. by the

< 87 ~



consumption of oxygen. In addition, water propetties in the dam lakes-
may change considerably as compated with those at fﬁe time the uater is
flowing, due to the effiuent from the earth and. sand flowed in there
from the surface soil, Hhiie such changes in uater propertles will
afféct én' the biota 1a"dan’ Yaked' and ét the’ downstfeam areas, it uill
be stabilized gradually in® yééfs 6 éome, T

(;_ . ; . LT I Vet AR R

A long—ter- prediction reveals that water prOperties in dam i

lakes uill go through enrichment and nutrition processes. Namely,

a certain degree will increase due to the flow—in of Organic matters to
the dam lakes, and the separation of plankton, etc- Hill*be facilitatéd
. owing to thg,rjsgiig‘ga;etrpgape:atute at,thczuppet.laygr%of.eagh‘dam..
lake; résulting fn medivm-scale earichment and dubrftfon, . . ;. -~
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',forest generally has ‘a rich cdnpbsit

8.3. Bf‘fectsoﬁBiota;*; T T T

i
41

R '-; ,:

- Since it has been difficult so far to obtain practical data :

- for effects on biota that may be caused by the dam coastruction,'this

Section only deals with data on plants (trees in. particular) and animals

.(mammalia and edibie fishes in particular)‘,

S )
3l

L

D) Present states T 0 f Tt T T T

The proposed site and the surrounding areas are’ iﬁcluded in

thé Tbkai Tembeli hG Forest Reserve. Furthermére. the forest beit is -

also EY national forest under the ]urisdiction of the Hinistry oi Pbrestry

Departrent at’presézt. and a future forestry policy is also planned by
JERGKA (Forest Public‘Corporation) R '

B As mentionéd earlier, the” type of the natural forestry vegi—
tation 6f—tﬁe silJ%

i5 of tropical rain Eorest.E'This tropical-rain -
ien arious linds

s

of plants._jaa
-3, V)
many of “hich

The heights of trees range froa 25 to 35 a, ané the crown ‘covers the
entire forest continucusly in abundance.' Huge layers of tali trées

protrude above the crown non—continuously.,t

“Ro' étological study résults in which the proposed sité is.

'discussed have been found s0 far. In this réspeCt, Fable 8-3 is clited

in the Report to show ‘the record of luabers cut off froa the forest

lumbering area adjacent to the proposed site, as a- 51milar environmental

'indication. Kinds of trees listed on the table are linited to tbose to

produce vseful lumbers with’ high econonical values due to the. ‘purpose
of the*recording.' Theréfore, the récord does not cover thé eatfre
forest tréé composition in the'areas.

xSource; Fusaru Ogawa, Tropical Ecélogy I (1974)
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The kind of tices eonsisting the' majority of ‘the fordst
composition is deptrocarpaeeae family, and the rest of- trees are’ those

1“hi°h EYOW i the forests of deptrocarpaeeae family. .°;=’

Accdrding tO A3, WyAEL- Smith who made the classifieatlon of
'depterocarp forests, depterocatp forests may bé roughly. classified into
"Lowland depterocarp forests (approx. 300 m above sea level), "Hill

' depterocarp “forests (approx; 300 6 750 & above sea levei) and’ "Upper;
-depterocarp iorests (approx. 750 to 1 200 o above siaflevel) ";5

All of the above is of forest phase containing Various kinds

of depterocarp tall trees, many of hhich commonly found in these forests.

:consnsts of lowlane depterOcarp forests and hill depterocarp forests. :

. _;: Dae to the absence of scient1f1c surveys on the forests ‘at- the

propoSed Site, ;rees of rare species, etc. have not been determineda, _
According o, the lmpression obtained by partial explorations, houever,
1t may be sa:d that agriculture by a slash-and burn land method was -
conducted but with a limited areal scale.; Bxistance of rubber or er
-coconut palm plantations has not been reperted. The fOrest elasélfica~ :
tion of the planned site is, therefore, mainly of primeval forest or

‘secondary forest nearly resumed to the conditions of the prineval

forest.:

* J}:Hfatt Smith:’ Helayan FQiEéiﬁﬁe63rd§; No. 23
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Z)Prédiétedeffeéts

it - Effects on'plants wili'be;to;SOue,éxtent;e%ééulting>in-exéu?
tinption ox serious Jamages: ofiplénts-caueed:difeetiy:dffindireétlyiby

;the—1nstalgation;gf%vatious ‘structures, various construction. activitieés,

. emergencgof*dam]a}’(essietc‘ e Ieb ey uledes ot s oSEEe i 28 o

FasgeER iy T

. : b s o
:The emergence of. da- Iakes in particular will have direct ef-
fects on plants at damsites due to the fluctuation in underground “water

10“36!,&%{&3, uaterside wolst- botanic communitiesj ‘water= -

: loatlng type botanic communities:'nd aquatie botanic communit:es

may develop.i At the watetside, changes in boténié life due to’ the
changes ia: soil content caused by water IQVél fluétuations may occur.,

as much es possible,_through upmost afforestation effurts,f#i;,fh.L\};

'recover the ground coverage and'to prevent 3011 flow—outs.i;

?ot bntanie ecies that may intrude “nd’ to thetsite*&ué?té

.\

the evergence of seal1ng-up areas, steps should be taken to fest‘iét”;

the proPagation of Spec es'“hat may impair funetioLs of the dams. The

propagation of floating water plants sucb as hyacinth, etc. should be

'also restricted in terus of proper c0ntrol of enriche nt and nutrization.

