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P'r e ' a o'e.

Submltted herewith as per the requeet of the Government of - ‘Republic of -".
“B011V1a is an englneerlng report of baslo studles and 1nvest1gatlone which
were conducted on the'developoent.of hydro~e1eotricity potentiale.of Boli#ia”

by ﬁTJaPan§Sé'miSSion which was organized and-eent.to ﬁolivia BétOverseae.
Technical Coooeratiootﬂgencj of_Jepan; | | |

| The six—memter.ﬁissioﬁ headed by Mr. Hatguro Suzukl of ﬁlectrlo POWer :
Development Company Ltd., Tokyo, left Tokyo on November 5, 1963 in order to
'carry out fleld 1nvest1gatlone for-a perlod of about 2 months in B011v1a.i'.
_-Durlng the perlod the m1551on reconnoztered several progect eltes and areas;.
and basic engineering data -and 1nformat10ns necessary for the. studles of
.development plan were mede ave11ab1e to uhe lMission. DlSCUSSlOHS ard studles:t
were also made during the perlod on each phaee of development plan w1th

,concerned offlo;ale of the_government_or Bollv1a,_to whom the_m1531on 1e moch B
“.obliged for their.hearty aseistance eod cooperation'ehioh_enabled us to go;
. through w1th the 1nvest1gatlone smoothly | | |
B In thle report,.compdratlve studles, ae well as recommendatlone, ‘were

5_'made over several progecte whlch the mleelon conelders, w1ll fac1lltate and

' '7exped1te the development of hydro electrlolty pOtentlale of Bollv1a In thle

”._respect the m1851on belleveg that thls report w111 be of uee in plannlng of ._t
'spe01flc development proaeots when general con51derat10n 1e comblned thereto B
'?ion soclal and eoonomlc oondltlons of the propoeeu groaeot areas. -
e The Overeeae Technloal Cooperetlon Aeenoy, emeoutlve agency for: the
'gtechnloal cooperatlon prowrams of the Governnent ‘of Jdpan, has been, 51nce
: 1ts eetabllehment rn June.1962, performlng rarroue act1v1t1es 1nclud1ng dls;e.;"
'l?dtchlng of technloal experts, tralnlng 1n Japan of englneers from abroad
”:conductlng prellmlnary survey relatlng to deVe]opment progeete in forelgn

jfcountrles. The happlness of the Agency w1ll be unllmltod if the achlevemente"



of the mission contrlbute to technical and economi.c entnrchange between peonle
.of B011v1a end Japan, _ B

N The Agency hereby acknowledges hearty aeelutance -and help extended bJ

the people and organlzatlons of B011v1a, especlally admlnlstraulve agen01es

of thc government of Bolivia.

March, 1964

Shlnlchl Shlbusawa

//Mn

Dlrector general,

Overseas LECﬂnlfdl Pooneratlon Agency
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1, Foreword

Bt '-'Au.thority.
The. Government.of"the'Rep'ublio Iof Bolivia has establisheﬁ:"'El Plen
.Deoenal de Desarrollo Eoonomlco ¥y Soclal” w1th the obJect of 1mprov1ng
-the standard of llvlng of 1ts people.' The Governmentgrnltlated the
1mp1ementat10n of.the plan by the creation under the Minstriee conoerned,
: offlclal agencles, eueh es, Corporac1on Boliviansg de Fomento (CBF),
fCorporaclon.Mlnerle de BOIlVla (Comlbol), YacrmlentOS Petrollferosf”
Fiscales BoliVienos"(YPFB) and other agencies, and has ‘been receiving
.economlc end technlcal cooperatlon from frlendly'netlone._ It.is’evident
_that development of the electric power sector of the natlonal economy 1s
legglng_behlnd the other sectors. Accord;ngly, the Government, 1n.1962,
estaplishéd_Emprese Nacional de Electricided under Corporaoién.Boliviénap.
"de_Fomento to promote eggreeeively'the_developmentpof-electric poﬁer.
Under thes'e_.,condition.s_, the Covemnment of Bolivia, on 15th October
319'63',- 3.oi‘:f"i.ci'a1iy réqﬁ'eetéd :tl'ie.'.G.ove.rnzﬁent"of.'Je.pe:-.n-to".di'spatohua vliseion -
_to Bollv1a for the purpose of conductlnv beelc studles of the deveWOpment

'of hydro electrlc potentlale of the oountry

In response to the eald request the Government of " Japen de01ded to

‘fcooperate w1th the Government of Bollv1a gnd to. strenﬂthen the bonds of

i_'fr:.endly relatlons between the two countrles.- The Government of Jepan

'-entrusted thle work to the Overseas Technlcal Cooperatlon Agency whlch

.;_orgenlzed ”Mlslon Tecnlca Japoneea para Deserrollo Hldroelectrloo BOllVl"”

_The Agency organlzed end dlspatched to Bollv1a the seld M18810n whlch

'f_con51eted_melnly_of_englneers-of Electrlc'Power Development Company.



2 Purp05ss )
mhe purposes of the M13310n were: to study the p0551b111t1es of the -
devblopment of hydro electrlc potentlals of Santa Isabel Alto Pllcomsyo -
ﬂnd San Js01nto projects ‘which were proposed by the Government of B011V1a.

:For_this'purppse-the Mission conducted the following studles and 1nvsst1ga~.

tions:

'(i)' hssic studies including field investigations in connection With"

- the selection of dam sifes'and powerhouse sites of proposed
projécts on the Rio Santa Isabél, Rio Alto Pilcomeyo and Hfo.San_
Jaclnto, und collect relevunt dgta.

(2) ﬁ-co11bct hydrologlcsl meteorological . and other relevant data_

- ;ncludlng river water level, -run—off ralnfall etc.

:(3)_ investl nte the present sltuhtlon of demand and supply of electrlclty ,f
and power supplj systems in ths areas whlch are to be 1nf1uenced by
tne uhlss Drogects, as well as. collect relevant data.

. The memberS'of ths Mission'wers'ss follows:

_Chiéf;Esgineer .*atsuﬁQ'Sﬁzukijs:'{C1v1l Envlneer,"‘

o ' EERE : - Elgctric Power:
-}Develdnmenﬁ Co.
o Tetsua Takagi - :'lClV11 Enﬂlneer,.
S e Ministry of Inter-
“.nationel Trade
‘and Indust:y
| JToquo_Kimufé: ‘“f Elect“1ca1 Englnesr,
' ' " Electric. Power o
'-_:Development Co.r_
sKenzo Aoki'sz“s's,*01v1l EHW1neer, -
RO ..+ Electric ‘Power
_“Development Co.
' Kokichi;YoshizaWaﬂ_CiVil Eﬁginssrg_
. - '+ Electric Power
Development Co.-



-Tateshi Murai Ecénomiét, _
S  Electric Power
Development Co.

The M15810n vzslted 3011V1a for a perlod of approx1mately two months

from November 1965 t0 December 1963,
1-3 “AcknOWledgement :

- The Missiénitakeé this.occassion td expréés its.deep appfediation to 
the Government of Bolivia and'to the people of Bolivia'for'thé cobﬁefation'
and.3831stance extended to it, In splte of the short perlod of Staj in
B011v1a, the MlSSlOn was able to accomnllsh its work and to v151t the three
_proposed proaect sites whlch are 1ocated in dlfferent parts of the country

The M1581on w1shes to esPeclallJ exnress its vratltude to COTpOTaClOH
..B§11v1ana de Fomento_and_Empresa Nacional Qe Electricidad which.furnished
the Mission vafious coﬁveniéhces including.ééféal:phofos and other data,_
transportatlon such as veblcles end m111tary aeronlane, 1rte“preter | and |
 others. Furthermore, the Mlss1on acknomledges and thanks uhe Prefectural
"Governments, Coopratlv@ Electr1c1dad Unlver51ty and’ pTIVate companles that =
rfactlvely cocperated wlth “the M15510n; ;: -

The members of the MlSSlon are thankful and ;ppreCJate the many klndness,
:hOSpltallty, conven1ences and frlendthn shown by the pr951dentq, prefecturgl
_ governors, dlrcctors, manugers, envlneeré,‘offlcers and other people of
ﬂorganlzatlons and ag n01es that the MlSSlon came 1nto contact w1th durlng the

7course of 1ts v131ﬁ to Bollv1a.a’



i-4 . ‘Schedule

._No;'of days Dete o : "Itiherary

1,2, 3 Nov.5 to 7 Tokyo - la Pez o

4,'5 ' Nov;e; g La Pa%; confereﬁce with CBF .

N -Nov.lO_. ' la Paz - cochabambe; by jeeps
7,8 ' 'Nov;ll,-l2:. Cochabamba, Confereﬁcé_wifh CHF and ENEQ. ..
: 9._?j | . '.Nﬁv.iBI ; : Cochabamba.ﬂ Coréni by Jeeps B

10  : .. :} Yov.1l4 . Cofani - Saﬁta Isabel by Jeeps énd on - - foot
-11, 12 : Nov.lﬁ, 16 :'Santa_Isabel,.récﬁﬁhalssance of the prpgect sité
.13.' :‘ . NOVt17:. : CQchabamba;'study,of.éleétfic power situation
 14 '._ Nov.is._:_ﬂ éochabamba'— Sﬁcre .by:jeeps'

.15__.' : _ -Nov.l9.'  .' Sﬁcré, study Df;electric-yower_situéﬁion-

.16 .'___;  _Nov.?O o Sche - Alto Piicbmayb by jéeps én&-On foét.:
' .171f15 f N Wov, 21, 22:‘fAit5 Pilcoméyd,'feconnaiésaﬁcé.of the prbject site
: 719,“20' .‘f'Nov.éﬁl}24 _.Sucre, study of electrlc‘power sltuatlon |
. 21.' ‘:  ;& ﬁﬁy;i25 e Sucre - POtOSl ' by-Jeeps:. . :

| | - | f'P030315 study of eleCUrzc ﬁowef 51tﬁat1§n ;

22 o 26 :'_.PotOSl ) Tarlaa ; by Jeeps e L
'éﬁ?jgé._:._‘.uov 27 28_' San Jac*nto, reconnals&ance of‘the pﬁogeét sitei
“.25--T1T: : :_NQV{29‘- _' Tarija - PotOSl- f bf Jeeps 5'fﬁ
 _26.2_' _H:‘:.ﬂdVJ3Q'  _  'P0to 1';;Cochabamba' i‘by Jeepég ;:‘ :-‘

'72?:5‘ ;  :f '3¢C-1' ':. Cochabéﬁﬁé;_é?udy.of:eié§triQ §OWér siﬁuéfibﬁ T
.28 Dec.2 | _Cdchabambla '_"'Santa civuz - b; jééggg} e
-.29_; L:j’ 'f.Dé§,31-_ _.:.uantm Cruz; utUdJ of- elécfrlc power situmtlon
-i 30r:;  .i:2:”§§Cf4 V_Y‘-:’Santa Pruz ;-San Juan ! by Jecps ' ' P
: 31 .. : DeC-5 San Juan - Suntﬂ. Cruz by Jcep

52 c . D..e_C.'6 : > ,,y_.,l‘l‘b;:,', CI’uz - Tl'_lnl_d&d. 'bJ MllltD.I‘y aeroplane .



'Wo. of days ~'Date . . Itinevary

;_53lf.;:rg  Deel7 f7:5Tr§nidad-g;ﬂibefalta_—'Cobijé - Cochabemba.
' S o | . ‘.‘ o by'Military aeroﬁlane

'3_4'," 55 ' :'D'eo_".'e, 9 cochabamba, stud;v of electmc power Slwatlon

B | | | x:and collectlon of relevant &ata - “
r.jé -' N :Déc;ib.':': Coqhabamba - la Paz ? part of members by air and

e S SRR by;]eeps B
37, 38 k :._Decfil,flzg La Paz -~ Desaguadero ~ La Paz
' 3§_f o .;ibég{lf : : - la Paz, conference w1th CBF

40 ' i lDec.14j i:.La Paz, mpetlng with Pr851dént of Republlc of B011V1a

'41,:45 .~ " Dec.15 to 19 la Paz - Tokyo







2. Conclusions and Recommendations -

o2 1 General _ _
The possrbllltlos of the development of the hydroeloctrlc potentlals of
"Santa Isabel Alto Pllcomayo and San Jacrnto were studled from thp results
.fof reconnalesance of the three sites by'the Mlselon and from aerial photoe,
 hydro1og1oal and meteorologlcal data which were made avallable to the M1581on '
.'by CBF As a. result of the etudles, fundamental schemes on the ecale of
'development, economlo fea51b111tJ and tlmlng of develoPment which are conu_
;celvable of- the three proposed 51tee at thle etege have been prepared

_'These fundamental schemes together w1th recommendatlons are descrlbed in
| eeotlon'253 which followef . i

Tt must b pointed out that the i;'resentat_ioﬁ of the fundamental sohemes

were_madeoeoeeiolerby-ineertioh.of many'assumed veluee,'&ue fd lack or in-
._ecouraoy in fhe‘original data. Therefore, in order to develop coﬁorefe
_'development plans based on the fundemental schemes, srudlee of baelc matters,-'
.euoh as, forecast of demand 1nterconnect10n of transm1551on llnes, prepara—
 .t1on of topographlcal maps, recordlng and oompllatlon of hydrologlcal and
 meteoro1og1ca1 data, w111 be prerequlslte condltlons.;f”heee fundamental
problems and matters common to the three eztes are glven in sectlon 2 2 '
' together w1th recommendatlons. . R |
| One of the 1mportant 1esuee Whlch has beenlexoiuded rrom the recommendae
.Etlons is the matter of‘rates for- electric serv1oes;_ Correspondlng w1th the
‘:addltlon of new.oapa01t1es, capltal coets 1nclud1n depreoletlon, 1nterest
: charge, etc. w111 rncrease,_and the growth 1n the number of electrlc utlllty
.”enterprlees and the expanelon of transmlsolon system network w111 tend to
"create complloation‘of Lransaotlons between the enterprlses Therefore, 1t
;1s eesontlal that carefull studles be pursued and a baslc pollcy be esteb—:”‘:

;llehed 1n respeot of the struoture of the electrlc utlllty 1ndustry and




system of rates for clectric services in parallel with the expansicn of ©

genereting-capccities;
2.2 Recommendetions Concerning Fundamentallyfcommon:Matters.”
2-2-1 TForecast of Demand.

'Econooic and cptimuﬁ.development‘and timing of7cereicpment.of a_:
_ prcposed prcjecf wiil be gcverned cy the magnitude andoﬁatferh ofrgrowth
f.cf demand forecasted over a long-range into the future;' Therefore; |
c relatlvely relleble demand forccbst of. the future years must be made.
: For thls purpose, the establlshment of ar’ economlc development program
znd the ccmpllatlcn of accurate records of electricity consumption
ere'essenfiel. Therefore, 1t is recommended that unlform form for
'.the“country-es_a whole'be prepared 1mmediately to'compile records ‘of
electrioity:ccnsumction; This reccrd should include electrlclty :
ccnsumntlon of 1ndustr1es.thrﬁ have £ helr own geceratlnu plant. In
'preparlnv the’ uplfcrm form lcr the compllatﬂon and recordlno of
electr101tj-ccnlumpt10n, ghr follcw1ng 1tcms should be 1nc1uded 1n
"addltlon,to thosa dnta whlch arc at preeent belng rccorded fc_ ﬂ 5 ’fijf
"f'( ) records of }oac oaproe31cn (duratlcn 1n hours end revtrlotcd ﬁ}fal7:"
103d) L o .
5.:'(11) 'records of plant curage bJ fcrced"cutage end.scheduied ﬁalntcnance
' outage (glve partlcul rSjOf.tJPe_Qf:plant,-cause oj:outage”anq.”
hcurs cf cutaﬂe) ) D | e T
' .(111) records of spllled water caused by outage of hydrcelectrlc plact.
:" and 1oad curtallment bJ restrlcted gencratlon of power.. '
"(iv) records of the output at the pcwer plants and tap out p01cts cn the:3;
'3_ maln d1 trlbutlon 11nes and consumptlon by the Feneral consumer o

tc meacure transm1551on and dlstrlbutlcn 1osses.




2-2~2" Interconnection of Transmission Lines.

The economlc scale and tlmlng of development of a.proposed project
Wlll be governed by . the magnltude and pattern of growth of - the forecasted
‘ demand. The magnltude and"pattern'of the forecaeted demand will, of oourse,
dlffcl appre01ably by the modc of transm1581on llne 1nterconnect10n, i.e.,
whether the llnes are 1ndependent or aro 1nuerconneoted W1th other llnes.
Th1° dlfference will be. more. pronounced in the early stages of tranem1581on
”system 1nterconneotlon. ._'
In the eerly stages of transmission system 1nterconnect10n; the.eoonomlc‘
gcale of development and tlmlng of development of a progect, and the method
.of economlc 1nteroonnectlon of transm1o51on llnes end tlmlng of the
1nterconnect10n are closely 1nterrrelated. 'Therefore, these issues must-pe;
' con51dered together. In thls conneotlon, 1t w1ll be neoeSSary to prepare
be31o data which have been care¢ullJ eramlned from both technical end
economlc standp01nts in order to determlne the: method and timing of {rans-
: m}ss;on.llne~1nteroonnect10n;..Thepefoye,_the 1ollowgng_stndiee”wonld be
'desifabler - | ) . . | | s B
a) In add1tlon.to the proposed.transm1351on llne 1nterconnection between*
‘.Cochabamba end Oruro, 1t.1s recommended thet studles be started |
"1mmed1ately on the transm1551on llne 1nte”connectlon between Oruro p:--"'
'p}and Pot051 end Sucre,'as well . as. between Oruro Qnd Le Pez."'
”.E) _In thL 1nterconneotlon of transmlsalon 11nes, a stronv pollcy ol”
-natlonwlde stendardlzod frequenoy must be udapted beo;use 1f tnen
- nutlon is not standerdlzed on -one frequenoy dotrlmentol economloﬂl
eobetacles w111 be encountered.‘ |
3j¢) ;Wlth the Progross Of tranemisslon.Lntelconneotlon and o\pen51on of
s power systom, problems of tcohnlcal nature in respect of plant equlpep

:ment,-ms wcll as problems of economlc nature, suoh as. stendardlaetlon

'2;9;5=1J



of plunt equlpment and determlnetlon of types and quantltles of necessary‘
'epere parts, etc,'w1ll arise. To cope w1th theee problems, 1t would be
'neceSSary to prepare as sooh &as poselble & natlonw1de regleter on a _

stenderdlzed form recordlnw equlpment ClaSSlfled 1nto generatlon plant,

'tranem1581on 11ne, sub- etatlon and dlstrlbutlon llne.

| :2-2;31 ffeﬁeratioe of Topographical ﬁep
-In 1:)1\5*1)3,1::L1'1h=F 8 development plan’ of a proaect, it is necessary t0
.  preoare topovraphlcal meps of. requlled QCEIQS at ﬁhe various stages of"
1nvest1watlone and plannlnv TW1anguletlon and leve111ng eurveye in the
pﬁeparatlon of toPQgTephlcel maPS should be eonnected to the standardlzed
-Inatlonw1de trlanﬂuletlon and.levelllng networks eetebllshed by Inetituto
e cografice M111tar (IGM), coordlnatee and bLnuh mer?e 0mployed by IGM should
_be dopted. | . |
| ‘The- onﬂy touevrephlcei map of BOllVla as e.whole, is Mapa aprox1medo_
de BDllVlu en 98 Hoges on'a scale of 1/250 00 1ssucd by Jlnlsterlo de
'Colonlze01on._ Tbls topo"raphlcel mep wae prepered hetween 1933 end 1935,
'of_nd the eccurecy is Teletlvely low.~ In_eddltlon, the mep 1s prepared w1th
'fcontour 1ntervnle of 500 - whlch 1e 1nedequete for plannlng hydroeleotrlpf"h
.eeprogect e . : o |
.. TCH 1s.now‘freoer1ng aeiln.eehotoeﬁoe:_ ecele of 1/100 OOO oi pr1n01pa1
 -ihdustr1e1-d1etr1cte. It iz, recommended that CBF. coneul+ w1th IGM to_g
'1prepare with prlorlty eerlel maDS of tnelpropoeed progect arEhS.._: ;
| ‘ MQpp1ng of the progect L.rec.e would 1nclude eerlal mape on a‘seale of
1 1/25 OOO of the reserv01r ree, dem 31te, powerhOuee alte, tranemleslon
?'llne route and accese roed route, ete.._" For eepoclelly'eeqentlal areae "
:.menuelly eurveyed tOpOﬂT phloel meps on d ecele of 1/5 OOO to 1/2000 ehould  {
'.be prepered At the etage of flnullélng the development plane it w111 be":
"neoesenry to prepare topogrhphlcal maps on e scale of 1/500 to 1/&00 of

e "10. -



rhe areas where etructures are to be constructed and of partlcularly essentlel

ectlons it mey be necessary to prepare topographlcel maps on a scale of 1/100

t0 1/50. _

d2 2-4 Hydrologlcal Data _ o _

E In preparlng a hydroelectrlc development plan, hydrologlcal and meteorologa'
) 1ca1 deta unlformly observed and recorded contlnuously over a number of yeare'
are necessary for the analytlcal study of streamflcw data whlch forms the basis
.of hydroelectrlc development plan. At least 2 tc 3 years. of contlnuous observa;
tion. and recordlng of streemflow are necessary, and metecrologlcal data, ‘such as,
streamflow and ralnfell, snowfall and evaporatlon, etc. should be correlated. It
w111 also be necessary to observe temperature, humldlty, W1nd dlrectlon, wﬂnd
ve1001ty, otc._as -these meteorologlcal data are related with. the ‘design of

