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GHAPTER 1. INTRODUCTION

h the Government of the Republnc of Pcru by offmial lelter No (Ha) 6 15/

'.R1"'er Hydroelectx" Powar Develcpment P1 0]ect (herema[tcl Lefered to as the

{o this’ request Overseas -Techmcal Coopcrahon Agency of the Government of

Japa.n (hefeinaftel refgred t' ' as OTCA) d:spatched to Peru a Survey M1ssnon --  .

comprlsed of the engmeels_‘hsted m a lat

greement wnth Electrlc Pow ¥ Development Compa.ny (hexemafter 1efe1 rcd to a.s ‘ _;::‘

. .:.'___EPDC}

' The Survey Mlssmn was occupxed from I‘ebruary through March 1974 in

' 1:"'.-field 1ec0nnaissances and gathermg of necessary mformatwn and after returnmg

: "':'to Japa,n and on ar1 wal of topogra,plnc maps Wthh were bemg prepa,red by the

'Instxtuto'-'de Investigaclones Energencas v Serwclos Llect:icos (hcremafter

-.reforrecl to a.s INI]"), a. study of the Pro;ect wa.s made and this Report has been

1 ebruary 6 1973 for a prefea.sibthl;y study to be made of the Yangas

er part Of th1s Chapter, under the se1v1ce';‘,:’-'~



in ._C.omplex' and its lnfluence Area" preparcd by
g_

‘l'yi"for the Mx,chiqmllay

.' ln 1972 (herel "ftel i eferred to a,s MG‘I‘LIMA Roport), from

_MOT LIMA SA

o y techmcal a,nd econom:cai standpoint on 'a p: efcaslbality lével and to make clea1 s

onomxc pmortty of the Project among other hydroelectnc powm projects in"

the area-' oncerned a.nd ma.king necessary 1ecommendatmns on how th1s Pz olect s

'j‘-shoulci :be handled 1n the future

The scope of study cove._cd in thns Repmt 1s as follows. I‘n stly, load

' “fz?--_"f'o"ré'ca;sfs‘“i"_e're'?fr_ia;dé iof t : perxod from 1975 to 1990 for (l) the exnstmg Sa.nta.

.Power System"centered arou "Chimbote, (2) 1ndustrial areas such as 'lrujﬂlo and

¢ layo and the area to the north of Chiclayo Next COVel ed m thlS report

- -j-are power development planning whlch mclude power fa.cxhtles such as dam

is; .-:c'ost eshmate and ec0nom1c evaluatxon are. also mchxded chaulmg
power transmlssxon facilxtles, th(, sect

"‘_'.:'Substatmn was stud1ed
SRR X E”kis‘tihﬁf.aeports' e
o Bxistmg reports on the Yangaﬁ PrOJect cons1st of the {oIIOng

(1)The prehmma.ry su1 vey 1eport made by Mr. 'I‘uguo NOZakl, Lngmeer, -

'.'.:;:at the tlme when he was techmcal adv1se1 to Du eccmn (Jenera.l de :

' ':‘.;‘Electrmf "ad‘_ of the Repubhc of Peru.

i The $urVey report made by Mr, Fortunato Marm.‘ o

). ,:,,_;'I‘:hé_j'_MQT' Igl_MAV 13,9,1’)9}‘“@- f:i-} : r.f

: ~t3 c;tcd above, the MOTLIMA Repmt is the _

lains the eccmormc superwruy of the Yangas PrOJect o

Paca,smayo eto. . (3} the area centel ed around the Mlchiqulllay Mmes and CaJamarca, Lo

; watet- BRI

, l_~_way, powenhouse and access roadfs to the pro;ect area Hydxologm 9tudy, geologlc

10n between the power stahou and Mlchlqmlla.y L



& im com a1 1sor1 w1th a.' number of developmont projects concewable thhm tho nor--

. thern pa;t of PeJ. u, 1ecommends to make further surveying pl oferentxally to thls =

- Project, a.nd gwmg the basis of the request t'or thlS Pl‘OJGCt made by the Govern- L

ment of Peru to the Government of Ja,pan.,: L

_ Besxd 's_,
' ;.:-1n the MOTLIMA Report wone not covercd by the exlstmg 1!100 000 sca,le a.erw.l

photographmal survey map deacrlbed latex,‘ they have been planned on an old

i "i"j"l/ZOD 000 scale map, and the neceasity for relevant studxes to be made 1ncluding

preparatxon of topograp}uc maps has been pomted out 1n that 1eport. S

i

A4 Basic dnd emation . e

o :.;;_Ba,_si(;__:_‘int_"oj_i'-'rn'a."t‘i'o_n‘ obtainod‘_'dur_ing't_he:'pjériod_of't_h:e reconnaissance in

E Per ‘égo'ri::éfié:té"of tﬂé:'_f‘ollon}in_g'_:at'fn:d“'tni'é.Eéooft_ h:éys_ "b'e_en. prepaféd','bascc:i on 'L't.hesé' ' :

. materials.

PR 41 "_'Toboara'phichép; ..ﬁan'(ij'."‘Aér'ia'l Photographs
7 _{l') - Topographlc Map
Sca!e l :'2._00, 000
Pr_e.i)_a:lj‘(i_(j.'- SR [ .1'937 f bj.rins't'i'tuto Geogi'éfioo Militar
B SCOPe : SR Covels entue project area

_._':iNo;te L o Not well pel formed

(2) o 'Aerlal Photographmal Map

.“:Scale SRS l 100 000 T
- '_:‘P: epa.red ‘:“"' LRy 1963 by Instltuto Geograflco Mlhtar

_Well performed

smce the aroa of the dam, wate:way, powerhouse, otc. proposed .

i -Scope i _': ".'—?Most part of the Project ar ea is not covered'.

' Aeria,lPhotographmalMap, ;wh'ic:h_wo;é'_.newly- restituted from the acrial =

Co e T



" '-'j];:_‘.photogra,phs for this Project.'

3k 20'000

f""_Prepared ':'7"-"'}1974 by INIL.

S ::Covers whole area of the PrOJecb
L _56 kmx30 km :

4) . Aerial Photographs :'b%;epe'red ‘f‘ér ; th_e}a bdve‘ @

142+ Wifoftation Refated to. Power Demand and Supply,

" As mentioned in 4.2 Load Forécast, |

S48 Hvdroiow" Da‘a

The hydrologic data ccmsxst o{ da.ta of nme runoff gagmg statlons ag R

4 ::_lndicated_ in Chapter 6 and Appendnc B (obeervatlon perlod 3 - ll years). data e

: 01‘._17 prec1pltatlon observatlon stahons (observa.!:ion period 8 - 40 years) and S :

: 'jdata'on temperature, hum1d1tv,' evaporation, etc.;' obtamed from ST‘NAMHI g

‘M1ch1qulllay Copper Corporatlon and exnst.mg survey reports.

s 3 C@hgt_ruétio'ﬁ:'C_Ojstffi':‘_!at‘aﬁ”.f-. L

"Guua de Ma.temales. '_'_ 1973 Puhlicacmn Informatwa Comercml '

e "Anuarmm 73 de la COnstz ucc;on, K -,_1973,-':(:Jam'a';i'é,jl_Jel-’ua.na de'la_ -

R ". Construcc wn
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2.1

on tbe Yangas PrOJect based on Pasf; surv'e:y répdrtls, 'ir'iformation' 'zﬁé.'do-é.'\;a‘.iiable

': As a result of fi,old surveys conducted in Peru and stud‘iés"ma’do in Japan o

" CHAPTER 2. CONCLUSIONS AND RECOMMENDATIONS - CAPITULO 2 CONGCLUSIONRS 'Y 'RFCOMENDACIO .
o o ) . ' . o . ¢ ' v _NES

- Conclusions - R E T R TR EPR R SR % ’C'oncmsio.ias-

Despues del estud\o de 1os mfonnes de los estudios cxwtentes, matmiales

o proporo;onados por INIE; el plano del levantamicato aerofotogramaétrico prepmado

ntomente por INIL- 103 resultados del ostucho en el lugar v despuds del estudio .

by INIL‘, ‘and the aerlal photogl a,phlcal map p1 cparod 1ecent1y by INIL the follow-‘ S :detallado del: proyecto de la Cential Hidroeléctrica del Rio Yangas en ¢l Jabén' se
E . : ’

ing concluSl_ons have becn reached._ c

S

{2)

- also be considered necessary accompanying increase of load.