Lunbering of the present forests wlll be made accompanying the

filling of dam lakes, and it is desirable to remove standing ‘tizbers and

branches of ttees as much as qgstblezbegotehepd,”slnee_they will give

8.3.2. Effeets'on'Aﬁimais

. EFCLLEELT PN

[

1) Pfeée'nt.;status of laige mamtiélia

~ .; ' S. 'p' B2

- The proposed site is ttopleal raxn forest Zong ulth extremely
feu artificial Surraundlngs.. In %iew of the high production power “of

the forest zcne, ‘the contributicd” to .thé. animals is assumed to be very

high. A clear understanding of animal living_conditions is, however,
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not grasped due to the absence of scientific sutveys at the pmposed
site. The northern region of the State of Pahang, on the othef hand
Lhas natiénal park(s), uith telati\?ely mény remain:lng férésts of highly
.ptimltive nature, as compared uith the rest of reglona i~ thé Haléy
. Peninsula, . The State-of. Pahang is. vast in aréd but?at: thé same’ time it
s blessed with a great number of ‘laxrge mammalia, paftially‘due to thé

environmental backgréund..'

g;r, el y

Fig.rs 5 shows the distfibution of ﬁumbets 6f éuch animals
such as elephants, seladangs and rhinoééroées thfoughout the nation.'f

(It ean be seen from the figuré that the State ‘of Pahang has moré aﬁimals'

-than other States.l TBble 8-4* shows a compérisoa ‘of: nuﬁbers of animals
betueen the yeat 1965 and 1968, indicating substéntial decrease of

animals in number. This reduétion in atea of tr0pical raiﬁ forest zone ,

- ,_,, # S
Hhen the tropical rain forest‘zone is developed into rubber or céconut

..... Calgraio

plantations, animals will be apt to nove into further déep areas,ii :

_:together with the reduction ot animalq in numbet. Tﬁé phenoména “are

U Table 84 COQPAg"on of.humbers’of thno and :t;:

b’
0}

: Elephants, Seladang in Halay91a

Rhino - - Blephant . -Séladang -
19565 ' &7 . S 692 - i~é5~'ﬁﬁi:?06 cee
1968 20 482 . 7 '3'46 7. -
(Source'; Halaysxa Environment and Development, A Rorld Bank o
: ©Envirer ﬂental Hission, 19?5) ga;; R S

T - S LR SERETUE B
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2) Present status of-agali and medium mammalia

: ,~-As in the case of lérge mammalia, no field surVeys were made
Ln small and médium mammalia at the proposed. site., COnsidering the high
productivity of the Efop{cal rain forést zone, it say beé assumed that P
various small and Bedium mamﬂalia still exist at the ptoposed site. ;

i . i

Hajor species of such animals are as follous, according to'the.

;distribution chart(s) for soall and” medium mamnalla in tropical rain'

_fforests given by the survey tepoft on Trengganu (Trengganu Hydroelectric.

;Project Environmental Appraisal Report _ 1978) and the medical—ecological
fsurvey repozt prepared by I.H R. iﬂ September, 1978 '

i ;'

bats, eté. still exist.f‘lt 13 also indicated that VaTLGUS primates in;
;particuiar, which hold key to the mystery of the human evolution, )

_still 1ive in’ the Halay Peﬁiosula, as shown on 1ab1e 8—5; ilif
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Table 8-5 .Qgg§i;x ogéffimates in Forest

e

- ARETRRNEI A ;i‘i'-'n*;-.fi o Dénsity of Sgecies R
specteés o o ubess (Antmal/ke
. :rp - i-‘_h L L Secondary NI RO Primaty

.. Forest a ff Forest j*"

Hacica faselcularls

I R B T TR SO B % v
(Long-tailéd Hacaque) SERE IR R R
. Hacaca ieme§trina e f ”‘-=;ﬂ :* :;':f 14 ;;f ' '1_"-.'_'?
(Pig tailéd Hacaque) i
i Presbytis cristana ;'f 7'333 RS :f;‘
‘ (Silvered leaf Hon?oy)_ ———
..Presbytis melalophos . :.*-; a.45 0 - o :i;?z
(Banded 1eaf Honkey) S ) _ :7.' o _ T

Pfesb?tis Obsc“'a 'Tflr o e I 6,oé'i;>: EUURN Y [ T
(Spectécled or Duskey—leaf Ponkey) R R - Rt

wylobates tae. N tf0:89:,1~:' L s
(Hhite—handed cibbon} R I IEERERRAR I :

' HylobatéS'Syndactylus
" [{Siamang)

x| o 1 i

Notés: * protected animals
) % totally protected adimals

(.Source, Man's lmpact on the Prlmatés'of'Péoinsola Malaysia )

3) Efféects én mammalia

Effects of dam const¥iet fon during uorking process include_

blasting impact noises and’ human activities, Affer ‘the completion of

construction works, such effects include changes in environments at

Hatersides and sandy places caused by the emergence of dam lakes and

changes in river discharge. Perished or dazaged forests caused by the

émergence of dams and other coastruction works will" not only threat the
food sources for animals but also change living environﬂents for animals,
sueh as their hiding places, resting places, breeding places, etc. 1c
wiil be thus necessaty to grasp thé preseat status of mammalia in the
plannéd site and to pay adequate atteation to their vital issues.
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4) Present status of ‘finny tribes (fishes)‘ C

;_;; Sealing -up ‘areas such. as lakes and swamps do not exlst around
the perosed site. Existlng fishes are all qf: flowing water type, but:

no. surveys have been made*on the livlng distribution of fishes._—

'.ibe partic Iardy

'and iis length bEComes as long as 50 cm ﬁhen it grows up '

are limited and it is an expensive f:sh patticularly fond of cold

watgr areas such as rapids. R SR

;7§Eié:at the Harket 1n Jerantut ;if';; ;;,;3

“Noi | Type of fish
y ol | g '1- Jelawat AR
{f3_j zﬂ_gé kunjit';r~f
4 P, Mocong T s
5 ‘-Teniggéién
- 6 T Kerai’ biasa
; ] CEaYida
: ,:‘.-8::,_-_ “ragah L
ST R R % OV TR
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5)  Effects onfishes : R

5>Efféété

in discharge at'the downstream side.; Other water:quality det‘rioration?