'.structures g _

In establlshlng new hydrologlcal and meteorologzcel observatlon statlons,
rhelr locatlon,-number end-lnstruments should be cerefully studled._ In con51der;
.atlon of the vast area ro be observed and the shortage of skilled personnel, it
‘might be worth cOnslderlng the estebllshment of unmenned stetlons by 1nste111ng
':self-recordlng apparatuc or autometlc recordlng devlce powered w1th solar batterles

In connectlon w1th the geglng cf streamflow, in order to 1mprove the accu-'
recy cf records, 1t is a matter of flrst 1mportance to take dlscharg measure-s
:menbs, by current mcters, more often and for hlgher water levele (up to rormel
fwater 1evel mlnlmum avallable flow 185 days of year) than before._ Aleo, streqm—”
;flow gagungs durlng flood perlods, usrng buoy are recommended e
| Dlscharge of a rlver at an ex1st1ng power statlcn can be comnuted by the
;follow1ng way The powar sﬁatrcn dlscharge can be compuﬁed from the statlon out—'ﬁ._
gpth: And watel 1 vel observatlon et the 1ntake of the statlon w1ll enable the
fcalculatlon of quantlty of spllled water by u31ng ordlnary OVerleW'formulae..r
;The sum of the above two quantltles of water represents natural flow of the rlvere-;f
iat the Slte of the power statlon.4 Thrs method of etreem g&glng is very conveni- .
{ent end correct, 50, far as the beszc deta are rellable, However records of thls'f

;type have not been reported nor are they avallable, and 1t is recommended that

_,__1r;liv'r,17:~;;{f;-'




‘this type of stream measurements be made as soon as possible,
.'2-5- gonclusions and Recommendations of Sites Investigated

2-3-1 Santa'Isabel-Site' |
The development plan of thls 51te should be prepared as & component -
of the 1ntegrated development of the ba51n 1nclud1ng the Coranl PIOJect .
whlcb is ander construotlon end the Locotal Project, a descrlptlon of
which 1s.rlven later in thiS-reportv N
LFrom this stendp01nt the MlSSlon reoonn01tered the proposed progeet
'51te, and it 1s our finding that the topogruphy end ge010ﬂy of the _
proposed site ls favoreble fo“ the oonstruotlon of a hydroelectrlo plant.
E By oonstructhD 2 weterwaf, open canel and partly tunnel, from the tsllrace
'_'of the Coren1 Powe tgtloh; s very hlgh hydreullc head can be utlllzed st
the Sente Isebel 51te to develop epprorlnately 62 000 kW of power and generate
'.aooroxlmate?y 241 200 000 KWh of energy annually. The output of - thls proaeot
can be tronsmltted on.- 110 kV trunsmlsﬂlon llne, ebout 4 8 k- 1055; to S
the swltohyerd of Coran1 Power Stet1on, and thereafter transmltted to i
Cochabamb and Oruro tOge+ber W1th the outout of Coran1 Power Statlon.p
However, upon completlon ol the 1ntenraued development of the bs51n deS"._”:'i'
‘orlbed above, the 1nteroonnectlon bptwecn Coohabsmba and Oruro w111 requlre.?uwe
N further studles dependlng upon the electrlclty demand 1n Coohabamba; o
'.i-i Aocordlng to rouuh estlmetes made by the M1s31on, the total cost of theﬂ__=
'lPTOJect is about US 311 6OO OOO and in. terms of unlt oost 1t ig- ahout s |
'$187 per kW end about US 30 048 per kWh It w111 be noted therefore,--.
;that thls 51te isg eoonomlcal and low oost power can’ he developed
The proposed Santa Isable 51te 1s looated 1mmedlately downstream of theif-
ptallrace of Coranl Power oLaLloﬂ, and thﬂ plant capaolty and outpuL at thld o

-thls 51te W111 be ﬂoverned By, the reﬂulated dlscharge from the Coranl Power;‘



1Station;e Consequently, ‘the economic fea51b111ty of. this prOJeot ehouid be
;?oon31dered together W1th Coran1 Power Statlon. The,tlmlng of the_developes
ment of-the-slte and the deolslon of whether to deeelop the entire capaoity
Cin one stage or two etegee should be determlned in relation to the growth of
eloed in the 1ndustrlal and mining dlstrlots of Cochabamba and Oruro.. In
oonnectlon w1th the determlnatlon'of the prlorlty of progects, the trend .
of growfh of demand after.the oompletlon of- Coran1 Power Statlon |
(1nsta11ed capacity 54,000 kW) mlght create a oondltlon whlch may.favor the
"development ‘of smell progects in the b351o before oonstruotlon of the Santa
Isabel Proaeot.. Therefore, it is suggested that thls factor be duly oonsle
dered in determlnlng the prlorlty of progeots. .
Othor prohable 81tes.1n the ba51n that the Miesioﬁ tﬁoﬁgﬁt woiehy of
} etudy'are (1) near Locotal where'e dam_cen:be:conetruofed;to etofe the'yone N
off from Rio Santa Ieabeliand R{o Pareoti to develop 1oiooo_kW'to.
_ 20 000 KW'Of:poWef and‘(zj e roo—of-rivereeype oianf with 2 capec1ty of
| 5 OOD kW to 8, OOO kW thot can be constructed on the downstream of the . e¥1st-
:1ng Incachaca Power Statlon..1In.con51derat10n of the foreg01ng reasons;-lt
:.1s recommended that studlee ‘of these sltes be 1n1tlated 1mmed1ate1y.- |
| The followmng studlesuw111 be oecessary to- prepare.development plane

“;of the Santa Isabel szte.,‘

f,(a) Surveys }

" Topographic_survey . -

I R

Route survey of canal - S =1/2,000
R R R L = ebout 2,4kn
" Topographic survey of ' §'=1/500 2'

... surge tank, pénstock 11ne fe"e ':f A= zgbout 1.5km-
',.-and powerhouse sites Loy e T e

'Topogrephlc survey of 1 g = 1/200

.. intake’ and.aqueduct 'E' R C A £,aboutko.0ikﬁ2' ‘

751tee



(b)':Geologic Survey

__Reconnﬁlss Wce survey

N Reconnﬂlssance survey of the entire project area.

'lest Dlt and trench

Excevetlon of test p1t° and trenches to ascertaln the depth of
trlus deposits in the p gtock woute dnd powerhousc 31te.:

(C) .Hﬁdrolomical and MeteoroloWical Surveys'

Improvement of ex1st1ng streamflow gaging statlon

..Ppeveiling_conditioneﬂat the existing Vinto Gaging Sfaﬁioh are:_
not setisfactory.e1The_riﬁer-bed.at the'siteeshouid Be treated to.
: pefmit'ncrﬁal run-off. ind it.ﬁay be advieable_tc-meaeure sfreamflcﬁ :
by utilizing'én_overflbw weir, . o '
_Staff_eaeing
: 3 sfaf;-g nge shoﬁld be 1nstc11ed ce&r the proposed powerhouse 51te, and.
':hé riVQﬁ woter 1evel5 pcrtlcularly durlng flood run—off ehould be
e'ﬁeceurec} S | | |
:In‘ofder'+o study +the other probuble prOJects w1th1n thc basln mhlch
thé Miesion'hcc c ! dered +he folloW1ne fleld otudlee should be made.z ;b

'.(a):'Surveys

 .' Aerie1 scrvey.:(s = 1/25,000) -

i Mﬁpﬁiﬁg area T. A %:abqﬁt.lﬁokmz
-ﬁcpping”diet?icf 'Basin oi RlO S&ntu.IS abel aﬁd‘HlO Paractc._
".Th a‘eufveye ara ncceeegly fox computateon of" cntchment axea,'.”

c_etudy of 1"un»off condltlonu of thc bas;n cnd study of 1nterrelcﬁud '

_progects.'

‘River proflle survev

el 7> I
non '

Rio Santa Isabel 1/2 000 . : " L
L | _ about Skin : (from powerhouse site to; e
PR L : river confluence) ' =
© Rio Paracti S = 1/2, 009 -
N L= out bl (from Incachaca Power St&tlon .

- to_river. confluence)

SV



(0)

1/2,000 .
about 3km (from river confluence to Locotal) .

Rfo Paracti S
. _ L

The finér fnofile 1evéliing should be éhecked.againét the.benéh—marks.
:on AM Llne, Levelllng Line of the Flrbt Degree, ‘between Cochabamba and
'Todos Santos, ghown on "Red de vaelac1on en 5011V1a” Bench marks.
'should be installed along the river banks, and interrelafien.between.
.elevatlons of” Incachaca and Coranl Power Statlons should be estab-
;1shed.‘ A1l clevations should be expressed_ln terms of IGH

é%andard.

Hydrolbgical and'Meteorolpgical.Surveys-

Streamfiow.gaging station

For planning the Locotal Projecf é-streamflow gagingnstation

-ghould be'estab;ished on the Rfo Paracti near the village of Paracti.

Rainfall and evaporation obgervation station .

A station to measure rainfall and evaporation should be establiéhed

‘near Paracti. -

':Téhuléfibn'bf diécharge"récords“ét ékisting'Incachaca.Power'Station'f

Lompute the power Suatlon dlscharve lrom reccrd oi electrlc nnersy

enerated and quantlty Of uPlllEd water by overflow depth over the 1ntake

. Well ' The sum of the statlon dlqcharge and the spllled water represent the

' natural run off of Rlo Paractl,-and these data should be complled year by year.

'2 5-2 Alto Pllcomayo Slte |

The MlSSlon reconn01tered thls proposed proaect 51te, and after returnlng

:tO Japan,_a topographlcal map was prep red from aerlal photoa whlch were

made avallable to 1t

Streamflow data whlch were avnllable are records of very short perlods,

?nnd consequently run—off condltlons of the rlver could not be estlmated

EThe Mlsslon estlmated and analysed the runuoff of the rlver from the ralnfall

ﬂ;le -



:records at'Potos{n
The results of the anulythul studles revealed that a dam creatlng a
reserv01r with an effectlve storage capa01ty of lOO OOO OOO m (regulatlon

‘effective storage capacity 107) can be constructed st this s1te, o
annual inflow

_'factore
_ &ndanlunoeeground powerhouse wlth an estlmated cspa01ty of 35, OOO kW pro—
”'.ducinm'212 OOO'DDO'kWh nnuully can "be buﬂlt 1mmed1ately downstream of the
dam (tellrace ebout 5 km lon*) | . o

It is belleved that the nerxets for the output of the proaect would be 3
' ?otos1,,e,d1stance of.about;95km,_whlch can be'served by 2 oircuits of 66 kV_
'Eiensmission liﬂeseehd Sucre, = dlstence of about 25 km, which csn be served
oy.sf66 KV trensmission line. It should e~ borne in mlnd hOWever that a
.study of an 1ntemreued trensmission network will be necessary when trans—
- mission 1nterconnectlon w1tn enother dﬁstrlct nnd/or development of other pro~
esnoscd Slt€d come under conslderatlon in the future.
ﬁocordln: to rougs estﬂmotec .aae by the Mission, the totelfeohstruction
.f costs a“e' boub USwlB OuO OOO wnleb 15 _pDror1r tcly US°514 per kW of 1n-.:
': st 11ed C”D'Clty and epozoz1ma+ely USQO 085 pez kWhy It_ls hel;eved-that
_-tnls Slte is eCOQDmlCﬁlTJ fEuSlnl - B

ks 19 the timing of *;:h_is_‘ ro;eet, ‘iﬁ'coﬁ‘s'idefé,tioﬁiof- t}ie'foet:'_t}iet o
l r*e 1n1t1“1 ceoiﬁel iﬁeestsents'wilﬁ Pe.;rou1rea for tl :oonstfuetioﬁ.of"
sdam-asd other mncllllary strqotures; 1t‘u ald be“udv1 3b1e to determlnc'thc
;..timeiﬁhen tha urovth of aem:nd )ustlfle +ne dFVeloment oi thl° progoot.. In
 ‘th1s.conrect1on, corazul stadles v111 hc rc;ulzed aof thx trend of growth of _
_dem@nd of mlnzn .nd otne 1ndu3tr1as in the Sucre hnd POtOol dlotrlcts,-
:und t;mlne of tran m1s31on.1nterconnect:on.l However, dependlnv upon thc
tread of Hrowth of demand 1t e, y be more iavorhble to develop OthLl prohaﬁle
'ﬂSites"n the reglon bcfoxe ,e Alto Plicomayr slte.. Therrfoxe tnesdetereé~;

i"mlnutlon of prlorlty of pLOJects should bc ﬂ¢d& w1th due care. ﬂ

16"



One of the other probable sltes which the MlSSlon thought would he
worthy of - con31derat10n 1s on the rio Cacnlmayo near Potolo. This progecf'
will con51st of the constructlon of a dam to divert the flow into the
Alto-PllCOmayQ reservror,'and to'develop 10,000 to 20,000 kW of power'utilizing
availablc.h&draulicfhead._ IT this progect is constructed the 1n110w to ﬁlto
-fllocmayo reserv01r w111 be supplemented “and as a reeult the capacity and
annual energy output of the Alto D1lcomayo Progect may be 1ncrcaaud _}rom an
overall standpornt it ;s belleyed that_the dlyersron scheme'W1ll'1ncrease
the*ecbnomic'feasibility oflthe prejeet.

Anotper poesible site is'on the "downstream of the:Aito.Piicomaye:pewer—p:”
.house-eite,f Utilizing:the regulefed diecherge'from the.upstreem.Ath
Pilcomayo Project.end availabie'head, & runeqf-river type plentrwith a capacrty
of ebout 10 'ooo KW seems poss'ible. These prob'abie.éit'és should be E’oﬁ-
sidered an 1ntegral part of the Alto Pllcomeyo ProJect, and it is recommended
that concretc studles ‘be initiated.

The. follow1ng studles are.necessary to prepare plaps for the Alto
;Pllcomayo PrOJect R

:(a) Surveys

f'Topographrc Survey'

1/5,000

‘Reservoir area, . . ‘8 = :22,;
. ~dam, powerhouse and =~ .-+ A= about 20 km~ .
“.access road ; S
Dam, pOWerhéﬁee e ’;_Ji: S ='1/500 e 32
aﬁd-tailraoe.sitesi' oo j‘.A'e'ubout i 5 km
'Rlver proflle survey __;;-‘ S“=.l/2 OOO DR
(bctween dam-site and . L '= about 7 km
tallruce) - SRR

(h) Geologlc Survey

Reconnalssancc aurvey

-:-Reqonnaissence,of project area including the reservoir,

EUaR



"Boring
'Téét.borings, total length about 100 m, to investigate the bedrock
of the dam-site and depth ' of deposit on .river bed.

Exoloratorv Adits

Excante adits, total 1enoth about 150m, in both abutmeﬁts'to

study the condltlon of weatherlng of bedrock and talus dep031ts.

Investlaatlnn of Hotsurznus

'Investigate the_distributiong'temperaturé and mineral contents of
hotsprings. in the reservoir area.
(c) Hydrological and Meteorclogical Surveys

Streamflow'Gaging Station

Stabllsh two streamflow gaoing tatzonb near, Culth and Yocalla. on

the fo Alto_Pilcomayo;

RalnP 11 and Evaporatlon ObSQIVuTlOn gtazlons

- Estab1ish reinfall and ev_porctlon ObSE”Vat“On StgthHS adgolnlnb

the two streamflow gaging stations menti oned above.;,;

{a) Sedi@entétiqn éﬁdsRiver Deposiﬁ"Sﬁrvéys

.Sedimentation‘ﬂurvey
Expédite the_installJtlon o| scdlmenthtzon meusurlng apparatus

i

whlcn CBr 15 nl-nn ne to 1nst 11 a*TT 1U1M.:.,‘.

" River Denosit Survéy
'_Conduct'survey bﬁitopographyi’cdnfinur» 1on, geoloyy and land -
‘ero 1on 1n the entire b szn, nd curvay of flood run-off cdnditioﬁs,_'

3

.con§¢LLon of Sudiment&” d“DDulf on, tne rﬂvur beu'aﬁd*iir'MUngpnt

In order to s*ud; +np athcr prob%b1e sifés in¥€hé ba81n th t Lhe

7%1351on thought fCﬂslc‘c_ thc follow1ny 1nve tigaﬁiéﬁs.ﬁhould'be'coﬂductcdr

SLY



(a)

Survey
-;Aerial'survey"-- i 1/100 000 )
| Mapplng grea .“" 'A = about 9,000 km2

Mapplng dlstrlct " Entire bain of Rio Alto
~ Pilcomayo and Rio Cachimayc, and
'Sucre, ‘Betanzos and Potosi '

These surveys are necessary to cbtaln data to calculate catchment

' area, run-off condltlons of rivers and in the'studies of inter—

related prcjecté;

Some Measures should be taken to eyp@dlte cef al mapplng cf a part of the

'aforemcntloned ares Wthh is belng underta en by IGM.

.Aerlal Survev . 1' = 1/25,000 ) -
Macping-area A ﬁ_abcutGBO km®
. Mapping district Rééervcir:area; and.dam; poweThduse,

tailrace and access road Sites, as well
as the area of the diversion scheme .-
1frcm_Pctcloi':

' Tnese surveys are’ necessary to cbtaln data tc Suhay the rlver

‘ e run-off cond1t10ns and studles cf 1nterralated progects. ]

Rlver Profllc-wurvev

RlO Altc Pllccmayo };fS 1/2 OOO
| ) ‘17_L—Qhout 75 km (bctwccn Ancoma and’ Puente Sucre)
zifﬁic.COcﬁimQyoqufc-.i.S 1/2-000 | ' |
- :!é: L -hcut 25 km (betwevn Potola and San Juan)
'i Thc Ilfof ploillo lnvelllng smculc be’ ch ckud aga .nsc tench
- margs on: Q L1ne, 1eve111ng llne of the Flrst Degree, hetWeen Sucré;'
' Betanzos and Potcsl, uhOWﬂ on . "Red de’ vaela01cn en V011v1a"

:__Bench-mark should be 1nsta11ed alcng the rlver banks.



_(b)' Hydrblogioal and Meteorological Surveys

Stloamflow G ging Statlon

In order to obtaln data {or the 1ntegrated development '
3_p1an of the Alto Pllcomayo Progect, a streamflow gaglng

'_statlon should be. establlshed near Potolo and Puente Sucre

“on the Rio Cacllmayo;

. Ralnféll ohd Evaporatloﬁ Oosérvatlon.station
| A rainfell-and evapofation.obsérvéoion station shoulo.ﬁe
foGStabliohed'adjadent tofthé streamflow gégingistatlpn at
:Potolo, . | | | . |

2-3-3 " San Jacinto Site

| | Thelmiséion“réconnoiferod:fhé site of the propoéediSan
:Ja01nto Progcct and conducted supplementary surveys based on the topo-
graphlc l map of the area which was made avallable.
'_otreamflow dataiofuthreé_gaging stations-were availablo; buf'thé pefiods}
of.obsérvaﬁioﬁ weré verf.aﬁoft anu in manj CdSES.geCOIdS were m1551ng.
‘l.Based on the avazlable data, a most probable dlSOhdr re of the rlver at
:therroposed Slte was-esilmated ﬂnd an&lytzcal otudle woro made;

As a re.ult of uhe utUdlCE, the Mlelon conulders that d daﬁ
creatlng a reserv01r wltn an e“icctlve qtorage capa01ty of. lO OOO ODO ﬁ3
' .(re latlon faotor 8%) can b~‘conqt£ucted at. the propoocd 1te, and
the: 1nflow to thn rpserv01r carn bw upplemented by dlvertlng watcr _;:
_from the headwaters of tko Rlo GuadalQ1v1r. S S

llt is estlmaued thdt thw progcct can deve]op 2 OOO kW of powor aﬂd

i'gennrate 11 50@ UOG kWh annudllj.