'_"liego a 13. mgulente conclusion:

N »Se supone que la demanda de cnergia eléctrica en la parte norte del Perd

From the la.ttex half of the 19703 to the early 19803 a substanual mcrease . -j B SR
_ S _,.‘:aumeutma cons1denablcmeute dux ante ¢l per mdo desde la altima nntad d{.l

Jn power demand zs oxpected m the northern reglon of Peru due to such : : -.V‘f'dec:emo de 1970 hasta principios del decenio de 193{), delndo ala amplxacnon

factors_' as t_he e_xpa.nsion progl‘am of the Steel m_lll at _Chlm,the,_,th_ei_plan s_.rz.cle mdustua mdeutrgxca en Chimbote, construccion de la nueva parque

_ S e L R S U P mdustn ial en. Trup]lo, comienzo-de la opelamon de las minas de
for construction of a new industrial center-at Trujillo, the start of opera- R
: S - . R ST ST e T Mlchlqulllay, y desamollo de la industria 1elat1va. & petloleo. Bspecial-
tions at the Michiqoi‘_l_lay_.Mines and the developi_nen't:"of.pet‘x-oleurij.-'roldtod_.' L a mente en la zona del Sistema de Santa y sus alrededores que gozan del

'conmdel able incr emento de 1a demanda, el suministro de energla eléctrica

induStries_. Considering this situ'ation‘wit'li‘ r’egér'& to.tho Séhta.Powei- .
: : : : -'-queda.ra msufl(:lente pala el ano 1982, ain consndmando la’ ampliacidn de

System and the suriy Oundmg area where the mcroase of power demand will o _50 MW en la. Centlal I‘lecn lca del Canon del Pato y el summlsuo de 120

be partlculat ly bxg, it is ant1c1pated that there w111 be a, sho: tage in supply -"MW provemente del sur (Sistema Central), mediante la l{nea de tl’ﬂnSl‘nlSlOn

7 : ':l: - . de’ lea a Chxmbote. Poi otro lado, si se supone que se dcsauolla y se¢

capalnhty in 1982 even f:akmg mto aocount the mcrease of 50 MW at Canon L
o : 7explota la Central de El Chorro con 150 MW, también para el afio 1989 se

del_Pa.t_o an_d_supply_ 1nc1e{s\_s_¢_ Of_ l;Q MW f_r_o_m.the Q_e“tlal I__E_ow.e_r System S L R ha,la necesano iavertir para uha nueva fuente de encrgia cléctrica., Para
through 1t.he Lima-Chimbote Ti'ans'misz‘;io:l" Line} : And‘fﬁrthﬁr'.mdre' when ' -"satlsfa,cer esta demanda del decenio de 1980, serd conveniente 1a puesta en
‘ L S T e eraoLon de una central eléctrica con factor de carga aproximado de 60%, -
103 Chm ro of 150 MW were newly to be developed therjo will-be a shortage - n P
; At T *Por otlo lado al llega1 al decemo de 1990, conforme al aumento de ia
in mlpply capablllty in 1989 As a new po_wer so_urce td make _up-.these : . . '5-demanda. se bard necesario también considerar fuentes de energfa cléetrica

y
shortages, I.t would be appr opmate for a power statlon of load factor of ':con facto; de car ga de ap;oxunadamente 30%, para absorber la carga de

around 60% to-be, developed in the 198_03 On the other hand when the . plco

1_9903’51‘3 entered,. a_r:péék powei' 'sou:rc:e-of lofad'fao__t_or Of a.ro‘und; 30%_@6111&1 c '

O o I Lo ST o e o uhi te Proyecto, tiene
Limestone is distributed over a wide areca in the Yangas River Basia where . La cuen(‘a del Rlo Yangas» en donde se ubica el pr_escn c . 4 '
: R o Sl T N R R 1a ubicacidn de la represa
the Project is located and diie to limitations from the standpoint of una. dmt“‘b“m“ muy amplia.do rocas calizss, y 7 wHieactin £ 7 TEREEE.




(3)

(4)

' topography, it w0uld he u*nposszble for the dammte and the greator pa.r

of tho headra.co tunnol route to be selected avoidmg this hmestOne aroa.

As a result of reconualssance oi thc sxte and geologlc mtorprotatlon of

aerzal photographs, it is understood that t_ho hmestone bedrock- _oc?oupyin'g”

the‘ greater part of the [ox-OJeot site’ has been sub;octed to strong karstlc
erosion and it is consxdered that there ex1sts a p1obab111ty of lea,kage |
from dam'and reservo_ir. fo_undations .Qhen‘ the res_erv‘oi'r- is .fiiied with :

water, and. sprmgmg of lalge qoantltleo of water durmg constlucuon oI

the tunnel o pa,_i‘_t_tcular, Watertightn‘ess of the d_am and \re'ser_v_oi_r -

foundations is 'a_.:-crii;ical 'maf;ter govorﬁing the fe?.s‘ib_inlif.').r of the"proj"eot:';_ '

and this will require thoroug:h iﬁvestigations' andf'stiidi'es___ iﬁ‘_th'e fd't_ure.,

but for the purposes of this: Re’porﬁ, the:project was exainined_:_within the

scope ofithe in_form_atiOn p"r'escntly' aira_iiabie The damslte and the head- S

race tunnel route proposed in thxs Report have been qelected at places '

where there arve cornpar‘ativ_ely fewer._pi'oblems;“

l.{ydrologi'c data in_mdi.spen'sa.blo.for es;ta;blishiﬁg_ a.poﬁré:.r'folev_e.lo'pmeﬁt N
scheme o.re‘ not.av:_iilo.ble in Sufﬁc.i.oa.lt q’uaptifiy forthe :ét.ﬁd'y'.of. the '
Project at the pr.ese'n.t-ti'me.. Tﬁer-ef'ofe, rmi_'off o-._f i;h‘e'Yan_g'éis._'liivor..was‘-;
calculate from runoff and p_x'ecilaitat.ion data ‘of neji.‘_-'ghboi'.in'g rwers and
streams. As a result of the'. calculation, i.t ha_s 'bo'en_io.otij‘rnaitiod _tha,t; the
annual average runoff at the oanls.ité',i_s.?.',’?‘ c‘u_;'_m}':soo,: wlule the d;y

season average runoff during June to September. is 2.7 cu.m/sec.

As a result of study on the opnmum scheme for hydro electr;c power

development on the Project based on exammatmn of topography, geology,‘

hydrology, eoonomy, ete,, and especxally by the newly restntuted .

1/20, 000 soaled topographlcal map, it was found that a.t the damsxte (S:te

No. 3) proposed by MOTLIMA 5 A, the reservmr capacity is greatly

“

oy la mayorm del recory
) geograﬁco ¥ se haco pr

' .estas zonas de 1ocas calxzas.

| datos hu:lx olbgicos de los rios vecinos y los datos pluvnometucos.

| ;'Eopog'ra.'f’a geologia, hidrologia,

“oxfxgmal

"i_c_:lé'.#is'ta de la econom

ido del canal Luucl 1ec1bcn hmitacwncs del ordéin -
actlcamonte imposible chsena: el pr vyecio, evitando

Como resuliados del recorvido do u:conom«

;.mlento en sit1o
: de estos lugares- y del cstudio de reconocimiento gedlogico

de las fotogra[las aéreas,

se considera que en la zona del Proyecto en la

: cual
. gl an:parte de los esl;ra.tos del subsuelo ¢s1a formada por rocas calizas,

hay gr an posibilidad de producirse gran canudad de agua provenientes ya

__Sea de mflltracnonos del agua de los cumentoe de la fepresa y d{.l resor-

\r01 10, deb1d0 a eroswn del tipo Karstico y d¢ emanaciones de agua durante

las obras de construccion de ios tineles,

La 1mpermeabilidad de la roca de los cimientos do la represa y del

: _-'_1 eservomo afecta. la posibilidad de realizarse el proyecto. Por conslgm-
:enle, paia la 1eah4ac1on del presente Proyecto se debe hacer un estudio
Yy re_cono_c_lmnento muy intensivo para su seleccidn final, Pero, ‘por el

momento, heimos efectuado estudios al respecto, de acuerdo con los datos

disponibles_y dentro del alcance de reconocimiento realizado y hemos

g selecclonado ta ubicacién de la represa y la ruta de rocorudo ‘de la
.canah/acxon del agua, buscando la ubicacidn con menos problemas con

' 'respecto a estas consideraciones.

1os datos hidrologicos, absolutamente necesarios para el proyecto de

oonstrtzocioal de una Central Eléctrica, no existen en cantidad sufliciente en

la a;o:'tuali_dad, en 1o referente al estudio del presente Proyecto. Por esta

' i'a'zfin se ha estimado el caudal en el punto del Proyecto, a base de los

Se

'espeza en el lugar de ubicacion de la represa un caudal con un gasto pro-

E-medio anual de 9.7 m?’!seg. y ¢l caudal promedio de 2.7 m3/seg. durante

la época seca de Junio a Setiembre.

e i . . ) . o
Se hha confeccionado el plan optimo como proyecto de instalacion de una

‘c.entra'l.'hidroclécfricé en la cuenca del Rio Yangas, teniendo en cuenta su

y ¢l aspecto econdmico. Como resultado

T4 " .
de este estudlo sa considera que la ubicacidn de la represa propuesta
G »

mente por MOT LIMA (el punto No, 3) ¢s inadecuada desde el punto

fay geologna y por causa del menor volumen de




(5}

{6}

redu'ced from that Which W'as es,t.'imate‘d by thetn, .while, als,o'from__th_e.j'

aspect of geology, the site is )udged unsuuable for a dam. ; It-'tﬁé's' fo'mid

that tho most suitable scheme is to ccmstruct a. dam of 82 m hxgh a.t the .
Platanal site (S:to No. 1) apprommately 7 km upstloam from Site No 3
As for the locatlon of tho powerhouse, the most 3u1tab1e pla,cc 1s the

Bombén site (Site No. )approxxmately 15 km downetx eam from the

damsite proviéling.aﬁ 'effecti(re head'of appr'oximately-620-1ﬁ'and maxim:urri.”'