"7.‘1 rf}“ ie ‘;"

interruptiénrof the

It will be,_therefore, necéssary to cénduct a survéy on” llving
conditibns of finny tribes in the Tekal RiVer, and to adequately grasp i

each finny trlbe. “;v;ﬁzp;} }frﬁﬁﬁi:”

6) Other animals

g0 Derg SR o

lt is desirable to carty out as extensive as possible surveys$

on faunae for studles_oi'animals. That is, studles on’ terrestrial (land)

aﬂimals should inélude birds, reptilés, amphibia, 1nsects and terrestrial

'shellfishes fa addition to mammaliai s Aquatic énimals include aquatic

insects, éte, 1n addition to fishesa

"-5:'--,""""'1 oo s

SRR A Tt

In particular, emphasis should be placed on sutveys on valuable

'animals which ‘are’ vital to the conse'vafion of 5c1entific Or regzonal

'hosts in terms of public bealtb. For exaaple,,tuttles (batagur baska

'and céllagur borneoensis) haveé - drawh speéial attention .at Ttengganu, as
a’ valuable animal spécies An- terms of science. Likeaise, snaiis have :

drawn special attentiOn as a valuable animal species in terns of public
héalth, '
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8.4." Bffects on Sociery and Economy

8.4.1; - Effects' on: Commubity -

lake area, however sone settlements are presumed to Be shifting cui» ’

tivators. A detail survey will be done during the next phase of the
study - '

.T‘

scttistosoniasis, etc.. Accurate studies on specifi probabilities'are
L A inclnded in: tbis Report “due’; to the absence of scientific surveys :

- at the proposed site.- Nevértheless, it may be said that vectors of

such” diseases are. living in the areas- and the possibility of inéidences

of- such diseases cannot be denied, assuning from available data obm}}}..

s

tained from similar envitonmental*studies.as Tooslny

A £

Factors for infections of such diseases are'generally

classified Anto‘causes’ ‘of - infection, and existance of animals car:ying '
. such diseases, and- humans infected ftoa them.: In orderf thetefore,

td control such infections, preveﬁtive medicine typé meadored will

be: vital, including proper steps >and control ‘méthods: against éarrier

animals (intérmediate hostslvectofs) of: such diseasesvand their living

environments, and bétter-enf -0f hus idn liwing environments against the

: concentration of . populsrién acconpanying the construction workso o o0

B .- E PR A i . i E :,_:"E ERE !
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2) Ptedicted.effects S SRR VS

Possible causes for occurrences or increases of diseaseh by
the implenentation of this Project will be the concentration oi workers

particular (a kind of mosquito) The mosqulto likes to live in méist

soil vegetation areas. SinCe dan cénstruction tends to creafe such

'environments thtough wood cutting, dan filling,"

;tlons vill be necessary‘ Prevention of mararié inctdences and mediéal

tc.,'adequate precau-

treatments after infection are adeqUately done byrthe Government

Névertheless, particularly thorough preventivé neésu:es shbuld be taken -
TS cope with the concentration of uorkers éurlng'tﬂe construction periéd
‘{dﬂd to ésiablish a propér public health ééﬁtréi systeﬁ $6° as fo ptepare

- .':_r'_.-.-f frmo fan ::“‘ _.::'“. ?f.-.,. PR b _.‘-.':"_'. e drmiiioe

Honkeys, cats, mosquitoes, ete, ! are internediate:hésfs Of 10ix.
senjperiodical btugié nalayi whieh cauées filariasis lok? hunans. Sdch
- posqoitoes® include the nansonia group (mansonioides), etc. whicﬁ favor
i'eichhornia erassipes and vater fern (Salvinia SPP Yas- their habitats.
.rDue o ‘the fluctuation of water ! level and increase in watersidé liné,f‘-

increases in habitats for the nansonia group are expected

- nails are: intérnediéte hosts for schistésomiasis.u Vatéfé{de .
llnes will again extend by the inplenentation of “the’ Project; and sun—
shine conditions uill changé by the luabering, wbich 9111 be! favorable
 to snails. Increases in iﬂcidences bf schistosoaiasié uere reﬁOrted "at

the . times of tonstructing the Aswan. Dan 1n® Egypt and the VolEé Ddm in-

B 1.3

Ghana.a As: shoun On- Table 8 ?, éimjlar incidences Hin Halaysia have been -
also confirmed:: hamely, schistoéanasis ‘Was’ found arong - 1&51 of the:i-

ninority mountain group exaainees, according to the surVey made at a
location {(¥g Kuala Xoyani although it is not’ at the upperstream of the

Tekai Rlvet, it 1s locatéd on the same Pahang Water . System) 90 km west .

A

98 -



_of'the pfbposeé site, Probability of incidénces: of infection ‘of .schisto-

sanasis by the implementation of the Project, therefore, cannot be denied,

S As mentioned 1n the foregoing, incidences of malaria,
_'filariasis, schist éhasis,

etc; aré iikely té be increaséd‘- Hence, N

71<Sah§1é’ SCIEntlflc :TT

hame _ _, ]
‘Snalis | ﬁdbé‘f"t"é‘iéll:i ] SRR
sz |, copoTensis L

_ s i Junglé Ratfus ) B
SR Y ..oz Rats o | Muellexi o

lfunad populstion of
il o Ii,!i,i_lﬁiity, muhtaiﬁ ‘_.3':6'"?7‘}

o | Source, Results of data collected by Institute of

. Yedical Reséatch at Kg Kuala Koyan River Jelat )
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. 8:4.3,% Effects on éultﬁrai:hssé'te Cogni

1) Pfesent'status[

_1ocated at, from north ‘o south Jeram Kawi Kuala hyong, Telok Lubok
Puai Bukit Jong, etc. ;These famous remains have been the objeets of
'archaeological surveys siuce the 1900’3, among uhich various vestiges such.
~as neolithic stone implements, bronze implements, iron inplements, etc.
2have beén f0und the verified

----- L i

The rea:on vhy the Tembeliﬂg Ri;ef_Be in hol_s archaeolegical

'interests is because_it is said to'be a southetn toute fr "China in

) _:Ba;.sin. 7 A bronze bell, assumed to

for example‘ Hany of such vest1ges thus iudicate the existénce of the

said southern route.;?‘J

For the Tekai River, en the éther hand ‘no archaeological
surveys have been eade, and hence a question whether remains or vestiges

exist or not in the area has not been clarified

e I

T éfé&iéé&’*éﬁézés |

Effects of - the DeveloPment Project on cultural asaets -ay ‘be
divided inté a positive ef[ect of the discovery of remains, etc. and a
negative effect of poSsible destruction. : Some vestiges aré discovered

as they Are scattered’ around tbe ground Surface, ‘and sope other as-
boried underground.