. The probable mdrket for thr nowpr 15 lhc C1tj of TarlJa a:
dlstance of about 7 km, whlch can bBe cervad by d 11 PV tranqm; 5105._-
:111ne. HOﬂcver,'lf thor' drp other potentlal mltp 1n3th9 apoa,'theof:"

'~jtranam1531on llne should be reconsldorcd
o Comre R0



The”estlmated constructlon éosts of this proaect is about
US%l,?OD 000 or abnut U§$BSO per Wh and about Us§0. 148 per kWh. Ituﬁill |
1be noted that;thls s;te_ls not very economical. Howgver, the site is |
..locéfed in'ﬂloSe.proiimity to the'ci{y of Tarijé'aﬁd if is bélieved .
the output of the projeéct will be optlmum to meet the 1oad growth in
the. said clty{. ConSOQHLn+ly, 1t may be adv1bable to deleop thls
site. | _ | |
| | The timing:of this projéct-should'bé deferﬁined fakiﬁg
:into cons1dorat10n the trend of growth of demand in the 01ty of -
-_Tarlga and env1rons, the extent of potentlal demand 1n the area and '
the 0perat1no condition of existing diesel electric plants."
.- Another probable project in the area which the M18310n
-has con31dered ig. to divert water from the b351n of Lagunas de Taxara
(cdtchment area 500 k< ) by a oanal approx1mately 10 km long to the -
_.RlO Vlctorla, Utlllzlng the'hlgh nead between the two‘p01nts "a ruﬁ;of—
ffrlver type plant wlth a capacity. of 6 OOO to 10, OOO k% can’ be developed
__ThL Cdplclty of thls plant can be 1ncreased in stages correspondlng v1th 
fthe growth of demand.: Tt 1s récommmnded that concrete.otudles of this
'ﬁprogact be made 1mmed1ate1y, and comparatlve studles should be made w1th
fthe San Ja01nto Progcct to examine the econoﬁlc £9351b111ty of thc two_‘
_progects. | S N | En
o In.connectlbﬁ Nlth the San Jac1nto Proaeét .Mlnﬁsterlo de
“Aérlcultura, Gandderla Colon12301on y Rlegos has prepared a- develop-
 ment plan whlch 1q prlmarlly 1rr1gat10n,and 1nc1udes hydroelectrlc )
_powar. Thp descrlptlon of thls progect is glven 1n "Informe Agr0~
.ccﬂuomﬂcodex.Proyecto San Ja01nto —-Tarlgd” prepared by the sald M1n1~
;Jtry..-" s . i o
Tho development plan of San Jaclnto Progcct propoaed by

Zthu M10310n and 1hat by th@ Mlnlstry are dlfferent 1n nature.v Therefore, ‘



_coordinafibn beiweeﬁ the twé'ﬁléns should be'carefully'$tudied in
preparing'thu devblopmunt plan of this 31tb.

.;The Iallowznv atudlu& are necessary in order to prepafe thr
d@velﬁpﬁént'plan'of thu San Jacinto site.
_(a).-Sufveys_ | |

“Topographic ?urvey

- Tope grap}_c sarvey of Guadalquivir e 1500
- o . ’ . : ’ ’ . Lo )
inteks dam o & = abaut 0,05 kg

Route survey of dsudalguiver .

)

diversion canal - L o ' © L = about 12 km

5 '_:__1, 500

A = atout 1,05 km®

.(b} GEQlOgi Huﬁv,)

Reconnaisaene: urv%y

zcann‘la:al'r survey of the project arta including the roo

‘ Explorafory cits

Excevote pite vo study £hefge0lo

She eihotiontof the ETaii nbutment of the dum Sidd

'Z;thre‘nece&sagv Londyct

QC) ﬂydrulochal and Hi tuorolovﬂca‘ 3uf79v$‘

Relocatlon of - Uxis t ing otrcamlloﬂ Gd'ln» dfationfﬁ‘
fulL; FOndltlﬁn of the ‘exis txnv ’trnamflow ﬂuplng tatiéﬁ T
 un ﬁqu Rlo Sun Jdplnto is not iaVOIJhlo -anu EE] thx qh Lion

llOCdt d in tnu ¢strv01r area oi thc p'UpObnd ””ﬂ J!ulnLO-i
- Prognct, 1t is recommend1u thdt ?hr 5tat10n

‘bvanSfﬁrrad‘i3



to & site on-the downstream of the proposed San Jacihﬁolpowerhouse'
31te.

%treamflow Gaglng Statlon

In oon31deratlon of the 1mportance of dlvertlng water from
the hcadwaters of Rio~ Guadalqu1v1r, it is recommended that
a gaglng statlon be eetabllehed near the proposed site of

the Lntake dam on the said rlfer. |

Rulnfall and Evaporation Ob ervatlon tation,

It ig recommended that a rainfall and evepoiatien_obser-_
Vation station be established_at San Loranzo in the Rio
Guadalqu1v1r ba51n.'

(d) Sedlmentatlon and River Dcpoolt Surveys

'-Sedimentatlon Survey-
Laﬁd'erosion in ‘the RieeSan JacintO-bésin_is'very:eXtensi#e -
and the river rﬁn—dff is hean.f.il‘r silt_ieden.
.T_Tt is reeoﬁmcndeu +hau‘a qedlmrntation measullng inotrumant be
“ 1nstalled - : |

'T_Eivmr-DeDo 1L Survev

Gonduct Studles of the topographg, conflguratlon, land er0510n'
condltlons, flood dlscharﬂe condltlons, ang. condltlons and

' movement of depoelue on 11ve1 bed.,

The follow1nb 1nveet1¢atlon& w1ll be” necessary to Study the
Vlother probable 51t0 thdt the Mlelon conbldered durlnﬂ the course. of
i_lcoonndls 1nLe eurvcys.

;&a)~_ﬁurVeys-""

- eﬁérial:survey'.T (5= i/lOQlDOO”)

'Mapbing_areg ':Vq';.A.=7about'},500_km25



Mépping district ‘Eritire basin of Rio San Lorpnzo,
o - - Rio Victoria, Rio Guadalqu1v1r, Rio
. - ‘Zola, Rio Tolomosa and Rio San .
Lagu- = . 'Ja01nto, and basin of Lagunas de Taxara
The above.maps are necessary to compute the catchment area
of thc respectmve rivers, and to 5tudy the rlver oondltlona
as well as the Suudy of" 1nterrelated pxogects.

. IGH should'be contacted in[c0nnect;on with the preparaw

 tion of the maps.

' herial survey : 1/25 000 )
Mapping area An=_about 25;km2.
_Mapping disfriét“:' Intake site on Rio Guadalgquivir;

.dam; headréce,'powerhoﬁse and tailrace

siéés; route of'écdess'road; and:sité

of diVeréidﬁ canal.from Lagunas;dé'Tgxafa.;':
These maps dre necessary to Study the_rivef.éonditidh

and 1nnerrelatbu pro;ect%. I

: szer erill€ Survey

:Rio_Viptq:ia_'. ] s - 1/2 000

L= aLout l) m (bm uﬂﬂn PrOnns ﬂd powerhou"e olte
' and. river csniluwncc) :

Riolﬂuadélqﬁivir_'s =f1/2 OQD‘-'“

: LI% dnout 15 km (betwevn PLonos sed 1nt¢ke dam 51tﬁ
' and:. Lh“OptO Pnuernuuse) 5

" Rfo San Jacinto 5§ .= 1/2'000-"

L= ab@ut 2 kin (bﬁtwoen propoqed dam 51tp dnd
L ' ‘4 rlvsr PcnfluenCE) ' ‘

_".24 



1/2,000

Lagunas.de:Tdiera 5

o L about 15 km (between the lake and proposed

intake" 51te)
The rlver proflle 1eve111ng should be checked agalnst bench—
-merks on W Llne, between. Tarlga and Iscayachl, and V Line, between
?T&rlJa and Villamontes, ‘both of which are the levelllng line of the'
.Flrgt Degree shown on . "Red de vaella01on en B011v1a" - Bench-marks f
should be 1nstalled along the rlver banks.
(b) Hydrologlcal and Meteorologlcal Surweys

.'Streamflow Gaglng Statlon

:_Eetabllsh & gaglng ataﬁion near Iscayachi to record rﬁn4eff data.
‘This data will.be necessary in planning the diversion scheme from

. Lagunas de Taxera.

‘Rainfall and Evaporatlon Observatlon Statlon '
Thls Observatory should be established adgacenf'to the abovementioned
' .otreamflow gaglng statlon. :-'

:'CompA;atlon of Dlscharge Records at Ex1st1ng Angosto Power Statlon

1,The dlscharge through the powerhouse qhould be computed from the.
"enervy.generatedr -To theadlscharge computed 1nrth15 manner add fhé_'
.idlscharge spllled durlng flood run—off and durlng normal run-on
'.:perlods, and GOmplle d:scharge records of the Rzo Guadalqu1v1r.:
-EStreemflow gaglng condltlons of the exlstlng San Luis Geglng 3ta tioﬁ-
” }15 not favorable due to backwater effects of an 1ntake dam. Rlver g
.e.run off at thlb 51te should be complled accordlng to the method

-].euggested ebOVO.."






3..'Geheral'cpnditibns_of-ﬁhe Proposed Project Areas

;5 l General _
Thp Mlsslon studled prevalllng electricity demand and supply cltuatlon 1nL3-
;the magor centers of consumptlon prlnclpally in relatlon to the three proposed '
.prOJeOts, amely, Santa Isabel Alto Plocomayo and San,Ja01nto.
. o Thls report glves the general condltlons of those dlstrlcts that are
closely and dlrectly related w1th the three progect sites spec1flcally refezred
:to above.
- ' In,tﬁis chépter; for.the sake df cbnvéﬁiehcé, CO#hﬁbambﬁ, Oruro and
Comlbol Central are assumed ‘the area of supply of Santa Isabel Progect Sucre,-
iPotosx and Comlbol South the area of supply of Alto Pllcomayo Progect angd
fTarlga the area of supply of San Jacinto Progect 11 future 1nterconnectlon
:of transm1531on llnes is taken into cons:deratlon. thls reglonal grouplng may
;be somewhat improper, but the M1351an belleves it will help ﬂreatly in under—
:'standlng the presem sa.’cua‘clon . i
i3 2 Cochahamba Area 1n relatlon to Santa Isabel Pv03ect
;3 2 1 General | |
Thc populatlon of the 01ty of Cochab&mba in. 1962 was ostlmated to be
lapprox1mately 92 OOO and about 190 OOO 1uhdbltantu are estlmated tc be 11f1n5
}1n the outsklrts of the clty - lhe c1ty 1s 51tuuted near’ the center of
:Couhabamba Ba 1n._ Its elevatlon 1s about 2600 m- abovc mean sea level .ﬁhe
Laverage annual temperature 1s between 17 C and 18 C, and the annual avarege
.pr901p1tat:on 1s hutwecn 450 mm and. 600 ram.
;i The area around Cochabamba is endowed.w1th relatwvely abundant wéter,.:
;compdred w1th other rcwlons, and anlmal husbandry and farmlnm ar: very active--
:ly carrled-out On 8 oultivated ared of ahout 70 ODO hectar 2y wheat barley,'
_malzo, poLato and alfalfa are grown. In thls area, 11r1gut10n 1s most w1de1y :

:practlced and agrlcultural produot1v1tv 1s hlgh



CAs for 1ndustr1es, there are a few mall~s¢ale factories including &

.brewery, and hat and shoe factories. . On the outsklrtq of the clty is an oil
leflnery w1th delly uapa01ty of 6, 000 barrels owned and operated by YPFB
. As regards hlghwey network the exlstlng hlghway between Cochabamba and
.'Senta-cruz is asphalt paved. The road extending from Chochabamba to La Paz is
not paved but. is belng 1mpro§ed pxadually There is a plan to construct a

hlghway connectlng La Paa, Cochabamba Tados Santos and Santa Cruz. In the
future, Cochambamba w1ll develop to La the center of communlcatlon and trans—
B portatlon
:_-3 2-2 Blectnlczty Supply | |
| ' Electrlclty is supplled.to the cities of Cochabemba and Qullacollo by
) Enpresa de Luz ¥ Fuerza Eléctrica Cochabamba S.A} which_owns and operates
generatlon, trensm1551on and alstrzbutlon faczlltles The Empreea's power'
system is- onerated on 50 01c1es and con51sts of 5,812 kW oP hydro power and-
| 6, 742 kW of dlesel power. lhe prlnClpal hyano—statlons aned by 1t are
Incachaca waer Statlon whlch is e.run—ef-river type plan{ having‘en instelled
n:capa01t of 3 500 LW and AngOSuura Power Statlon whlch is a reserv01r con—-_i
E trolled plenu hav1n~ an 1n5unllud capr01t5 of 2 100 kw The 1atter is a multi-
3 plc purpose proJect 1nclud1ng lrrlvﬂtlon.- Under conﬁtructlon 1s Corenl.?'
' Hydroelectrlc P ower Statlon Nulch w111 huve an. 1nsialled cepac1ty of 2? 000
l'AW 1n the 1n1u1a1 stage end ultxm tcly 1ncreuqed io 54 OOO k Thc output of '
Tthls plant 1s planned to be” tr numltted.on 2 llO kV trensm1531on 11ne to_
\Cochabamba and Oruro. it . o :
| h MaJor transmlselon llnes 1n thze aree.are Angestura‘Llne (ll kV ‘eno.
fc1rcu1t 9 km long), Chocny'L1ne (11‘{v, one clrcult 1? km 1ong) and IncachaCA
l L1n9 (33 kV, one circuit, 47 km lonp) 11 of whlch are connccted to the 11 kv
lbue of the dlesel Suutlon in: Cochabamba Clty.- Llcctrlclty lu dlstrlbuted to.
-the Cltj by'a 11 kV 1oop 11ne from the dlcseluetatlon. 5econdary dlstr:bu— :

) tlon 11nes to serve r931dent1a1, publlc and hO&pltal dem nds are;oporated_at‘
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220 v (5 phase, 3 wire system)

Load adguetment of the Coohabamba power - system is mede Chlefly by dle%el
stations 1n view of the faot that the two ex1st1ng hydxo statlons have very
.llttle regulatlng cap301ty to adJust ‘output oorrP6pond1ngly to fluctuatlon of-
~load and. because of Operatzng restrlotlons 1mposed by 1rr1gatlon uses.

Supply capablllty of the Cochab&mba power system is faced with a shortage,_”
during the dry season of w1nter from June to September. Durlng_thls season
load restriction, except hospltal and other_emergenoy loads; are‘ihposed Ey-
switcﬁing Off'eeoondary distribution lihes in. rOtation:

The demand on the Cochabamba pOWer system ig pr1n01pally lighting. .In
:1962 total energy oonsumed in the system was 20 300, OOO kWh, of whlch
.16 440 OOO kWh or about B1 per cent was by llghtlng and the remalnder of
3, 860 OOO KWh (about 19%) was: by 1ndustries. Undér thie cichmstance the
system 1oad faotor is naturally very 1ow. The annual 1oad factor 1e about 52%_-
and the dazly load factor is about 46m. Seasonal.heaviest-demand'oocurs dur-_e
'tlng the Wlnter from June to September and rostrlctlve means are teﬂen to. 
~curtall pouer demand durlng the eason. Lhouvh the trend of growth of demand
car not be prec1sely eetlmated on acoount of the restrlctlons practlced the ‘
.tgnnual rate of growth of energy'demand 1n,the past several years (1958 to l96d)
"wore Jtlmeted to bo 9% for 11ght1ng end 4p for 1nduetr1es (average 7. Sm), and
_;Lhe annual average rate of growth of - maxlmum demend for the perlod from 1995
'tc>1962wdlo/a. e | |
| {emﬂr dblo growth ig exp oted 01 pDWer demano in- CULhdhdea area in- onng1~'
{deratlon ot the Jvnlflcanoe of the olty bolng the ceniﬂl of communlcatlon and

1ndustr og,'@nd of the pOSQ1b111t1ee of tho development of 1ndu.trles, suoh_as,

' prour 1nw af agrlcultural productu.

‘_3;3f OT\TO and Comlbol Central 1n reiatlon to banta Isabel PIOJect

tﬁ -3 l Genoral _: ._‘ ._ _ | _ | _ o L
Ut Tho population of the c1ty of Oruro was estlmated to be about 87 OOO in

;l962.- TheIL are several well known mlnes around the olty, suoh as, those at



éatAvi, Colquiri; Huammi, San Jose, Viloco, Caracoies_aﬁd.Santa'FeQ Thése.'
" mines are all owned by Comibol. The.princifal minerals prdduced.af”thése
mines afe $in and boppér- and thelr productlon occuples a substantlal part of
-:the u1nerals produced in B011v1a. The city of Oruro is 51tuated about 3 900 m
above mean sea level in the Altiplano, and.lts annual average temperature_and
_frecipitation range respecfiVely from 7.5°C to 9°C and from 180 mm to 500 mm;
This'area is favorably endowed with minerél resources, while to. the CDntré:y,
avrlcultural act1v1tles in the area are not worthy of mentlonlng.' Raising of
~-alpaca’ and llama and plantlng of barley, wheat and qulnua are belng done ocn a_
gmall scale. _ | |
' 3_3;2  Electricity Supply
TThe'éity of Oruro and domibol.Cenfréi afe iﬁcprpbrated‘undér'the soite
"systeh of e1ebfriEity.supply.: The instélled'capacity iﬁ thE"system.is Appro-
_ximatezy 29,000 ki, of which about. 20,000 ki of hydro capacity is owned by
. Boiivian Power Cﬁq; ah& the'femainder.bélonvs'to'Comibol . The transm1551on
SJatem con513uq of one (l} ClICult of 60 nV transm1551on llne extendlng over
'to»al dlstance of 220 km._f . s

fower demand 1n the ares Nao as follows in 1961

Ha11mum dnﬂand .;?otai energy =  §nnual.1oad

(FV) _conmumptlon .';:_"iactor-(%)'
S (th) - T
Comibol © 28,000 ylsg;ooo;ooo  -,f'  54.0
. Oruro and . R '-3“_'.':'. e ﬁ"f-'_ ' '. ;l;:: ;”'
- _'VlclnltJ SA000 o 13;QQO,OGQ,: “ LA
Cmotal 00 150,000,000 sss

Further growth of" powar demand 1n the area w;]i depend upon the produc-:j'

: tlon 5chedule and modcrn1 atlon p]an of the mnnlng 1nduot11e 1n~th@ azaa..

Accordlnn to bl Plan de Rehablllta01on de ld mlnerla, the egtjmated anergyl“""“

_ and power dEMdndu in 1965 are 261 ODO OOO LO )lO 000, OOO PWh and 41 OOD tol_
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49, 000 i respectlvely
15 4 Sucre Area 1n reletlon to Alto P1lcomayo Project
c : The populatlon of the 01ty of Bucre was estlmated to he about 4 000 in .
éi962,' The clty ig 51tuated'1n.a hllly zone about 2,800 m above mean sea 1eve1
" The average ennual temperature and pre01p1tatlon in the 01ty are almost on the_
esame 1evel as Coohabamba and 1ts v1oln1ty.
, Stook-farmlng_le con51derab1y PXOSperous but_erabléilandiie very limited.
;Hat manufacturing eoé'shoe menufactﬁriﬁg faotories of Small'etze.are fouﬁd.in
;anew nﬁmbers. There is a cement factory w1th an annual oapaclty of 28 OOO
fton owned by CBF and en 011 reflnery operated by Y?FB | |
iB 4-2 Eleotrlclty Supply

Cooperatlva Electrica Sucre S, A, is'in charge o? supply of electrlolty '
?of_the arez. Generetlon, transm1551on and dlstrlbut;on_xeollltlee are_owned-
éand meneéed by the Coo?eratiVa. 'The'power ejeteﬁ oonsists of.two hydro'pleﬁts,ir
gnemely, Tullma Wlth an 1nstalled capa01ty of 350 kW end . Duraznlllo w1th an.
i:Lnstalled capaolty of lOO kW, as well as one dlesel statlon of 1 , 368 kw oapa-
_clty SLtuated 1n the Qlty & o - | o |
: Tullma and Duraznlllo power etatlons ere.run~of~r1ver type plents and
gwere completed 1n 1915 and 1922 respectlvely The-dlesel'statlon-was com—.'
ipleted in 1950 One (l) leCUlt of 11 kV transm1551on llne 13 km- long from -
:Tullma Power Statlon and another 01rcu1t 9 km 1ong, of the Saﬂe voltege from'
tDuraznlllo Power Statlon connect 1nto the bus b r of the dlcsel power plant
éPrlmary dlstrlbutlon 11ncs of 11 kV *mdl&lly emtend from the dlesel plént, and
Tat ‘the p01nto of supply, the voltege is reduoed to 220 kV for dlstrlbutlon to
;the ooneumere. Prlmary oomponent of demand 1n the area is 11ght1ng for re51—‘
idontlal and commor01el uses. In 1962 the maxmmum eyetem load was l 580 kV and
;the totel energy oonsnmptlon was 4,252 OOO kWh The annuel averege load
?faotor of” the system was 30 Tﬁ. The annual rate of growth reglstered 1n the..'

ierlOd of 195) through 1962 wae 9 5/ and 5. 3/ respeotlvely for power demand e
: : : 31_ ‘



and enefﬂy deﬁdnd.