output ot‘ 50 MW Afte1 rough Lalcuiatmns of the beneﬁts of the Project

with the generatmg cost of a thermal powex statmn a,s the mdex, the

'beneht cost ratlo {B/C) m load factor of 60% was found to be l 09

case of load factor of 30%, the beneflt would be improved furthor because R

of the charactemstlcs of the 31te and the B/C value would become 1 33

In order to determine .th_e' p'riority.io:f the _Yaﬁ_g:a_s Project dﬁioug the other -

potential hydroelectric power projects in the vegion coucern'e_d_,' three -

‘other promising projects (Crisnejas, _Carh'ua__\qué_i'_oi,. San Juan) were -
selected, and based on eti'r\?ey r_eporte eli-eady oi-epared.in th'e"pa.'S_t and PRSI

~using standards 1denucal to those for the Yangas Pro;ect the cconormc _ R

evaluations for these prolects Were remewed leavmg the orlgmal

details of the scheme [or e'\ch site unrevxewed As a result, the benef:.t- 7

cost ratios of the above three pro;ects ranged betWeen 2:12 and I 73, and}'

it was generally concluded that the Yangas Pro;ect (B/C = 1 33 - l 09)

would be mfernor to the other mtes.‘

advantageous ag it had generally been coneldered up- to the prosent.l Th1$

is because the ‘physical featm es have been made cloa.r frOm the newly

prep'ar.ed _topo_graphic map and -'fro"m' investigation a‘"d-'St‘,l.dY--"‘?":nSi ?ﬁch g_;Qf.?fi":‘-i' :

_almacenamlento del agua de lo estimadeo “origin

: -_‘-del plan topoglaﬁco de escala

almente, segln el andlisis

de 1/20, 000 preparado recientemente por

- INIE
1,y que 8 mucho mejor el punto del Platanal a aproxtmadamentc 7 km

"ia @ y
i g as arnba del rmsmo (punto No. 1) en donde se proyeccta la constmccmn

n 'ﬁde un \
e a ).epl T dc 82 m de altura. Pox otro Lado como u!ncacmn opt:ma

A_I:de la centl al se considera como la mas apr oplada. el lugar de Bombon a '

as 0. menos 15 km aguas abajo de 1a ubicacibn de la represa con una calda :

efeotlva de aproxlmadamente 62,0 metros, y.capacidad maxima de 50 MW,

Como 1eaultado del estudio sencillo del aspecto econdmico, contando

T ‘oon los da.tos dlapombles, la relacién Beneficio~ Costo {B/C) en quc sec

: -'_=__:t0ma como {ndlce el costo de genenacmn de una central tOl mica, resulta

' coen valor de i, 09 para fa.ctm de carga de 60%. La relacién para factor de

“.dentro de los otros proyectos hidroeléctricos de la zona en veferencia, se.

'j.carga de 30% resulta en valor de 1,33, la cifra poco mejor, gue el caso

de_fa.ot_or- de oarga de 60%, por las caracterfsticas propias del lu.g'a .

:Con: 'el objeto de ubicar é1 orden de mérito del Proyecto del .Rio.‘(angas,

han _eé(':'ogido.otros 3 proyectos imporfantes {Crisnejas, Caruhuaquero, San

S » ) - A ' x4 4 . y

- Juan) y se reviso la evaluacion econdmica de estos tres proyectos,
"'utilizando los informes disponibles exislenles y la mmisma base que en el

- caso de la Central de Yangas, Iin este caso se consideraron los proyectos

o de Ca.da lugar en }a misma forma como han sido presentados or lgmalmcnte,

para revnsarse solamente la evaluacibn econdémica,

: - : .
Como resultado de este estudio comparativoe de la evaluacion los

.,.mdlces Benef:clo -Costo (B/C) de los tres proyecios resultaron scr de
B 2, 12 - 1. 73, mdlcando que si se toma en cuenta el l'actm economico, el

' pr Oyecto de Yangas (B/C = 1.33 - 1,09) es mis desfa.vorable, comparado

: con los otros

e -como resul

; Yangaq no es lan favorable como se habfa pensado,

E f.presente estudno y del

bor‘npr_oba,_do de qué no existe una bu

| -‘ (6) De todo lo explesado hasta el momento, se compy obd que el Pr OYGCtO

As stated above, it has been fouud that the Yanga,s Pro;ect w:ll not be as ;o

Esto se debe a que

tado del gstudio de 1econoc1mlento en sitio reah/ado en el
plano tO[)OgI&f!(‘O recientemente preparado, se ha

ena ubl(‘.&(:lon de la ropresa y del canal



_damsite and a relatively short waterway socuring the necessaiy head ag

was previously expected do not exist. ¢ ..
22 ©  Recommendations -
Based on the foregoing conclusions the following recommendations.are
made:
1) A necessity exists for a new: power so_uz;c:e' tOj_bg'devéldf;éd'.aé__$c';oﬁ as

possible, in the’_n‘orth'er'n' region of Peru. .

(2) _"Smce thc Yangas P1 o_)ect w111 not prove teo be as good a project as xt wa,s

éxpected, in proceedmg with thls Pro;ect prudent demsxon should be ;

made cal l'ylng out more detalled mvest1gatmns and suu:hes of nelghbour-

ing hydroeloctnc p1°0]ects and ta.kmg into c(mmderatmn the prOgress of

‘ dcvelopment of thosc other pro;ects. "

{3) ° In the ﬁxtlire’, '.sh'(.')ul'd it become neceséar.y.t(')"ca_x.'i'y-: 'oq't"f‘:hirs‘ PIOJeCtm - R

‘step with chan ges in the power supply and '_de'm.'ar'ld"sit'ii‘a;’tio_n",".d‘étaﬂed

investiga_ti'o'hs_.of”t'l'ie.' fﬁ)uddation bed-i*éck_ of the lithesﬁ_gﬁeiafeq‘-sh‘(ﬁ}ild ﬁr_‘s.t_-' i

Ty

be macie- to confirm whether thePrOJect can _bé‘ rqa%}.iz’éd,z 'fpl_l;;;\'aking '_which_‘. o

more c_l'etailed 'sur'vé'ys' on tbpégrapy shﬁo_hld be __c'ond'u'cté'c'l'. :

started_ al an early dql_:e in crdei{ to ac¢u_m91a;tej_as'- mu_ch;datfa as‘ 'pé_:‘s.f;s_ible'-_’:- - -

beforehand.

With‘ re_e{péct to '-

2.@'2._f ‘

Vo

o com arati o
: p twamonte cmto asegurando la cafda necosaria que se habia

| prevnsl,o 01 1gmalmente debido a la condicibn lopograhca y geologlc
: espemal del luga r,

Req:d:méndacionns

: Conforme 4 las conclusiones mencmnadas arriba, se hacen las siguientes
recomendacxoneS' )
e '._(_l',l ES necesamo hacer cuanto antes el estudio de desarrollo de nuevas fuentes
e de energ1a electrlca en la zona norie de la Replblica del Perfl.
El Proyecto Yangas no es un proyecto tan bueno como se crefa originalmente

¥ si se va a seguu adelante cn este Proyecto, se deben tomar las decisiones
'er_i_'for_'_ma muy cu_idadosa., teniendo en consideracion los estudios y recondci-
lj.;lietlt_os mas completos de otros proyectos de generacitn hidroeléctrica en
‘las Védindédesdel lugar y de acuerdo al estado de avance de ¢stos otrvos

‘ ';_pr‘oyécto's.

' En el c:a,so en cj’ue sea necesario realizarse este Proyecto seg(zn el cambio
_'e!i'él tq‘tu'fo de la relacidn entre la demanda y suministro de cnergfa,
.‘..pj.ji_n"ie.ra.rhente se deberd efectuar los estudios detallados sobre la roca caliza
de loé.c{miéﬁtos y reconocer la factibilidad del Proyecto, y luego seguir
_"105_: _es_ttidios mas detallados sobre la topografia. En cuanto a los datos
‘._ﬁida;i:v.]..c')gi‘éos, se recomienda que se debe iniciar cuanto antes las mediciones

para acumular los datos hidrotégicos.










< GHAPTER 3 OUTLINE OF RELATED AREA

o34 Extont ;6f:mse§ted "Are'él:.- |

- ‘I‘he nuclel of devalopment m the northern region of the Republic of Peru are

_ ,-fcomprised of- industries cente1 ed a.round Trujlllo and Chunbote at the SOuthern pa:t
:of the coastal str;p, aglicultuze centered around (.-h:clayo, chermca.l mdustmos o

 '-;Q'en_te1'e_d:ar_ound"l‘a,lara, a_nd::B_ayovar: in ~-Departmentpf Pu;:_-a; and mmmg in the_

- Andes 'mc}@mt_ai"r‘:landé centered around Cajamarca,

| Tim st-lpply.of e.:lectrxc.im\.r.rer in .thlS arca, .exéept fox TI.‘UJ”.IO and Chl-mbote
"".wi‘u.ch are: Berwced by a smgle pow01 system, depends on zsolated; 1ndependent |
- x—systema _' The Sa.nta Power System (180 MW) for Tru);llo and Chimbote is; to be -
._ mterconr’nected in. the near future with the Centra,l Power System of lea, by a
22.0-KV tfénsmiégibp li'n.e.-toli.m'plio‘ve:'it_s r:c?habﬂ;ty-. ‘.'I"he“;)_ther _al_'ef_:as .W-Ol_ﬂd be ‘ﬂuﬁ-‘-
e pnedmthelecmc power th?ougﬂ '_iﬁt'ei?cohﬁect‘i'dn;vma-de'-{vith':_t_he'- Sé;ntéf_'jf)o\;r:«.claf- Systern

a"s"I‘-i‘r}i:é”-'gdé's'-__by‘i'r_n aé_c':o’rd'aﬁ:éé'!ﬂw'it‘lf g'roc,.rths‘fin' 'powe'r demand.