- 100 -
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Possible destruetiqns of rémaiﬁe, etcs by the éonstruction

works nay be sorted- into cases where’ the works, coﬁtinue without knowing

: that remains exist, and cases where discoveries uere made:but not

reported to. the authori;y conéerne '{Thefe:may be additional ‘caseés
where the;discov'

=ry is made but the excavatidn - impossible which Lol
results in failure of confirmation on the presence of such ‘a remain,_or
other related remains cannot be studies, etc.

In order to avoid the desttuetion or damage of cultural assets-
by the construetion Horks, efforts should be made to conduct preliminary
g:lnvestigations as much as- poésible, and to Z

stablish i systfi
appropriate's_eps upon diséovery of éultural assets even éfter the
1nitiation of ! the cénstfuetion works.-_rﬁﬂﬁ‘f*ELF'jﬂg-%ff =

.

]
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8.5.. :Bffects on Tadustrial Aetivities . ..o oo i oioio

B R TS TE R TN A e R T

P RNt P
8.5.1. ) mtliﬂﬁ" -

Forestry 13 thé majdf’fndustfy am&ﬁg‘ﬁthef {ndagéffél étiﬁf-?‘
ties at the propOSed éonstrdction siéé, Ffshéry aﬁd agflcultufe afé ‘of
smatl’ scale along the Tembeling ‘River Basfn, "iiied A" thé 1de4i *

consumptiOn.' : LT e S f-ezﬁj,?”q?_”ff' jf frff”

'8 5 2 Pofestrz rfr

AR R ST DY .

5 ﬂ; Thé moSt crucial,damage of forest resoufces w111=be the-sinking
_of such resoureea at; the BottOms of. dam lakes.;‘The sinking afeavisl e

106 kn? or $0 for the upper dam and about 24 km2 for the lower dam;; S

:Ihe amount of damages cannot be deter-ined until the cumulative amount

of each type of tree and 1ts economic value at

::btained to'a certain’

degree.f Thus futther surveys uill be necessary in Euture to find a ...

clear answer . to this question.;_

: Generally speaking, forests 1n sank ateas ge rate organich

Batters in dam iakes and consume oxygen 1n the water._ In order’ there-

-foré, not to deteriorate the water*éuality, and also in teras of effective

use of forests, it “is tecouaendable to incorporate lumbering work ia the

franeuork of fo:estry policy plans, and to cut off 5933‘195b¢§§_b3f°f3
filling the dams.r '

After the fiiling, waterside forest soil uiil 16§é'bfgéﬁ1¢
contents, or in $ome extreme cases, may be subject to severe soil ero-
sfon, by the vertical Eluctuations of water levels of dam lakes. fItL
':Hill be thus necessaty to earry out well-planned lumbering, while paying
adequate attention ‘% the éonservation of surface” sbil.

it is expected that the forest control becomes easy at. the-'
downstreaa areas of dams, through the roads constructed therewith and

the value of the exlstance of dams uill be 1ncteased
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' Examples of Prices of Plywood Lumbers

. R
[ k]

(Lumbers aiong the Tekai Rlver Basln)

I (Pricei price per ton delivered to factory at 4th e
Hilestone, Jalan Mersing, Kluang, Johor ) )
(As of Aprh 1980) R
i :
:_: 4:7 2 i ‘~_2 '}'.-Eltl'.-:_;'—_rl ;
i i vy - | Class | 20 up
.t Hefsawa . 7'7 :._'I_-:"-'_f— 7:{"133 ’- spdmain liiee 4 23
H. Pa'ang, H. Pipit A | c288 | 2700

"T?QHengkulang 1;f?f‘ 7 KﬁA:fiéééiy-?%;§76? g
[syeon (Safl:), M. Pagir B | 180 165

IR Kedondong, Kasai i,'ﬁ

1,_,_—

P YRS - B
M ity S Torpe crouloitoon
= BRI PRI R -

People engaged in agrlculture do not exist at and around the ?

proposed 51te. It 15 3150 f,likely that agrxcultural developﬂent can be

made around the Tekai River Basin even aftet the cogpletlon of-the ;E{-

i :
Project, due to geographical reasons. ‘It may be saxd *howEVer, that i‘_

agricultural developaent can be promoted around thé roads built for

i

lumber transportatien, as a‘

econdary effect of the construction'“
: X—

: and vhen such roads are constructed between Jerantut and the Tekal.River.

At present there are soze rubber or oilfpalm plantations in those areas,'
and the agricultural developnent in the priaeval forests near the Tekai

'Rlver is proaiéing.

3.5;&. - F;{g}ie:r— St - , S | ;7:.._ : 1 . A I _f‘ [ = ' = :'i:-:‘rs:‘;;’— 7

According to 3vailable data obtained so Ear, there are o
envitonmental factoré té suppress the llving of flshes, as far s water
quality () concerned ‘ Those’ marked with | o W ‘the following lable are
' kinds oE fishes sold ' the’ market in Jerantut town aréea. Some secular

changes aré observed in the ‘sales amouats.
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In recent years, the Government of Halaysia, tecognizing the
1mportance oi freshwater flshes, has been maklng efforts:to- make videt _
use of such fishes by establishing fisheries experiment station, ofiice, ete. -

In relation to thé.da-m: consttuctio_',‘it’gs;y be_____aid that L _
_ changes in water quality and dischétse uill affece;the fishery at the 51 N ' ‘;
downstream areas. Thus, 1t is at 1e3$t necessaty to maintain ﬁroper dis- '
_charge. It is also possible to study the feasibility of fish planting and

raising plans as an 1ndustrial merit A future. : -,‘g _ o

Fi-lmbféhl fﬁﬂ?é kg e

'¥j+ less than 1 picul

f}ij r?i '73; ??4 ?739 i}tif : o-Hajor kinds of fishes

10 sold “on LTerantut marke;
; 9 B
2 . o
:ﬂ& : o
4 o .
:':_> =3f": E 7 K

e I R

o ‘-Ta"-;-s‘aﬁ:' Cx e a2 ze| s | st

Note: Sales of some species of_rive}ine'fishes_in PAHAKG etete'ftpn

197151976 R et ¢
( 80ureé'-nnnu31 Fisheties Statistics 19?1 1976 7 L S T o) 1o
e Fisheries Division, Hinistry- of Agriculture ) SRS,

+i°5-



"; obtained $0" far.:

8.6. Concludinﬁ'hemarks‘i
. Effects of the implementation of the Ptoject upon ekisting
environments are extensive. Pue to’ the fact that concrete features
of the Ptoject have not been finalized e s difficult to’ cleatly
‘ indicate causes of environmental effects. Accurate understanding of the
-fpresent status of existing environments, ‘that may be subject to such
' effects, is also llmitcd due té thé absence of bioiogical surveys. 'lt
T is thus difficult to predict environmental effects, in the strict sense.