In thu area ther are. %GVbral gcnbratlng units owned and operated by some
.'industrles etclu ively for thelr oW use and 1ndependent1y of the publlc sup~
-_ply_system. Thev ars 500 kW of capac1ty at YPFB's 011 reflnery and 1, 820 kA
of cﬁpaEity {two units.of_S?Q.kVA and 1 unlt of*360'kVA a8 a stand—by) at |
fCBF‘s-CCmenf.factgry,- The per capita energ§.consumption“in_1962,'baspd-on
.”tﬁe1éétimaféd p0pu1atioh, were 395 kWh-fﬁr La'Paz, 220 kWh fof Cochabamba anﬁ .
76 kWﬁ for.Sﬁcféa The flgurc for Sucre seems rather Small when compared W1th:
 _the general standard of llvlng Ql.the 1nhab1tants.3n the other.01tles. ‘This
r'1s probably due to-load restrlctlons.c uscd by 1nsuff1010ncy of supply capa-
blllty and there appears to be & 31zeab1e notcntlal demand in the 01ty

¥hen the system capablllty is lncreased by'the addition of hydroelectric:
-cap4c1ty in the future and reserve capa01ty is created 1E mey be posglble to
supply el;ctrlclty to the sald cemcnt lector “nu oil rnflnery prOVlde that
the cost of power.l more ﬂconomlcgl uhnﬂ the. nr‘vaAling costs to Lh‘m. '
3 5 ‘POBOsl apd Comzbol uGuih in rela t;on to ﬂLLQ ;1lcomayo Progect
;43—1 General-:' o - |
| Thé.citf_df'?otosi.ié:sitﬁ atod. about 4,“Oﬂ m hhbové mean’ sea 1CVL] Thﬁ“:
'.bopﬁiatioh.of‘thé éify w2 about 55 OOO in 1§6a “Seve r91 mines of p:1¥atu
:.m anagemnent . are opbrauea around 1hc 01fw‘1n hddltvon io Quechlsla Pnd UnlllcPdn
: mlnés of Con1b01 These mln&s mos 1J‘produce.plnﬂ:.0ertaln m;nes:havp;ﬁhoir
ff-own.refining plant. EAN . | T - |
  A555s2l Elgc tr101t; uupply
| In vhla arra, theo nawcr %;utems of tpe Lwo mlnrﬁ ot CUHlﬂdl .1hc clty”oi
. Pgto gi and thc.SQVLrai ptlvatc mlnea'nrc 1nt rcnnnactpd und Dpurﬂtﬂ 8- one |
ftsfs%em. . . | I . :
 : ”hc POwer system comprlbcu.oi % OOO k! (flrm cupaclby) Xufa Hydxorltptrlu
atlon and a dlcsel bt&tlﬂn of 6 OOO kW Ldba01tf owncd bv Lomlhol dnd thv

_ Cayara Hydzﬁelectrlc Statlon wzth & 0¢pa01ty Df 55 RVA &nd Yocmlla HJdIOLlG
: _ _ 3 32 ‘ _ :



ric-Statieﬁ with an inételled.cepaeity.of:i,040 kW owmed Ey priﬁate'miniﬁg |
ompenieek | | |
- The_ﬁransﬁisgion line neﬁwork.cbnaisfs'of.one'(l)Vcircuit'Qf-44ikv |
ransmissioﬁfiine.of Comibel exﬁending from its Yure Hydfoeieeffie Station to
he.Quechiele Mine:and seﬁeral minee of?Unificade eround the'eityjef fqtosi.-;
one (1) circuit eech pf 16;5 kV.trenemissien.line'from-the.Cayeia“end:Yeealia

ydro.stationseis eehﬁected tosfhe'seeondary voltage side-of Uhificade35ub-y-
tatien{ | _ | _. | o |

The 01ty of Potosi is served by. two (2) circuits (16 5 kv and 2.5 PV) of

jransm1551on llnes branchlng out from Unlflcada sub statlon. ThlS'voltege_ls
educed to 220 v and_llO v before dlstrlbutlon to the general eoneumers; |
.f Pdwef'aemana'in:fhe area'was_asjfolipws in 1962.

'.Maximum_demend; ) 'Tothl energy - Annual lead
(kw) _'_consumptlon (kWh} " factoxr- (

bol Dnifieads 3,000 15,963,000 e
OtOol City S L0000 3,852,000 . 44
ub thal :e C 4,0000 © 19,815,000 - 56.5

Yohibol Quechisla _:' Te q~;"‘.:_ﬂ * ;_26;400,000*;

*.Note:. *ffor 1961:

Energy consumptlon at the nine: (9) mines 1n Comlbol Central and Comlbol

South vias ae follows for 9 years beglnnlng from 1953

(Units kWh/ton)

1953 1954 1955 1956 1957 1958 1959 1960 1961

ming use 39.5 36.8. 385 3.5 38.2 3.1 455 46.5 458

Incluulve A EE ; S L L
‘Resident= = “51.5 47.3 = 49.8 ~50.0. 50.8. ‘60.0° . 64.4 67.0° 64.8
Louse - T [ R A B e




. 5—6 Tarija. Arvea in relétipn to San“Jacinto Projecﬁ'
' 3 6 1 General _ . ' _
The populatlon of the olty of Tarlg ﬁas.esfimated'ﬁo be about 21;0003in
 _1962, The c1ty'1s 51tuated abogt Z,OOO m above méan.sea level, ‘Humidity.is
comparatively.high, the:annuai_avérage tempefatﬁre'ié l6éC to 1éQC, and_thQ
ennual average preclpltatlon i about 600'mm | |
ﬁnlmal husbandvy end farmlng are the typlcal act1v1tles of the inhabitants
'éfound the city. Wheat maize ahd potato are cultivated though not 1n sub—
.'QS£antial”quanfit1es. Cattle, sheep and goat are raiged and plays an 1mportant
role iﬁ fhe_ecéﬁomy.ox the_area.“  | |
| .fNo iﬁduétrylwdfthy of mentiohingais fouhd_in"thé area buf-for a'bréﬁeiy;
However, a.éraduél developmenﬁ'of.induéfriéé may be ﬂpectcd in the future,
stlmuWated by the act1v1t1cs of SUGRT and 011 produ01ng RcrnCJo whlch 15
 31tuaﬁed about 250 km to the south of - thp c1ty and by the existence of-air:
Ctra nsportatlon betwebn Cochab?mbs and La z' B |
| 6 2 'Llectrlclty,Supply | |
Biectrlc SerV1Ce in uhe ur;a 1s.buup11cd oxclus1ve1J by CBF whlch owns -
:and oﬁerptor gcneratﬂon tLan&mlqglou und dlstrlbutlon fdcllltles Generatlnt
i .plants are the Anﬂosto Hydro tatlon w1+n.1n 1nstslled cap“c1ty 01 lOO kW and
:a_dlc el rower statlon of 975 K, totalllng l O[S kh : The hydro'statlonlls
A round 01~r1ver typc plunt complctudﬁln 1911 and uubscquently in 1965 s
'éap501tj addltlon was madC. s for the.diesel pover utatlon two unlts of
200 kJ were 1nstallcd in 195) .nd ~nd£her uhit of 7) ?W was addod in 196j
.In the dfy season, thA dlLQCl station ig oitcn hut 4own bccauue contlnuouu
operatlon 1s-1mpos 1hlc due to QﬁQELﬂye of coollnp ﬁate:.
| Dlstrlbutlon voltagc is o 6 PV on th rrlm"ry 51du General céﬁaUmcfﬂ :
.:tare supplled at a voltzgu of 220 (5 pn&sc 4 -wireg ystcm) B
.. . Thc hydro statlon ig opcrat d to sunply haue loadnzund peak domaﬁds ufo

 fsupp11ed w1th dlesel powar.' Howcvor dLmdnd is” hbﬂVllY restrlctvd on account



of shut,déwn'of'the.diesel statidn for maintenance and shortage of.cdolihg_
e,

" . The demand'oh August 15, 1963 was as-fblléﬁs.'_

ngimum demand:.JEmergy_cohsumptiOn ' Averege demahd ggidéingzi. :

C(kw) (kWn) oo o ()

759 8,769 s g8

. :
B I . o






,4..;ﬁe§elopment Plan of ‘Project Sites

4—1 General
g Optlmum erze‘and tlmlng of development of ) proaect should not be‘.

defermlned accordlng to- the results of englneerznﬂ and economic feaszbzllry
studles only, but also in. conelderatlon of several envrronmentnl factors of -
‘economlc or, polltlcal nature, 1nclud1ng source of flnan01ng of the progect
However, for the sake of convenlence, the M13510n determlned the optlmum s1ze
of the propoeed progecte on the ba51s of unlt cost of energy evallable. ;:

The crlterla whlch the M1331on, as a prlnc1p1e,_took 1nto conslderatlon f
are descrlbed herelnafter. | o

in the comparatlve etudles.of varleus output or a nropesed Drogect
1f a given output ig able to meet demend throughout & Jeer, the unit GOSu of :*
'avelleble energy is taken. If & glven output is not able to meet demend;
<then the deflclency 1e eupplzed by thermal power and the comblned wnis cost
of ava11able energy ls obtalned.f In ezther cese, t 18 1owest cost per unlt of
-energy evallable 1e the ba51s to determmne the optlmum capaclty of & pIOJEDu. _
. ln connectlon w1th the tlmlng oz e proJect the varlous develovment - 5
;PIDJeCtS determlned in the. menner. deecrlbed ehove are glven prlorlcy by
§eOmperat1ve studlea of eeveral comblnatlons of Droaect pTlOley over e iong
range period (normally 15 to 20 yeere} taklng 1nto oon51deretlon future growth
tendenoy of demand The przorlty or tlmlng of & prcaect lS determ;ned ‘on the
b&sme of, the leaet GOSt over a long perlod wathln the avelleble eource of

i

flnanolng"'

In thlB case, the estlmated values of the magnltude end structure of

future 1oad growth would naturelly—vary accordlng to the powel system under‘_'

{u;' -L-&;-

-

con31derat10n. Theleiore, 1t would be adv1sable to Suudj, at the same” tlmey' 

_the tlmlng of transm1351on llne Lnterconnectlon and 1ts contrxbutlons

EU




Howevee in the studies‘mede By'the-Miseion, the'optimﬁm*sizeoof af
proaeot was determined by generel Judgement on- the ba31s of rough estlmates |
made accordlng to the aforementloned criteria beceuse ba51o data wore 1ack1ng -
.end the degree of rellablllty of data avelleble wa.s low.. In-respect of tlm;ng
'.of a project, oomputatlons were not made as be31c condltlons neoeesary to
make such oomputetlons were not avellable.' In view of the 01rcumstence, the _
_ Mlss1on studled the probable eltuatlon on the besls of constructlng a proaect
within the fastest perlod from an englneerlng standp01nt on the essumptlon

that the various basic oondltlons.were in order, -

4—2-.Foreoast'of.Demend i
f._4-2 1 Generel
It is D"erw.erell,y Sald that the growth of -power demand viewed over a- 1ong
:T renge is correlated to groes national product and consumptlon.. However, in _ 
foreceetlng future power demend of oountrles 1n'the early stages of economic'

‘ development, 1t should be- borne in mlnd that. electrlc power acts as a pllot
";-1n the development of the netlonal econom;.-.:" . |
k In many oases, growth of power demend 15 11kely to be stlmulated and
ﬂ .acce1erated by the 1ntroductlon of new power consumlnv 1ndustr1es or by the.o.

f.repld expenelon of ex1st1ng 1ndustr1ee. Especlelly 1n developlng countrles

‘liwhere present power demend rem ins smell the cjfect is. more pronounced and thg

._demand for power doee ‘not grow 1n a- stralght llno, but thL normel growth trcnd
. _15 in steps.,  | R

In foreoaetlng future power dem;nd of the'arcas rcleted.to the ;i;'z

3 proposed progecte, the M1551on hae duely tekcn 1nto ecoount the iollowlng
seven_(?) factore and estlmeted the general trend over a 1ong—renge from o ?'

: meoro p01nt of v1ew.;

(1) T:end-of power deménd'in the past, end estimates of future trend based =

38



’._oﬁ'dafa'mcde cvcilabie fo the Miséicn

,(2) Productlon plan ]

;(3) Per caplta energy consumptlon_

{4) ‘Trend of_demand-growth in other ccunt:ies witﬁ Similcr.conditions as.
BoliVia". |

;(5) Economlc SltUdtan of B011v1a.

;(6) Economlc characterlstlcs of thc progect areas

'(7) Future eypan31on of power eystem through 1nterconnect10n of transm1531on
llnes with factories which are situated 1n the env1rocs of the projects

' and'have.thcir own generating planté.:

'4 2-2  Annual Energy. Demand

Annual energy demand wag estlmated on.the basls cf dcta of ac;ual deman%
_cnd taklng 1ntc account estimates for 1solated 1pdependent cowe. SJstem and
;forced curtallment -of dcmand due to shortaﬂe of supuly capablllty. About 9ﬁ.”
was estlmated as: the annual rate o! ﬁrowth of derand ‘for the . perlcd 1961 50
1968 taklng 1nto acccunt potenuzal denand ﬂnd economlc ﬂrowth 1n the ]
;reglons. It is belleved thut the potentlal power demdrd w111 be compietely
iabsorved by 1968 1f addxtlon 01 capac1ty';nncecds cs scheduled.

B011v1a seem° to be 1n the Sta?? of bl.ulc‘l:l,ncr a Pcundatlon fcr 1ndustr1al ‘
;development based on a pollcy tc ralse the eduCat10H“1 1evel of 1ts peoclc, _
:to 1mpr0ve the natlons‘road_netw01k and to 1ncrease agrlcultural p“OduCthH..
:Thcse act1v1tles to prcparc the fcundatlon, we bellevc, wzll requlre 15 to 90__
'years. Thcrefcre thc rate_ox growth of demand ls llhely to slow down
'ﬁcrtng thc perlod irom 1968 to 1975 after the potentlal deﬂand is ccmpletély
abscxved as aforementloned f_Thclest}matcd annugl rate-of_growth duricg %hé..:‘

sald pcrlcd is arcund 6%-,,c _:

R

- If thc bulldlng of a foundatlcn ior eccnomlc development nrcgresses



&s scheduled, it is believed that around 1975 or 1980, the demand for eleckric-

ity will grow #ery'rapidly and way reach to about 18% annually. .

.4—2—3..Anﬁua1_?owef Demﬁﬂd

?irstly, the.anﬁual.ioad factor was'estimated'onrthe'BaSis of actual
'éhnual loéd_fabtoré Offthe'paét énd taking.into.eonsideration pﬁesent'_
reéﬁrictién‘df ﬁemand'due to'éﬁortage of éupﬁly capability as_Weil as futuré
" trend in the gﬁqwfh of ioad facdtor due to iﬁciease ﬁf demand for'mining énd
ihdustiial'ﬁses;. Then; the annual.uower denands for each reglon of COHSUmPtIOh
.:were entlmated hy rOIatlnﬂ the aforementloned annual load factor to annual

enerﬂy demand

4-2;4 Comblned Lraﬁsmi351cn, Pransformation and.Dlstrlbutlon Losses
Comblned loss Facmr isg 1nf1uenced bJ ‘several elements, such as,
:comp051tlon 01 low voltawe demand and hlgh VOltaUe demand, evlonal dlstrlbu—
'tlon DF dEMand locaulon of genevatznﬂ nlants; and malntenance chdltlon of
“:dlsullqulon network ‘ ﬁowever the M15810n referre& to records of loss
1actors in the past, malntenanon condltlon of ex1st1ng dlstrlbutlon networys,
'transmlss1on—transfoxmat10n dlqtrlkutlon pe+work 1mprovement and con“txuctnnn
chn, as well as data of - other countrleS,_@nd awrlveu at an eqtlmateﬁ annual
lous factor of" 8% whlch wEs used in tne calculatlon of loss for both powéi
; and. eneﬂgy. If the estlmated 1030 factor is’ not con plcuously 1mpropeL, 1t

.may be used foz the relatlve compawl 50N of_ proaent

L 2 5 LOad Curve_

Load curve 1s ;_neceasaxy fz cﬁor for the stﬂrmlnatlon ﬁf thn ‘Size oi
:' deve1opm¢nt'of é project._.Theranre, 1t 13 a ypnmrél practlée to dfuw 1oad
; cuﬁves on,a easonal,_weuk pnd €~nd we@k day haals.'. l | |

Load curves were. assumed for nach reﬂlon on thh badlﬂ of actual load

0



'ourveé and duly taklng 1nto con31derat10n the present restflcflon of demand

created by the shortage of supply capablllty and. relatlve 1ncrease of day time

1oad correspondlng w1th future development of mznxng and other 1ndustrles."
As_for pqwer.systems for which actual-load curve were not available;

these.wefe esfi&ated.&n the baéié of load burVES'of othér-régichs_ha§ing |

.éimilaritj in demand:compositionl | | | .

' :-However,_in cénsideratiqn of the degree.of reliébility of data.

obtéined, léad_curves of each_¥egidn ﬁéfe_aésuﬁed:to be the same throuéhoqtf

a year.






(1)

" La Paz

(2

Cochabanba, -

3
Oruro and

Comitol’

Central

{4}
_{2}' - (3

Maximun demand (IOBRW)
Annual dvailable energy (106_kWh)

" Annua) lgad factor (%)

Growth rate over the provious year (%)

Meximin depand {10° W)
Annual available energy (106 KWh}
Annusl load factor (%}

) Gro'wth rate over the previous year (%)

Maximum demend (10 kW) .
Annual ‘available energy (106 kWh)
Annual load fastor (%)

- Growth rate over the previous year (%)

Maximun demand (105 - kW)
‘Annual available energy (l()6 kWh} -

Annual load factor (%)

. " Orowth rate aver the previous year (‘{5)

(5)

Sucre |

(&)
Fotos{ and
Coni'nql
South
(M-
(5 4_('6}-

@
@+ (n

(9

Tarija -

Total - °

_liotés: B

Maximu demand (10° kW)

‘Annual aveilable. energy (106 kWh}

Annual Lond factor (%)

. Growth rate over the previous year (%)

Meximuz -demend (103 kw} _
" Annual aveilable enorgy (107 Kdh)

Annuel lead factor (%) -

Growth rate over the previcus yenr (%)

Ynximm demand (107 kW)

" Annual- ava:.lablu Energy (1[:!6 kn\’h)

An.nue.l iond ﬁmtor (%)

Growth rnte unzr the pr:.vidtm yéur (%)

¥axinua demnnd (103 i) -
Annunt nvuilabla rinergy (106 Hfh)
Annusl lond factor (?:}

‘Growth rate over the provious year (%) - .

Maxinun demnnd (107 kW) ‘

Annuel availnble ‘enorgy (10 H’h}
Annusl load fnctor (%) ]

Growth rute over the previoun yenr (%)

© Meximum demand (103 Wy .
. Annuel rwn.ﬂablc onargy . (106 kﬂh)

".I\nm.uﬂ lond faotor (,5)
Orowth rate ovor tho pmviouu yonr’ ( )

Tnble 4-2-~1 Estimated Power Demnmi nt Cunﬂuming Lnd

. 1961 1962 1963 1964 1965 1966 1967 1968 1959 1970 1971 1972 l9?) 1974 1975

*392 (38.5) 42.7 46.0 49.8 -54.2 "58.8 62.2. 65,97 70,2 T3.0 T7.6 80.4 85.7 89.2- 94.9

*137,0 {133.2} 148.7 161.3 175,0 189.5 206.0 223,5 243.0 253, 274.8 292.2 310.8 330.5 351.5 374.0
40,0

. 40.0 40.0 40,0 40.0 40.0 41.0 42,0 42,0 43.0 43.0 44.0. 44,0 45.0 45.0
—-_-_' _B.50 85 8.5 B85 8.5 BS 8.5 6,4 6.4 64 6.4 6.4 6.4 5.4
%1 (6.2) B.5 9.9 10.4 11.5"1;2.6_ 13.6- 15',"0 16,1 16,9 18.0 19.3 20,2 21,7 23,4
~*21.0 (19.7) 29.8 32.9 36,4 40.2 44.3 490 54.0 57,5 62,0 6€6.4 Tl.1 76.2 81.6 88.0
40.0 40.0° 40.0 40.0 40.0 40.0 41.0 42,0 41,0 42.0 42,0 '42.0 43.0' 43.0 43.0

— 10.4 10,4 10.4 10,4 10.4 20.4 0.4 71 7.1 7.1 7.1 7.1 .1 7.2

30,9 (33.2) 38,1 417 445 48.9 53.4 57.2 62.4 66.3 £8.7 72.9. 16.9 BL.6 86.4 91,3

*159.0 _(149_.6) 173.8 190.0 207.6 226.9 248.0 271,1 296.

