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FORBWORD - *

AL Lho PGQuost of tho uovornmnnt of Thalland to- mako th plolimindry
suMyfmﬂumlmmnlePmmlh%nlwm@<ﬂmnmc}wmmch meOww&ms

chhn1oal Cooporataon Agonoy, oxncutxvo organlvatlon of the govornment of

f Japan Lor the technlcal coopcratton, des paLchcd 1ts survey Loam Lo conduct

j_LhL conaultlnp .DPVIuOB in connoot1on w:Lh the progoct. The.survey teain
'.;con31stod of two 01v11 cnplneora, headad by Mr, H. Watanate; énd-was engéges
111n the Flold 1nvest1yat1on For about one monbh from 15¢h Juno 1966 at“threo
*-proposcd 51te - of Nam Phrom, Upper Nam Ghorn and Lowcr HMam Chorn in order Lo; -
..;Ludy the pr]0r1ty for deve]opmvnt of Lhreo 31L0J. -The-re3u1tf of The fleld
.1nve°t1gat10n have beon rev1ewed and complled 1nto th19 report
- I avall myself of th:s opportunlty to express my groat thanﬁs to.your .

_govérnmont and organlzatlono concerncd For Lh01r 1nva1uab3e coope]atlon and .
 fass1stance exLended to Lhe survny.heam durlny 1Lb.8tay\ | | |
Nothlng would be moro.gratlfylng to as’ JF thlb report oould.be of any o

' conLr:but1on bo the hydxo electrlo pPOJGCL 1n youv country as woll as inw tho .
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~furbherance of.yhe_amlty, Fnlcndshlﬁ and
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qqnbmlc ro]atlons betucen Thalland
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-3_August,‘1966‘:.

', 1n 1ch1 5h1budawq

D1rector bonoral
‘Qverseas Tochnlnal Cooperation
-ﬁgency :



“::Director Goneral,

B 7;.Tokyo

'5};noitered and invostigatod relevant areas and districts of - Thailand in 00n~

"' the National Pnergy Authority (NEA) and  the. North—Fasb ﬁleotriuity ﬂuthority

"Mr; uhinujohl ShibusaWa L*

:_Overseas_Teohnical Oooporation Agancy

_ Dear ﬁir,
_ The undexsignad, Head of tho Japanose Govsrnment prollminary &urvey )
Teamon’ the Upper Nam Pong Basﬂn Hydrowelectric Projeeﬁ take p1easure to‘
';communloate to you that Lhe work assigned Lo the, Team hus been fulfilled'and
"hnvo the honox “to umeit herowlth bho repoxt of our Btudies.5g-, SR
Thé Team viqitod Thailand from 15 JUne 1966 to 1.6 July 1966, and recq

“nection with the, program wlth the cooporabion of the Governmenﬁ ofJ_‘ailand,
;.f(NFFA) _ Upon retuln 4o Japan, tho Team piepared this report of Lho studias
';under Lho diraetion. or the Chief Enginear of and with the cooperation of eh»
&lnoors of the englnoerjng depnrtments of Flectrie Power Developmont dompany
In Lhe perfozmance of the studieq, the Toam constnntiy beared in mind '
.l'the gouinbution of the program to the Welfﬂle and woll»belng of Lhe poople
'omeand ST e T T ;gf

ol
‘;eroshj Wotanabe . - - o
Hoad tof the Prellminary Suxvey Team.g-,’v.
on the Uppor Nein Pohg - Basin T
- Hydro—eleotrﬁc Plojects.

.‘Res>ectfu Ly submitted
)c,v%%m_

:‘Senior Civil Enrinaer Lo S
' F1eotric Powev Deve]opmont Gompany
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~ INTHODUCTION



'OHAPTFR 1 TNTRODUCTTON

'1 1 AuLhorlzation and Hlutory _ I o
Tho GovernmenL of Thaa]and in order to cope: wibh tho rapidl; anrea 1ng‘
"demqnd of oLoctrlcjty in the north~oaqt ajstrict has - propoaed the dovelop»,.li
ﬁéﬁt of hydromo]ectr pohenbiale of Lhe Upper Nam Pong - apln._ There aro _
C_three probnb1o progch The Govornment of Thailand has reque%ted thie ;;-‘
_Govcrnmonb of Japen to dotermine tho most economlc project umong the thrce S
ad to conuuob a fea91b11ity studg.‘ _ : '
1n reqponqe to the. quaesL tho GovernmnnL of Japan de1ogatcd Lhe task

to its agoncy the Overseas Teelniecal Cooperqt1on Agoncy‘( OTCA).  OTCA’ in co—‘:”

 -oporaL1on wjth Lhe Ovcr ieas P100Lr|cﬂ1 Tnduqiry purvev Tnstitutp, (he,
(OFIS]I) organtzed & Lo comprJalng of tha undormentionod two 01v11 anpi»i
'.noers of Plectrio Powor Dovolopmont Gompnnj (LPDC) This team vasited
'Thailand arid made prclimnnary studies in oraor Lo determine Lhe moqt oooﬂ
nomlc progoct of Lhe Lhree: proposed schemos PR '

: i ' - Hiroshd. Wabanabe

"Senlor Clvil Dnglneor

_;Tﬁtsuo Hashimoto

. Planning'EngineQr.

: Tho aponcy ol the Governmenb of 1na1]unu reaponeleG foc and:- charged
wilh Lhe devclopmcnt of thc hJﬂPO-O1DClP1C potoutlu]) oF the Uppor Nam Pong
='nasnn is Lue North-East FJ“CtPjCIty Authority (NLFA), and the Lhreo proacct%

- JL has under . cons1dexatlon are os f0110WQ'-1= . '
Nam Phrom Pro;ect (1nataﬂled oapdcity’ A5 Mﬂ)
Upper Nam Chern Project (ins ballea capacitv 13 NW)
' Lower Nein Chorn Progect (in a]led cupaciLy' 12 NW)

‘ 'Afte: qtudylng repoirts re1atod Lo or of rofer"nce 1o the projocLS, the
'Tenm visited Thailand for approxnmateTy one -month- Lrom June 15, 1966 Lo July :
_167 1966 ond roconnOLLered the projeot sltea and collected avawlab]e relc—.

vant data, Th1s 13 a report of “the pre]imlnary sLudios of Lho three pr0w
jects based on the ro u]ts of studies of dVﬂll&ble reporLs, datn co]lochd
'1n the 1ic]d and Fle1d investlgablons made by the Team.  :

1= 2 Scopo of Report : : BT ‘
The Governmﬁnt of Japun is antlclpatlng Lo sumeL Lo the Government of

Thallqnd by the end of ApPIL 1967 a foasibi1ity report concerning ono pro~

Ject Trom among the Nam Phrom, Upper Nam Ghern and Lower. Nawm Charn PrOJecte. 8
The purposcs of this prellmlnary report are as fo]]owq.




(1) Lo sLudy and examine which of these Lhree proposcd projcotq 18

: fhe moet aconomlcal; and Lhcn_
(2)  to. define and recommentd fle]d anQQLlPRLjonu.Lhﬂt NEEA will be

_ requjrcd to preform of the progecb in order to conducL a feablu'
_ 'hi1tty study N o
_ Powor ma:ket hyurc1opv, geo]ogy, Lopopraphy and othox data that were
| aVa11ab1e for the pre,ent study vere very 1Lm1ted Thoreforc, it mus t be
'empha 1zed bhnt moro dotall studies of Jload forecast; lwdrology, geale of

: dOVPlOpmGﬂt, conatrugtiong coqtq and othor. actorsimust_be made in the feasi~

'r:Mlmvsum%_

_ This rcport compriqes of Lhe main POpOPL and appendlx. Thc'append{x
; contalns figures. and Lables._ ' ' B
1= 3 EXJstlny Reportdr _ R _ , _

~In February, 1966 the f1r t fiéld uuery was conducted .on the Uppér
' Num_Pong Basin by Mr. J B, Ki1pe]alnen, c:vjl englnoorz United Natiﬁns.
advigor'and'hy'NEFA'onplnoors In Lh1b ﬂurvey,_field inves Lig&tidniﬁas caf;
: .rled ouL by hGILOOpter Ilnghts over. Lhe site of_NamﬁPhtom Prdject.‘wh11é it
was made by ground explorationu on the, ,ate ofVLower7Nam Chérn. On bhe . ulbe,

:of Uppwr Nam Chern Proaeot however no physicnl [nve ngation was performed,

It examin&bion was l1m1tod to stuny of a Lopo?raphlcul nap to & scale of -

“a/s0, 000,

“Phe- ro,ults of this uurvey wcrc prepured in 4 reporb bj P1annjng D|v1plon, o
bnglneerlnp Dﬁpartment of NFhA and ca11ed '
: U MNan Pong Basin Prel:mlnary Report Concernlng the Devc]opment by J E.
-lKleelaincn C1v11 anincor, UnLLod NaLJons Advis or" ' :
: “This prellmlnary reporb vias augmonLcd by a supplemenb dabed April. 7,
_IQGG.;_Beuldes Uhia yeport, Lhere is no obher report of survey eoncerning
f_the projeéts'in’qﬁestion: 'lﬁ"thb nantinic, Mr. P. T. Tan, Chiel, Wator Re~
. -sourco. Dcvc]opmenL DlVlbion of FGAPP mage desk sLudle of Lhc bhree progocbw.
', The results of his studies were pub315hod under Lhe fo]]owing title in May
2y 1966 S ' '
""Nam Phrom Flnanclnl Cosb Ana1y915"
YA Basic Data : ' . o
- ' Ba ic duLa on ralnfall, runnoff topography'dhd 10ud.f0rocaot wero'Fur'
-'niJhed to. the Poam by NEEA. ‘ In aﬁdlLion, during the course of bhe Tield inn
‘vept1patjon, tho team co1100ted daba. Howover data made avnilabjc 1o or