-

hevertheless, taking account of the fact that the Project is
till at its initial stage, the followlng natters may be’ pointed out as
‘the- gist of the appropriateness of the PrOJect, based on the knowledge

(:) Scientific surveys are necessary o bioecoiogical aspects.

- It is of a particular importance to carry’ out phytosociological
_ surveys of forests so as to gtasp how forests will be sub3ect

o structural effects.-“

'-For anicals, it will be also necessaty to examine the acadealc

significance, industrial viewpoints and epidemiological aspects.

VAs regards aquatic plants and animals, it is vital to conduct
'scientific surveys in order to clarify the effects of changes

" in water quality and discharge.

;-(:)JPor a ninority nountaln group and archaeology, surveys includ-
o ing explorations will be necessary. '

(:)”It is necessaty to conduct status—quo 5urveys in the viewpoints
fof public health and “té establish firn neasures to cope uith

'the concentration of residences of uotkets, ete,

(:):Although there are several Tssues to be considered as een-

' jtioned in @ thtoug‘h @ above; it cannot be said that these
issues will hinder the implenentatiOn of the Project, as far

© as knowledgekand,experience on environments accunulated S0

far .ate concérned,
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Chéptet 9 Selectién of Posstible Sites and Fornulétioo e
; of -Déveldpiient 'Plang ' =70 ' '

General

3 £ o o- - e -
LTSS SRR R £ 0 ; -_’.:3_._:.:,;5 B ]

et ey Tﬁe surVey teaﬁ visited Helaysla for a périoé of approximately
five- month ‘from the' -iddlé 'of Juné thrdagh- the end of 0étobery 19817 {4~
:"ordet to: ‘undértake the preliminary field studies for- ascertaining a’
pbssibility of the: Tekai Hydfo—electtic Powef DevelOp ént‘Pfojectzia“3';

During theif stay io Halayéia, they carried out a- series of .
-t:work soeh ad explératory drilliﬁgs; seiézie proepectings; topogtaphical
surveys, geologieal sar?eye and so' forth. T

e e T _ - - B - ,,r,,-__
rrs '.,g-fc-';, M [N T ,1 iital E =i

thrOugh the per[ormance of the said worx, the survey teag has proposed

: candidate éites for “¢onstruction of the upper dam -and lower: dam

. w: . - : - ; . .- s
P P s 8 M s BROALE 5 - S L IRLE B I T --f.; T
s A E ___.__;—_ef LI ? ::'—_v - TTET TooE * 3 .

i Likewise a snngle (one dam) development scheme and a series

(two dams) development seheme have been pIOposed.

R ~ —~

.}.“__.

The pumped~storage scheme is ‘as described in Chapter 1o, -
lhis Chapter mainly deals with the optieu- development seales of a single

'(one dam) development seheme and ‘a sefies (two daes) development seheae.

"~"_‘ s "-:% Dl WAz poElmd TE ool oin i “a

s “The seleétion of eand{date sites £or - the upper daa and lover dan
has been made, based upon compatison of the" construction €8st of the main
dams.: As a result of this study, 1t has been propqsed that dame be

_ 1ocated 1n the same, sites as those selected before and a daa at the upper

site be of rockfill typé and’ that ‘at the lower site be of concrete gravity
type. T A S R H_'.i :*,'?:z = A T RS T

s

' In deter@ination of the optiﬁug scale of the single (one daﬁ)

' of ‘a power: plant, aaximum turhlne discharge, drawdown of a resetvoir

(effective depth), aanual energy generation, installed capacity and
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econonic analysis in terms of a benefitlcost ratio and according to a
' formula of beénefit-cost.’ (Refer to Tables 9- 1 2, 3 4;5 and Flg. g~ l)

_ The optirum seale involved in thé serieé {two dams) develop— :
ment scheme has been determined on the assumption that the normal vater
level of lober danm* 13 to be in the ddme as the trailrace water level of ‘the
upper dan. upon settlement of the, optimum scale of the upper dam plan uhich
will: produce a- 1arger quantity of enetgy, making studies on the: running»
'houts of a power plant, drawdown of a reservoir (effective depth) and’ annual

energty generation, 1nstalled capacity and analysis of . benéfitléést and -
benefit-cost. ' ' :

SR S P RTINS LR S DU IR WAL SR

o iig;'é'é 16&iéate§*5?f16§'chart*éfipfoéeduieé'fbf deteraination
of the optimum scales of Single (one dam) developmént schemé.:*ln addi-b
ftion, the results of cost calculation and economic analysis of ‘thé said -

scheﬂc ave as outlinéd belov. LB ' '

i) - The mean discharge covering eight years from Januafy 1973
' through DeceEber 1980 is adopted as the Firm discharge at the

tespective dan’ sités._

=40 n>/sec.
-Lower Dam. Sites.c;Qf;'-46'ﬁ3138c:11_~i-

-
i

Upper Dam Sitesi?

,’c

upon computation of annual costs per kH and kHTlof thermal

power plants, making an; equivalént ‘théreal deVelopcent schemer

. as the 31ternatives.ae S PTT RN ;fic—ff'ff

us 6: 1§lknn _ e o _ ) )
H$ 75 Oélkw : :'_ e e P T “

i1d) TThg-egféctive heaa vQS'théincd"by'tcduction of head lossés .-
| equivéxéﬁt”ta apptoxicatcli fﬁuf ﬁéréent'of“thé gfosg head. 
includéd in single (one dan) dévelopment scheae éorrespondiﬁg
to “the size of dam, thereby obtain{ng benefitlcost and benef{t— _
cost. o : o o ' ’

~ 108 -

@

7o
v“J'.