0 313.3 3315 350.9 371.3 393.0 415.9 440.0
52,0

_ 52.0 53.0 53.0 53.0 54.0.54.0 54.0° 55.0 55.0 55.0° 55.0 55.0 55.0
ST 9393 9.3 9.3 9.3 9.5 9.3 58 5.8 58 5.8 5.6 5.8 5.8
L4144 45:2 49,6533 "56.6 64,1 '68,7 751 60,0 83.1 88.3 93.4.98.8 105.0 111.4

*186.0 (169.3) 203.6 222.9 244.0 267.1 292,3 320.1 350,0 37L.2 393.5 417.3 442.4 469.2 497.5 528,0
. 51.3 52,2

5.2 5Lk 52.0 52.1 53.1.53.0 53.0 ‘54.0. 53.9 - 54.0°,54.3  54.1 54,1

=== S %5 %5 9595 %4 9.5 9.3 61 6.0 6.0 6.0 6.0 6.0 6.1
3 D330 34638 A3 467 49 53 5.6 6.0 6.2 6.5 6.8 Tl 7.4
*11.0 (_3.9} 1.9 -12.8 13.8 . 14,9 . 16.1 17.3 18.7. 19.5 20.4 21.3 22.2'23._2' 24.2 . 25.2°
41.0 41.0. 41.0 41,0 40.0 40.0 40.0 40.0 40.0 39.0 39.0 39,0 35.0 39.0 39.0

T TS TS S T T TG 9 4 A4 A4 440 A aad 4
M16.0 (15.2) 7.5 18.3 1908 21050 22,6 24.5 26,4 21.7 28.6 29.3 30.7 323 333 34T
' *55:5 (47.6) 60.2 65.3 70,6 767 83.1 90,1 97.7 102.5 107.5 112.8 118.3 12451 130.2 136,€
.40..0.. -’50..0 41.0 41.0 41.0 '42.0 - 42.0 42.0° 45,0 43.0 44,0 44.0 44,0 25.0 45.0
e B4\ B4 B4 B4 B4 8.4 B4 49 4.9 149 49 49 4.9 49
__15.5-' .+ 20.0..21.3 . 22.9 25.0° 26,4 28,5 30.8. 31.8- 3.6’ 5'4'.5"'- 36.1 38.0°°39.0 40,9 -
#66.5° (51.5) “72.1 8.1 04.6 9L.6 99.2 107.4 116.4 122.0 127.9 134.1°140.5 147.3 15414 161.8
el 1.0 418 41,9 42,0 42.8 42.8. 3.2 43,7 43.50 44.3.04403 4412 45.1 45.2
wem DT Bube BUY B3 8383 B3 Bl 480 48 4.8 4B 4B 4.8 4B
57.0 .. 621 61.5 72.6 79.6 86.2 92,6 100,9:106.5°111.1 117.0 15,3 150.3 137.1 145.0

5'(220,8) 275.7 510.0 326,6 356,7'391.5 427.5 466.47495.2 52%.4 551.4 582.9 6165 651.9 669.8

50.'_5 5047 '51-.9. 51.5.. 51,4 - 51.9 52,7, 52. .6 .52,9 53, 6. 53. 8. 53.9 53.0. 54,3 54.3
——— S92 92 9.2 9.2 91 9.2 .90 5T 57 58, 5. 5.8 5.7 5.8
0.9." Lo L3 Lz L3 L4 L5 LT L8 '_1.e_ L9 20 21 2.2 2.3

'_'5.6 {2.5) 3.9 4.2 a5 4.9 53 ST 6L 63 6.6° 6.9 7.2 LS .5 8.2

45.0 7 - 45.0 44,0 < 44,00 43.0° 43.00/42,0 42,0 410 41,0. 41.0 41,0 41.C. 410 41,0
PR CLINY J¥. R N N L B - IO P T Y IS 4-3 4-5 DA a3 43 a3
101,87, 110,6 120.1 1295 141.7°153.4 163.9 176. 7 187.2°195,0.205.9 215, 8 220.7 239.7 254.0

*393.1 (356.5) 428.3 466.5 500.% 553.9°602.8 656.T 715.5 7)7 9 £02,8 850.5. 900.4 954.5 1,072.0
: R S . L,011L3 _
DAL A2 44,4446 34.6 4.9 45.8° 46.; _46.2 47,0 4?.2- A7.5 47.7 4B.1 8.2

-— . 9.0 .13.9‘ B.‘}. ‘8,9 . 4,9 .8, 9 9.9 5.9 5.9 5.9 5_.9 5:9. 6,0 . 6.0

(1) Figur"eu in pareﬁth.euif; ary nctual und'doém not includn.indu.striul i.)lu.ﬁt..ls
(2) Fi(rurr)n merkad nith autonnlf {nelude poLnntiul dcmunri and industrial plnnbu.

__(3) Diveruit_‘r I‘notar 1. 03 I‘or (z} (3), ()) ani (6 snd 1,05 for (4 ond (,r) )
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4% 'saﬁta Isabel Project -
4-3-1 General |
The Santa Isabel Progect should he planned as a component of the
1ntegrated development of the area, 1nctud1ng the Corqnl and Locotal Proaects.
However, concrete plans have not bpen developed for the Santa

Iaahel Progect at thl tage when the construction work (3 of the Corani

'Progeqt'xs abopt to get undgrway. _LBP thouﬁht ‘of the development of this
site éndtiﬁ_Aprii i965'est£biished a gasing station on the Rio Vinto as tﬁr

'trirst'stép of tﬁe.in?estiéattbn of thic site. With the assistance of 1
the M1q51on conducted recennals Ence and szpilfled surveJ'oL ‘the DrOUOseL

'alte, as well dog collectlon of- -basic dav

_4 5 fo Locatlon-:'

The site of the Saﬂta I%abﬁl PIOJECu_ls 1ocated on the Rio Santa
Isabel 5 km downstream of the site of the Corani Progec* (54 000 ¥W) which

is 51tuated 50 hm to the roxthea t of tqe city of Cochab ba. Acosze 10

BN S

.the site is by.means.of & road pasSing ?er Cochsbarba to Pabscdi. Ths
.&Lctlon of tho road f o Cochabarhr to tue,preﬁoaéd dan éite_of the Coranl
P101 ct 1 well‘maintained 0 allow-uﬁinte“tupted rotor tos 1110, tut the

section on the hlllb]de bovond this point to the proposed Sante Isabel
sité-ié th well maintained. 'thn thi;”section'of_the:foad_is improved.
“in the futuru, accaqm.té.Site of the Janta Isébél Project will be pdssible' .
'withinzﬁ-hour .irom thw 01ty at fbcﬁabamta‘

Therc aro lmoat no 1nhab1t“qtc séttieﬁ aroﬁ nd the Drogoct'ﬁr'a, and.

the Mlqslon WES cOWpulltd 1o utlllzo “the camp 1°Clll€lgq of thu Coréni“

PPO}ect as the hasa camp dullnx the ILCCLMQ¢S°SHCC of the %untﬂ-Iseb,l site.

_4~3f5 Hydrology and Heteorology
Hydro]o 1081 nnd metnoroloymc&l data made &VW11 hic to the Hission

are plvgn in tho Iollow1ng Tuhlp 4-3 -1.
DRI _ : 45



Tghle 4= 3 1 HydrOIOmlgnl and. Ptt00r010g10u1=

Data of the Santu Isabel. Progcct

Period of Resording --Rémarks

from - TR ___for

Cor :ni Geging Station
and. Obscrv tory

Discharge.measurement Jens 3-193 Feb-22-159 6 years and. Neasured 21 times

by current meter . S - 2 months . during the period
Daily water level 0ct-284152 Dec=31-'62 10 years and Records are not

2 months -available for
o ~ Nov. and Dec. .
1956 and Mar.
Apr. and lay.
1957

Daily precipitation  Jul- 1-153 Dec~31-16Z 9 years and Records are not
- : & wonths “aveilable for the

veriod from Aug,
4o Dec. 1956 and
Jan. to Dec, 1957 -

Daily eveporation - Jan- 1-'58 Deg~31-162 5 year

Daily atmospheric - Jan- 1-'58 Dec~%1~'Fl % yesmrs . MHawimim and

temparature ' ' T : Co C minimam

Daily watsr - Jal- 1-'55 7 Dec~-31-161 5 years

temperature ; ' _ : '

Daily wind : a Jere 1-158 Dee~31-160 4 years

VIHTO Uagn & Ststion

.Discharge mezsurement Apr-24-153 0 Oct- 32163 C L ieabured 6 times:

by current meter = . L R durdng the period

Teilv. wet ; _ ST+ ' f A v g : T

Ju;ly weter 1ev§1. - dan~ 1163 Sep~ 5w- 63 10 months Necords are riot

: ' : ' : gvailable Tor

Fobh, 146%

Daily precipitstion Jen- 1-t162 Sep~20-163 1 yesr and - Ohserved at

;Q‘months - Pampa Tombo

Records are not
“available for

Feb. and Apr,

1963 -

46



Wétéf level and @ischarge weﬁe no{ fecérdéd_ét thé C&rani Caging
Station in November and Déeémﬁér'1956 and ﬁaidh,'ﬁpril and ﬁay.1957.
Daily”precipitafion regofds.bf.thése months ave also not available, it
was impoésible.to esﬁimate_ﬁun;ﬁff7frqm precipifﬁtidnifecofds.- Thereforé,
ﬁhé éverage diséharge”for the 9 year period;_exélﬁdiﬁg'the missing'méﬁths,
ﬁas'pbtained'and this value was takén'és ﬁﬁe.discﬁarge of -the months, for
which,records ére_missing, to make a com§leté_run-off data.over the past
.Id”yeérs}: Of the estimated'annuél.iun;dff.for fhe saia 10 yeér period,
fhé TUn-OfT d@iing the périod of Septemher 1961 té August 1962; vhich is
clésest tp the'aﬁerége:énﬁﬁal.ruh—off of the said.lO years, ﬁas.t;ken &S
the typiéal.ruﬁ—pff yéar;.“
| Redordéléf_waterfiévei'of the_ﬁio_?inﬁp are:évailable fér gight months

=1

in 1962.' HdweVér,'fhe.dataléoui&_nof.ﬁe used as a bzsis to eshimate the
rﬁh-éff of tﬂe Rio Vinto_because‘a fcrmﬁla to_caiculate run-of © hes rot been
-eSfablishéd;.ahd it was not pogsible to éetimate fuﬁuoff frdm-the.daﬁa mede
-aVailablé to theIMiésion; |

-H-Accofdingly,:thg run-§ff at‘the'pfﬁpoééd iﬁéaké site on the Pio ?intp.“
waa ésfimaﬁé&'ff@m'the.rﬁn-ofi_ét the-gﬁéiﬁg“statﬁon on' the Rio Corzni on

the vesis of the ratio of catchment area. . (See Table 4-3-2 and Fig, A-3-1]

W



Tuble 4= 5 -2 Monthly run~off at the COlanl baglng Stﬂtlon
: and Intgke Slte on the ‘rio Vlnto

(Unlt mB/s - day)

. Corani Geging Station Intake site Rio Vinto
(CA = 269 kn?) (CA = 100 km2) (CA = 23.5 km2)

: séptembér P 70 T _‘20,4' '_ L 4.8

Qctober - .  .'42.8 - _;. -',15.9_ ” .'  '_i' E 3.7
November St L | 57.4 '“21;5"...:”-' o500
'Décembep o :_.n Coe70.7 106.5 i o .f -23;6_ 
Cgmwery 3.6 W30 3.6
Fébzuary.  _ _‘. _ : Z 125;4' ) | f”_" . 4577\ ‘.1_ | : [lO.?'_
marqﬁf-___f 'f' ._" 335.1 o "‘:  123.8 . : ;29,1, 
Capril 3 " '_  15?.6-':f __ o 32.6 L ._ :  7,7 

ey  ._ . .44}9 BT '1577_ y | .  _3[9.
Jmm_-”.}_ f_ '. 16,8  '__, .' 6.4 5;_-' 1.5
Jul?_ ; ; o - iaL?'_' g "._. 6.8 0  ::- - iﬂ1;6

st a7 36 o8

| Totel f*_' . 1,443.1 B 5367 _'- L 126.0

Hotﬁz‘(l) TweTVC ‘months frow S“Ptcmher 1961 to Aulugt 196d helng taren
: as thngl vnnuzl run-off | | |

(2) CA meang catchment aréa.
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4—344 -Topography and Geology_
| The fopographiCal maﬁ-to é sdale'of l/lO 000 ﬁhich ﬁaé.madé:éﬁailablé
1o the MlsSlon by OBF COVers the areas of the Coranl, the Sznta Isabel
and the Local prOJects. It was found by'altlmeter survey conducted by
the Mission that there is an errorkof'lOO'm in elevation on the said map.
In order to 1ocate correctlj the . proposed 1ntake_°1te on the nlo Vlnt@,
altlmeter survey and traverse SUIVEJ were conducted over & dlstance
of 1.6 km alonm the rlver upstream-from the site of the Vlﬂto-Brldvm
On the ha51s of the data obtalned hy the said SUTVEJS tho ulavatlon in]
the map was corrected by the Mlsslon.--The proaect area is & sﬁeep_valley
extendlng from_the egstern'side_of the:ﬁndes'ﬁounfains tb.thé Amzzonian |
méfshiand;::The.Rid Coraﬁi and the Rio'Saﬁfa isabei-run §arallel to eéch
othér sepapa£ed'by & ﬁéuhtéiﬁ dividé and there is an availabie hydréulic.
head-of aﬁoﬁ£11500 m bétween:the'two_iivérs,. Thé'COranifand Senta Isebel
_gfe desiﬁned to utilize'fhis'héad | |
Tbe geology of the arCa is ﬂenerally compoced of sandsfone, qﬂarﬁzite
and slate iThe'site Qf.the'Corani_powerhOuse appears té bg marshlénd; but_.'
.geologlcal sﬁrﬁeyé byfméaﬁs 6{ driiling-haﬁé_iﬁiicated'thét the hedréck
_df fhié'sité ié a.f§rmgfion of'thelglécialnperiod. 
o Tﬁe routé of‘fﬁe érOpOSed esﬁal from the intake dn.che Rio T?nto_tb.
.tht prOPO?Ld pDW“lhou 3 sitezi$ é géntiy'slépine plateau covered heavily
 w1th treoq _ Pxom ohseivatlcnr there. appears to be no aangel of landelzgvu.
The o V;nto ié_é steep rive: on & gradient of_l/é to 1/25. Certgln SQCtldns‘
'or thé'riveibéd iw'Cbﬁered.with a gravel dépoéit‘iﬁcluding bbuiders,"
_ Thp rlver upgtream oF the p01nt alound EL 2 600 m is qsmarated 1nto two :
:atreama.; It 1s pxoposed to conqtruct an | jnta}e st1UCtuwe on both streams.
“Bedrock i4 @xpospd at both prop0ﬂed Lnfahe q1tes, anl the roc\ appears

fto he qound and ade qaate to construct A 1ntake_qtructur~, The geolqu:_

.249.



‘of Néc 1 Intake is slate dlpplﬂ“ at an ﬁwie of 20 to 30 degrees. The o
Ho. 2 Intahe site is sound sandstOne or quart21te dlpplnﬂ at an. angle of
_45_deﬂrees; The route of the proposed'non—pressure tunnel frqm the.;ntake
 si%é_on the Rié Vintoaﬁo the.héad-tank runs throﬁgh hard sandstong and
it is believéd:tha£“the'tuﬁﬁel Wi11 not fequi¥e liniﬁg.
As fox the Droposed route of: penstoch _the . upper part of whlch (down.
to etlstlnm road) is. on a sloDe of 35 degrees.. Bedrock-ls exposed and 1t:'
apnears that uhe rock is-adequate for the foundgtlon of penstOCk Downwards '
 therefrom the'mount&in slope is'lB degrees_and is.coveyed heavi1y.with"
'trees. From.dbservations,_it'appears.thét iﬁ oerfain;plaées ovérbﬁrden.is
 re1qt1Ve1y tblck._ | | | | |
| A splllway isg. proposed 21 a.siﬁe.which:iﬂ'about EOD'r'tﬁstream of ‘the
head tgnk Weter spllled th”ouvk the opll?w&y will bn dl%Ch““EGd.ith aﬂvgliey
on the Gastern slope ox_ﬂlo Vlnto. Bedroek is- exaaqad on. the site of. the
pronooed SUlllW&J and it is bellaved that there Loxld be no QlfflCUluy in:
constructlng lt | | - |
”he rlve*héd,ni the Prduosed poawrhou ,'Site.iS'COVéfed vith- gravcl
depoclb mcludmD boulacrs. _T}e e_aze Outcrcuu of slute o both P“nks of
 th§ river,_gnd fron oboerv—t*ons 1L inDLLT° thwt the pTQQ;T de po it_ig‘ﬁgtf“-ﬂ.
' _ferj dee?. | N
The fﬁnfoff of the Rlo-Santa'féabél_hnu nﬁo ﬁlnto 1§ cl:él wa tér_and .
_judging‘frgm the nftﬁre of tnc Tfﬁiﬂﬂﬁ cf' the baSin, it:appeérs thqtithé-

river 18 not silt-ecarrying



4-3-5 * Dévelopment Scheme.

‘Studies of the Project

The Santa Isabel Proaect is to utlllze the dlschgrge oi the Corani
Proaect and the non—renulated runuoff of: the Rio Vlnto. However,'in“view 
of the fact that the run~off oi Rio Vlnto is verJ small, the mA iR
dlscharge of the project w1ll be 1Om3/s which is the same as thet of the
Corani Project.' The annual average discharge of the Santa.léabél Project_is
._érOund 4m3/s.ﬂ An con31derat10n of the topographj and ﬂeolo oy of tﬂe;
'proposed ‘8ite, no. power plant other than 2 run-of-river tjpe planu is
.concelvable for the prOJect
| The blte ofl tbp plant as well g the ta .TQPE elévatxon sboald be
defermlned in relatlon to the proposed Locotal ongect on the downstream,
However, topographlcal COHdlulOHS dnd other elemenbs will crezte an idle
head hetween thﬂ two progects.

Electrlclt; avallahle frOm the Sants ISnDel.Proaﬁct 15 to supply dé.*ris--..
_1n ‘the are as of Cochabvmba and Oruvc._ ehrrefare, the. decision of vbgther to
Edeve,lop &he progect in one Stage o saveral steges snould be.made upon
 Ecareful1y1study1oi the t:end of growth of demaﬁd in fﬁé‘sgid afegé of
:con umptlon; ” |

-The Plan'P?OPdséd ﬁj-fhe'missian;isla oné—stage deﬁeléﬁmemt in'which
fhe;évail#blg.héa&:ié té he de§e10ped.iﬁ_a‘single stage. As an “ltcrnazlvm
'2pldn, fﬁé a;ailaﬁlé‘heéﬂ'can'ﬁe deﬁelop9d:in two stages, i.g.,-by'iwo powei.;
fplanfs 1dcated.infséfieé. chever coﬁnalﬁfive stﬂdiés:show that“deQQEmeént
.;of th@ avalldhlL head 15 énh e nt ls.;ggh more Qcoﬁomiéai than;the Qitepnutiven

Plant Capac¢tv and FDQLPV Outnut

Accordlng to the die j010mentloned, a maximum outnut of 6¢,OOOHN

is availablﬁ under;an'effective hezad 0? TBOm and maxlmuﬂ discharge of 10m3/s.

_Anhuaiidvaiiahléfenérgywpf the ?1ant will'he-éalggoo,OD" h_including'th;_

51



available discharge.df the Rio Vinto., The estimated monthly enexrgy output

s 'given in the following table. -

Pable 4-3-3  Monthly Energy Output of .
" Senta Isdbél Project.

C(unit: ki)

Jénuary;. ....'_ - Co | : '21,8601000:
Febrasry 15,200,000
darch R o :“21,800,0001.
oapril ' BT 1Q,8’\0,000
‘Méy _'}_ L N _." 26,000,000
.'Juﬁe}' | | n‘ﬁi. :  - 18,900@3@0.
-July o o 4-l | ._.-. ) '19,600;000 |
gust : i o 19,500,000
'Sep£ém§er L | _.1§,50@;Q90i.
.'.Octoﬁér - V”__ o | éo,oéo,doa',
Wovember 8 ._" o ,i9,5oo,oéQ 

December . S 21,700,000

Total. S 241,200,000 -




Descriptive Data

Power Plant

Catchment area

Structures

‘Water way

No.1l Aqueduct -

o.1l Inteke

NG;E-Aqueducf.i

No.2 Intake

- Tunriel

" Keed “tank

NVaximunm capa01ty

. Length

_Cross SLCtan

~Length . S
Length of cverflow section

Type . . ' - rrun-of-river
Maximum capa01ty ' - 62 OOO kW
Maximum discharge 10 mY/s '
Effective head ~ 780 m

Annual available energy 241,200,000 k¥h

292.5 kn®

.(Plo Corani 269 km
Rio Vinto 23 5 km® )

Wet masonry ‘lined trapezoidal cross section

Meximum capacity S 10 m5/s_
Width at bottom: o S
. -Slope of wall : - 11
" Depth - . S _ . " 3m
_ Gradient o 1/1,000

Length - aPprox. 2.3'km'_
Reinforced concreie. stTucture -
: 10 w3 /s

Length - approx. 40 m

Ton- relnforced concreze structurﬂ"

"Relnforced conc“ete atructure

Meximum capecity 10 n3/s -

apnrox. 40 m.

_ Non-relnforcéd concrete structure

Magiﬁﬁm;bapéﬁity 10 m5/s

Lross section.

shape
: o 3 m-wide, 3 m high
Gradient 1/1,000
Lcngﬁh- approx. Z km
T"Pe . -  .' o Sfuwmel

shape

approx. 0.6 km
approx. 50 m

.';53

- semi-cireular and rectavvular o

semi-circular and rLch¢ﬁgular'_

4 m wide, 4 m hl”h.