The Yaggas Pr(;ject ié a.scheme for. pow.er getlera.ti.(:;n o.nl the Yangas Rwex,and :
;s I;;:ated in’ Celendm Provmce.of Department of Cajama.rca 1.n the Andes nghlands.
'._It'3> ].x.:oAWer..g.eneratxon w1ll not Only be supphed to. the M1ch1qu1lla§ Mmes near the

: '::..01ty of Ca;amal oa,, but w111 also bocome part of the supply capab:hty along w:th

}: other hydroelcctrlc pow;ar stations for meetmg the power dema.nd of northern Peru,

'l_;Consequently, as the extent of the -1elated area, Department of La Libertad and the

"V.'i;vlcimty of. Chimbote m Department of Ancash a1o contemplated besides Department
: :"j:f:of Ca,jamm ca, while furthermore, Department of LambayeQue and Depa.rtment of

4 :Z‘Pmra in: the north are consndered as bemg m(hrectly related.

=10




32 NéturéiZCO'ndlt'Ioa_\_é

: ’Ihc Republic of lJoru {s on tho Pacific Oconn s{de ol’ tho South Amcu'lcmi '
- continent and ia a couutry rathar long i north ecmth dhractiﬁn ﬁituatad botweon it
o ".‘point close I,o the cquatm and 18"21' south latltuda, and botwéen 68"39' and 81°20' o
'_ "_'fweet 1oug,1tude. . Baaod cn tho naturnl conditiorw, tlm guography 0[ I’eru tnay be

1oad1y divided 1ito thz eo armw. "1‘lmaa nrc tho caaﬂtal arca (Cuﬁta) alcng th@

S Paclﬂc Occan whera thoro iﬂ pmctically ho- ruinl‘all tlu'oughout tlm ymu', tﬁounmln-

land (&erra) of the Andas Mountain Range locuted aast of the Casm wlml-o hlgh
-' pcaks of 5 000 m ot more are atretchlng and the. wmt junglalnnd (Sclwi) to the caat

of _t}m'_Andes -oc_cupying_ 50%'05\_ the (mtirc nntiq_ﬁu_l_ land _tu‘aaf: -

Dcpartmeﬁt oi' Cajamarca in wh{ch the Yangas it Iocatod ig in the highlandn
o of the ﬁierra, And Cajammca, tho capital city of tho de[mt‘tmﬁﬁh 13 iit an ﬁiﬂﬁf&tiﬁri .
' -:.ofz 655 m, While Celendfn, thc ca.pital city oz" Colan(ifﬁ Province, I8 ut Z 6&6 m. '

:. : Tempcratures ia of Andee Ilighlana mture with annua,l rean bz:twean 13" o I!ﬁ“(:

o with little fluctuation betwaen extfcmﬁe of }‘ml and cold durlng the year 'Ihs period

B from October to April 13 rainy seagan, md ur:like the Costa, them is- anmmi mlnmll
-of around 900 mm, Emt during thc dry acason L’rom June tcs Augugt, _thera is‘ almogt :

-:‘:no rainfail.

. . Dcpartment of La 1dbartad, Dep&rtmcnt of Ancaeh, Bcpartmcm of Lambaye -

' :que aml Departmént cf Piura are located in the Cas;w, ami thr_,fc iﬁ vafy little ralnfall,

3 ‘,: ':Ilowever, becauae of leas infmence ol’ thc Humboidt Curreﬁt (co!d e rrmt), HOres

B ‘:-_-ramfa,ll ca,n be expoawd than iri the cemrai and smuthcrn parts ot’ the: I’M.ific (,oas;t

":-;-;-.area,. Thig tendency t’of more raiﬁ is espccially promimm i ifepaftmﬁm of Wuis,

o ﬁMogf, of this area. iss 8 deseft but gricuitum his’ dwelo;‘ied in the bzwins of fif/ﬁf‘*

fiowmg dovm {rom the Andes Mountairssf aﬁd commtmﬂies hzwa besn formcd, ’I he

a i':"morsthly avcraga wmpcmturecs' ami m{ﬁfalls at Caj&marca, Celcndfn, fujiilo and -

' :'.Cmc!ayo are indicated iﬁ ’fabies 3 1 &ﬁd 3. 2,




6°8  ¥°0. 90 80 €0 10 Y'¢ 00 10 871 €2 0T T - okerdwd
8T 070 070 g0 T 10 0°0 €0 z°0 1°0 €0 1°0 2°0  omifnay
0716 67201 T°8BT 1°80T 6726 L°9T 0°01 8°61 9°€f 6°LIt L'0ET §°88 L°6§ WIPUOILD

87°0ZL 2798 9°SL 0708 17T€ 0TI 39 9L .1°3€ 7 9°701 97€1T z°gs 67¢s . woITwE(Ed

o=

YmoL 9e@ soN w0 cdeg Say tIAp  cunp Ae cady CIeRy

TUx frULg

ndg Jo co‘_nwm Evﬁoz.uﬂ jejurey abetany _>.__._u:w2 76 A .M.

617 H.‘Nm;_h.om‘, 86T $761 €761 9761 $'07 $'27 6°€7 L°§Z $°S7 . THT - oleppmd:
€61 €761 TU8TT 9721 €°LT §TLT 6°LT $°8T 9761 9°07 t-zz Tozz 7'z omumay

C67TT FTET BTET 6°TU €770 6TTL €Y1 6TIT 8771 €7€1 TUET UUST 9U€T. | WpuSeD.

67PL ST TIST 26T TS 4P B'RL BUBU 8L LTBT 87BT €61 €gT . woxTmelen.

UL ueey .Huoﬂ .bOZ 350 dog Sy A.Dh ~ung AR ~zdvy - TR ~qag -uep

: 3 .cﬂm.v.m..

- . muop
T I nseg jo :ﬁ_mwm.ﬁo.foz_um.oh.ﬁainﬂ 1 ueay AjpuUOp | g Q_nm._.




33  ‘Status Quo ‘of Sociéty and Economy
IR Y Departmentof Cajamalca '.
Dcpartment of Ca;amarca has a land arca of 35 000 ey, km and a pcpulaw :
) -'_:tion of 920 000 and xs 4 comparatively less dcveloplng department. As 1n
othc: parts of the Sierra, the majority of Lhe populatlon is Indian '1lthough :
. thcm is a substantial number of mestizos in the city of Cajamarca.. .
Celendfn is a relatwely new town with population of about 16, 000 lnciuding
'- _its'urha’n ar_ea ’l‘he mhah1tants at the Yangas sito are all Indmns (see

© Table 33).

Table 33 Population of Department of Cajamarca

:‘1_".'-7Re'gi'oi:r1“-:* S SN POpuiatiOn

:“ ;:):epartmentof '_Céj,ar.narcaf e T 920, 000. K
f.Cajarh':.ir'ca;.C_i.ty - . _ 62, 0&0_
Gelendm Provmce :'A:_: ' L 65,..0.0_0: .
. Celendm City y | . - _1_6,..0().0. _.

: The prmcipal industrie.s. of the department are agrnculture and stock« '
fa,rmmg, and thelr productiorx in 1970 amounted to: 1 380 mtllion bolea.
: _M;nmg foc:using on copper in the arca is. very promising and although pro-
e :.:;:_auct;on in 1970 was Only 199 million Soles {approx:mately 90% exported),
L a world sca.le development schemc for thc M:chlquillay Copper Mines, s
Vf' :_...'presently gaing ahea.d between the MINI::ROPERU and the Japancse Michi-
"'iqmliay Minmg Co. 5 Ltd. . and Operations are schcdulcd to be started in |
:1980 ' 'I‘he scale of ore extractlon is planned to be 30,000 to 50, 000 ton /day
for: annual productmn of 3 000 m:lhon ooles, Thig will morcover

| ..become almost entlrely fore:gn exchangc income. As for other mdustrics,

Ly | L



there 13 not much mora than small-scale actwnty in da,i:y products and :

o _trad1t10na1 cottage handicra[ts. o

’I‘he grosa product of Department of Cajama,rca, in 1970 amountcd to _ 

.‘160 m1lhon dolla:s wh:ch pe:. capnta was $176 For'all of the Repubhc of

- -,‘Peru the amount wWas 5 200 rmlhon dollars a.nd $399 per capita. i

'SihCe'develop'meﬁt bf ihd\iétry in.'Depart'rrieht-'_o_f ' Cajafnafc:a‘. ha‘a: '

' 'been retarded the tranSportation and commumcatlons syatems arg also _
‘poor. A road of appr0x1mate1y 180 km to Cajamarca from thc I’an
‘ Amemcan Hzghway runmng along the sea coast is about 70% pa,ved and w1ll o