;
R i
-,_.': . . L
i
- 13

1 iy
¥ H

= :

Ly 7
. -

- -
i
: .
- N
S

'equipmént.

+

in due consideration of operation and maintenancé of

-

tailrace level of the upper dam in connection Hith a

dams) development scheme.

.
) F o
“ +
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i o T E
E x oy )
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Two unlts of electfb~mechanical equlpments have been
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Fig. 9~2 Flovw Chatt'pf Detétmination of Optimum Scale.
= Ty

;;fi;.P;_,?} g;; 6f Slngle (One Bam) Deveibpmeﬁt Scheme

,_Coaparative Stu&ies on Gaﬂdidate
Sltes for Constfuction of Dam

Studies on Toporgaphical
' and Geological :Conditions

(S paaseren

Cost Estimates N\
o of Hain Dam

Comparative Studies on Types of
Dam at the Optimum Dam. Site -

Cost Estimates of Hain
‘Civil Works by Dam Type

__Preparation of Resérvolr stor-
agé Curve and Mass Curve
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Economic Analyéls in
Terms of BIc and B G .

)’Calcuiat{on of Annual Energy
?roduccloﬁ'and Rated Output for

Each Scheme on the Assumption

©‘that the’ Effectivé Storage
. 7Capac1ty apd Plaat Operation

Hours during ‘the Peak Time ave -
N tc be Constant iy

. Studiés én Compﬁsition and :?
Location ‘of Each Structure

' Cost Estimates‘.
of Sttuctures ﬁ;

COmparative Studies on Proposed

" §t¥uctures’ at the Left and Right
"Banks THRT L

_'Compatative Studies on Gaté for
aTSpillway

Determinatloﬁ of Proposed Structutes and Locations
of Hydro- electtic Power Géﬂerating Facilities
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Economfe ‘Analysis in \
Tetms pf:BIG and B-C

L T T Ty phipp——y

......_....i--.--.-.-.-...-.n.--.-—.-.---..-.-.--

ComparatiVe Studiés on' Plant
Operation Time' (hfs) during
Peak Duration ey

LR

- e S e e S

rCalculatlon of Energy Produc—
tion Involved in Each Scheme

Deternination 6f Optimun
Scalé of Power Plant

Determination

Storage Capacity

of Reservoif

"Comparative Studies on Effec—
tive Reservoir Storage

='VCalculation of Annual Enetgy
ProdUCtion fbr "Bach’ Séheme

Deternination of Optimum
Reservoir Storage

r

Studies on Econ

C

due to Iutake by’

oaics of Scheee
y Diversion'

" Estimatés O0f Incrémental
Cost due to Intake

Comparative'étﬁéies on Intake
'Site and Haximum Intake Capacity'

{. Calculation of Incremental En- . -
ergy Production for Each Scheme
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i i w  a

: Calculation of Bnergy AN

Benefic- Atlsing from » o
Inéréméntal Energy @ =~
- Production

L A i el i i ey

Conclusions Regarding Econo-ics of Scheme

due td Intake by Diversion
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9)2;=“g§5ef‘singiei(0né'ném) Dévelopment

-fs.z 1 Selection pf Dam Site -

‘Thé thref dam sites, U-l U-2 and ‘U-ﬁ have been sélected
baséd upon the results of the “tield studies. Thé preferabiiity of the.
sites satea herein has been evaluated through compatison ofr ﬁe“estimated
consttuction cost of the main dam, provided that the height of dam (90 m)
: _'is to be constant and 1ts type 1s to be of fill type. However, ‘the con-

2 struction &ost’ of a’ powef plant is’ not inéludeé in that of thé main dam.
j(Please refer o Fig. 9-4) N L SEEERER R B

‘Naze of Dam Site | U-1 ).vu-2° -3 |

: Embanlqnent-_(losmg) 37 2.6 :_ 38 B

;LConstructio,:Cost R EPVINEN TR
=] ef Math Dam 18 55 79
. 1(105 ns) S ISR EENUEEY RN

: As Seen ftom the above table, U -2 is most advantageous, and it
is proposed that U 2 be taken up LY the optlmun daby site 7

‘

9.2.2, y "g"é?:of“'_flajn“_ R

T oo R ‘; <_‘-7. i at'_,'-,f PR I HERE S R

Studies were madé on the type of . the. dam on the assumption that -
’5the dam at the selected site as stated in 9, 2 l vas to be 90 .00 meters

high As for .thé. .Eypes of daa, rockfill type and ‘eoncrete’ gtavity type
wére conceivable.—--,‘ ' L

. = Comparisons were also Eade in connection with roughly estieated
costs of dam, spillway (with gate), coffer dam’ and diversion “tunnel.

However, costs to be commonly fncurred in each alternatlve were éisregarded
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Dam Type ° |Main Dan Sﬁi}lwayﬁ.ﬂiygrsionr ConstructiOn
o ' AR I , R Céét

TR I ¢ L71) [ -,-.,:-;,q'_j(‘aﬁx#) ‘(Lpﬁus‘) o |
fR?Qkf!}liftruiﬁﬁr 15;55Ly%5-¥f“ Lﬁci$15£; TR 23#'?136-5;- o - Q )
Concretecra\gity 156 10 g el 166

i iiu il s A
R e L

S TR TS B A SR T ST 0 PRIEL TS SR S R C L I B PO 5 AR B B

. . . - ’ £
e r - B L T P B, Bt oM F .
P ‘r: ] B AL S S 0 I T P ":',—x it -

i, L;ﬁj As a, résulg of tbis study ie is judgéd that a rockfill type
dam will be preferable

1

'9.2-.3‘.. l-leig'hl:oif I)?am , N 4. ; , _

E

i ¢
'

The maximum 0utput and annual energy generétiéﬁ have been
calculated in connection with the cases of 50 06 -, 75 ﬁO ‘m and 90, 00 m
BE

in dam height on the assumptign that a mean normal-dischargé of 40 -31 ‘
séc at the upper dam siie is to be- firm diSCharge and’ plant operatiﬁn tize