Penstogk_i i

_Up?gl section

- oorox. 350
Gradient - - approx. 35 _ _
Number of plpo 1 -
Inside diameter tapering from 2.0 to l.8.m
length approx.- 0. 6 km
;Lower:sectidn  :
Gradient - _ _ approx 25
~ Number of pipe 2 _
Inside dismeter tapering from 1.3 10.0.9.m
Length' ' approx. 1.95 km each
Powefhouse _Type,;- indoor type
Turbines Type norizontal shaft Pelton
o e * turbine _-
‘Capacity - 62,000 kW (15,)OOkW 4 unlts) :
Generatorsw - Tyve ynchronous "cnerator _ _
' - © Capecity 72, 800KVA (18 200kVA, 4 unlt%)"
TraﬁémiSéion Séﬁta Iéabel.Power Sta tﬂon to Corani Substatlon
Line .. .. o Length . . ST . approx. 4.8 km

Voliage .. 10wy

Estimated Construciion (osts and Cost of Power

Totaz'construCtion”costs E USE 11,600,000 -

Uaterway : R . 4;600,000.”
{inclusive of canal Hool end No.2 - :
- agueducts, Ho.l and No.2 intakes,
tunnel, head tank and penstock)
. Power pla t' L : 4,800,000
. (incluzive.of powprnouse bulldlhny S
substation, equipment. and others)
 Trensmission Line - . 60,000
Others 140,000
Unit constructicn coste:
'rer kW of capacity -.'... A o187
Per ki of avallable enprry - _ . U““l Q. 048

PoWer.cost

-Assumlnv an annual cost of &t agalnat the coanructlon cout the unit -
‘cost of ENergy rroducpd is LTS‘a 0.00384.  This &# annial ‘cost is baﬂed
on an amual interest charge of 6% and other costs including depILCLa- -

ticn of 49 whlcn were averaged over a 45 years servxreablr lLie of the
- plant. o .
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4#4.:A1to Pilcomayo.Project
'4*4—1 General |
| Development of the. Alto Pllcomayo 51te was orlglnellf proposed by.
Canutllloe Mlnlng Company whlch in 1928 1nvest1 ated the feasibility of
its development. m 1945 the'Patino Groupe Mining Company conducted
etudies and investigEtione of- the eitefae 2 potential source of supplying
.the eléctricity reouired fof the.operatioo_of sevefal_mines; guch as, .
'Catavi, Hﬁanuni,_ﬁapo; Calafi efc. Howeyer,.the data ocbtained througﬂ these
iﬁveStigetiohs are7notfavaileblé,.et preeen$-_ | . |
*Iﬁ'1956 the development of this 51te wee.studwed Ty CooPe“atwva
. Electrica Suore 8. A but the pro;eot was not realized from ’1naﬂ01al and
| other reasone,. |
CBFisterted_reconneisseooe:in this.pfojeot area in 1961 eod since then .
it has fmproved the zoads to the site. In,1963,5CBF estebliched & streanflow

.geging station and meﬁeorologicaljobservatory es the first. eteo of studyl -

this site in detail.
o eThé pfopo ed project covers' e eet'oatchmeot-eree-of=T,BOO'km2, and in
order to prepqre e dovelonment elan of the site, edeouate kinds and‘oumoers :
f rellable data are LSbGntl al. Fowevex, reoordlng of datn wee'starfed very
.'recently and at thls'%tegn, only faw data'oeve heee‘evaileble for the-
Purposo of plannlng It is . eSsentlel tha t-conéingous:and unintérrupted
observatlone are oonduoted. o
Topographlchl map of tho project mrea was not uvalleble, ende%ﬁe Missioﬁ
_wom compollcd to conduct slmple Sulve§1nr for thu topogra 1phy ﬁrouhd'fhe eite;
- The Hls 30ﬂ rGCO’nluud tho nLCCSSJty of reconu01ter1ng an extensive
,-afep but in view of 1ts llmlted ;chLdulo; this we; not p0q51b1o,.‘we1ther'
IWns the Mlaslon 1blL to conilrm the anll ble hydr ullc head ot this 51te.

Under,the cireumetnnoes, “the Mission dlSCUSSLd prevalllng Loudltlons 2t the

SN
o :



'nfbﬁo sed 31te with engineers of CBF as a means of determlnlng the degree of

reallablllty of data collected
- 44 2 hmam@n . _
mhe proposedfsifé.of'thé'Alfo Piicoﬁéyb Pibjeqt'is 109&ted in the
“Talula Valley on the aio Pllcomayo. Thé site'is 25km to-fhe southwest of
the 01t" of* Sucre and 56km to the northeast of the clty of Poto 1. :A'road
 leads_from the City_of Sucre to.Chullchuta crossing the Rio Cachimayo-at San.
Juan,' ”he_”oad is negoflable by JEEP but la not p&SSable on 1arge trucks.
Beyond thls D01nt, accﬂss to Tulala Valle; via the Vlllaﬂe oi
Quilaquila,‘a'distance-of about'15km, is on foot or horse back., - Travél
.time between Sucre'éﬁd'Télula is about ten houfs;_ A'foad is uﬁdér
éonstructlon up: to.”alulq, and when thls sectlon ig complebpa and the
ey15u1nv To@d is 1mproved it w111 becone rossitle o txavel between Sucre
and ube Droposed‘dam site- by gggl& trucr in gbout two hours. |
Camping f¢CllltleS wnlch mgy ne uacﬁ during flelu 1HVQst1ght10ns are
_tne looxout post m~1nra1ned by LBF and Iesldencéc.ln the v1llpae of Qﬁllaqullé.  
Bowmver these ﬂccommodatﬂons mlll he inzdequat é.:}en rull 5cale ilcld
1r§53u1 ltlons are startedr | | o o
In fhezrainy_ééason, Qrdssing of'thelﬂiq Cachim&yo'&nd;ihéjﬁio_Téluléi:
'7is'ndrm 11y 1ntrrrunt d for about 4 months.- thTGFOEF. mewgurés'shﬁﬁidLbéi 
ﬁa‘ . to overcome tnlt altuutlon in oraer th*t 1nve5t1nbtiqn_mgj-bé:;énfingéé_=
;even in hr r"lﬂj BELBOI. | S o R |
4 4 3 PJﬂIolony nd_ﬁeteofology.
_Aé a 1015 throloglc 11 ”nd mctéﬁloyléul dbtr whiCH rc 1nd1 penqablc..-
'1n plannlng & ﬂydloelpctrla QGvnlopment aIﬁ rnot avuinble Data made.
aVrllable to the Ml&axon dre thﬁ recordﬂ-oi Alto Pllcomdya Gaplng gtatlon
(ﬂt ”aluld),_a 'weJI as.uucre and PoLu _ mwt*orologloal observatories,r;Thesa=;

_data are: glvcn 1n the table whlﬂh follows..j'

'f5§"‘:; ‘ 



_ Table 4=-4-1 Hydrologloal and Meteorologlcal Data

‘_of the Alto Pllcomayo PTOJect

*¥x%  Monthly meen value for the period.

CF¥RAk - Mean: value for the perlod

 Period - _
; eriod Remarks
from to for. '
Alto Pilcomayo Gaging
Station -
Dischafge measurement  Fob-22~163 Sep-18-163 7 months | Measured 11
by current meter R . times during
_ : S . SR SRS oo ;the period.
Daily water level - © Aug- 1-'62  Jan-10-'63 5 months ¥
Daily water level .= Tebh- 1-'65' Aug—31—163 7_mon£hs %
Daily precipitétion May- 1-'62 “Aug;31-163 14 months '***{
Sucre Observatory
. Daily Precipitation 1950 1961 12 years
JMGnthly'averagé 1950' 1961 - 12 years
temperature B : :
Wind velocity & 1950 . 1961 12 years  wwwx
“direction ‘ L .
P0t031 Observatory f, :
" Yonthly average 1946 1960 . 15 yeers - xrEEE.
" precipitation : ' - .
: NQfe: )  i -fCorre pondlng measurenent were not made, . ard dl:charﬁﬂ
co L could not-be computed. :
Rl -'Dlschargo could be computed bmsed on the 11 measuremhnt.-
S Crecords.. . :
#%% - TRecords are missing for Jan and Peh., 1965



:Thé Wission, after'itg_retﬁrn tQ:Japan, estima€ed discherge for the
purposs of plenning besed on the data shown in Table 4-4-1, by __the-following_
 way. o | | ' ' '

BaSed.bn‘the élEVQn‘diéchgrge measuieméhts madé during Feb. through_

Sept;, 1963, a-fbrmﬁla.betweeh:wate:_ievél'aﬁd diséharge-were establiShéd.ﬁs
éhowﬁ in Fié.f4;4;l. :From the formula; montﬁly dischdrgé-cauld be computed
.for the Durlod from Pebruﬂry ta Au st 1963 as shown in Flv. Jed] 2 (Aq 1t
is shown in Fig. 4?4—1).. All'the discharge measurements were made for water
iéveléfiQWér fhén_é'm; andu£héréfore,ff6r ﬁlw#£er-1evei higher_than 2 ﬁ,_the L
'ébove?fbrMula may.ﬁotfﬁe reliablé{' So, the dlscharves shown ln Flg 4~ 4 2,
may bhe used ior months of” Aprll throu*h Au st, as the. wutﬂr 1evel in thes

'mantns.are always lower than'Z_m;. However.'forfmonths of.February and Marchr
'wheﬁ the water le;el'often excead 2 m,‘ﬁnd for "zon‘sn‘2 Septcmhcr thlough,éanu y
'whén the watar level wera poz rﬂcorded some other'ﬂeuhod should be necesgary

?rom;reasons showh above,'thé follow:u.h metnou w“~:utllnzed in, OStlmJtlng
the discﬁaféé.fl. £he 4lto flléow.yo Progcct | .

Dlschaf*es. npvll Enroufh Lu»ust, were. oomp}uﬂd uaéédhén;tﬁefabgﬁé_tf:

9ormulm and Te coried water level in- 1963, -:However;-bécéﬁse thé Miséiﬁg_waé.;'
‘not able to tall wne*her the Jehr, 106;,ﬁwas a wwt Or'drj "nar, due t0 lacP*f
.oz preezplfatlon data, arﬁ.cf.thg computpd valuc"_herp uqe€ .ﬁg be Qn the_;;-".
.Safe clde 1n pﬂe“arznp } prodecg Dlan.. | | |
chchar”es, Sentembmr throug% Margh, wcré cownutél béued on ave:aéﬂ.

mOﬂthly pre01p1tatlon of Sucre and Pot051, dnd on - an ass umed coeifl .t”ﬂf
wun off As no “ellabln 1nformat10n concernlng run-off coefflclent in
Bollv1a was avallable, Telerence wes made to the avcrape run-off coeii?c;(ﬁt
of Pa to Grande 1n Peru, vhere phec1p1tat10n topographlc and aeéloylc

ﬁondltlons dre qu1te 81111¢r to tne axca under connldﬁr thn. ,”hug a1 1un Off;, ¥

~oeffvclent of 237 was used for tke FrDJLCt, g}Vlny fhc quantlty of flow bV



the following formula.

‘where;

om

= Bm x 0.23 x

1002000

86 400

O 266 X Bm

CQm onthlJ dlscharge (mi/s day/lOO k'’ )

Rm NOnthly avera

The results obtained - by thp above meﬁho&

pTECIPltaulon 01

Sucre & Potosi (am}

re shown in' the [ollowing

Tdble 4 4 2.
' 'Tablé 4—4;2_ Onbﬂly Pun—ofP st uhe“Sité of
the »lto P11COWﬁye froject
Rl(mm) Ro(mm) Ry L Ep Design run-off * Run-off a2t the :. 
Average - Average 2 (Ca = lOOkmE) site -
precipi- precipi- - (mm) Istimated o (ca =7, 280km )
" tetion tetion in .. - PTOmtDre- Recorded .
in Sucre Potosi. clpitaiion
o : ”9/a~aab) (mB/q azy) (m3/s- an
';SeptgmBér:  3610 7.9 22,000 6.0 437
‘October © 34.4 . - 81 . 2L.3 5.8 422
Hovember: - 75.8 . 22.0 . 48,5 13.3 - 965
December . 119.5 49,6 8.7 22,8 1,660
. January o 182.4 . - 90.2 o 1365  36.8 - 2,680
‘Februgry . 104.4 . 83.0 103.7 28,0 2,040
Werch . T4.1 58,1 66.1  17.8 1,300
~ April 24,4 6.9 5.7 - 0.3 750
TMay 30y 1.4 2.4 - 4.7 342
| 5une  -0;5 2,4- 1.5 - 2.7 191
Jely 3.0 0.3 w1 - 2.4 172
Cwmer ot 01T e - wa B
Cmotal . 685.6 . 330,20 5081 153.0 11,138
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-4 .Topography'and Geﬁibgy'

In the reconnalssance of the.prOJect area the ﬁzsszon relerréd to a
topographlcal map to a scale of 1/250 OOO since a moTe: detalled map was not.
'avallable._ : |

After return o Japan, -the MlSSlen prepared topo*raphical naps éf the

area to a scale of 1/50 0CO and 1/10 000 on the vagis of air- photos of the area-:
whlch were made'avallable to_the MlSSlon by CEF. The rellablllty of'the naps
'is'not-sUfficientlj_high becauée of abzsence of datun éoints-éné Bench—maiks
in the areial phofds.idewevér,Iif'ﬁas.judged that the'mdpsicén be_ﬁsed tﬁ';
. prepare a- rough plan of the progect, o | | |
The topography of the Rio ﬁlto Pllcomayo between the malula Valley ana
.the Salre Valleytwhlch 1s'about.9km upstream therezrom_ls su;table for the
creation of a stora ge reserv01r
About 10km of the’ downstrewm sectlon of the Talula.Valley is V- shaped
40 to 50m wide at thezriver bed, and thexe are several sites which appear
sultable for: the constructlon of ;ﬁ. Aé ; résul of reconn01ter1ng the:
farea the M1351on‘selected two probable dan sites. .One 51te, her91nafter
' re£erred to as. %1te A, 13 located at tne entrdnce of ”alula Vallcy and the
 othé1 s;te, refarrod to as bltt B, 15 lao?ted ab out ASOﬂ dovnstrean of thn:
| fqrmer. ij : : : _ : .
| As a fLaﬁlt of comp arative studlos, the m1§;10p bclectcd blte B féf'the
;dhm-sLt@ ) Tho geolo;y oi the B site 1s gencxallv conposed of s&ndstonﬁ ana
.:quart21tn of thv CPHL&CPOHu erlod ) ”hcrc is & continuoua outcron of bro kol
_ISand tone on thc luit ban which 1s & px‘clpltous cllif Thb 11ght-banh ig
.4 rplatlvoly gentle alopw Thb gboloby 13 s&ndstonr chighly crackod Pnd
.fJolnts und aeqms have comgldernbly ﬁevglop@d in the 1on@xtud1nal dlrectlon

*Thvre 1s a drp031t of sqnd and ﬂluvcl :r.nclucizl,ncr recks dnd bouldera on thb river

beq,.hut tho duposlt geems to be not very denp



As for Slte A thero is a fault zone.or sean running 1n.the dlrectlon |
of N1O E/65 SE on both banks extondlng towards the downstream.' Esp901a1]y
in the left banh, the fault or seam. 1s fllled w1th loose rock Wthh are |
unstable and in certaln plaoes the rock is overhanglng DepOSit'of sand’ aﬁd

o oravgl is widely dlstrlbuted on- the river bed, and the deposlt appears to be
- Véfy feop. Rocks'and boulders are soarcely found_in thé_deposit. _At Site
oA.and ﬁﬁsﬁgéam thereffom,-#hero:are_aotiye hot springs oontoining saliné;
emittiﬁg hot'ﬁatér,:the temperéture-ofrwhich_is about 5000..

| from a.geoiogical_poiﬁt of view, Site-B io-favoféble than Site A in'.
conoideration of degfee:of.weéthering.of rock, :depth-of river bed deﬁosits'
énd'influencé of thE—hOt‘SériﬁéSQ. Construotlon of ‘either a concrete dam or

a fill type dam will be 90331ble at 'Slte B.- |

Thc proposed blté of the powerhouso is of hard rock and  the 1eakage of

:water_ls very llttler Ho- unfavorable factors of geologlcal nature seem to :
_ztlst.ét.thé site. ”houah qctual r‘ecor.m.a,:Lssanoe of the proposed tallr?ce |

foute das not conductgd by the A15510n due to thg llmltatlon of tlme dnd :

éiHCe thera Jaa no ooooss road the geology of the route seem" to bear no. :ol_
'i'unfavorablc elemenns 50 .far’ as 1t is examlned throuﬂh aorlal photos. | |

‘_.J“dlmanuaulon dltur creatlon of. the resorv01r w111 probale be one of

. the essentlal orobloms to be COD:ldQTQd | | | | o L
As no data COHCErnln” smlt—carryxng oharacterlotlcsnoi tho rlve.:ﬁoie
avallable the m1a31on referred to. tne dato of Fio Mrndoga of Argcntinpfﬂ-
'- ’wh1ch also orlvlnates in thc Andes, as & baols of dudﬂement oi thla problcm._f.

_Oofthe ba51s of the data, the onnudl 5Ld1mcnt 1oad of the Hio Alto Pllcomayo-

f.atche progmct site ig ‘as suned at 20 OOOm pcr lOOkm2 of Latchment aréa,
‘inohlq assumption, sedlmcntatlon w111 not reach the 6531gn oedlmentdtlon.
:surface llne estlmated by the Mluslon unt11 45 yoars after compleblon of fﬁe

e



4-4-5 'Development;Soheme'

‘Basic Consideration

" The prOJeot 51te has a vaet catchment area of 7 EOOkmz, ‘and be51des,

the ﬁopography around the 51te seems very sultaole for the creation of a

.large stora ge reoerv01r. Hence, 1t is preferable to develop thlS 31te to"

create a reservolr and build a powerhouse on & scale or capeclty-as larged

* as possible in Qrder fo most advantageously utilizé'the*annﬁa13run;off of the
river. | : o

The proaect is vltuafed almoat mldway between the 01tles of Suecre and
Pot051. Therelore, the Output of the’ progect will. play an. 1mpo*tanu part in.
the operation of the power systems in the respectlve 01t1es. “In uhls connec-_
:tlon and in the 1ight of- present demand in: the 01tles the Drogect should '
'preferably ‘be developed to have Tegu latlng capac1ty to correspond to fluctua-

tion of demand

Studies of the Proiecﬁ’

'o The follow1nc element° were cons;de?ed 1n.the studiess
.:.(i):: The cfJ:'aLcib_ent of the ‘river cou:qe around thc prOJect 31ﬁe.1s 1/100
L fTheuM1 ssion wae 1nformed by CBF'L ennlnoer that the*e is a rapld about
:'Skm-downstream from the'31te-whlch has a drop of 40.to SOm,_ Based or
;the 1nformat10n, the Mloﬂlon hes,Jud red tha+ g hcad of about 90m can be.
';developed by COnstructlng a wﬂtrrway about 5.3km lon". It ig recomnend-
';_'ed that flold 1nvo tlgmtlong be conducted 1mnedlate1y to ascertain
;dthls p01nt . | |
_(iijjkThe crous qoctlon of tle propOSLd dqm 51tc omploved in the developﬂent
”iﬁplan ig on’ the bﬂbls of roug h SurVLyS hhlch was conducted durlng th_.
.dcoulso of reconnalcednce by the MloSlon._': |
':(iiij The sL01agv‘ apaolty of tho rusorv01r'was computed on'the.baeis'of:

“topographloai nap whloh had been propared by the MlsSlon from aerlal_-



.-uhotodraphs coverinw.the project area that wefe.made-availabie by CBF.
.'o jetermlnatlon of powerhouse dlsoharge
The averawe run—off at the proposed dam s1te in the dry season from:
Nay.to Ootober is 9. 45m /s and’ the annual avexage run- off is 33 20m3/s.
Consequently the rup~off of the rlver ohould be regulated seasonably by
tﬁe-feeervoir‘_ Effectlve storave capaolty of the reservolr will be _
lOO OOO OOOm at a hlgh water level of EL 2 600m and an available depth of |
ZOm. In thls.case the ratlo of the effectlve storage cap301ty agalnst annual
'total run- off is 10 per cent Aooordlngly, 6 23nm /s on an average can he '
_released 1n-the dry seeson, whlch ig ;84 1n‘terms of-number.of_days; There-
fore, doring-tﬁie'seasoh 14, Tms/s'inolﬁding ﬁafufel run—off will.be avaiiabie o
..lor the generatlon of power. Under an assumed load factor of 50%, the maximum
_ powerhouse dlschar 2 w111 be 50m3/s. | .
o Determination of typé.of developmént :
Three cases of developnont whlch tle M15510n oon51dered p0551hle in ‘the
11éht of the several lacuors &8s herelnabove descrlbed have been studled.
(See blg. 4~ 4- 5) | .' | S | ' |
The ilvst case (herC1naftar referred to aslA plan) is to oonstruct a-"J
-coocrete grav1ty dam TOm high at Slte B in. tha Talula Valley to crgate a
reserv01r Jhlch an eflectlvm torage oupa01tj of 100 000 OOOm at a drawdown -
: of;2bm. An underaround power Dlart dlth a maxlmum 1natalled cepaolty of |
' ;5 OOOkW 15 to be bullt 1mmpd1ately downstream of the dan utlllzlnp an ef— -
_ faotlve head of 140m.: The oowerhouSC dlschurge of - 30m /e is ‘to bo releaood.
1nto the Rlo Plloomayo throuﬂn tallr@oo about 5.;?m lonh .
| The seCOnd case (herelnafter referred to as B- pldn) ig to 1cad the:].
'stored water of the sald reservolr throuyh n 1nt1ke stxuoturr ﬁnd a proosuroize
Ltunnel of about 5km to a surge tank then to the power plant hy meﬂns of |

a penstock.A A maxlmum capa01ty of 35 OOOPW 15 av511ab1o at a dlschqrgc of ‘e.7
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'_50m5/é under.an effective ‘head of 14055-
The third case (herelnafter referred to as C-pian) is to construct a
V”power plant- w1th 2 maximum capacity of 13, ODOkW under a dlscharge of 3Om5/..
and effectlve head of 51, 6m 1mmedlately downstrean of the said dam.’