“,col1octed by Lhe'Team are ]Lmjted and far From adequate.
[

‘" f'f 2 =



ERLL U

' “Nam Pong ProjecL beasjb111ty chort" hy Royerq Tnternationaﬂ Gorporarffffif
Lion dated Mareh ?9, ]96? and “Nam Pong Project, Englncertng Roporb“ which‘l-“~""

fWHs 1aLor pzopnrod by Sal?pittcr [nduubriebau Ginbil 1nc]ude bu lc daha whlch
3'hnvo 1nlovanco o bhe proponcd projeots‘.‘  L ' : ‘
Aeh AcP710w1(AIpemonL _ . ‘ :_ : _ _ , _

Phe survey Leam exprecsca JLs profouud gratibude to ofiloja1s of tho

-,fGovnrnmnnL of ihniland NaLional Lnorgy AuLhority and Noth«ant F1ectrtcityf 'ﬁfi

AuLhoriL, for tho vurloub oonvon1ence“ and aselstance recoxved..,
i} The Teown wlshos to acknowledgo Lhe yaluable as 14Lance recoived from
Mr, o..TorﬂnIShl in connectton with Lhe market surVQy of Lhe propoaed prc«

JGCLUI

' Thc team ul%o acknowTeuges the. arslstance ang coopﬂration of the Governu::n*‘

_”:ment ol d apan, Ovnrqeaq 1echnlca1 Cooperatzon Ayency, Overseas L]ectrical
' Inuuqtry Survey ]nstlbubo, and the Ghicf Engtneor and eng1noer1ng otﬂff of

";EIPCLYLG Powor Dovoﬁopment Cn., Ltd
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. AND RECOMMENDATIONS




. CIAPIER '2:._ coucwsmus AND nrcomwmnn'rzons
Coel Conc1uatonq"': BT el T 0 :
: Upon qLudvinp paﬂb roportb and ng a rcsult of thc field anesbiguLionqn
.and utu<tnn afler roLurn to Japon, iy 13 the ooncluslon thatt '
_(1) g Lowcr Nam Gliern: Progect xs not’ ooonomica1 at thie presont
‘ ptapge. - The poo]opy of the dam 3ibe is. 1Jmestono and iher are
oojoylc problemS, and- the coet of: power of ihe projoct i ex» ,f=? 
 ;“L10m01y high, Moreover, thls progcot inc1udﬁe Lho divorqldn of
| waker Crom Lhe heddwatnrq of Nam Phioth- to_ the Nam Ghern, and i o
.]oqs !h.q d;vorunon is qcvompllshcd the cost of power wt11 e : :
_ ~ more 0xp9ns1v0.‘._' - '. .ﬂk EEER
(2} There are no unusual engincerinp problems in Lhc de51gn and con-
J:sbluchion of qu Phrom OIHL Upper Nnm Chern ProgecLQ. BoLh pro~
.JGCL nre cnonomlcal Conparatlve studies were made wiLh 8 dieqel
. :pinnh ar'an alternabive source.l IL waé Cound Lhat bhe cosL of
_':'on01pv of hoth pro;octq is ]ogs Lhan Lhe cost of energy ‘of the .‘
:‘ d1tornaijve sourco, and’ that the bonof1b~c09t 1aL10 oxcecd% 3.._.;
(3} “JL ln not possitle at. the prosanb gbage to determine whlch of- the
_Lwo prO]eLL {Nam Phrom and Upper Nam Chern PrOJecLb) dhould be _ 1'

- “doveloped. firqt _ - :
' “fhe €08 t of cnergy and beuefjt—cost raLio of boLh progech :

_iwore ca1ou1ated and 1 wag found that Lhe Nam Phron Project is
: more i‘uvorab]c economiccﬂ]y. However, on Lhe bagsls oi‘ doad I‘ore— L
sba for the 10- vear period from l966 to 197), studios of the |
Pt;mlny ol devc]opmonb, bupp]y capabillty apa}ﬂst eatmmabed dcmand
' and other’ faeLor revealed Lhat whlchevor of the projecbs is’ do~_':ff
. _ Hvo]opnd flIbL Lhe.economlc merlt are aﬂmoet the same. e
'-.(4) Tt is eseont;al Lhal Lho project to he devcloped ersL should be-
“'“"%Laricd dd earlJ as pracblcally poss:ble becauso there wlll be a

o short nLo oI bupply capahillty frOm 1968 aocordlng to Lhc load

o I‘orecuul..' , ‘
'1_ (S) Whether the Nmn Phrom Progect or the Upper Nam Chern Pro3ect ls

" developod F)lqt iE g anLlclpated thub the bobh progocts wilT -
have to e dcve?opod by arouﬂd 1977 Accordlng to the load foro« . 2'
casth, Ll ihe Nom Phrom Pro;ecb is devo]oped IlrsL, 16 will ‘be -

'.novesqaly o’ hnve Lho Upper Ndm Chorn Project ready lor operatién:‘fi.i
‘around.]9/7 Gonversely, if- bhe Upper Naim Chern Proaect 18 con= .
structéd“rirst, i1 13 antlcipated that the Nam Phrom Projecb must:




o .;gbe complobod und on Lhc line {n 19!4._  _

“"(6) Dabn which wore aV011ab10 are limited -ang far from adoquate. .
'Thereforo, Ln order to determlno tho priority of! devc1opment of
ﬂLho two projocbu, 1t 1s cagential to aqcertain whether or not

_ .Lhore are. d}uclep&nCIGd in- the hydro]opical topogrnphical, geo~;
“10plca1 md other data uqod in the pregent s tudieq. For this pur—- _
pose, it 1a ossential thaL field qtudlee of both- prngocbs bo ing-

tialed: meediuLclJ.
?~? Rocommondataono..f . _ S
; S1L is rGQOmmonded LhaL Lhe fo]lowinp.studios g invostiyationb bo c0n4'
: ducted of Lho Ndm Phrom Projcct nnd Upper Nam Chern Progecb bafore deLer—
o pining which of the: two projects ghould ba developed with priority.
' (]) hg cortain the Lotal storago capacity of the reservoir by traverqe
'and cross-doctlona1 gurveying of the regervoir area, and check the
e _ .'qvcu?acy of Lho 1/50 000 gcale topographic mup.. S L '
:: (2)- Gheek Lhe oetimated costs of bhe proaecbu. For thig purpose 580* :-
F. logic lnvoetigatlon ‘of the dam SJLO of Nam Phroia Project uhou]d
.  be oondncted by core. boanp, and the Upper Nam Chern Progecb by
4_uoro hortng of Lhe dam slto. and along the rlghb bank upstroam of 3 -'
the dam - SLtG.:-. : SR el
) After doLormin1ng whlch of the two projoot should be dcvol»'
_joped with prloraty on the bagls of the roquLs of 1nvesblpation%
(1) and (2) cnumérsted above, the fo11owjnL 1nvesL1patlonq should_
: be gnrrmed out for. thc feapiblllty sbudy '
(3) . Rerlal. mapping of Lhe reserv01r area w'map to. acaJo of 1/10 000 -
| 'wlth'” m oontour _ R : T IR
Aer1ﬂl mapplng Lakes time and Lhe map may ot be rendy in - .
_'ljmo for the fea*tblliby study but it is eventuuj1y nece,.lry and.
- Lhis work nhould be gtarted ag 'ear]y as possible.’
(4) jTopographiu survoy and proparntlon of ‘map to a scale oC 1/3 000
- _wlth J 1n conbour of the propoaed dum gite, 1ntake, penstook ahd:
*powephou ge blLes (in casc .of the Upper Ham Chein ongect inelude
o the right bank upgtream of “the proposad darnm qjtc)
{5) “Prof11e ]cvp]inp alony the center line: of Lunnel
: f(6)  Geolog]u survey hy core’ borlng of - the proposod dam s;to (in cdse :'
- of Upper Nam bheln Projeot includo the rlpht bank updtream of ;::
- o _dum %ite) ' A S '
":i(7)_ Tnves LiyuLlon of dem embankment matel1aJa.
: _ Pieparab1nn of the feaslhil:ty reporL will rbqulre /. months
:.f-after Lhe resu1L% of the jnvestlgatlons enumerabod above become
' “a4ajlablc. e '
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" ""Qllflfs_'PITf"‘R 30 10 I‘éom-ms'r
"1_3§i: xisting Conditxon%

ﬁhc Uppor Num Pong Proacct area is 31Luated in the n01bh~ea5t-dis£rict
'of Thajland.. ‘The Homnnd Cor clockrie power in Lhe northneast dlstricl of

'ThalJand ES prowing qt a pace fnr exceed1ng ostimates.  This scemg to be .

o attrlhutab]o Lo the faot that, Lhe govornmont's poTicy for'tho.déﬁelppmantri.a

Ji-of LnaqurJe in the nortl cast dlstrict is hjphly fruitful that‘&lonp with
~tho upvblopmenL of: Lnduﬂhries, the livjng standard of the poop]e is improv~

::__nng and Lhai by 1ho cxpml shon of brnnsmlsqion and dlerLbutlon 1aneq Potonu

- ;Llal dcmand# are being. sat1 fjod. Recontly, severnﬂ m11jtnry ba ey - of large

. scaJe have: heen eatabltshcd in Lhis dl%LPLcL whmch have acnelorated Lhe growbh.3

'f-of the demand for. electricity ; ' -
The 15 chnngwadq in the north—eaet dLerlct havc a populutlon of

878 862 aCLOPdlnF to Lho consus of 1964;1'ﬁab]e 1 shows the breakdown

lof popu1abion dnd tho powor qupp]y 5yqtnm9 in the 13 changwadu, namoiy, soid .