,-sho;tly beco"rné.c;om;)letely paved; _Othe'r rOads in the_ de_partmcnt such as_, S '

R ‘t_he,'(?‘ifié. toCelendinwhlchwould ‘be t'h,:;'& road fbr'_iira_tﬁ'spofting ‘materials

. for the ‘:Ya‘n'gas_ P_'r_o'je.'c.t_,-ﬂ and 'th;cl road to Banibama,rca: all have ppo_r‘_eurfa_.'c'es- :

@

- andfo'ftérfn_' becomie impassable dﬁi‘iﬁg the rainy Beasoﬁ.- .Betwéeﬁ.the_: citiés

;o'i‘_.__Li;i_r-r-n.a.".é,.nd'. (_Ia,'j:ail.fnalfca'_ .t'_h.ére -i's one a.ii'éfax_‘t flighl; é;vgillab'le déil_ﬁr '_\.'_ia.Truji_llo..‘_"

Césta

(a)  Inhabitanis

"_ﬁrbAQ-'coﬁzﬁun';i;é's'-h'a{ée'b'een built at extremely limited parts
of .tlli_'e:ﬁe's.ef.;t a,nd m_éjézt of .t.h'.esle'h.ave 'd'i‘st.inct. characteristics such as
.: Tru;illo thCh hagg_ p%-d_s‘péi@ré'd_frbm mé..ny'_yea_,r:s .pa;st_,' Chiclayo, a

center ﬂo'f‘;':l'g'lj'iculturgj;.Iénd._Chimboft‘e.r,_,- ajné@_ induatrial'.,ce_nter {see

| Table 3:4).

RO TEAs




* Table 34 Poputation of Coastal Feplon [n Northern Poru In 1972

{Unit: fn thousands)

R SERRPNE )

" Reglon . Total . Urban | Local

" Departmont of Ancash w27 439 488

" _ch-im‘so;g_c;w_f._r e ter o sy 1

EFSICHE GRS S s o R i AR B B LR ah iR e el

Department of La Libﬂ-rtad ' . 806 Y AN azg
' Trujillo City BT Y S '.137' o :_- 7

i TmtoanAnt e R S st B T

Dcpartment of Lambaycquc I 5'_15'_ a 377 s ,_139 - L
- Chtclayo Lity :, o 156 149 e
R I’acasmayo and San P‘edro _ R R NI R : B
o de Lloa' City o224 3

S

_ Departmeént of Plura. - . 856 . . 444 - 441,
L PlaraCity - o sa g g
'.":""'I‘a_léir_al Cit,y . | a0 ) i 30

At bt cardaae om e b L AR e

U Republicef Pers T 13,572 8,087 5,485

| ‘."-:('_b). ' InduStry
| _ ' The vm:mty of Chimbote wasg in the paﬂt a poor agricultural
) vllla.ge in thc Santa, River Bzm{n, but a steel mill wasg I:sui!f. in 194'&
h 'and 1t has now. become an industrial city of a populaﬁion cloge to
200 000 .This atecl m:ll wae nai{ona,limd s 1971 and now beiaﬁgs
L'.f' to Fmpresa Sidérurgic,a del Peru (fﬁIDF, I’LRU} The. grea,t&r parts
: ‘-.'”of me city ware dcﬂti‘oyéd by t}m earthqﬂake which qtruc& thig area
' - .in 1970 but a mcovery ha,e bcen mads emd ﬂ'w prege‘-m pmduction of
'  ateai is 360 OGO idn/year, whils :t is planncd for expansfon Lo 2, 100, 600

""':E,toﬁ/ycar in 1980.




I‘he clty of Trujillo 130 km to t]tc nurth of Chlmbom la 4 town
. .which has praspered frcm tlw |msi, A new induatrlal park.la bcing :
;'-conslxuoted in- the nm thcrn part of tho thy along the P.m Amaricﬁn :
__ Ilighway, and ultlmatoiy. it is planned fﬁl‘ thle rmrk to covor l 740

hcctares. Ihe conttal imluﬁstry wlli bo rolatml to automabllau whilo o

‘ 3othe1 mechanical proceaslng factoricﬂ are also planﬁcd.

The area covczing flom tho northorn par t of Depavtmaﬁt af La,

L;bcrtad to t:hc southern part of Dapartmont of Lambayeque 16 an .

e "_arca where therc is much.agricultural activity- nL[llziﬁg watﬁr of stt'ch_' =

rnmrs as the (,hicama, thc Jequetcpcqua and th(, Lhamay, : Tho ﬁw:fn

:'quops_.a;‘q_ _ric_c _at_t_d__euga_r_cane,: On [:hc Lambayoque Rivw, I {najone,s; :
S Damfor an irrigation reee}-voir was constructcd in- 1968 at'a Iiojnt
| approximately 60 km upatraam ffom l,h(. mouth of the river. /alw,
: ;"an irrigatmn prc»jcct fcr thc Jequétapequc R{var is com{ng to raalfza-
'r‘l_tlgn. ' o ' : '
A‘I_‘t'ﬁo_u‘g_h the h_isiérf of ‘peigqlqt.t‘m q:a_vélo'prﬁ'e'r{t in_{-’efu is Iong.,
i .thé'i"é }":a.bf:e'-”béen o ia'rgc oflfields dis’ébvdéé‘d up to'datc.- The- vicginity
of Tala,ra in Departmem of P‘iura ig the leading o[l production
" area of I’cru ag of the pfescnt but there has ?em a de‘clinfng treand

'iin production it receut years (seﬁ; Tab!c 3 5}

Tabis 35 Oll Producﬁon and Export-import of P‘eru

Talasa and surro’anding ares o
- (Including Continental smm ' 21,743(103 bbl}

i’:’fdfc_i}:éiiéﬁ Otherg SRTR . o R 840 (. ‘n oy
o Tetal R ?z,sss( oy
'CmdeOrI L P 11074{“ oy
Import . : ‘. _
R OlfP!‘OdGCts L : ) '. 4 45,0{ i rf)
oo Crude©fLo 11 ( ooy
~ Export” - Sl

"""-('}E_If'l?i"oddc_ts 20l Tr oy

: .:. w[ﬁ» ;



| :-=.area is located in ’I‘alara and 1ts rcfmmg capaclty ua 64 kbbl/day, while L

‘ Héivei«?ér:; Jstitﬁul’ate’d b'y‘th'e succ'essmi de#clopmcnt-in neighbbr— :

Ny _mg Ecuador, geological sm vcys and trial drllling searching for oil o
| ..the Amazonas sido have. been uncier way recently, a.nd a fmr a.mount of. .
- prédﬁctmn is already-(;onfi;-med in the northern region. '-Constructlén :‘
:.' -__of .a p1pelme to the Pacil’xc Coast. .ia néce'ss;\ry for petroleum traﬁs-_
‘_.pmtahon from the Amazonas s1de and laymg of a lme thl ough the junglo
E -are.a and acr oss a paas m the Andes Mountam Range at an elevation of
. 2, 4_00 m to reac_h' Bayoyar _has been u_r;der c__ons_tructm_n.' Bayovar Ie é

desolate .v1llalgc at present but wiil' bcc.ojm'e. a 'p_gifp'ieum shippi_ng. porf;_

' 'once the p1pel1ne has been constructed

A 1efmmg pld,nt {or the petroleum extracted in the nenghbormg

-at prosent ‘a gasolme productlon facniity ot 16.6 kbbl/day w bmng

e ;nst_a?lcd to__-meet_ the 1ncraa_sed_g!_0m¢s§1c.dcmand. _Th_e_i_'e 13 _also_q

R

,7-'f§rf';iliz'é'x’:: .pila_h_i;.b'gih_g.éqﬁ_s_;fuq_ted___in the ?icir‘;ity-wiith Japa'n_QSe_'aid.

Transportation | . .
"The Pan Am’eri'can Hig'hw'é.'y f'unn'ing. along.the coast line énd

connectmg ma]or CIhGS is the p1 mcapal means of overland transporta—

tion. Th:s highway oxtends from: lea to Fcuador 'I‘rafflc is especl-
. :-ally buay on the Ch1mbote - Tru31llo - Pacasmayo - Chiclayo stretch

ﬂ: and in 19?0 there was trafﬁc record of about 3, 000 veh:cles per day.

'The ports o£ Peru are oi relatwe[y Iimited ca.pacw:es, The port

' '“of Callao near Lima Clty is s the foremost pmt of Peru and haa the
-.capacity to accomodate 26 ocean gomg vessels. In northern I—"eru.

"‘-_Chlmbote has a good na.tura,l harbor and is the best po rt in that parb

of the country. Other than these-, there are substantxal a.mounts of

-Lcargo handled at Port Salaverry havmg cit1es in the hinterland and




“Port Talava, .wh'igzh' 15 a potroleum basg {sco Table 3.6).