- The result of the comparatlve studles of these three plans is that
A- plan 1s most favorable. B-plan w111 nece351ﬁﬂz the constructlon of an ac-
cess road to the power plant and b951d80, site condltlon for the nouerhouse  '
__1s not'favorable. C-plan has tne demerlt of'the plant capaclty belng reduced
to 15 0Q0KW which i very onall in: relatlan o the COot of the dam. (See

’I‘a‘ole 4=4- 5 and Fzg ey 5)

';Table.4§4f3 Comparison of the Three Plans

A-plan

B-plan

coqts (US$)

L-plan
Masximum Capacity'(kW) 25,000 35,000 13, ooo_
: Annual eneray output .212,000;000 : 212,000,000 . 16,650,000
) (hmﬂ | . o
-*Estlmated constructlon' 'F-lB;OOOQGOOL 20,806,000 8,890,000 -
costs (Ub%) o : o ' ' o
' Per kW Const:uct;bﬁ- _'514 ' 594 684
. costs (US$) 7 o] - :
_;Pmr'hWh Constructlon. 0.085 .  0.098 - 0.116

C Q Determlndtlon of scale of devulopmpnt

o On thp dels of the orlterla de crlbed in parawraph 4-1, comparative

_'Btudles of A~plan with power outputu of
 ff47 OOOKW w;re madﬁ 1n relatlon to the eSthatLd unit costs

.}enerby ava1lablc at the

El.:Ld outpu‘ts. o

5 OOOkW

555000kW,'42,000kW_aﬁd

(per kWh) of

T?'  The reaultg of the comparntlvc Studlub are qhown on Fig. 4 —f 6

“3W111 be notpd Lh&t thb rauults b

how thdt the opilnum plant output is 35, OOOkW.



 Therefore, 35,000kW was taken as the outputb of thelprqject.

Plant capacity and Energy Output

On tﬁe basis of the several studiee'as deseribed hereiﬁabove, tﬁe con-
| clusion of the MlSSlon is that the optlmum output of the proaect is 35, OOOkW'
whlch can be generated in an underground powerhouse operating under an
: effective heed-of 140m and maxlmum'dlscharge of 30m/s._ Fnergy amountlnw
to 212 000, OODkWh will be avallable annually ‘at the plant However, Judglnm
.from the pre3ent demand 31tuat10n, the total energy output of the project |
-cannot be consumed in. the related-areas Assumlng & 50 ‘per cent. load factor
*hen the narketeble energy is 147 350 OOOhWh per annhum. | |
ﬂonthly ENEXEY - output of the plant is glven in Table 4 4-4, Flg 4~ 4 7

and Fig, 4-4-8.

Table A-4-4 Monthlg Dlscharﬁe qnd Cor;espondln Energg Output

of the Alto PllcomaJo Power atetlon

Availablc - Discharge . Avai]_a_b},e Effective.

nflow dlschar L ©0 0 Energy o energy
(/o) (&fentmr) _(Pfotng) (s-ang) ) Gom)
| Jsmwary 86,50 2,660 930 930 26,000 13,000
February 73.00 2,040 BAO 840 - . 23,500 11,750
deeh 42,00 1,300 . 930 930 . ?5'006.1?' 13,000,
April  25.00 TS0 750 750 21,2000 . 12,600
May o 1L.00 342 B4z . 450 13,4000 13,000
Jure - 6.56 197 ST 4500 12,4000 12,400
July 555 172 A C450 12,0000 . 12,000
August  5.58 173 173 450 11,5000 11,500 00
September 11.20° 437 437 450 11,300 11,500
.jfoctober 13.60 422 a2z’ 450 . 1L,200 12,200
November 32.20 965 . 965 . 783 19,700 12,600
December 53,60 1,660 1,660 __fSBE'”"__‘gj;aob'f_; °15,ooq o
STotal . ILA8 7,818 7,818 212,000 147,350

g6



100

i~ i i T i
é — I : _ | }
E -ao—-j.—..—:-T—--——,--——ﬁ———J———J;——_—_ A S -
3 e L
—_— ..__..i___.___... P —_——— —-— EE—
| . VEBOSARSE a o "'L/,
| qos, RESERVA “.. . [4777]
. 40___.._ —'_.:—'ll'_“_*: —— e _ E___ S8 A
2 T 1 [ I— T
g R mc 3 B s _ CA’UP%LBAg'iE'EC v ™ SO
= i R N IMIENTO. - [
2| 20— ' o LA s BN
g . _ ‘ B
.. | cawon, FERZZzzpem—
- o 1. ) ] R
sl ol ol o © ' -
x| o | gl ald ¢l a
val . m |-Mm |- m | N 288
L] ol ol o '
550l . o |8 g 8|18
gr=l & | K| §] ¢ | 8|
Se g | o N TS
mes,| ene.|feb.{mar;|abr. oct,! nov.|dic
-FIGI_. a4-4-7  CAUDAL D_E ALTO PILCOMAYO
<
o
x
W
-
W
w-.
o -
S E|
° 3
E'_C_z" / // PRODUCGION _ EFECT IVA
- . . L // ///////////J///-
PRODUCCION SOBRA|" o | 'in Bl B o 18 |
DE ENERGIA Q| ~ Q. 0l : o | iR @
w| =lw|le|c|®]O1o]olo TG ¢
IOOOmwh === ) SN N Mt B
" | PRODUCCION EFEC- . ‘o . ‘ '
TIVO DE ENERGIA 8 urg 8 _8. 8 (‘3’-' COJ. l% : 'c‘)". I ‘O“. ' -8 8. R
1000mwh | = | =12 | =27} F] =/ -1=12)2|F%
PRODUCCION POSI-| - 1o | o ) : ' '
| BLE DE. ENERGIA |- 8 8 G [~ S g. 8 8 -’9’- & E 8 ' 8
1000mwh | &R &| @8] D) o)D) 2]n | &

 F16.4-4-8 PRODUCCION DE ALTO ‘PILCOMATO

MISION "TECNICA "JAPONESA PARA
DESARROLLO HIDROELECTRICO
A BOLIVIA

't PROYECTO DE ALTO - PILCOMAYQ

 PRODUCCION ~ANUAL.
‘DE ENERGIA EN
" ALTO PILCOMAYO .

[ 'FECHA “mar. 1964




Desgeriptive Data

Power Plant

Catchmént area
: Strucfﬁres o

Dam

Intake

;'_Penstock

(undergroﬁﬁd)‘

X POWérhduse

. T_uz_:'bi.ne's. R

Generators .

Surge -chamber -

Tailrace .

‘Heservoinr

‘Effective head
Annual available energy

: 'Capaciﬁy'

-Type'
. Capacity.

Type

" Meximum capaclty

Maximum discharge -

Dype

) Height..--

Crest length :
Width of. spillway section
Volume

- Design flood dlscharge
_ q1u1ce éates .

'_Available'drawdowﬁ'

Height
~Width

Inéide.diametef

’ Length
© Zype

Type S

Cross section

s Léngth:

Crogss section

iradient

" Leng wth

_'legh water level
o Low water level -
© Available drawdown

Surface’ area
Cross storage’ capacity

‘Effective storage capacity.

e

_ dam-and waterwaJ tjpe
©35,000kW

50m3/s

©-1A0m
- 212,000,000%Wh

7, 280km?

‘concrete gravity dam

with pverflow_spillway 

- T0m

12%m

. 41.5m
- 100,000m> |

2 600m3/s : : '
4y esach, 8.9m wide and 10n

“high

20m

..34m.
. bm

.tapering from 3m to 1.6m

approx. 202m
underground'
vertlcal shaft Francls

turbine
35 000k (17,500%W, 2 unlus)

-byvcnronous genarator _
2 units of 20,600kVA each
'totél 1 200kVA

.semi—circdlar_and rectangular

T.5m high 9m wide
approx.‘45m

'Norseshoe shape, ) om in

radius
1/1,000

approx. 5.3kn

BL. 2,600m . -
EL. 2,580m

20m :
6,490,000me

©170,000,000m°
100,000,000



. Tfansmiséion; T 'Alto Pllcomayo Power Station to Sucre

Line - .. : Length : o _ approx. 25hn
: i ' . Voltage :  66kV
' Number of Circuit j 1

"Aito Pllcomayo Power Statlon to Potosi

Length . - . . - approx. 95km
Voltage ' _ 66KV
Number of Circuit e 2

_mstlﬂated Conetructlon Qosts and Economlc Justlflcatlen .
Totel Construction cost o _": o 'US@lB ooo 000
- Waterway L R s ' - 7  5,610,000e
(inclusive of intake, penstock, : . .
surge chamber and ta;lrace) -
Pem S 3,863,000
Power elant TN ' 4,290,000
(1qclus¢ve of - oowerhoube bullaln ' : :
outdoor substation, machinery, etc.)
Trensmission Line | P o ' 2,@@0,000
Others . S 2,237,000

Unit construction costs

Pexr kW of capacity R _ o  US$514:1e
| Per kih of snmuol available emeray 6330,085-'
Per kWn of anmal offective emeray . US80.122 .

o Economié_jusﬁificaticﬁ
ﬂssumlng annudl eypeneeﬂ at 8% agalnst the eotlmated coﬁstructioe LDdtJ;_" |
the cost per unit of effective energy v111 ke Umﬁu 00976 ' Correapondlne |
' w1th the grovth of denand in Lhe related are&s in the future, the A1d unlt
. cost w111 araduallJ decrease to US@O OO68/fWh mnlch is the cost bdeed on the |
:avallaole ennrgy of tbe nrogect | |
| The unlt cost of energy of tnls proaect compdred‘w1th thermal enerpy
aﬁd prevalllng rdteu ef electrlc eerv1ces 15 glven below.e .
. The per unlt cost of enerﬂy produced by new dlesel electrle plan£ ?

"p S*O 0189 per kﬁh on-. the ag sumptlon that the pldnt leed faetor 13 50%, per kW_



Lonstructlon cost ig s E200, anmual experised are 11.2& jurl ole) %umpﬁ¢3h rate

: E I T S AU S 5 , o :
is O.) 11te¢5 p@: hun, and the cost of fuel is UB80,046 per l‘uer,' The cost

“of fuel par unit of ensrgy prodused is US$0.0158..

Accordlng to 1nformatlon that becane avallable to the n1=81on, the

prevalllng rate of electrlc gervices in'the city:of Potosi‘is Us80. DlBS/mWh

This rate of-service iszthe_cheapest in the reglon 1aclud1nﬁ Suere. . it

will be noted that the-cosf of'bbWer'cf the Alzo Pilcomayo_?roject;is.much

lOﬁér than the above doéts. :Develdpment of this'éite Tor hydroélectrib-power
-w111 not only reinforce ouppﬁy capablllty ‘of the region, but will COﬂuIlbute
,.tb'}owering the cost of electiricity charges, |
0 Timing Qf'the prqjéct
.In.ofﬁer'to e$tablish concrete plans towards the realization of the
prdjéét further intestigations and stqdies.iﬂ détaii are necéésa;y-§£ the
SeVGIal problems which were p01n+eu out in_the'récommendations. 'ﬁssuming
fthat the 1nveat1rat10ns and qtuqles.éré startéd immediaﬁely and fhe.work
'progresceq satlgfdctor1115 at 1east six_years.wili be.réquired_far the détail;
.ed investigations, prppdratlaﬂ of lin;i deélgns and congl uctlon of the’
H;proaect.l Tﬁerééoré ﬁhe.project will‘bé_feaﬁy for:commissioning in or éfter.
111970 at thL c&rllest (See Fiz. 4-4-3),
In VlUW of bhb 1tuai10n, the 1ncrgmental dawand in the c1t1ec of’ Sucre
: _:and Poto for- LhL tlmg bolng up to thc Goﬂﬁluﬁlun of the prOJva, should
: hé :upplxed fro@ tné Corﬁnl prog’ét by means, of 1nte“connuctlon of tranqnls».
' alOH llnwv hutwvnn fh( sald'cltles_and Coah bamba or Orvro, or by power from
 0ther sources whlch ey bvcomu.avall blp bLerQ the }190 P lcomayo Pz oawcu.
'”.4-5_ San'JacintoiPrqagct:f 
5 1 Gunoral

: TSR RS SV 51 a dan
':ﬁa for thr an Jaeinto Project, thglc_had been & plan 1o conot?uqt | _
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‘in the.San-JacintooValiey forzmultiplé.pufposép inoludihg poﬁér géneration
.ahd irrigapioh. ;In tﬁe.city of Tarija which,is;situatod vefy.close to-the.i
-.projocpfsifeg_éléctricity'io sﬁppliedfby a diesel poﬁer plant and é hydro
power plant of.sméilocapécity, There:ié.a d¢ficiéncy.of supply ¢é§aﬁi1ityfin
the city and, to aggravaie_ﬁhe, situation, deménd._io_éptiCipaté'd to. grow .hot_ably
in the.fuﬁure; | | | |

in 1962, CBF iﬁstalled a_géging.station neép.the projoot éife to rocord_.
. the.waper ievel of the fivep, and evéporétion ﬁeasuring instrumeﬁfzﬁéfe in~p
stalled in_l§63. |

Wnile in 1963, Ministerio de'AgriCultura,.Gonédéfia Colonizecibn y
Rlegos establlshed a multl purpose development plan of the San Ja01nto 31te,
Thls progect is prlmarlly 1rr1gat10n and. 1ncludes hydroelectrlo power. 4
-preport has already been prepared copcernlng the plan
In addition to the sald plan, there are several drart developnent plans
‘_of.the'saia site that have been prOposed by Uovernment agencies 1nc1ud1nﬂ
local'int@résps. HOW@VLI nelther of the proposed plans have been prepared'
: to a deflolte‘staoe nor have ba51c data whlch are necessarJ for the prep@xaQ
1”tlon of dpvelopmgnt plans been systematlcally collected and complled Thep
_tiHlSulon conductéd a ruconnalsoance of the proamcb alaa.wlth.phe ohjcot of
‘phydroelectrlc power”development only of the site.
4#5"2 Hocatlon | ‘ | |
. The 1te of thu proposed ap;Jécinfo.Project'is inotﬁe San Jocinto-Vailey.
l 5 km downstrmam from Lho confluunce of the Rio Zola with the Blo iolomosa,o
.WhICh confluenco is locatod 8 km to the south of ‘the 01ty of Tarlga Access.
:fto Lhu slte lS 90051b1e by Jhbp on: truck from the- smld catv and £he travelllng .
5ft1mc is. dbout one houl.- There ale 8 fLW people sparoely settled around the
ppproJeLL q1be who dle prlmarlly encagud 1n the ralslnw of 11vestock. As there

_ wera no accommodatlon avallablo neqr the progect 51te the_MlsS1on.travelled



dally ffoﬁ the 01ty of Tarlja durlng the recbnnalsSdnce study |
A 5—3 Hydrology and Meteorolo@y |

“Hydrological and meteorologlcal data of the progeot area . were generally
1ack;ng_and 1ncomplete._ Parthulars of'the data which were’ made.ava11ab1e-to

_ the Mission are giveh in Table 4-5-1 which ﬁollows.

Table 4-5 1 Hyurologlcal ‘and Meteorologlcal Data

of San Ja01nto Project

. .

Period of Recording Remarks

from - to . for

‘San Jacinto Caging Station  Oct.-2%-162 Sept.-26-163 11 months Heasured 6 -
Dischérge measurement . - . - o S times during
by current meter R . _ : : ‘the period, .
o : s - . C.A.=200kn2

Baily wa%ef leve1 . Det.-26-162 Aug.-31-163 .10 moriths Recording
B e ' . . being con-
tinued

San Luis quln* btatlon PR S R S S o
Discharge measurement . . Oct.-26-'62 3ept.-26-163 11 months ileasured 5 .
© by earrent meter - . Lo 0 imey during
: R N R SO B = 1460kRe
Daily weter level L 0ct,-26-162 June-30-'63 8 months - Recording
*tinued -

Juadalqu1v1r Gaglng' tatdon. 0 e AN
Run-off — . . . Dee,=1-150 ¢ Dec.-31='61 . v - . Generally in-
. a coa S Sl . '_comple_te,."__-'
+ . continuous -
. records are - .
‘available'onlv
C o Afor 1951 and
. 1961 Lo
Tarija. Observatory - ‘ : AR S .
- Daily precipitation L Jan.-l;i5o';.Deb.—Bl—Fél-, ) “ 1_.,-‘_ihc1udea' _
R : o R - I o dally-averdage
* temperature,
| daily aver-
o age wind. .
Lo veloeity and
“direction

HNote: C,A.:'méahs_Catchmént area. -

2



Ae:ﬁe.fermuia.hEd.beeﬁ devélO?ed_te SHOﬁ the relatienship between water: 2
1eve1 erid aischarge at the .San'.Jacin.to :éagingetation, the dischargs could
-not be converted from the records of water level

Therefore, on the ba31e of dlecharge whlch had been recorded 6 tlnes__f
durlng Oct 1962 through Sept 196) at the eald etatlon, the Mlss10n obtalned
a formula to ehow the said relatlonshlp in order to compute run-off, he
result of the computatlon by meens of the said formula showed an unreaeoeably
'_1arge run-~ off in relatlon to a catchment area of 200km2.: Thre may_be:attrlbutn_'
- able to the fact that the saging station, whlch.ls 1eeated-on the'dpetreém-'
end of San‘Jacinto yeiley, is influenced ty-back-weter effecte during floed.
dlecharges. N e -

Consequently, the M15510n dld not use the records of” San Jaclnto Gaglng
.étation. 'Neither ‘were used the records*of San Luis Gading Station ‘because
date necessary for the computatlon of a formula to show the relat10nsh1n
. betWeen run~of f and river water level were not avallable. rpherefore, run- off:g
"records of - the. Guadalqulvlr Gaelng Statlon uere enployed 15 the studles of-
'-rthu progect | L |
Hecords of the Guadelquzvlr Gaﬂlng Statlon are mlesdng 1n parts exceet
f-for the two yeare of 1951 and 1962 for whlch records are completely mvallaD18= J 
;_It wae, however, 1mp0331b1e to Judge whethcr the man- off condltlons of” the
two yeare, for whlch recorde are. complete,”vere hlgh normal or low run- off
*fdyears.' Therefore, thls Judgement was made by relatlnv the sald run- off to
_'dthe pr001p1t1t10n data of Tarlaa. On thc b 513 of stud1es wadc by relatlng |
adthe sald plOClpltatlon datu, 19)1 and 1962 were: gud d-to be nernal run-off |
-;yenre, end accordlngly, thu avenge v%lues of the records of the two yeere
*;wnre employed 1n prepwrlng a development plﬂn of ‘the propo ed Sa n Jecinio

fiPrOJect (uee_Tible 4 5 2, Flg. 4—)~l Flh. 4 5 2, Flg. 4 5 -3y Flo. 4-5~ 4)

i



Table 4-5-2 Monthly Run- off at the Proposed
: Slte of San Jaclnto Proaect )

(Unlt m3/s-day)

Ruﬁ—off at Caging Station ° Average Proposed dam Proposed dam—
- (CA = 1000 km® ) . Run~off  site on'Rio site of San-
1950 - (CA = . Guadelquivir Jacinto Project
23 P - 2
1951 100km®) {(CA= 1 000Km: ) {CA=200km )

_1961' . Average t

| Séptomoer 43,7 26,8 . 35.3 '3,5 35, 3 '. 7
Ootober 8.0 4.0 39,5 40 395 8
Cdovember  142.2 464 943 94 9.3 19
t'_Déceﬁbér_l_lOQ;?'-- w27 17 1 2 g 24
gmmery  390.4 3.6 4670 467 46093
rebruary'V 512.5 . 489.0  500.8 0.1 500.8 200 1
:March‘-p 401.5° 345;2-"f572.4 : 57.2 - s72.4 7
spril :'_ 191.1 - 93[6-_;p142}4“*- 14.2 -;-"'p:142;4 . 29
my 954 0 190 107.3 10.7 o 25
Jume' . 64.8 7 64T 64.8 _ 6.5 . eas T
gwy. 650 411 60 . 5.6 56,1 on

st 55,8 30.0 ALY . 42 Coael e

'-'Totai:_ '2,099.1__ 1,987.2 oz,o45.5p;"i204,4‘ o 2,043.5. ﬂp;f_;;'4oa;'

Hoter'-l,LCA'means.catchhent'area
- QQ'Averaﬂe run~off was computed by b&kln“ thp value of December 1950