. 1“ chanpwads ]oss Locy and. Burlhram which are expected to remain Lsolated

S Trom the poWex'Jupp1y Jystemq for- some L1mo to comol. 'The popuJublon in bhd

'f:oupp]y aren snrvcd Tw'bhroc 5upp1y syotomq reached 9,020,641 in 196&, whlch

': correspond to aboul one thlrd of the total population of Thalland. The

'concenlrahlon ol popu]uLion to CLtie& is very low; the population ijlnp 1n"

i citios is about A% of the total populablon, and oven if ib i comblncd with

iﬁthe eJLamaLod popula{jon ]Jving ln ‘Lhe outaknrtd of cjtleq, the percontage
is. os small a5 9% In order:Lo qupp1y e1ectr1c encrgy 140 upavccly betbled _
. fpopuibblon firom the powor supply systems Iln . the future, it w1]1 be naceﬁ—

o sary bo oqund dJSLeruLion facillties “The. cost roqujrcd for materradla» o
__:;Lny Lth expansmon w:]l Ve, enormous, 80 Jnsta]1ab10n of Jqo]ated diegel ge-

| 1npraL10n pJaan nay prove to be a nore rationnl mebhod: of olectrlflcat3on.
' : Tn forocaqting the' demand for the. powor 9upp1y syatens for the next
'f10 years oy qo, “Lhe urbon’ populahion 1nc1ud1ng inhabltaan of - tho outskirts

'montloned abovc should he considered In this cose, however, it st be

o baken into account that deve]opment of Jndustlleq Jn ‘elties has the poqbi-'.

.i'jbi]ity of accelelatlng the conccntrab:on of populat1on from rural dlstricts_ .

'ffgto oitjes.”_




: 3?2 Pﬂttern of 6upply

. Tab?o 2 showq existlng power generaLLon raciltties and proposed power :
Vprojects in the north~oast distxict of" Thailand Tn thq dis lrlct tho Nam

9 POHV ancl Nam Pung hydro-o]ec{rlc plogecbs havo boen developed and enerpy'

producnd Is quppliod to principaj “gities dn’ the di%triot on Ll KV and 69-f:-":ﬁ

UKV LranamlSSLon 1:nau. (&ee Plg 3) o

7 ':[ Hho1rabm1a Powel otatlou of ; the Nam Pong Systom has 8 mQXJmum output5
Iof 18w, -ond onergy produced is beinp pupplied to Khon Kaen, Nakorn Rat~]lf
'bnma, Udon Thnnl, Phol ond Muhdqarakham since February of - Lth year The

‘:-maximum output of thus powor stutton EE: schodulod to bo incroased Lo ?)

;':‘MW by Lhw inan11uLLon of a third unit In February of 3968. '

: Nam Pung Power Statwon hud a maxﬂmum capacjty of 6 ww and oncrgy
: -:genoraLed g betng supplled Lo Sakon Nakhon, Nakao, T at Phanom since Ocu=
o Lobor L96) : : . S o

ElecLIAOILy flom these power. Ftattonu ia distlibubed to. oonsumers by Pro~ _'

;v1ncla1 FWOLLrLc1Lv Authorlty {PEA). PEA is aggresstve]y promotlng the ex~"f -

_ ‘”pan9|on ol power: dier1hut10n faci]LLJes and it is asqumed that pmall elbies -
: which are now 1e1y1ng for qupply of aner gy by dtesel engines will be gradual-' .
ly connoctcd Lo Lhese Jupplj systema.. These two supp]J 9yubems are bched—

Culed to hc 1nLerconnoctod in Lho autumn of 1967*

- Bv Lhe aubumn of 196?, a 11 KV Lranbmiseion 1ine 15 qchedulod to be
:completcd conne(tjng Udon ThanL and Vxent1an, the capjtal of Lacs Thlq"
'Llanqmlssion 1ine’ will serve Lo supp1y 93octrchLy to Vientian and at Lhe L
- game Lime, to supply powcr lor the oon truotlon work of Nam Ngum Proaect

_'whlch is schedu]od Lo btart eoon. It is undersbood that upon comp]etion of

 Nom Ngum Project, bhe. Lranumis ioﬁ line will be used to send e]ectllclty from o
the Nam Ngum Project’ to“J‘haJ-lus_\d.. It iz estimated thaL 8 W of power wild =
be deiluoxod on thq 1lne E _  L : :  ' -;.j=. . 2 _T’_;;"' S

_ [n the qouthexn rogton of this digtrict whele Ubo] Rat Thanl, Sr1 Saket B

.and Susrin ave aiLuabed hydTO'GLGCLIIC powor has not been developed. _Sdi‘
Lhese c;tieb ‘are gorved electxiciby from diese] genelabors. Lam Dom Nos.

- Ploject which is expcctod Lo be ¢ tarbed soon iy schcdu]ed to be compTetcd
_'by Lhe end of 1969 ~When th1s pLOJOCt 1s completed thJJ regjon wi]1 Tan

“'geive supply ‘of energy from the proaact;ﬂhich w111 have - a maximum output of

])MH

L i‘?‘,
v et




_J;yS'MWMyTmemy' o o — _
' : Tho northm agt digtricl of That19nd consl&t of 15 changwads, Of these

'"_:changwadq, Loey will noL benefit from otbhor of Lho powor uthoms and is

'-anchJpated Lo ramain aso1ated for some Liie 1in Lho fulure. Slmalar]y,

U Buriera wJIJ remn1n JQO]GLPU Trom clbher ol tho supply ﬂquomq for a con-

:;'oiderab1o poriod bhouph it ey roccivo supp]y of energy from Lom Dom Noi

or Nakoxn Ratgima in Lhe futuro. Therofore, foreeasl, of dnmand wag - mude of

': '13 chanpwadq, oxoludinp the two changwad 'mcntmoned ahovc. oo

Aq a1readv montloned i pavaprnph 3» 2, thore s aldo plunncd an rnterﬂ‘

iy :chango ol pover wuih the Nan Ngum Syqtﬂm of Laos.

o BHA Load borecasb

_ 3_4.. Porsod of forscagt :

." ' - Foracosl for demand wasg ade fo: thn ben yoars beginning jn 196?.-'
3~4 ? Annual hean rabe of 1oad growth ce

o _ t Uho annunl menn ra{o ol growth of pOWbP and energy demand in Lh:s :
E:‘di sbrict has 1cconL1y 1010ncd 1) to 20% Considnr1ng that both - the Nam .

._'f Pong Sys tom and Nam Pung System have not beon in oporaLJon For 8 very . Long :__;_
i._'time, tho dcmand for electr city Lp es timatod to contlnno to grow rapidly
' ’wathln the neyL few ycnrg.‘ Particular1y, in 1967, "in add]t1on to the proth

:fof demand wth1n Lhe dlbtr1ct, it 1s anticipabed thal new demands will be
:[crenLod by the connection of now customer in Lhe sys stoms. BuL the growbh
%'ratﬁ of domand moy nok he hlgh in ‘the followlnp years, if one Lﬂkeb into _
' .account the facb Lhat, ag sbated in 3u3, the popuTatlon of Lhe ouLakLrts of
'-CLL]PS in Lhe' suppr LorrJlory 19 nol very lorge. With theso factozs baken
Tlnto cons Jderat1on, the annual mean rate of prowth of KW demand for re s1dennf
_-iinJ and commer01a1 usea-has been estlmatud at the values: given in Table 3.‘
' :Bven 3L dcmand aoLna]ly rogjster a thh rote of growth temporav1)y, this
E'w111 not-negeusarj1y mean thai the' thh rate of growbh will: contlnue into
- the future The annun] mean’ ratc of prowth of 12 Lo 104 for Lhe next 10
 yea1 KJd 8, consorvablve edbimabe and is not be?:eved bo bg Loo small., '

upOCiﬁJ dem:nds oLher bhan penera1 demonds will be deseribed in BHA 5.

3 A=3 Load factor L S .
. Flg. 6vl thOUbh 6~8 show. dal1y 1oad curves 1or Uho]ratana Powcr

_ "SLaLion qnd subhstatsonq of .Lhe N Pong Syqtem. Ancordjnp to Lhesc curveu,
'f;the pesk load occura nround 1900 Lo 1930 hours, nnd Lho daily 1oad fuctor ;

ie 39 Lo 53%.