L Table 36 Tfénﬁnoria’tlbb_ at Port of Nijriher_n Pory in 1971

7 Numiber of Vessels J. ~Yoluine O‘;‘
: : ARl rangporiation
I_)_omcstic_l_ .lI_'_‘oreig'n a r‘?t?‘_‘lr- “0[3 Lon)

Port

" Chimbote Port ~ I5L - 150 300 1,198

z_salgééfry‘Pny-J-ff 45 - o1 a2 860
COMeamaPor 6 13 a9 o2
 Paua P6g£f' 283 '_, f216:  - '40§‘j C4r
‘Eténl?ééﬁ,;': - ‘ f  5i'_f' ;'l1 ::   : }6‘ '; ‘ 90

o TalraPort 297 10§ 405 2,790

34 ,_-E'!egfricl :Pt:)'wer_.is_it'uétiﬁlj -
The electrlc power industry in the chublic of Pcru, both publio and civilian, -
.;_ are under the Jurzsdzction of MEM. In-l??z, E_IJEC'I‘ROPERU _was eaiablgshed_
and general poWer supply ander national, l'o'cal ‘gévernmeﬁt aml'-p‘lfivate' ohﬁ:rétim;
o and prwate power generatton by factor:ca, warc uniﬁcd undcr this Lorporatifm for

‘a changeovét' to. an mtegrated system o;mratcd by the state

- Thc total output of the electmc power l‘acilitios in 1972 was 1,630 MW of
" : 'whlch hydroelectnc pOWer statwns comprwcd l 057 MW I’rivate power gencralion

5 'fa.ciht.nes_ con_st;tut'ed_8$5 MW (see"[_‘a_ble 3_-7};-

- ;['g;r




" Tablo 87 Power Facilitles in 1972
Tl e, o o umt MW
o ST Organization Power Generation .
Region - e — -~ Total
S . Pubhc Private Hydro Thermal ‘

. Republic of Peru 1,075 855 1,057 873 '1;'930
.. Department of Cajamazca o 8.0 5.3 9.9 Ib 1 -
R :Depé.i'tment:of Ancash - . 149.7. 87,2 106 5 100.4 206 9

‘Department of La Liveitad  27.0% 78.5 1.7 103.8 1055
) Department of Lambayeque 2.9 43.‘2 _ Ce o B&.L . 56, l': )

"Department of Plura 319 12.0 - 0.5 435 L 44,0

Although there are no statxstms on: elect1 1c power conaumptlon, annual
onergy productlon mcluding losses durmg 1960 to 19?2 showed armual growth rates
. of approxxmately 7 4% and the productlon in 1972 was 6 154 GWH Thls amount, .

:‘:;consulered pc1 caplta,, cortesponds to 463 KWH/year/caplta (see Tabla 3 8, F1g

Table 38 Energv Productlon m 1972 LT
. 4 _ _unit j GWH .
Regmn j S Hydro e "-lhor'ma,l - Total -
' ':Republlc of Peru - :4',_,43:»"3_. o 1, 71':5‘_' Y 154
'?-Depar_tment of Cajamarca o _' !40‘.5 4.5 ; 15,0
_Department of Ancash .- T 286.1 28,0 . 284,1
 Department of La Libertad  * o - - 301.2 301,2
. Department of Lambayeque™ =~ - - ~ 153,6 - 153.6
Department of Plura - . - G- 1239 123.9

: . Consumphon of electncal power energy 1; comoaratively high in the
depa;tments in the.Coota where development is more progrcssed a.mong the various
.dlstrlcta of the ‘n0rthez.'n part of the countrly, but m Depaxtment of Caja,tﬁa,?ca, s
the oonsomptzon 18 very omall due in part to the shortage o[ power fac1lit1es

(see Table 3. 9}

;ll_A.-‘ L-:]g;.r . :




Trend of Energy Production h

Fig.31
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~ “Table 30" Eriergy Cansumption por copita in 1072
G : E'ne“rg{r 'Consdml"):f;ﬂlon'
Reg:on T (KWH Peotr Capita)

A"e:ageOIthecolmtly L e

-'yDepaztmcnt oi Cajamarca S '_‘::_” B :.-; _ ‘:‘: 16
:f 'DGPaztmcnt of Ancash L E _   3_90. B :- :
: SDepartmant Of La, Ltbertad : R IR 334

. Department of Lamba,yeque E o L 302 i

" "Department of I’:ura S ¥ 1

o locations OI ‘w urban communitles has ha.d only a hmited electric powor Systamg B

..“,up to the present in- extremely 1im1ted areas such as Lima. " The majority of the

_ _The Repubhc of Peru, because of it gcographic conditions and thc scattered S

"citles are supplied mdepcndently W1th electric power chieﬂy through dlesel genem;,

VI‘i:;-ltIOt‘h, _whlle fa,ctoncs a,re carrymg out private power generation. Comparatively _ o
ila,rgc scale hydroelectric powar development has progressod in rocent years and
po;wer systems ha.ve bccn composed in’ parb. 1t ia. the intemion of the Peruvian '
:"'-.‘:_:.(40vern.me‘mf; to\ expand 220 kV mterconnecuon trans.:.'mss:on lmes such 46, L.lma-

;HChlmbote Lme throughout the country m thc {uture, '










. CHAPTER 4 LOAD  FORECAST-AND DEMAND AND SUPPLY SCHEMIE

415 Area Co‘ntémp!atéd'

' Vaz lous development pro;ects are bcmg planned in Lhe northern parf, of

- _Peru such as the mdustmahzahon schemes cente1 ed around Chimbote and Trupllo,
the development of the chhlqulllay Mmes and of petloleum 1elated mdustrxes

‘ .'_a,nd 1t 15 antxcxpated there will be lapld growth in the fu.tu:e in elech ic. power

. demand

The Chlmbote distmct 13. the pll'imary manufac.turmg axe‘a of.northél‘n Pelu.
: ;_'and.the proportlon occuf)iéd by.thxs dlstl 1ct in the whole power demana of the B
.'northern reglon is l;'au'ly lalge.. Abﬁut 70% of the energy pr oductlon of thé exxsf.mg
'Santa Powex System is (:Onsumed in thls d1sL1|ct. ‘Ihe pr1nc1pal dema,ud of thlS :
"‘-__dlstrlct is taken up by the state owned steei mlll SIDLRPFRU and it ma.y be sa,nd
:‘tha,t the trend of power demand in. the Santa. Power System depends as of the pxésent _
-. ._ _onw the amount o.f product:on .a,t th:s steel mill, SIDERPERU at present has estab-
| hshed a. plant expans.lon program and is a1mmg to 1ncrease :ts pl oductlon._ Besules,
i :there are flsh rmll plants and a carb:de plant (ENSA) in thls distr 1ct, while it is
_autlclpa.ted there wxll be mtroduchon of new factorles accoﬁ«.pany:ng the progress in

fuf:uxj_e dey_elopment of the.no_xfthern region, -

| In the northern part of Trujillo City, (_:m;.st'ruc_ti.cm (;f a new industrial park
fco'.rhiﬁri;éd:"(l)f yafidﬁs t‘ac.tlo.rié.s' rila‘la.ted to aufdi‘hobiie manufacturing‘-induétries.is
: _.bemg a.1med for, aﬁd at present the first- stage land lew,llmg work has been com-
‘pleted It is expected thefe will be an mc.rea‘,se an’ power demand for thls industrial.
. -_city&i_n the _fut:l;re. | |

:}

The Cajamarca dlStl‘lCt is an area havmg agmculture as its central industry

.‘—‘_'wlth hghtmg demand comprnsmg the greater pa: t of electnc power demand bt

. '. 99—



. aince the gtart ol‘ operahon of the Michiquillay Minos is pla,nned in 1930 H1s antl«
- cipated that there w;ll be a. considerablc growth in pawcr demand duc to thlfi mlﬁing

- 1“‘,’““”-."5’ and tha_i; the- d,cmand of thifi diaf,'ri_cf.f, will be much -l_ncrcaﬂcd by 1t, .

| In the i’aé%:asrﬁaﬁ éistrict, devélopmoﬁt r,s.f a part ac@ampénying the.schams .
_of the M;ch;qulllay Mmes has ber-n planmd.» T hera le a,lsa a (’emenf. plfmt oi Cin, |
.'_de Cemcnto I’acasmayo in the oum!'irts of the city which {5 at firesent wmcd half-
a.nd haif by govcrnment a,nd primtc interests. _ ’{hs amount of camcnt. produrtion is '_
'presently 315 kt/yr, a,nd thc manuf&cturing facimies a,ra 8che<luled f,o be doubksd
ime 19?8. I’here arc a!so plans for zntrcducing other mamsfactur{ng p[@mt:z {aﬂbcswﬂ
: plpe, cement p;pe, ctc,i into this district, a,lthough thesc ha,ve not yst reachﬁd the :

staagc of materrahzatmn. -

fhc Chieiayo diﬂtrtct is a,n agricultura! area ccmcrcd émam! sugar cane and

.fiéc. Ihere are plans for. [utur«- e/pansirm amd 1mg}r0ve=mmt of farmland a.rsd it wm

distﬁct in whach agfkculture would continue to isen prmcipab With fegpecﬁ to |
'4ele¢;tnc powar dcmand it m c,(mce,ivabfa for mtrcr}ueh(m aof gra,;sef manui&ctarirg

'u:;m.g sugar cane bagasse a8 & réw matena! but for the pn,serst, tﬁerc AFE RO €0~

c:_rgte -pl‘an-s .