'-_‘whlch was. assumed th@ value for 1951

qu...._..”
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4~ 5 4 Topography and Geology
The Mission conducted reconnalosance of the pxogect ares baeed on a
top0graphlo map to a -scale of 1/2000 which was made avallable to it by CBF
The map_prlnclpally oovered_the area of the proposed dam.81te and did not_
cover the propoeed:sites'or power plant and a part -of the;reeervoir afea.
In.addition, the degree:of'reliebility of survey of the.saddle'seotion in
.the.left bank was not satisfactofy, 'The_Missioh'conducteo sujvey_and_lefele
ling of the mi'ssincr'part'and the saddle section.  On the basis of the
.reeults of the sald complementary surveys the MlSSlon after return to Japen
. has corxected “the map and prepared & map to a’ scale 1/10 OOO. The etudles
of the proaect was made based on these two mape _
' The progeot area is.a Sllghtlj rolllnv hlllf zone, through Whlch Ehe
Rio Zola and the Rio Tolonosa flow oefore merglnv to 1orn the Rio San Ja01nto,_
Terraces have conelderebly developed along the river. coursea to the conflu~
ence. About 1. 5 km doWnstream from the conllaencc 15 the San Ja01nto Velley ,
}The river downstream of the valley medndere for some dlstance and JOlns ‘he S
"Rlo Guadalqu1v1r.::%x." | |
The prOPOSed elte of the dam 1s in a brec1p1tous V- eheped r>“orge of uhe
,San Jd01nto Valley.j Bedrock As e\posed on the river bed and on both abut— 'o
" ments; The bcolo"y of. the oltt 1s sandg ehﬂle and eandy mudstone, and uhe
‘ 'upper part of. both ebutments is altoxnatc 13J€IS of sendstone and slaue.'
:The bedrock w111 a&Lquately euetaln tho lowd of a dum 30 n to 40 m hth
_The foundatlon bodzook, whlch is 1ayered i muming at etrlke-and dlp of‘. _
fNQO - 80 E/AO 50 oE towarde the downstre&m.; edroch 1s complotely exposed
' oon the river be 'dt the proposed &am 1te,'e.d thurefore, 1t suggests that
'-:stond.mnd vrdvel depoalto is ‘not very deop on the upstrean amd downqtrean of :;"
tho aldl&lte ! AR . . . . E

T; The popoeed reserv01r aroe is. generally covered wlth dop051ts of sand
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'@re;vel- and :saody.'soil. .' The left bank'. 5f the aee'a lb a génﬂy slop.ed hill
which is covered with soil overburden.  The opp031te 51de of the hill is
”deeply creascd in places by erosive actlon caused by ralnfall. Earth~
plllars of clayey 5011 and Cllffs created by the erosion are found on the
hlllelde; Preventatlve measures aoalnst erosion is an 1mportanﬁ problom
'whloh should bo con51dered in the development of the elte.=
Sllght ralnfall in the ba31n w111 oause ‘the Tiver run~off- to ba 511t--
laden. Over a 1onb perlod 1t 1e believed that there would be con51derabloi'."
sédiﬁentatlon-of sand and 511t. Therefore, thls is another important. pro-
| 1b1en which should be. studled | . o '
- Ho geolog 10&1 prohleme should be encountered at the proposed 1ntake s
81to on. the Rlo San Jaolnto and ohe pressuro tunnel ta be connected to it,
' because the geology of uhe said 51ues'1s generally the.eame'as-that of the
proooeed dam site. . | | |
The proposeo u*ge taﬂk and penstook 51tes are on a slope of about 25 .
degreee. ”he geology is alternate layers of sandstone and elate whloh 15
ooverea o¢th ovelburden of debrls 1 to 2 m deep There should be noIV:
oroolems from a . 'eo1oe1oal suandpolnt of 1nsta111ng a pen took at th%_ elte.of‘
Eioosure“ of slate are found au the 51tes of the proposed powerhouse |
.end tallraoe, but the depoelt uecms COHSldEI&le doep on: the rlver bed oThQ_--
Deology ‘of the. elte should present no foundatlon troubles for tne struoturos._:

L A-5- 3 DeVelopment Soheme '

33510 Con51derat10n

Lhe proposcd oower plant uhen compleoed w111 be & ﬁaaor eouroe of.
';El&CtIlCltJ supply 1n *hc Tarlga arca In thls oonneotlon, the powor plant
should be deelgned in such A way thot output can be repul&ted to oorrespond

"-to fluctuatlon of demand ﬁhroughout a year '

e



Studlee of the Project

O

()

The following - elements were con31dered in the studles. .
The catohnent area of the ba51n at the proposed dam 31te is only 200km2,_
Though the annual average is 1. 12m3/s, the run- off decreases to O 56m5/s
in the. dry season. -

Therefore, in conszderatlon of a stable supply of . electrlclty, the .

creatlon of reServ01r as large as.p0551b1e'1s de31rable_1n order to

.'_(ii)

(111).

~most effectlvely utilize the annnal run—off ot the river, However,

in determlnlng the hlgh water 1evel of the reserv01r, it should be
borne in m1nd that the saddle sectlon in uhe left abutment of the
proposed dam is realtlvely low in elevatlon and is heav11y eroded
otudles should'be made_of sedlmentat;onfof the river before a final
Plan:of the feeervoin'is-establisned. o | |

It is said that.water is eeeplng fron Laﬂunas de.Taxara.ba51n 1nto the

Rlo Tolomosa though no ev1dence is anllable. Tn thls connectlon,- '--4.

. 1nvest1gatlonc w111 be necessary.‘” R

The M1351on hes cstebllehed a deVLlopment plan on the assunptlon that :'

fthere 1s no soopage irom thc Sdld baeln.- In the case.data becomes s

: avallable from future 1nvest1 atlons show1n0'»hat seenage is taklng -

-‘.place, tho &evolopment plan w111 natnrallv requlve nodlflcatlon. .

DeLarnlnatlon of powerhouse d¢scharge

- Run off at tho proposed dam alte averaﬂes l 12m /s throughout a year.'

Avordgo run-off durmng the wot_ooaoon fron Decomher to hay is, l 88m3/s,

-whlle

R '_'thls

1t 18 O 56m /s in the dry seqson from June to November.--zn v1ew of

cpasonal varlatlon of run—off, 1t is de81rable to regulate the run- off'iv

~by crontlng a atordwe resorvomr. Y

Hl“h w%ter level of tho reaorv01r cannot LhGG@d EL 2 055m on account

n'77y.



of topowranhrcal features around the proposed 51te. Under thls topoaraphlc
rosfrlctlon, the effectlve storage capaclty of the reeerv01r w111 be

10,000, OOOm3 assuming an availsble depth of 4m. Accordlngly, 0. 62m5/s of .

:water can be supplemented by the reserv01r in the dry season. By diverting
| 1.52m3/s of water (averege-durlng dry:season) from the RlQ Guaderquivirthe
total avaiiable diechargeVincluding:ﬁatural run-of f wili.be 2.5m3/s on the

.".everewe; Therefore, the max1mnm dlscharve ‘of the powerhouse w111 be ap-

proxlmately 5m5/s at an assumed load factor of 50%.

Deterﬁinationref_tyﬁe of developmeht__
.-Thréejéases-ef derelepment which_fhe Missien:considered possible'in_-
: coﬁsideratieﬁfof seferal factors as.hereinebove'mentioned were studied.
(See Fig, 4-5-5) | | - | r
The first case: (herelnazter referred to as A- plan) is to construct 3
a Qoncrete grav1tJ dam B)m ngh in the San Ja01nto Valley to create a reserv- N
oir W1“h an QLIthlve storage cepacltJ of 10 DOO OOOm3 at an avallable depth
of An. In oroer to. supplement the 1nflow 1nto the reeerv01r, a max1num of
‘Bms/s is to be leerted from Rio Guad11qu1v1r. The power plant w111 nave
:_a ﬁax1mum capacxtJ of 2 GGOPW at’ 2 ulecharre of Sm)/s under an effectlve
"heaa of 48m - BN o | o | |
The second ease (herelnalter refcrred to de B- plae) rs 1dent1ca1 to
-_A plan excent that dlver31on IrOm the Rlo Guadalqu1v1r is not 1ncluded
Lhe _power plant will heve a maylmum eapa01ty of 650kw at a dlschdr o of 1 62m /u-_“
o mhe 1a5u case (herelnafter referred to as. C-plan) is & run of~r1VCr tjpe
" &evelopment bj utlllzlnv the run- off of the Rlo Guadalqu1v1r 1nstead of the 17'
:: Rlo Sen Jaclnto. The power plant w1ll have a maxlmum capa01ty of 400kW at
a. dlscharge of" lma/s under arn effectlve head Of 48m.‘ | |
As a result of comparetlve studles of the three'plane ‘the M1e31on Co

: bellevee that A p]an is most fdvordble.e



In B—plén, initial inveétmént for the dam and otﬁer structures is
relatively high in compafison with thé_plénf 6utput'and,.consequently, the
economic justification is vefy low. | |

= Q;plan; will not be able to‘regulafé the:ruﬂ-off'of the riﬁer and is

not recommendable from an economic point of view.. (See Table 4-5-3)

Table 4-5-3  Comparison of the Three Plans

A-plan © - B-plan . C-plan

- Maximum e e S . S g
" capacity (kW) - 2,000 .- 650 . 400
Annual energy _'_' ‘ L : SR SR R
output (kWh) o 11,500,000 . . 3,960,000 - 12,300,000 -
Estimafed
construction ; - ‘ o S . o
“costs (US$) © - 1,700,000 0 - 890,000 . 453,000 -
© Per kW constructlon ;': JREEE "_'”f : .. LT T
costs (US§) _ -850 o L370 o S +L,130
- _Per kWh,construc;_‘ : " - R w, .” U  . S
. tionecosts (US$) - . .- 0.8 o 0.224 04197

: ?Deturmlnatlon of qcale of devclopmunt

On the ba31s of the crltorlﬁ for dutormlnatlon of scale of- development:-

'whlch ig doscrlbed 1n chaptor 4 1 of 1:111u re ort,-oeveral planu capac1tles‘;-:-r

”t were studlod fox. A-plan, 1nd thc GOut er kWh of avallable energy was com—_
e putcd Thu reuult 1ndlcated thdt 2 ODOLW would he thc most Lconomlcal szvef

.-'df devalopment.

o }71(3.111; Cdllﬂcltv nd Enorgy Ou‘tpu"b SRR

| On the ba is of the soeral °tud103 as descrlbed herelnabove,_the type
:.bf devulopmont adopte 1° e ddm and watcrway type POWLT plant w1th a del— L

':fmum cdpdcity of 2 OOOkW at a dluchargu of 5m /s under an LffCCthG head of
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48 m Arﬁmal a*;railahle. energ;y will be 11 .500 OOO.I.«:Wh and '.ﬁhe :'nionthly enéréy |
output will be as glven in Table 4 5= 4, Fig. 4-%5- 6 Flg 4 5e ?, _and Flg. 4 B 8
| However, Judglng from the prebent sa.tuat:.on of dema.nd, 11; 1s unllkely
that the Sald avallable energy can be completely consumed in the very near
futu;'e._ Accordlngly, assum:mg a 50$o'loa_d _facto:-, then th’e marketable ene_rgy E

‘will be 8,700,000 kKWh annuslly.
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Table 4-5-4 _Mohth1y~Disoharge'aﬁdJCOrrespohding Energy

' Output of San Jacinto Power Station

() @ | - S
Diversion Watural (1)+(2) - Avail- _ kvail- Bifec-
from Rio run-off (n3/s- able . Dis-
- Guadal- - of Rio _ - dis~
- quivir Sen . . day) . charge charge energy BEnergy
;.- Jscinto w3/~ (md/s-
(wPfs)  (w3fs) (mdfs) - day) day) (mm) (i)

able tive

January 2.0 3.00  5.29 1640 -155.0  119.6 1,540 740
Fébruary' _'-_2,95_ 3,54 6,49 o 182.0 1£40.0  106.0': 980 '3670'
March - 3.00 12.50 ) 5.50 '_171.0]_.155.0 __146.0 1,450_ 740
Apfii C 2,98 0 0.95 _5.93 . 118.0 }:118;0 118,0 1,180 720_-.-
 May.  "-_ 2,95- i 0,68 _'5,64 130 .ilj;o__ 113.0 1,130 740
fwme _:' 2.14 0.3 2.5 :”77.4;'. 7.4 77}4~- ‘800 .;726 
sy 1.80 038 208 615 615 75.0 750 740
 hugust L35 0.26° 1.61 f  50,0 _t 50.05 75.0. 750 740
. ?éptemﬁef  _ 1.15 . '_o.éi: 1.39 B :4176.' 41.6: _ 75}o-jT.72o _'72¢'
hxﬁ'dcfgbér Lo Led '”_b.zésf  1}5Q:,;-ﬂ[45;5' il46;511; 75.é,=_[71031 ?idi
' November 2.8 0.5 2,73 82,00 '62.0 82.0 720 720

' Decémber 2.20 T 0,76 2,96 - 91,8 . 91,6 81.8 770" 740

o fetal 0 3,204.8 1,137.8 1,157.5 11,500 8,700

el
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:ﬁésériptiverbafa.

-quér-plant'

Catchment'érea

Structures

Guadalguivir
diversion dam

_':Guadalqu1v1r
canal :

Dam

o In_take o

U Tumnel <

Burge tank

© " Height - - -
' Relnforced concmete

- Gradient
Length o

'[Maxzmum Capaclty
Cross section

‘ jGradlent

.f'_Length

'Type

Maximum capacity

Maximum discharge

Effective head

-Annual avallable energy

Type
Height
Crest length

Max1mum capacity
Cross section

Gradient
Length

Tyﬁe. :

 Height

Crest 1ehgth
Volume

Drawdown :
Maximum capac1ty
Cross section

Type .
Elamottl

""stlucture

E; TSf§éi ﬁcnstdck 

'bIncllnatlon

Ingide’ dlameter"

O Humber
- Length

©1/100
. approx O 6 km

dam and waterway
2,000 kW

5m5/s

48 m

111,500,000 KkWh

1,200 km
(RlO San Jecinto 200 km ) oo
(Rfo Guadalquivir 1,000 km )

.  concrete intake dam
2.5 m -

137 m

: ﬁma/é

trapezoidal

(wet mesonry construction)

1.9 m wide at the bottom 2 m hlgh

slope 1:1
1/1,000
approx.'l? km

concrete: grav1tJ dam w1th overflow"

spillway

33 m
61 m

15,000 h5
Design flood dlscharge*-
- “Sluice" gates o

300m”/s

“2, each 8-m w1de and 10 m hlgh |

_.:4 m,_ : : .

. 5m. /s . | -
2 m inside. dlameter, concrete llned

-1/1,000

appror 0, 6 km

2 m inside dlameter concrete lined

 51mp1e surge tank

4.5 w

o 15_m o

‘ 25 : IR
'tapnrlng from 1. lO m to O B W
2 . S
‘tgpprox._97 m.;_ o

" $3 ,



Power house

' Tufﬁine'
Generator

“Pailrdce

Type _
Cross section.

Type

- Type

Capacity -

. Type

Capacity:

- Gredient
. Length

~ Reservoir =

High water level

Low water level

‘Available depth

Surface area

.Z_Gross storage capa01ty

- Transmission
o Line.

" Effective storage -

Capacity

Length
Voltage-

semi-underground

vertical shaft Francls turblne
2 wnits of 1,000 kW each :
total 2 OOO kW - '

*_'synchronous generétor '
2 units of 1,200 xVA each
- total 2 400 kVA

- .concrete culvert ' :
.semi-circular dnd rectangular uhape,

2 m wide and 3 m high
1/100 -

approx. 90 m

FL., 2,055 m_

BEL, 2,051 m -

4 m 5
3,225,000 m 3
20,710,000 m7
10,000,000 m’

‘San’ Jacinto Power Station to Tarlga City

approx. 7 km

11KV

Estimeted Construction Costs and Feonomic Justification

) Total-constrﬁctiqn”cOstsff

Waterway

‘(inclusive of Guadalqu1v1r

diversion dem; intake and canal,

. vssl, 700, o0

6?6 OOO:

and intake, surge tank, ‘penstock: E
end. thllrmue) I '

 Dam”

Power plant

~ {inclusive of powarhouse building,
L ouudocr subs t»tlon, machlnery, ete.)

Transm1531on 11ne

Others e

:i Unlt Constructlon COatS

per kW of capu01ty

. per kWh of effectlve energy '

E _.460;ooo-j'

361,700

17,800

104,500

_ Ua$850/kw
“.per kWh of annual avallible energy

~ 0. 14e/kWh-_f ,
0. 195/YWh

e



“'Eéénqmﬁd:jusfifiéation. 
' :Assuming annualﬁexéénses at 8% against fhe estimated construction costs,
._ the cost;péf:uﬁit_df.mérkétablé_enérgy (éfféctive energy)'will.be'ﬁ8$0}0156/,
B kwh;;_Wiﬁh.the grqwthzof demand in the related areas,.there will be a cor-
: reép0ﬂdinélincréaéé in the aﬁoﬁnt of markétablé ‘energy of the prdject. Tt is
.estlmated that the unlt cost of energy produced will gradually decrease to
'1 USﬂO 0118 whlch 15 the cost based on total available energy of the project..
“Qost cqmparlsons of the proposed:progept w1th_a_d1esel unit of compars-
‘ble capacity'and-prévailing rates'of-électrié servides reveal thét the'ﬁef
unlt cost of energy generated at & dlesel electrlc plant of comparable Cnpa—” 
) 01ty would be about UB$O 0189 under a 50% load factor on . the assumptlon that
1ts constructlon cost is US&2OO per kW, the rate of annual expenses agalnst :
constructlon cost 18'11.2%, fuel'cpnsumpt;on per unit 0f energy produced isf '
0.3 liter/kWh and the uﬁit__ cost of fuel is US$0.046 per liter. The cost of
._fuel.per unit of energy proaﬁced will bé:USSO 0158 |
Accordlng to data made avallable to the MlSSWOH, tbe 1owes£ charges 1ﬁ

the prevalllng rates for electrlc servzces in the clt& of Tarlga 15 1ndustr1a1”
uses, ‘the . charge for Wthh category is USSO 025 per kwh : Lt w1ll.be noted -' '
"therefore, that the estlmated QOSt o? energy produced by the proaect is by far?  -
”  l)wer than the above costs.ﬁll E |
f Consequently, the - progéct Wlll not.only cbntrlbﬁte.;o relnforcmD system if
. supply capablllty, but w111 aluo contrlbut& greatly te reductlng uhe rates : 

*ffor electrlc serv1ces ‘in the reglon..”

_'Tlmlng of the progect
In or er to Dstablluh a concrote plan towardo the reallzatlon of the_

.progect '1nvest1gutlon and %tuleB 1n deta11 of thc SLVGr&l problems whlch

Soare . glven 1n the recommondatlons of thls roport must bo carrled out In thls -

"nconnectlon, Lssumlng thatﬂthe‘luvestlgatlons and;studles are 1n1t1ated_1mmed;¢'-

; : 8'5'1 : -



| atély and that;they proceéd satiéfaétori1y it.wi1l take atiieast 5'yegrs;;iﬁ~ '

.'cluding the time“required for defailéd’étﬁdiés-and pfepgrdtiqn'bf final piaﬁé,
béfore construction of the préject'is completéd.__Thereforg;:the.date:of dpera_

f t_ion of the .pgwer- plent will be after 1969, In view of the &ituation, '_t_he

deﬁand.ih.and around the gity of'Tarija, until thé time of compiétioﬁ.éf ﬁhé

': préject, ﬁ111 ha§e_to'be sﬁﬁﬁlied by power produced'at-eitﬁer a'diésel elec-

s tric.plant or hydio power plaht which may become availéble before the'San:.

.Jacinfo.Pfoject;' (See Fig. 4;5-9); :. | |

o Aséuiing tha£ thé.ﬁrojéot is bompleted in 1969,'thé demand in and around

fhe city:of Térija until about'l975.can be- supplied by hydrb_power only:inf
dluding the'existing.AngOSto Eowef'sﬁétion;. Qhereupon.the'existing diesel

"'pQWer_plaﬁté can be eifber operatéd on a.étaﬁdmbyfﬁASis_or.they can bé.transa

" ferred to other regions.-

.;é6 .
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PHOTO-1 Distant view of Corani Project dam site

PHOTO- 2 I’ roposed penstock. route of
Corani Project

PHOTO-4 ~ Vinte Gaging Station



PHOTO-6 Rio Vinto, 1.6 km upstiream from the
Vinto Bridge

PHOTO-5 Rio Vinte in November

PHOTO-7  Santa Isabel Project, route of waterway
C and tunnel

PHOTO-9 Rio Santa Isabel around Pro-
‘ " Tobsed intake site of Locotal
Project '

PHOTO-8 Ri;n Sunta lsabel in November



PHOTO-10  Alto Pilcomayo Project, dam site A

PHOTO-11 Alto Pileomaye Project,
dam site A

PHOTO-12 Alto Pilcomayo Project,
: ] proposed reservoir area

PHOTO-13 - Alte Pilcomaye Project, dam site B



Pl-lOTO-M Alto Pilcomaye Project, dam site A at the entrance of Talula Valley

PHOTO-17  San Jacinto Project, back slope of reserveir bank



PHOTO-18 Sun Jacinto Project, dam site

"PHOTO-19 Rio San Jacinto, downstream of dam site

PHOTO-21 Rio San 'Jnci_nto, downstream of the proposed
powerheuse site
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