A feaburo of - tha diquJcL 15 that subbtantia11y no fluanaLion 000urs

Hffin Lho Jonﬂ curve Lhroughoat Lhe four seasons of the year Pluctuation in

.:: H 8 ” a4




S e E

Ioad curves botween week days nnd weok ends lg nlso amal1 beeau%e Lhe 1oad

ia oomposed most]v of reeldentiuﬂ and oommeroial demands and there is no in—_lyﬁ

_dustr Ll 1oad._‘ThaL is Lhc shapo ol 10&6 curvo wi]] remaan aubﬂtantla]]y
unchanged Lhroughonh Lhe your, whi‘e only tho 3120 of Load wi11 oontinue to
Pho z -KV distr)bubion 1ines operahed by PFA cannot neceaﬁarily cnauro _
-tsbendy urun%mL941on of olﬂchricity aL all times.‘ Record show oocurrance of:;if
_ _ﬂnveral houre oft sorvtoo intorrupblon and occaqlonal outage up to severaJ  :
' lenh of Nours. Thcrofore, it 13 be]teved Lhat thc annuaj 10ud factor is con«i’tV
71q1ue?ab1y lower thon the dai]y Lodd” factor. : _ _ ' L
_ Tn Lonuldornb1on or thls situaLton,_Lhe annual Toad factor for rosjden-: “'5
LluJ 3nd LOMMGTCLH] uses haq been e%tjmated at 44 to 4)% for principnl citiqug ;
and al 34 Lo 38% for other minor thJes ae shown 1n Tab1e A ]. ' o
3 4 b Sine of demand '

POI tho 8ize of . demand Lho demand dt the consumlng end at the L

end of 1966 hau been ﬁ;tlmated In ths 0311mation of - Lhzq va1u0, the actual:f_ 

- loads on: the qub tatlons in the Nam Pong and Nam Punp Systems in May 3966
“the es tbimated glowth of loud up to the end of Lhe year- Lhe progresu and o

qchedu]ed conquuotlon of . ??~KV distrjbutlon 1ines which wou1d pcssjbly cre? ~u‘
o nLo new dcmandﬂ from v311agos and cibies connected Lo Lhe yetcms wore taken

Cindo accounL., Tho est1mabod domand Wad then correctod by roforrlng to the

values conthncd in "Eieotrlba} Energy Dcmand Investlgation Report" prepared'

by o CommiLLee 01 Lhe Government of ThaJTand

“The demdnd in KW fOP future years has also been edtlmated on Lhe busxb .
‘of - lhe psb:maLod dcmand ‘ol the conqumlng end at the end of 1966 and the: es»ﬁ'
-tamaLed annua1 growbh rate mentloned AI1TOF An Lh1 chapter ' The annua]

-onergy demand has boen eut}mated baued on bhe KW demand and tho eﬁtlmated

- : mmu_n;L load I‘act.or “l‘he power and eney y demsmds at the” Jendmg and huve

‘boon os leaLed by addxng the Lran%miqsion loss to tho demand aL the consum—
ing end. Tﬂch 51 Lhrough 53 nhOW thoe rbsulta of Lheae ebtimab¢ons. TR

::3«4—5_ 6pecia1 domand ' N ,
| The demand: for oieobrlctty in- bhls dlsbxlot inc]udcs cooperative
- demandy mlltbary bage. dpmand and dcmnnd from Laos Jn addltlon 1o yenora3 _“f .
residential and commeroial dsmandb. . ' T ' S :
Looperqtlvo doniond ‘18 o Lype of demand which origlnatcs from the deve1-;~f
.opment plan for'lemoto agricu]tural dlstrjcts promoted by freo Lountrios for o
”'lhe purpo%e of malntaining order in Lhe north~east district of Thalland nnd '

T".'_* 974¥f:.-$fT-L]"3-




 ' therebv provonlinp Lho inft?tration of communiﬁation. This'demand is méinly”
; pnmplng ﬂhabions oporated for'the llrigahion of farm1und an dry peaqon, Shlp“.

yards of smlil-)cn1c, and minor farm industrles. This plan i sald to atard,
aking shape Trom 1967. ﬂho egtimated_KW demanﬂ for"this load dre the valuesf%-

,' :fprodeed Ly NFFA It has beei agsumed that oniy'a'ﬁory small porilon of this
~load cojncides with the existing gystem. peak loods and that only the 1lghting_

:.-1oad whjoh accounts for about 309 of the demand colncldas wuLh the ays Lem

:H'.iponk )oadf-_'“he annual meﬂn lﬂLO of growbh of KW domand has been estimated '

1 Qv 10% a showun in Tablo 3. The load faotor is oxpectsd to f]uctuate ap-

ﬁpronlab1v aocording 1o ‘geagon in condxderaLlon of Lhe agsumed oporatlnp tdme
of [rripniion pumpq_and the nature of Small industried for prooesstng of ng—f

‘:ricultural producns ‘Therefore, Lhe annua] 1oad fncbor ha3 bcon Obbimated
ab ? % aﬁ gliown - tn laij'4 2. ' U

“hs IOﬁuPdd Lo thn demand of m11itary baseb, those baq “‘which havé‘been

} 5,'formalIv doclded to r0001v0 supplv from the ystem and ‘thoge whtch are’ ex-
73 :pchnd to roce1vn_uupply from the qysbem have been con sidered. The KW de~

~ mand hias been estimqtod to reach Lho ultinate value hetwsen 1966 and 1968 and_f"

L 1evo1 off Lhorpu(tor. For Lne 1ond factor, bhe & ing va1ue ag - bhab far ran"

.‘ﬂ.:uldOULJﬂ] and commexo1al demand has been adoptod..;

The demand from Laos’ had already beon dlqcuabed in parngraph 3“?.

En accordancc w:th tho ayrnomﬂnb Forma!ly concluded between Thai]and and

7,Laou, 1L ha been aqsumnd that LranstSbton to Laos of MW of eioctrchty
_ w:l] uvart in Novembor 1967 which is. the sohedulod imo oi compietlon of
the trwnum;q31on ]Jne and. theroafLer gradua]ly 1ncreuse ultlmatoly to 8 NW

 The annua] 1ond fucLor has boen asbumod Lo bo 40%

:;33 Demand and Snpply Capab11tby _

' ng. 4L and 42 and TabJe 6~3 and’ 6»? ehow the balance botwcen Lho
. dnmand o,tJmaLod 1n pnrapraph 3 & ond Lhe. supply capabj1ily of exlstlng
'plantq and propo od proaects de%cribed in paragraph 32, Tho- supply oapar
"h111Ly in KW of hydro»electrlc powor sLaLlons has heen o8 timaLed te be Lhe

 VSmﬂ1Jﬂu al bhe end of June when the reqerv01r waber 10vel has been drawn

";*‘down and the ouLput wi11 Iccover and reach maxjmum at, the. ehd of December

L“ :ﬂw1th the rige. of Lhc r gservolr walér 1ev01. "As reyard KWH, tho onnual va-

- Jues and average monbhly va]ued for both demand and 9upp1y capab11lby are
‘ﬂfglven.- _ '
R ]L wi]l ho nobed from Lhe figures Lhat there will be a deficjency in-

'flenerpy Supply cqpabjllty in and after 1968, and thaL deflciency will be o

P




'crﬁatod in boLh power and - enorpy suppLy capubi1lby in and aftor 1969. Ther'f”“"
@hortapo of energy quppTy oapabil:by wltl be parbicularly pronounced._ L
 3~6 Order of Duvelopmont . o '
_ “Thiq pnlagraph concerns bhe problem of overcoming the qhortage of Jup~
'p1y cnpnbi]iLv deseribed  in Lho prﬁcedlng parugraph by Lhe deveJopmont of -
- Lhe Upper Nam Pong . 0f the” Lhree progects con31dered Jn tho Upper Nam Pong
_5fbﬂgin, the Lownr Nam Chorn. srte is Judged not foa51b1e at bho preqent time ‘:ﬁ
}por the roasons described laier' For the romnlning Lwo sitos, namo]y, Nam
~ Phrom’ and Upper Nam Chcrn, Lwo methods of devo1opmouh ure concelvab]e do~ |
_pending oI wh}ch wt1l be dove1opod ilrst Por the purposo of Jdent1ricationg;

'  thc follownng do%ignat1onq wal be ueed

Caue A°' Dovo]op Lhe Nam Phrom Site first o =
Ga ALY Dove10p Lho Upper Nam Ghern Pite fnrst..