ﬁeﬁartmem of f’mm is a dﬁiifﬁ;t in cr;mcrs ihs,m will be éé‘f&lofﬂ!’éﬁi fn the
'ﬁxtu?e in many ﬁeld@ suc}e as agficuhufs, ﬁsmrng, mimmg ?mﬁ maﬁu{aaﬂzfirg.
.m prcseh(; ﬂw maio maii:stfy is a,gnwitun, paftxcufar!r/ the m;téimémn of cotkor
far cxpo—tt purpﬁw.‘ I:ngastisn wom@ a?e Esesﬁzg ca?ffed ctst for ms, Chirs dfﬂn&é,
‘ and t?ﬁe (;ovsmmem ie: pm%niiy crgaged fh ﬂadfeg an the types of 3gf1(snfﬁami

creps m be mimdnc@d in this disefrr,s emd e;memes fmr pfﬁcaé-ﬁmg thetn fnto fnished

pfodﬁats. o *'

Fn e?e P’zsm eﬁgtrﬁct, vﬁtﬁa a.fé fm«rf armer.fw@ mmh & @&e U,v ,ﬁﬁ,k’%, and

"Jaepasa, iti s &emg pﬁaﬁﬁc& IM e(;ﬁﬁmng @f ﬁwmg wzi@ and bn&rodw&ﬁroﬁ of marine

,423:\._



: prc;du;ts proc@sing mdustrics such as fxee;ing, sall!ng and cunning. AL Ii,;yuvar

_ the:e are piana for dcvcloping phosphate oree, and at pvescnt @ p!lot plant h!m becn
| -,jcompleted The Government of Pery. e now studylng tha terme 01' ilnanca fr t.:m S
:":i.'.‘varic,us countrxca for developmcnt of thia om, '1 hera fg. also 4 plan for an oil pipo~
“::lmc 01’ 970 km crossmg the Amlea Mountain Rangc to reach l}ayovar ' wiih compl(-- .
: l):;tlon scheduled for thc fiscal year of 1976 Accampaning to thfﬂ 301’16(}1!10 ﬁ. is

.planned for constructnon of a port cap&ble of accammodatiﬁg oll tankefs or ?50 000 Lon&,

and mtroduction of petrochemica,l plam‘.s ia aleo being considcfed for thc fuf,urm

Although on a small scalc, petrolaum is bcfng produccd in Lho descrt area "
irom Paura to Tumbes. A petrclevm rcfmery ls bcing expanded al, T ala,ra,, whil(s

' a, t’erhlizer plant unlumg natural ga,s is bcing constructed with Japar:cﬁe aid

Eiectric power is being supplied to I"iura by a pr{vatc powar d{stribution
company, Fmpresa de anrg:a dc Plura, amd in 1?73, the maximum dcmand and

""annual energy consumptioﬁ were 11 2 MW and 45 6 awi raapactiveiy,

The city o{ ’falara ia being suppi:ed wnh electric pow(,f Fsy ELECT ROPF«RU
* vnth the maximum demand and annua[ cne,rg/ ccﬁsumption in 1973 b(,ing 9, 6 MW

| and 66 0 C-WH reapectwaly, :

Departmem of Tumbes 13 at the northcrnmost end of I’cﬂrw arid the priroip&l
-"mdustry is agnculture mainly consfstmg of ricc and bananas. Mehcugh there are
prescntly plans for development of agriculture, and tourism, a largemcalc incmaw

s in demand is. not expected in ﬂm futum.‘

The Yaﬁgas Profect ig close t thc M:c?xiquiﬂa,y Mines, ‘rujilio and
- Chsmbose wfuch are cenfers cf currem devclopmem uhemca. lo case this f*roj&ct,

.3:_should bc rea:hzcd it would natural!f be adcfed to Santa F’ow&f Sysfem o

) 'centered around (.hfmbme arsd g ey }f"(), ;m(E moréovcr, mtemonrecﬁed wft?



Mlchiqulllay.- As for thc Chiclayo arca, interconnectlou with the Samta Power

. System is concewable ln the Iuture when it becomos noccseary from the standpolnts

- of lmprovement of reliabil:ty a.nc] savmg of re:.%crvc capacity. Further, with respect

to. the two dcpartmente ot‘ Piura and Tumbes, even though there may be a posmbility
for demand to grow rapldly in the iuture, development schemes have not bcen t‘lnali«

Tzed as yet and mterconnection with the Santa Powar System would be a matter for a . |

'consldelably_far future.' In considerat:on of the above situation, load foreca.sts Were; o

' ".'made for the. area mentioned below. E

S Depa'rt‘n'meni; bf-AncasH
| _Industria.l area iocusmg 0n Chlmbote and the emsting Sahfa Powcr
. Syatem
2, 'Depa_rt;he'ﬁt-of'_lqa Libertad
".in'du#trizatl areas of Trajillo and Pacasmayo
3, . Depariment of Lambayéque
- ) Urban"'c_dmmuniti:es' centerec'i_at"bu-ﬁ'd. Chiclayo
4. . _Déﬁartﬁ":ent'o‘f-Ca‘.jamarca

Mic\hiq'_ui[l_ay_'Min'es’a_nd"urban communities centeréd around Cajamarca

42 Load Foréc’aiét

' The foad forecast has been- made usmg a8 a basis the forecast vaIues of
| Informe No. 001 EM/DGE;DPEICOLPA “Anilisis de Oferta y Demanda del Sistema
_ Lambayeque La Ltbertad Ancash Caja.ma.rca 19?5 - 1985” prepared in January 1974

| by MEM and refer rmg to the informatl.on llsted below. :
B P -bémancfé' v Qfei-fa’ de Energia Eiéctrica en 1a R_eg.ién Energética Norte,
¢ June 19?2 iPr__epa;ed_by‘ Cooperacién Energetica Periana-Alemana

,; Epa_ra 1a __Plari_ific:é,cién __Iri't_eg ral de '__En'ergfa,} o '



2, " 'I‘orecast of demand a¢companying cxpansion projcCt for SIDI RIPERY

(Prepared by MIr,M)

3 B ) orccast of dcmand ace Umpd.nying to thc dcvoiopmcnt of Michiquillay

Mmes (Michiquillay (,oppei Corporatlon)
R ﬁafio_dé'métadilstipaﬁ, ‘19.?.1 'anq_ Li)‘?z"ué'rqpaxed:by M_Em !
5. | Rei‘;ort on. B.d.ﬂlc .burvay‘ (;f (;aj;.;narca A.re.a.; Develc;[;tnent 1’rog1‘am, :
'. Repubhc of Peru (Prcpa,x ed by the Mcta,l Mining Corporation of Japan)" |
6 : j_Da,té."on. acgua'l'demaﬁd”a_nd Ioa‘d 'chargc_teﬁs‘ti-;s in most recant ..yeafe

- obtained in present field investigations,

'As:for the period of the load forecast it would be adequate, as a basle in-

'formé;ticﬁ Io'i'" the timing and sk:ale of the devcl'o'pme'nt 6f the Yangas l’rojcct and fdr N -

: the plan of expansmn of the system, to estimate powar balance for up to around
: _1985 emphaswmg 1n the flrst ha.lf of the 19803 when large increascs of dcmamd are
' anhmpated due to start of operatxons at the Mrclnqumay Mincs and reahzation of

the expa,ns ion program for SIDLRPLRU Lhe stt_z_e,l m;ll at Chimbote.

. However gince the no‘rthern rcg'i(m' is an area where there {8 great pogsi-
' bahty of long ~term development in the futurc, and as it w«:-uld be desirable for a
supply and demand scheme to bc estabhshed for an even. longer period, the period

of the -i_or,ecast bag been_'selccted to be from 1975 to 1990.

‘l;hé resuits of the 1oa.d forécast, mdxcated in. Table 4~1, are generally
| desk.:f.ibed below, Ele.ctrxc power dcmand is governed to a large extent by the
B .ciegree of lprogress.m mdustrlal;matmn. Thc mdustr;aluation program for
knorthern Peru has on[y just begun and the va,‘r{Ous achcmes have large undecidcd

. '.aapects, Consequently, Eorecast values are prcsented here w:th some a,mount of

latitude, B '
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thures in the load forecax;t which a.re. not in parenthcsee ara genarally
'Eréasonable as foracast va]ues for the futurc based on the present. Yate of growf,h in
'demand lthe ccmcrete natures of pians ﬂuch as for plant cxpanslon, and thcir ccrtairﬁ
- f,t:es 6[ reallzatmn..-. Maximum va,luca of dcmand which could be expeoted in case |
" there Should bc.new constructmn and expanaion 0! factorics, and if incrcaseﬂ in.(.u‘c;-»- '
' duchon quanhuteﬁ are v;gorously pushcd forward in the futum, are lndicated in
: .parentheses. Fcr the lﬁtﬁf ycars, thcs:: values are préctically the aams as thoee '
| eat:matcd by MEM As £o:- thc immedxatc yca.rs from novs, the forecast mtucs oi
-MEM are. reduced in accordancc with thc prcsent f;tata of progress in thc industri»—.
: éltéatIOn p.z.'ogr.am.l | . | | -

The oad _fo_recasts by _q;’éa 4r¢'given-in'*Pable 4.2 to Table 4.7

The power demand ot’ Chnmbcte ig greatly ml’!uenccd in particular by the

productmn p]a,ns of SIDLRPFRU. The ma,xnmum demand a,r;d annuai encrgy €oniv

B _:'sumptson of SIDFRPF‘RU for i‘???v were 48- 8 \dW and 184 4 C;WII rcspeotiveiy,

which compr:se 39% of the maxirmum dt,mand and 77% o£ the annua;l ené,rgy COnsUTOp -