-

for peak duration is to be six hours (Refer to Fig. 9-3 Hass Curve)

A e T -y B A F Tan e v Po e Ti aalTe ey el &
LD i P -_a—_k -;-’—‘"" Yotrh N RTe Ter SRR TR o

The calculation of the maximum output and annual energy gener-
ation is primarily based on the- following condition. 7

Effeétivé Resei?&if'sto?ége *'S&o‘x 10$:‘3‘{éonstéﬁt)‘;

Maitﬁum:iuibiné‘Dié¢harée < 40.0 x 24/T (= 160 ﬂ3lse°)
T Railradd’ w.-::.‘té'fievéi CELT82:00 mr T v

'iHBximum Output Pmax wiq? gﬁ Qmax. s 33f AR
BERS f55uhéfe, : ii”f Poson ) _ TR orangl fne me ot i

rh'lz g =85 R R
Sy Effect;ye Head '

. omr MRV emERerinad £1 sheel weif wu.l Ll i ' S
c. T3 Plant Gperation img_(= 6 hrs.)é__} i e e s\
, I I -_ x ' TR, B HEI :,'";;’_' A.fr; R T e RGN - 35 P
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Dam Héight (m)

R

90

;?ull Supply Level (m)

jHinimum Operating Level (m) 7
Haximum Turbine Dischargé (m3ls)
vInétalled Capacity (kH)

Annual Energy Generation (MHH)
L=5: (kH) PR TTE AR

Construction Cost (106 H$)
"Aﬁnual Cost’ (106 H$) -
e

B¢ i(‘ié‘, #y

Annual: Benefit (10B H$) Lo

BL.
EL,

.......

125.00 |
98.50
C160.0 | -

78,600 -

. 150.00
14150°
160.0°
175,000

32,8 |
o B TR
CLids
2.63

EL. 165 06
kL. 160 50
160.0°
106,000 © -

223,000
49,000
40,87
T IR
38520
119
6.67

| é.éé&f?iPovér Cénéiéﬁiﬁgi}ﬂ’uﬁ,f

';Studies'

‘éight :

.':.:r iiii

'e made in;éonnection uith threé cages. of six hours,‘-.

urs and 12 hours of operation during peak duration based on 3 552

"daa height 0!790 00 m and a effective reservoir storage of 5&0 X 106 5

‘ as stated in 9 2 3.

o uagiaus“ﬁiéch;égé_ﬂégax‘

FRi i rEnn

Peak Plant Gperation Time (hrs)

6

o1z

Full Supply Level (m)

Hiniaum Ope*ating Level (m) )
Maxizsum Iurbine Discharge (m Is)
Instaiiethapacity (kR)

Annual Energy Generation (HHH)
L—S (kW) . _ .

Annual Benefit (106 H$)
Construction Cost (106 ¥$)
Aﬁnuél cost (10% H$)

B/C

B-C

EL:
"BL. 160.50

f223 600
' 99 000
- 40.87
300
34.20
1.19
6.67

165.00.

Co1s0.0 |

EL: 165,00
BL;:160T56
. 120.0
.79 500 :
223 000
74,000,
39.03
288
3'&31
1.19
6.21

BL. 165.00
EL. 160. 50
 80.0
' 53 000, |
223, 000 h=
49,000
. 32.81
272.
30.99
130
6,18
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_ : _ .
The case of six hours of opératiOn fot peak duration h§§ beeﬂg

judged to be most advantageous in view of the économicg of?iggg;§§t§?5§§
in terms of BIC énd B“C-g!_.qﬂ, Rt

1oy om
€ Tl
ot

we

(Bffective Depth)";ﬁp

H : ..!»;‘--'--—--'
g <.__. A )

'm, 4, 50 m and 10.00 0 wére caléulated according to the featurés of$eachl
'schems‘ dam height! 90 00 m,foperation hours fdr péak duratibﬁ':;six' ,

hours and maximum discharge.; 160m3lsec. : {,irfﬁi} fan}'i;afné?
A '_. O ) ?.—_“,’?,"_Z : 7

Bffective Depth (m)
Pull Supply Levél (-) e
:Hininum Operating Level (m) ‘/  1EL.

162.50
Haximum Tutbine Dischargg (m3ls) ';' 160.

‘installed Cépacity (kH)‘Vi : _Lff ;10? ?00
’Anﬁual Energy Ceheration. (HHH) E ;iiG 600
R G R T Rt NPT R
Annual Benefit (106 H$): K
Constructlon Cost (1.06 H$)
Annual Cost (106 ns)

B/C

B (10° K5 |

ISR

AR ‘ ‘ oF Vo on { ot
D Ag seen from thé above table, e is judged that an effec

LN fpoelE (Wi mED gt nlEe b g
t : ' - . :
depth of 10 m vill be EOSt advantageous. RN  t
A ISR e B P ER
E : - y i ; R P 1 R . P
: A Tegy s %
ERE IS o pread PRI,
i B ‘} : e
s vy
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9;3s Loyer Single (One Dam) Development
E-l -."‘_‘-! H '_=_‘ s RE ;‘;. B

9.3/1,. Selection of Dam Site :

zi' E : THO dam sites, L~1 and L—2 have been seleoted as a resdlt of
-thé‘field studies. The prefefability of the said dan sites was;judged

'_accdrding to the estimated construction cost of the nain dam including
'a spillway. (Please refer to the Fig. 9= 4)

- . - . r - . . L - - -
P P 3 . i FRAFTE IS PRI .
_—_‘,,;1,-;- H e e T T - S Sar - ER I P

_ S The bases of comparisén of the said constructlon cost are,
7 the height of dam (= 60.00 m) and type of dam (cOncrete gravity type)

'However, the construction cost ‘of a power plant is not inciuded in that

: of the main dam,

'.¢;%;;é§'_Hain Dan, Concrete Volume i 5-1 i 5;§€ -
: including spillvay (105 3) - T i
Construetion Cost of . 1 ..
Main Pam (105 W), |30 | %