'1._ _:3-6»1- Gn%o A : : R ‘ S
i _: b15 61, and 5-2 and Table 7-1 and a2 show Lhe ba]ance bebween o _
.demund and qupply cnpab111tv jf the Nam Phrom oite 1s dovetoped flrat."The -
V.as umcd oonatrucblon uchodu]v for the Nam Phrom qlba LS Lo slart con%bruc~
" tion at the end of 1968 and havs the flrsb unit (16 ) rﬂady for operunf__
“tion in the sarly part of 1972, Tt will bo difficult Lo start construction
carlier Lhan tho LLm“ given nbove and even. 1f the constrlotion period is
' curta:led, it m1pht ho pos uxble to have power from the project ava11ab]e
-:ahout 3 monLh ahead of achedule. ' Lo
: The dOf]CLOﬂCy in Gupp1y capﬁh113ty ox1st1ng beforo the. Nam Phrom 51te
:'3enters into opoaatlon, namelv, the defxc;ency in Jupp1y capabilwty occurrjng
durlnp the pexlod boLwoon 1968 and 1971, must be fﬁlJed by d1ese1 ganﬂratorﬁ- -
'Aqsumlng that Lhese dlesel penelntors are operated An parnllel in Lhe system
and that the annual. lood facbor is 80%,; these generators are required to have; f"ﬁ
Can ouLpuL of 7o M- during 1968 and 1970 and of -12.0 MW i 1971 o _‘ =
- All.exlstlng and newly ing talled dle,el peneraboré wi]l no 1onger be _ .‘?f
.needed alter 1972, the year in. whlch the first unit (16.5 MW) of’ Nam~Phrom FERR
P1OJecL WL]l be put into opePaLJon. 1ho second unit (16.) Mw) qhould he ;_:~. -
ready 1n 197 _Lhe yeal JH which a -hortape of KW capabllity is expectnd

Tha shorbago of energy capab131ty which may asze in nnd ofLOI 19?7 cmt:'
e salis iied by Lhe oonstruntlon of the Upper Nam Chern ProjecL

3-6-2 Gwenr : g DR e
o Fig. 5-3 and 54 and Pable ?u3 and 7:; ahow- the baldncqzbétﬂééﬁ :
demand and Jupplv capabl]ity it Lhn Uppor Nom Lhern Lté'is:devélopedffifst.f};“ EA




-

_ 1!5Tt is assumed Lhab construcbion of the Upper Nam Chern Bibe Wil begin Lo—-
:”‘iﬂwnrd the end of 1968 oand - bho, plnnt (10 MW) reaﬂy For operntion in bthe R

_j_ﬁemy pau‘L of 1970, . o o |
The dcfacicnoy of supply capabi?lty bcfore Upper Nam Ghern &JLO ontors_:

' -in{0 oporation, nnmolv, duranp tha pcriod J968 through 1970, mugt be made

;iuvuulabJO from dio sel. generutorq. fg in Caqg A, Lhe roquirgd cnpaclby of

. dloqoi penarntor‘ Ja 7, MW .
Tn 1971, the year in which Ahe Upper Nam Chern PrDJOLL entery jnto -

: oparalion,. exlsLJny dleno] ebalions can he rebxred from aervioe but those
Alesel a,ntlons added- new]y mst be rotained in oporatlon for some” tne,
‘,ln 10f4, unorbago of supply capability will BICrEe. apain. lo moet tho Shop~
Luye, the Nam Phrom site should be devoloped. [n ovdof to have No. 1 untt '
;(16. MW) of Nam Phrom Pro;ect ready in 1974, it s necegsary to commence

s conahrucb1on of the Nam Phrom Project in 1971 jmme‘:ato1y after COmpJGtionj .

Cof Uppﬂr Ham Lhcrn Project qround the cnd ol 1970. When th fqut unib of -

B .Nam Phrom PPOJeci is pul inlo oporablon, all. the. dlegel stations will not. SRR

ho 1equired._ [t may ‘be around 19”7 Lhdt No. ? unlt (16 ) MW) muJL be added . :

Lo thp Nam Phrom Progoct

'-;';«:12 h  e
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GHAPITR /. SCHEME OF DEVELOPHRNT

e L Goncral Debcrlption of Projecb Aroa. - .

_ - The praJecL arca of Upper Nam Ponp Ba31n occuple the ¢ 3uthwost0rn por:
' LJon of. the dvaJnugo baan of Ubolrabnna Dam on the Nem Pong. The dralnagc'

" area of the Ubollutnna Dam ‘L8 ‘abourt L? 000 Km9, while the Upper Nean Chorn T
‘aite is 158 Km Num Phiom qtto is. )A) ng and Lowsr Nem site is )3) Km?

;fiTho Upper5Num Ponp a:in JS a mounta;n region, and Lho weslern ridge- aud.

Lho southoxn Pldfe LForm- Lho uatorshod of the drainaga ba31n of Ubo]ratana
A-Dum‘ Tn the uppnr baeln there are mountaln riqlna more. than 1,000 metars
.nbovc sen, 1nvcl Uppor-Nam Chern ite and Nam Phrom LLe are both 1LuaLed s
alb h1ph level, and- the . elovatjon of Lhe erer bed above aea level ave 740
.'~m and 690 m resppctivo]y Lowor Ngm SLLe is situatcd where Lhe Nam Ghern.

.'"de,cpnds From Lhe mountain repLoh_and f?oWe 1nto a pla1n. Thiq pite is nob

J'T‘VGry high above ses. Jove] The o?evabion of ‘the river bed is 'ahout 240 mew -

":ftorv above sen 1nve1 Nam Phrom nnd Nom Chern merge to Torm Lan Phern which..
.301ns Lhe Nam Pong: lmmeduate]y upatroam of Ubolratanal)wn,‘r‘

. Accordxng Lo ava11ah1c daba, the annual mean rainfall in Lth area s .
'_-1 OOO lo B 100 mm.'Thn rainfnl] ds parhicu]ar1y heavy in Lhe area whorc the
_ monsoon from Lhe souhhwoat qtrlko the mountdjnoue regiohs At g gjanco,
g nno will note LhaL Lhe dratnage basjn of bhe upper Sbream of Nom Phrom is
'fmorn denQLly covozed with trees Lhen Lhe drainage basin of the upper btream

ol Nam Chorn.‘ This 1ndicate that the drainupe bhag 1n of Nam Phrom has morc

fﬂ'ilalnfai]

 Phe water resources ln th:q araa h4ve not been devo1oped, thh the ex-

.;'Leptlon of* Ubolrabana Powor Stablon conqtruoted .on Lhe doquream of Nnm

'gipoﬂﬂ' A hend of 360 to 390 " can tc devploped in Lhe Nam Phrom Pro;eut by

 fdiverLan Lhe f]ow of. Mo Phrom ho Nam Chern, and dl 50 in Lhn Upper Nam
:71Ch9rn Project hy djverting Lhe flow of Huai Chan to Nam Chern, "hese diver-
La siong can h9 accompiished by conqtrugtnnp a ghort bunne] of 1.) Km $0 1.8
‘":Km 1ong and Lherefora the . undeveioped watﬂr'resourcos can be efFectlvely
uLLlJ?cd for gonsrahlon of elecbr101ty . R
_ 3 The geoloyy of bh'q nroa belong& to so~called Korat series. Accord« _
;7jngly, sandstone - ia distributed widc?y, generally in substantLaliy hori-~ '
:-;3onta3 formation: Thore are very little ontcropa.. Hpsults of ficld inves-
f{ L1gatton show Lhab there nre no major faults in the area..’ Bes1desnsqndstone,
-]fthere ijostono and ome_oonglomarate. Peouiiar shaped_mountainszof Jime-
‘_atqne are found_xn & cbngiderap;e pumbers;l_LDWGr Noem Chern sito}ié.iﬁ o

i,' . N
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1tmosténd'zbdé.; Both ahutments of the dam sitc ure 1lmostone with hiphly
devo]oped caviiios. Tupecial1y Ln tho r1dg0 on the Je”t baﬂk where tho

Crhvert. mﬁkos an oxbow bnnd thnre 18 a 1arpe cave extendinp to. the other81de

 40£ the rlﬂre. {n viow of the nature of the Iimastone, Lhere w111 be foun

:  dut10n pr0b1emq to conqtruct a dnm at thi qﬂte. v o ' L
-”4,2 pa tc Aqrnmphlon. :' .

"442?. Runnoff-at projcol qito : _ e ,

, E Por. Lho sludy” on runs off at: Lhe prOJect qitns, the runnoff record'
-”Por-4h0 porlod of from 1963 10 196) at B&u Song Kon ( Ltuabed 010 86 to Lower
Heun Chcnn) on Lo itam Lhern, Lhe run—off record for Lho poriod of from 1957"_

'Lo L96) alb Lhe dam sile of Ubo]ratnna on thp Nam Pong nnd Lhe colculated o
E values loi . the porlod of from 19)2 to 19 6 were usod ' The caqu]atoﬁ runs
Coff -ab the dam site of Ubolrabana were obtaincd from "Nam Pong Pro;oct Bn":

:-lgjnoering chort“ plnpared by Snlzgitter InduaLPJebau Gmbﬂ Prom tho reu‘:
“cords of run»orf for Lho perlod oF irom 1963 o 196 at Ban ong Kon nud

.'ab Ubolrabana, Lhe oo110]at10n of runwoff botween the Lwo sn.ted was found

';'Usjng this rolatlonshap,_tho runwoff ab Uho]ratana for the period of from

_ .19)? Lo 196? was usnd Lo Lﬂ]cu1&L0 “the runnoff ab Ban oong Kon for the snme_"
~ periocd, Ag Lho noxL tbp, Lhe rnnnoff of eaoh progect slfe was. calcul&ted
on the Lasis of the ratio ol dralnape aroa, with Lhe ca?culatod runwoff For

;Lho pOILOd of 19)2 Lo 1962 aL Ban Song Kon and the rbcord@d runuofl ior Lhe

- perlod’ “of from 1963 Lo ]96 uged as has:c :aTue&._ It 10, of conrse, pro— o

blemdblc Lo ca]gu]atp bthis runnofl of Num Phrom from Lhﬂ ruuﬂoff of Nam

Chorn merely based on tho ratlo of dralnage area, Howﬂver, Lhere is no alw R

o ternative buL Lo re sort to such mo bhod hecause no rooord of run~off is

:‘avajlabje Por Nam Phrom aL the preﬂent tlmc._ Aa alreadl mentlonod in fevly
"'-Lhe run»ojf of Nom Phrom is es meaLed to be yreater than that oF Nam_ Lhern.

'Therofore, orrors, 11 any, ar1sing from Lhis mebhod are’ condideled to bo oh :

" Lthe safe side. N e :
Analysis of . hydroloplcal data such ag Lhe correiation between ralnfall-_

and run»off Wlbhln Lhe drainage basjn should ba studlod ln detai! at the  ::—'
time of - fea&ihi11tv sbudy. _ ' L ERRE T ‘ :

A e ? AvutlabTe dis charpe for power

: Usnnp the run~off obbulned in 4~2—1 mass curves at the progect _
- gite for the period of lrom ]95? to 196) hnvo been prepared Based on Lhesé-J
curvea, Lhn fs sured volume of Tlow for tho period of from 19}? to ]96 haé” L

been ca]gulated 1n accordance with Lhe effechlve storaga canacjty of each




f-;tOJnrvoir' In thlmqt¢ng Lhe efrective ﬁtorago capac¥ty of Lho respecLIVO

'_roqervoirs, & oapacahy wos determlned vihileh can rogu1ab0 Llow so that, the

- nverags. poworhouqe disoharge 1s approximahe, in so fﬂr'ﬁﬁ POQS‘DWG, to the

fHVﬁrugo nnhuaj 1nf10w of Lhe t? yeors - aforementnonod _ _ o
Uhon Lnkjng |nto ucoount Lhﬂ acLual trond of- ]oud curves in this-aﬁoa,

:-'Lho powerhuuqe maximum uLscharpo hae boen ohtalnod nL an. annunl 1oad fnotor

Further 1nvoqbnyations ooncern:ng Lho OpLLmum sculo of dovolopmonb A
cludinp tudies ol Lhe:sborape voLumo of reserv01rd, powerhouse dlschurge,
: ntc. w111 bo carrjod ol at: the Line of foaqtbl1jty )tudy.. '
) A»2«3 Tnabullod cupncjtv- firm oubput and annual ehergy producblon
, Baqod on’ Lhu pcwerhouse max1mum dtscharge and assured voluwise of
'f3ow mentioned ahove, Lho ln%balled capacLLv and guar&nbeed output have bson

tlmabed : o
. The. nnnual enoxgy producbion has been osbimuted by us1np Lhe annunl

'f moan - lnflow ror Lho pnr;od of from 19)2 Lo 396).

i 4~3 Sohemo oF DcVelopmont , :
S An ouLlnno oF each prOJecL ig shown in the followlng table, .
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' COMPARISON OF PROJECTS =




CHI{PTFR 5. commusou or PROJF‘CTS

g ')ﬂl Construetion Schedule  }"’_ R . S
Con%txuction achoduies of . tho reqpeotive progocts are 1ndlcated on}“;f
bip.i?«] nnd Vn?. Pertods of timo,required ror each projeeb are as foliows'
Hom Phrom Projnct - 36 Honths’ (3 dry seasons) P S o
R Uppor Nom Chern o ?6 monthy _
”_'Provided bhat ACCOIE. roads are completed by the end of 1968.__

{2 dly beasons)

"f)-? Coneruthon Gosts
s
' :.7(1)

Bnnlc nssumptions , . ‘ . _
(onstluctlon cosbe have been Ioughly cnlculated bw the uge of & map7
Lo a scalo of 1/}0 000

‘ travcrse uecLion of proposed dam sites and
by Loking 1nto eonsidelation Lhe resulbs of - tho tleld survey

3ﬂ(2):2h9tlmated conat1ucL10n COutS have bean dideed 1nt0 foreign currenoy ‘»ﬁé
-  7f‘and JocaJ currency 1aqu1rements.;, R ' f” IREERU B
(3); ]nteleqb ratos oty ane%tmenbs' 6% per annum for foxeign currency

 -1  bor10w1n5s and % pel annum for domestic currency R LT

_.(/.;-)I uby on :lmpmled mdchmer‘y and. equipment' 30% of purchase pri o8, o

"(5): Land &CquhlLiGH costs and compensatlon are esbimated to be'a 9mall o
percenbage of total construction costs and thoy have beon inoludod _
in contxnpenoies. ' ' . - . .' L
'Conqtzuction costs of aceess roads and jnstallaiion oosts of elec~

)

L dric powel fa01ltttes have been estimated based o the absumption
. ‘_Lhab the ren pectivo proaocts w1]1 Hic constructed 1ndependently
Y ) Summary of construotion costs . : ‘

A summaly of the eqtlmated construction coats of the respectLVe _
progecbs id gjven on the following tab]e and details are shown in

Table 8
Poreign _EDomestio o Total. S
S e Foxeign .| Domestic
curxoncy ~ Currency Gurrency Currency .
1,000 ¢ . 1,000¥ | 1,000 $. 13,0008 |
Nam Ph;om Ploject ]0,556 ' '_1goi001  .:' 19)2) ,f'_f391;113‘5
Upper Nam Chern Ploject 4,132  89;446:j :  “9;195, ?T183 890
Lower Nam Chern Projcet 6,195 LlBZ,?SQ  'f_.13,8ﬁ3 ::_ 2#6 6!0




.Z5"3jfﬂéﬁhoﬁié'Justiffédfibﬁ.

'?')~3~1 Sa]ab]o power mmlenergy

oﬁ?&b?o powar and onergy of the reqpccttvp progecL; may bo cﬁlcu«

:}1ated badod oh the caijated demnnd und supp1y capabillty discussed in Chap~
fzbor 3, 3»6 Order oC Dcvelopmont i other WOrds, ‘galable power'and enorgy

Cof bhe Nari Phrom Station are avallable in Fig. 5-1 and 5-2 and Table 7-1
' and Y2, and’ Lhat . of Lhe Upper Num thrn Station in Flg. 53 and Bede and

B Table -3 und ;»4. On the other hand, galab?e power'and energy. of the Lower '.

am Chern tation nay. Lo roughly eutlmatod ba ed on the figure of the Non.

| Pnrom Sbubion Howaver, eloctric power and enorgy to bo recelved from the

"f_Ham Ugum Station in. Laos in drcordance with the contract has been considered :

» L0 be: 0 conqtant valuﬂ. .

u_ﬁaTnble power and energ OF Lhe respectlve stations eqtlmatod as dam

"a‘uchbod whovo are glven 1n Lhe f011ow1ng table.;r

1 —s s



Yoar -

'uaWabJe

Nnm Phlom

: quo.lj_ .

 fH“ﬂff 

Sa1abie;-

Encrgy'

107 |

Upper Nam Cheln
“Sqlgblo '
. Power -

K:l mﬂ‘f 

SaJable
B hnclgy  “
| 20% |

%&lah1cﬂ

Upper Nam Ghern :

,Sa1abvﬁ
_Rowerfi-.  hnorgy

W

o3 mwn

97
Col9rel
1913

1974 -:- |

2975

1976

1977
1978

2020
poz1

e

- _j,y;-',:;.'

-

8.8

BNE IV

18,6

1 30.0°

. 3/1-."." -

=

R

6o
.39.‘ﬁ o

120

120

9
:4;6;-
109075.

10,0

';24  ;;5; g
S
38 L

1w |
90

figbi;if""

*Averagoe

Cdurtdng

50 Years |

28,4,

U1

o3

8.9

Toss(g)

A
. -
Y

10

L% .
B
wr o

Chverage
at_Load e
- Genler

N
ha
e

9.0

360

5e3e2

'montioncd eariler, interost rate’ on construction fund are: 6% per annum for
f0101yn 0011ency and 7% per annnm fox domesbxc ourroncy. _

Annuald. ooqi o e
nnnuaj 00qtq havo been ohtained on the foilOWLng dsqumpttonﬂ.

and coptq of cnergy

Bases of Calcﬁlgﬁions.j

Maintenance and Operation

 Dani

" Powor Genelatlng Eacilitles

Trensmission Line

el

0, 0033 pd (Gonetructxon coub of dam)

As

0,032 % (Constluctlon coqL of power generub---*

= ing facx]atles) :
:  0.016"x (Construction coqt of transm1aelon ffftf::L
3ine)




s

“'éubﬂhation"_' :.:_j.ﬁ. 0. 026 x (Gonstruction cost of Subqtatlon) -
' iRopTacenont of Tulbtnov and GeneraLOIﬂ at 35 years, /% |

0937 x. 0 0/?76 x (Cost, of Lurb1nes and gcneratoxq)'

' :ReplaocmonL of* bubOLaLLon Pquipmont al ?5 years, 7%
Lo 0.1872 x'0, 0746, X (GosL oF Subbtation Eqnip )
Q'Amorti?atnon of lnvoabment Cost"
. POIOJGH Curlency GouL, 50 yoars, %
: 0, 06344 X (1nventm°nL COuL pand 1n foroign curt@ncy)
Looa] Currenoy Cost, )0 years, % |

0. 0?246 x (Tnvnstmenb coat paJd in domesttc currency)