~*This study has proved that L1 would be: thé most advahtageous
dam site, B

'9.3.2. “Typé of Dam o

The type of dam has been studied on the assuaption that the
dan at the selected optirum site as described in 9. 3, l. is to be 60 0n
higb As for its type, a rockflll type,'concrete gravity type and
' anpound type_of rockfi11 will be adoptéd for thé dam. The” comparative

‘ studies do not incorpofate'the codsttoétion cost of a power plant,

- 121 -



SIS S gl wii Spiilway and iaiéi;béﬁgif“ée ¥
?a@ Type. o Maip pam " Diversion ;’tion_COSt(lO H$]

™,

Rockfill R 24 ) -68_ e

COncrete Gravity BERET N (S EERUSEE g2 .(
. Y

EEEV EO AT PN R I SRl BERT

Compound Type of

Rockfill Roan 50 90

' x

9.3.3. " Height of Dan

-: Necessaty studies uere made in two cases of dam heigbt' 52 QOE:'

h ‘al condltions) undér the”

. and 66 00 m Gnaximum scale viewed from topogrvf
_:assumption that a mean dischargé of 46 -3Isec at the lowér dau sité is
,'to be takén as firm discharge and that plant operation tiae Eot peak

I

.l‘,‘.

duratioa is to be 6 hours.

'é
[

| Haximum Turbine Discharge'Qma g
'Tailrace Hater Level £ EL, 50 OO a B N

,iiﬁhxiuum Output Pmax ng?.gh Qmaxi %{;:3iw:;j;2~*1f:'. o

i where, . - - - " - CEEaTiat

7.}1]'12 g ’5 3 5

T hy _Bffective Head :
' T: Plant Operétion Time (- 6 ‘h¥s.)

= 122 -



E 60

'Instaliedrc‘ﬁaéity {kH)j R
; Annhékkﬁnefgy Generationj(ﬂWH)
1 Lis (kH)

"Annual’Benefit (105 H$)

COnstruction Cost (106 H$§

6:3:4:: Power Géneration oo

The annual energy;generation aid rated output were calculatedf -

-in connection uith three cases, plant operatiou hours of 6 hours,;f=”

--8 h0urs and 12 hours for peak duration accordlng to a dam height of i

f;'gffective reservoit storage of 630 x 106

-8 and maximum discharge
' o% Qmax = 46 x 24IT which are as determined in 9 3 3.;ﬂ ,“i}ﬁ_-vé=;a?fsi

3
3
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—

Peak Plant opefa‘ciéhfme (i) | e L)
Full Supply Level (m),: L EL. 105 00 Ly
Hinimum operating Level (m)

'Annual Energy Generation (HHH)

Lﬁ ﬂy) iﬁfﬁai "=ﬁﬁd ;
anaval [Bepefie (108°M§),.
Constructi@p_?ost (106 H$) 'E
Annunal® Cost (106 Hs) ?
B/c .. . -
B-C (106 ns)

2953;5}?:éffégierfRéggféng 'eragé (Effeetive Depth)

The annual energy generation and rated output were calculated
Vin connection with three cases* effective depths of 10 00 m
"'25 00 n according to a dam height of 60.00 m, plan

perat on hour of

stated 1n 9 3 6

o A A R o R L

18 00 m and;f

Effective Depth (I)’ -?-fgﬁfli*fé‘éiéﬁéi;l07?§; ‘a{cﬂ 18 143_'125 f;
Full Supply Level (a) - [ 105,00 [ BL. 105, 06 | EL. 105,00
Nintmun Opérating Levél (-) R 9500 EL. 87, 60 EL. 80.00
Maxieum Turbine DiSCharge (m3fs): -192;0L' 92 O l'l 92. 0
Installed Capacity (kH) ' '}385§ﬁ0 _ 37 000 . 35 000
Annual Energy Generation (HHH) 155;609--l 149 600 144 ,600
155 (kM) 33,000 | 33,000 | 33,000
Annual Benéfi_c"}(m‘i H$) 25.72| - 2487 . 2405
COHattﬁétiOn édst”tloelﬂ$) lél o .:lﬁﬁrfﬁ _159 _
Annual Cost (105 M§) 18.35 18,58 18.10
B/C 1.40 1.36 1033
B3-C (106 u$) 7.37 6.59 5.94

- 12# -
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As seen from the above table, it 18 judged that an effective
depth of 10. 00 m ulll be most advantageous.

9;4._'se%1és"(Tu6 ﬁams) bevelopment

Upon settlement of the optimum scale of upper single (one dam)
'development with a larger seale of power generation, the optimum scale
fof series (two dams) development has been determined according to BIC
' and B- C obtained from the effective depth of the louer dam, plant operation -
,.time (hrs ) for peak duration, saxieum turbine diSQharge, annual energy | |

"generatlon and rated output.

7; The normal water level of - lover dam will be in the same level

s

fas the tallrace vater level (EL. 82 OO m} of. the upper power station, and
_the effective storage eapaeity for power generatzon will bh 630 x 106

- 125 -

¢540 x 106 90 x 106 3. The features of the lover dam 9111 be as follows,-
' ‘Fuu 3up'p1y'-1,evé1 e-s‘r. '83.(‘}‘0_@
Hinimus Supply Level EL, 79.00 m
" Dam Height 38 00 a .
eéé‘lé'iiiéﬁ't eﬁeiat'ioﬁ' Tiee(bes) | 6 | 0 a2 ]2
Pull Supply Level (m) V EL.:éﬁlﬁé BL. Sglﬁﬁ —Eﬁé'ﬁéiéﬁ_
Hiniaua Operating Level (w) ‘EL. 7960 | L. 79.00| BL. 79.00
Haximum Turbine Discharge (m3ls) - 185 2 l§2.6- ) ‘46;3:j
Installed Capacity (M) as 300 ‘2'_4,160 | 12,000
Annual Energy Céneration () | 102,000 | 102,000 | 102,000
-5 kW) 46,000 23,000 | 12,600
Annual Benefit (105 ns) 18, n 17,00 16.20
Construction Cost (10G HS) ”124. : '_lb9 3 §6 ,
Anaual Cost (106 M$) X i&;ii_ 1241 10,95
Blc 1.32 1,371 1.7
B-C (106 H$) 4.58 4,57 $.17
Accordingly the plant operation hour of the lower dan will be 24
hours,
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