© Aminal, Cost and Gost_of Fnorgy -

R 4 P

| Naw Phrom

Upper ;ﬁf-:.j wer |
‘Nam Chern |

;”Nam Lhern

Lo

-'Wﬁnmnmme&}mmrdwbh

Dan Sy e

"'_'Powe1 Genelatang Facl11— I
bios e iAol | 486

why | R

BRI SRR St SR L o

103 i

Trunﬁminﬁioﬁ ﬂiné'
Sﬁﬁéf;bion_ |

_ Shb;totﬂlz

B Hepi}uoemont of . 'l‘urhine-;_;qwu,r AR TE
Gcnerutors'; L ’5193.y ;

2,67

'_f329_;5:'

Rep]acomnnb of bubotation'
- hqumeenL o -

4 i\mort,lz,abj on oi‘ TnvesLmenL
LOf Lo '

1Q3fﬁ'  '_}ﬂf 13lf'- ‘ ;_ ,;11:”1 ._~_ l T

8,977
.'.:8)42§ﬂ:”

Foxeign Cur:cncy Ooqb 654311

Domcqlto Lulrnncy Cost ' '-_5;992

uul)utol.n_l

et

Totql Annual Go"L 29 457 VAR 19,010

ualab1e Enolgy at Load
Cnntex " :

Loqt per KWII at Load
Lenter : :

o

r'%?kwﬂy RECE ?.-oe391‘_{f' '0f680 7 

_ Aq desoxtbpd in Lhe following paragraph )~3~3, the unit cost of energy
of ait asqumod n)ternato 5,000 KW lesﬁ] station is O,Ag?MVRWH Among the f
plOpOBed thee pxe;octh, Lho cost per KWH of the Lower Nam Ohern Progect io'i
0. GSOH nnd thiﬂ ig’ h1ghor than bhe said alternate source. This fact evidcntu o
Ay indioaLph lhnt Lhc Tower Nem Chorn Pr0300t is not justified economicaJ]y, '

and ab Lhe preacnt tlme, 1L is not my econom;c projact. _

)—3w3 Altelnabe #$ONree
o For the pulposc of benefib cost studles, a ),000 KW diesel station _
CThe =

bullb near the canel of TOad wav assumed a8 an alternattve souxce.




f’!undt cost“ of powel and onorgv of the d1ese1 ptation were ca1cu1atod and

: '?the valued were u%ed a3 basle unjt prjceﬁ for bhe calculation of benolit of
'; tho ploposed pleGctﬂ ,Ga]culatlon of the bagic unjt prices are piven in.
.rTab1e~]0._ Bagic. dabn’and unit costs ere s’ Pol]ows.‘ ' S

Ui_ BdSTC duLa - Rubod oubpub o 3,.  ' "__);OOOaKW
' ' Annua] utilizatwon facLor . 45%
'”.Tnve‘Lment cosb 244 .50, OOO K-
| ;'-hm cogt i  . 09 Pf/Liter
 Annua1 OO"LG =~ Inlerest rate = o %
o C o Gost of energy 0. 452 WKwu
'-'Ja‘ixed'-cb'_a';ts_—-_j Fixed cosbs 3,660,000
_'. B j. ;Cost pe1 KW o "f_: L 736 ﬁ
. _Varjahlb coqtﬂ - Vatiabie coat' S 5,160,000 8
' “ “Cost.por KM . 0264

‘)“3u4_ Benoflb cost ratlo o . _

: Annua] benef1 by ave obbainod fxom Lhe 3ulab1e power and enelgy
' 608cPibed undor )~3 ] nnd Lhe baalc unlt prtcep of bhe aJLernaho source.
_'monbxonod in 5-3-3, ln oLhor words, nnnuul beneflte are calcu]ated baqed
1-on Ale annua] sulahle pOWOI and energy and tho annuu1 benefits are converted
ILHLO ploqont worbh ab Lhe lee of operation, and: then edually dtstr1buted

. over Lho ]xfe oF bhe prO]ect by the capltal 1euovery method. Phe benofltq

.thu; ollaand are given in the table whlch fOllOW& Benefd t=cost qtudies
of - Lho Lower Nom Chern Proiect have been omltbed as  the pro;ecb hag been -
: fdctexmjnod not, Lo be oconomlcajly'guqbified undel )a3 2.

. T ' : Uppel
e . U Phrom:

_1Lem S nlt .Ngm _hrqm‘ : Nam Chern
_';A_Beneflt o{' KW (¥ ) S :_'103 B 17,90 | 6,700
Beneﬁt oI K (vz) _'303 e © 28,000 | 9,300 |

'3enh11L (V 1 + Vg) 1 103y | 45;900_ B 16,000_
'_'_Annua'l cosfl; ()l aedy | om,s00 | 00 [
 Bonofitb-Gost R;q;tio wayy _-1.‘5‘5:_ 1

On the ba%is of the benefjt»cost ratlo onjy, the Nam Phrom Project oy
' be saxd more aﬂvantdgeoup Lhan the Upper Nam Chern Projeet. However, in the

benofltwcosb Patjo, tho facbox of " bime of operation waq not, sufficiently




| Lakcn inLo consﬂdoration. Therofore, it oannot be simply oonclnded that
"Lhe Nam Phrom Projoct 5hould be deveioped first because its bonef1t~00qt ;
“ratio- {9 greator. The influenee of timﬂ of operation wil] bo 1urth0r studied

:  funder 5,
 )-4 Order of Uevo}opmonb ‘ : R . I S
- ﬂq descrlbed 1n palagraph 3-6 of Ghapber 3 Load Forecast for the pur~-?g
L poqu of cnpnng witn Lhc antlciputed doflcionuy of 9upp1y capability, there
;are two d1f101ent meuns- one ie to dovc]op the Nam Phlom Project filst
(baqe A) nnd the Ubher ‘one iq to take up the Upper Nam Lhern Project first
(que : ﬁ),' Diffclonce betwoon these two. uitexnatlveq are deqcribed beloW.:
(See g, .,)-'l. to 54 and 'l‘uble -1 to. ;»1,.)_"_"- EERE ; _ S
-(l) In the supp]y terr1L01y undel conqlderation, shortuge of ene:gy supply
. _capubi]tby is more acute ‘then the shortage in KW «upply capability. 8
";Prom this . po1nL of vnaw, Case A whjoh 1s bhe Nam Phrom Pxoject that e
©owiddl produco upproxlmatoly 120, 000 OOO KWH annually is consjdered more -
,qdvantapeouq Lhan Case B which i% the Upper Nam Chern PrOJect thah w11]  T
.‘Fencratp dpproxzmate1y 38 000 000 KWU annually. L Lo '-9_' - 5;£

 ?(2);'If Case Ais adoptod it wi11 be poasible to rotire from derv:ce all
o djoqel Htation? after the year 1972, Bub. somc dieqe] stab1ons mast be

retalncd untrl the end of 1973 1f Coge- B 1s adopled

_(3) ;If Caee A s Laken up, it will he' possjblo to Jathfy a]l demands untll _f:
"_ 1976 by constzuctjng 1he Nam Phlom Project, while it will be requjred :'
o construgb Lhe Nam Phrom PPOJeCt lmmedlately foJlowlng Lhe compleLion

" of Lhe Uppel Nam Ghern Project i Gase~B ia adopted.

"‘(A){ The lee of operatxon of base A wiJ1 be ono yaar Jater than Case- AL
CIn Gaue A, dueto this one year delay, it will be neoosgary Lo 1nbLa11
-_upploxjma191y 4.) MW of d10303 capaolty in 19?]. -

(5) In Case. A, 5,0 MW of cx1nting ojd diesel capacity cannot be retired frdm 1'1
o uOPVLCO until lhe and of 197], but 1t may be xetired at Lho end ‘of 1970
- in Cusa B. ' ' '

{6 'At the plebent e run»off reuords are not availab]e for e Nam Phrom b
Project, ﬁcco1ding1y, Lf Case A 1d adopted and connbruction of ‘tha: Nam
‘Phrom Project is to commence ab bhe end of 3968 ib is evident that
;bhele will bo ) 1nck of runuoff lecords. On the other hand if Gabe B

is’ adopted more runwoff reoords wi11 be availab]e because construotion\_

'of the Nam Phxom PlOJGCt would get under way at Lhc end of 19f0. “‘_;“J *:




e thforencos between Oaﬂes A and B huve been doscrjbod and now an . atbempt '
‘jwi]l be made’ tbo c]arify in numerlcal volues tho - béttor of tho o proaectw.
_rLeL us. filqb conqider Lhe Olghtnyeal pertod from 1968, when thero will begin

_:_ def1cl9ncy of Gupply capabillty, thvouyh to 19?) the lagt. yonr of the JOad
__:aforocarl On the f011ow1ng chart da graph10n11y lndicaied the goneratlnp
'jnstullationq of Cuqe A ond of Cage B durlng ‘Lhis olght-yoar poraod fowi .

ovex, Obnel hydro pOWLF gonerabing i30111t108 common to both Case A and Gaqo

'_fiB huve becn omLLted

“Case| - Power  Plant o e Jear | 1
IR T St 168 169|190 | van) vzl 3| | s
Eklsl,.[né ﬁieée]"-P.l’_._" (5.1W)mw
| tow Diosel PP, (7.5 M)
| Wew Dlesedl PP, . (4.5.M0)[
| Ham Phwom piB, (33,0 M) [
“ Exi;;‘bi:ig m.es_el PP (5.0 M) .
Naw Die ej P S (a5 ) —1- -
B 'New'piesol PP (Ris ) ' o
Upp_oi" Nam C_hérh N (30.0MH) o - 3
Nanm Phrom; P._P_. (33,0 M)
Hotos (). ;.0 Wi of 7.5 M 1o be retiied ab the ond of 1971 and 2.5

- M rommns ln service for‘ two mole years,

. Then, annua] coabs of the 1espectlve power sLaLions in Gaqe IS nnd_ ‘*
Gasge B are ca.lcu]al,ed {for each year and the veﬂues obtained ave converted

-tznto 1968 present va1ues. Annual costs of dwesel sbations mnay be obLained

' fby nging tho 011telia Jn Table»]O and by referring to the 1nsballed capacihy '

_';5nnd oncrgy aJep - The annuaJ coqts of . Nam Phlom Progecb are c&lculabed tak-
: ;}ing 1nto account thuL Lhc second uni% 13 to be lnstalled 3 yeurs aftor Lhe




.1' 0d ae B may De: Cn]nulttod From Tab]e 6n2.‘

' r'fjrab unjt., The Lotnl of snid valuos i? distributed uniformly ovor Lho

: >ald etght yoard by Lhe caplLaJ reoovery method in order to obtatn annual '
| On Lha oLher hund, %alah}e energy {n Lhe rospective ycars in Ga&e A and  ffV
ﬁnd by avoraging Lhe f1yuve% thuq '

'-Iohtatned the avnrago annual saTablo energy can be oqbimatod

. 1hcn Lho annua1 cosls’ por unit of enerﬁy may be obtained from the annual‘j, 
‘H;COﬁLq nnd Lhe nnnua] salablo onergy. DeLuiT“ of the forogoing calculatjons
 jare Qhown on’ Tab1oa1] and ‘the reaults are as - fol1owd"' ‘ '

e

"_‘.exl,end‘s Lo Lhe othm side of the 1*1(1@0

- 1pem R _-Qasé;ﬁi}fzégéééfﬁ-'
'?Annual Coqt ' (1{:3 pf .. 27,100 BE ?6,900
' ;Qa]ablo Fnexgy at Suhstation : (]0 KWH) "67;#;} 1 §?;4:ff
" ﬁ,co-at, por Wi at Sub tation (H) k5 045 .

I Jb obvmcuu from the above that Lhele is no dlffereuce in ccst per untt-.5--’

i-oi energv betwean Case A and Case B,

_5»~5 'le(,lmiuﬂ Pl 0b10m8 _

Tho Lowax Nam Chern 31Le has_an extremejy ﬂerious geologlcal proh]em.
=:‘The bed rock of ‘this dom site ds lnmonLono and Lhero are o 1arge number of .
_lcavitlos in both the right snd Jeft abutments.' Qpeclaljy in ‘the 1eft bank :

?oj the ridge. foxmed by the oxbow hend of. the erer thele 18 a huge cave that '
If 4 danm 1s conatruubed at thiq i
-51&0, the 1odd ‘of tho «atcr qLored behlnd the dam must be qustalned by tho o
- t1dge ' Thld qlbo iy belcmely unqu1tah13 to conqbrucb a dam At the pro~
~ sent {ime, 1t id bPliGVOd that thi% %ite isg not economically feasible. fhlS o
:COﬂCTuulOH way -he juvt1fled from the 1csu]ts of the @conomi.c evaluation. ;_:.

R 47 appears - that there are no unueual ongtneoring plob]ems in the design
'-'and COﬂerU(LLOH of ‘the Upper Nam Dhern snd Nam Phtom Proaects. HOWGVGP
it must e po1nLed ouL that, Lhele are 3 yeals run—off reoords aval]ab]e f01
‘Lhe Nan Chern at . Lhe site of tho Lowel Nam Lhern, but there are no' run~oif

rocoqu for the Nam Phxom. s

_)»6 COHOIH?IOH : _ ; .
The following oonc1u)ionq h(ve been zeached a3 4 reSult of the Lomparar

tive study of Gho projecte.. _
(1) -The Lower Nam Chern Plojecb is- not oconomical._f

(2) At the plosent time 3t 1s. deficult to. m&ke o’ deeislon ag to whleh




:”-projécf é-tﬁc‘Nﬁm‘thom or the Upper Nanm Chérhjf'shqﬁid be doveloped.
- with priovity, It is therefore desirable to conduct further and de-
'-'taiicd studies in order 1o mhke-a~éound'decisipn. “For this purpose it

i85 nocessary Lo continue investigations of the lwo sites. .
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QHAPTFR 6 FILLD INVFST]GATIONS POR PFA%IBIL[TY STUDY
6*[ Ibems of Inveqtlyation o | :

B Tho de01%10n to devo]op with priority oither the Nom Phrom. PPOJGct or
Lho Uppor Nan Fheln Project wlll have close reTaLton with Lhe dove]opment of_
~the Nar Ngum Pro;ect in Laos to-Ls shortly commenged by Lhe Mckong LOHmiLLGO.
{ and this d00131on will be made by the Government of Thailend and the NERA.
Howevar 1L Jq uecesqary to unduct bhe fo]loW1np fjeld etudiee and 3Ludy in
' detajl Lhe project Plan. in ordel to make feaqibiljby atudies of the pr0300L>. B
| 641 1 Nam Phrom Progect ' ' : -

S a) Paeparahlon of naps Lo on »ca]e of 1/%0 000 wiLh 0 contoaré'of

| _the re;erv01r aroa £roi uernal photopraph ; (for thig purpoue
” it is neco%,aiy to tuko aeridl photographs to a’ scale. of '
7 1/10,000 to 1/20,000.)
.'i;b) Prcparatlon of bopographic maps bo a 30310 of 1/1 , 000 covcr]n?
i'¢Lh0 ‘dam sxte,_bhe penet0ck Line and the powerhouao q1tn '
- e) 'Prepuratnon of profi1c drdwinp of’ Lunne1 rowte. '
 d),.Ge01ogical survey by core boring nlong the’ aan axis ) _
" §)f Explorabory shaf't and core boring Tor maLerlal survey . chérW
- ;additlonni 1nveshjpatlonq necesgary will he lnutxtctod when :

- EPDC: cnytneerb visit the site f01 Eca51b111iy btudle

6—1—2 Upper Nam Chern Pro;eot \ _
4 T%qmnmwnofmmmima mMaof]ﬂO(mOwum“mdmmeSOf
”‘ “the reselvoir area. fzom aerial phobographo (for this purpose L
' ﬁlt is necessaly to take aeaxa] photograph° toa sca1e of
. 1/10,000 to 1/?0 000.) o . |
| .b) 'Ploparatlon of Lopographlc maps to a scale of 1/1 000 covering
: ©the dam gitb, Lhe penotook 1dae and the poaernou>o site,

_ 'c} 7Preparat10n of profile drawing‘of tunnel routa,

“;'G) 'GOOIOyica] survey bj core bcxinp along the dam. axis end along a
.'ijdpe from the riphL abutment of the dam axis Lo nbout 3 km in
 :& weqtoxly d1rect1on : R | '

_fe):_Prepnrdt1on of’ Lopographio map to a scalc of 1/?000 with 1 m -
' ‘ conb0ur of Lhe ridge from the right abutment dam nxis to ahout
.3 ?m in- a weeter1y'diroction. '

|  f) _prloratory shaft and core boxing for maLorta] _survey. Other
, additlona1 inveotjgatnons which may be necessary will be in-
f_ vauctcd when EPDC enginoera viqtt Lhe projcct sito for

e 25'}*-! E




 f[ foasibiTjty studlcq.; o i R 'i:;Ji : ff'73. -;_:ji:”if- T
Preparation of mapp to a 30&10 ol 1/10 000 from aoria] photographq of :?;fj
tho reservoir areuq of hoth project wil] take conalderabTG time, but: ﬁuoh
draw1ngg aro requirod to he oomploted aq qoon as po;sib]o for Lhoy wlll he
-extreme1y importanh ln detcrmining Lhe sborapo capa01ties of the re er-.;
'1voirs of boLh progcctb. 1n order to prepare a fcaulblllty report which 13'
'“.ﬂcLeduled to ‘be submittcd An Apri] 1967 on e:ther onc of". Lha projocts, it
.; ib ﬂEbeﬁﬂaly Lo check e map to a: ncnle of” 1/50, 000, ﬁorlad No. L708, preu'“f-f
-porod uy the Unitod Stath Army- Map 5ervice by traverao ]avelllng along bhe‘

. main siream [rom thc dam. s 1Lo in the' roaerv01r area and by carrying Out

cross sectional urvey1ng aL s Lo 6 1ocaLlonq in’ Lhc rosevvoir uﬁlng the
'anvorso Line ue tho ‘bhase’’ 11“6.—_ b o _' : '
6~? Ttems of InvosblgaLion and Schodu1o S
Itom dF rnvesblpatlon and uchedu]e are. ind1catod on TabTo 1] and Lhejr -
LOC&LlOHS are uhown Ot Pig 8 : ' '_ L g _:f'“"' SR
Corrcbpondlng w3Lh the plogress of the investjgatlon, the items. of in~
_VOutiF&LIOﬂ, gcheduTO and Yocations may . beo modlfjed aopendlng on geoTopical
'conditzonq. Such mod1ficationu il requlreu,_will be madc by FPDC engineers
~in the next field_ tudies.:j '
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