. tion for the Chimbote area. QIDF'RPERU has plans fm- expa.ndmg far,tizttee in three
'_stages,- in _!975-,' 1978 and 1-932, and af tlﬁese tirnes, t_hcrcfafe, it is expecte‘d there
" will be sudden growthe in demand accompanying increases in produciion quantitics

T of stéet,

'Fish miﬁ Iactories 'i"ié_,ve bge_n.pi‘acfica!ly idle frorm 1973 because of recent
o _poor catches ol’ “anchov*”, and it ia th_oagh_t the growth in power _(Ierr_san'd for figh

il o the futire will algo be small,

Tﬁe (orecast éash‘z»s"'oi MEM are adoptéd withoﬂt mudiﬁcaﬁaﬁ- in estimating
. the mdwufual ioads of Ch:mbotc, S]DLRPLRU Ersn ok} {acwncs, etc,, v/mi(,
' : demands of {actorres ke be newly mtroduccd in !ﬁe fumm are corsiclered to E;e frota

| " ,.-Zi‘}?ﬁ aﬁ !he earhest in view of Hw preaent progwss in sndusénal deveiopment,



- Accordmg to these loa,d forecasts, th.ezc x;fiil he rapid growth i domand up L. 1980
. due to the expanSiOn program oi SIDI- RPLRU w[th growth in maximum IiOWGi‘ de»
.-mand averagmg Il% per year a,nd gfrowth in armual onorgy comumption nvaraging
13% per year, but after 1982 whcn the expansion program wil{ havo f:eﬁn ¢omploted.'_ :

g _' there will bc a suddcn drop ’m thc growth ratc, L

Ca.llejon dc lluay!aa iz a r;nining district [n the inland part of Départment t;\f

.-‘ _.Ancash where m 1973 maximum demand wad Z, 3 MW and annual enefgy cmsumpﬁon._
f 8 9 GWH 'Lhe growth rate in demand (annua.l énergy wnaumpﬁovn during the past

'- :-._severa,l years haa averaged about S%, But two min{ng <lcvc[opment projacts of
"Antamma and Santa Luisa w:ll be a,ddéd {n 197! amd a prominent increase in emergy |

' ‘demand s anhc:pated Thc ilgurcs of MFM hewe bcen adopted for this for’eczist.

The electnc power demand of Tru;ilio was 14,5 MW in teriis oi maxfa

'.mum demand a.nd 48 8. GWH in annuaf energy consumpffm, The growth rate n

i '_.annual energy cdnsumpt;lon during the pa;st fwe years was appfoxfma,teiy 10%,

| : -Land levellmg work haa jusf, been completed on 50 hectafes of Iand for the new
s :ndustr:al park and it :s judgod that conspxcuoue mcfease in demand wfII be from
'19?8 at the earhest. The central induStt’teS will be reIated to automobiles, and
:assummg there wi{I be automobﬂe pIants, foundneq f.racfor and agriculmra,l
“implements factortes, forecast has beeri ex*ecuted ori tﬁe basxs of the abovemena

tmned 1r¢forma.t10n 4 2 (1.

The 138 kV power trammxsston lfne from Tfu_]II]O to Santiaga de Cao fs

- presently in the desxgnmg eta.ge and it 19 tﬁ(mght now thab fompietton W‘LII be in

S

21976 two years behmd the oz’ginal schedule, ' Therefore, it is ethmated that the
'txme at whlch the paper rinil] (’I‘RUPAL) a,nd the qugar refmery’ (Ca,ﬂé.vm) a,ﬁ
B Santxago de Cao could be mcorpomted ini the Santa Power Sysl:em mf[ be in 197?

| '.Tﬁe forecast vaIues for these plancs are escsmaﬁed to be Iawer than Bhose of ME,M '

Rt =%



by thé amounts doe to the pe"r_iodﬂ' of delay in their incorporation Into the system,

The hghting demand of the area includmg Pacasmayo and surrounding com~

mumtlos is about 1 i'tol, 5 MW and thia 13 bemg met by private and local govern- '

ment supply capablllties (total 2 2 MW) The greater part of electric power demand

in thas a,rea. is made up by the requxrements of a cement plant and thls ia preﬂently
: _being met W1th prwate generatmg famhties (effective output 7 MW), but it is sched- 4
L

B : uled for productmn facnlltles to be doubled in 19’!8. Thé demand after the expanaion

s eshmated to be about 15 MW

i .The d.er:na;rid”dtte to ekpansion of port and harlb.or feoilities i'ra'cora.nect.ion with
_developm.ent ot‘ the Mlchiqmllay Mmes is 1ncluoed in. the load forecast for I’acasroa;?o
-‘and its surroundmgs 'I‘he tnmmg of mterconnect:on ot’ the Paoesmayo Toad W’.Lth the _

' ‘.Sa.nta Power System W111 be governed by whettmet ‘or not the route of the Trujillo to ..:
. ‘.:..Mllehlqmllay transmlsSwn line w111 pass Paca.smay.o.. It' thmgs go wel] intercoencc- L

' _thIl wr.th the Sa.nta. Power System w1ll be made in 1980

The electnc power demands of the Cajamarea and Mtchlquilla,y distr;cts w:il

' "be mcorporated in the Santa, Power Syetem from 1980 when operation of the ‘Alchx—.

" qulllay Mmes wxll be commenced The Ioad forecast [or the \dichxquxllay Mines,
mcludmg the demand of the mmmg tOWn which wxll be born accompanying to this
,development of the mmes, hae been made assummg ore extraction of 30,000 to 50, 000

i ton/day in the flrst year and. 40,000 to 60 000 ton/day from 1985

'I‘._he ootﬁet demand .of'Caja:rreai-éa.:ir:i' 1973 was ‘I_r 7 MWm terma of maxi-
mumdemandand 5 l‘ GWH i‘n'. annual .energy.eoﬁeutﬁption‘.' In. ﬂ}'e load ‘f:orecaa't fof

| thxs czty; estlmates have been made usmg the recent growth rate of 11% per year

. for the pertod up to 1980 whxle from 1981 and thereafter, it {sa coneidered that the

- mcreaee'm power demand w111 become relatwely stable Wlth the Mlchlquﬂlay Mines

entexfmg_ p;_'o_d_u.ctlon, and a growl:h rate of 5. 5% per year haa been usad
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The ioad forecast £igurcs for Chlclayo lnclude, l)csidcs the load ol’ Chiclayo,‘ -
Eh the loads of small communitws surrounding C.hiclayo auch as Monsefu, luten,

,-: Lambayequo, meentel and l‘e: renafe. The prcwnt power systcm of Chiclayo s

: short of Supply capabxhty and ft ls anticxpated thit tho growtli mto of power demand
will rnse up as supply capability isg securod in accordanco with fulure progreas in :

~the industrial program. :

Ihe maximum growl:h ra.te during the past. t.cc; .ycars §£ 12% hase bccn adopt.od

' 'ffc.ﬁz_-rth'e; foz;ccast. As a rosult, the maximum demand will bc 35 MW in 1985 and 51

' ZMW in 1990 and unless mcorporat:on Of now. factories is vigorously pressed,

Vdemand of 78 MW at whmh 1nterc0nnection with the bama; Power System wili becomc- '
advantageous will not be reached. (Note., see prevxoualy mentloncd information4 2(5))
‘The Ch:clayo area ig. envis:oned as an mdustrwl area focusing on agriculture avan

: 'm .the. fﬁture and it is mconcewable that there w:ll bc a specta,cula,r increase in

' :.c.lnga.maur;cl.r For thxa rea,son, the derﬁand of this area ia not mciuded m thc total de~ _:
'_l_‘mla'.s'n_d' _df_!;he_ en;xre_ power system-of_th_e r‘:orther‘n. region (her‘cihal’ter réferred to as

‘Expanded Sania.Po_w.er System}, . .-

43 Load Cﬁrv_és
_Iﬁ estab_lish_ing a power é‘.upply and dehlna_nd scheme, it i.s importantl_to in-
x._._:Vest'iga.te.tl;é.cﬁara'cteris;:iés of al'l of the.varioué loads iﬁ- the .system 'a;nd to grasp
5 the chara.ctc.r:stics. of thé demand from thc dally Ioad curve through aggregation of
) these Ioads "Ihe form of the da,lly Ioad curve of the exlsting Santa Poweér System
7‘13 sh'own_ m_ I'_ig. 4.1, T_his i_s the da.ily.-loa',d curve for th.e entire Santa Power
g .S_ys.t.erﬁ pjf_éipa.r_e_:d’._ b.alsed'd'ril thé EypicaI‘;mc-!Iv'idua[ 1oad curves obtained from acfual

' -p'ei-.fo'fﬁaancés‘ in 1973 and indicates chafa;éterisf_icétypi'ca! of ihe‘eﬁystem(
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-' : Aé'caramg' to this. althaugh“the influeaca-due to SIDERPERU'is.'-big in th'e
Santa Power Systcm, the load cu:ve is levelled off considerably by the lighting
demand during the nlght tlme and the power demand ig almost constant from 10, 00' _
_A M to. 10 00 P, M However, .\._w.th the l'utme devclopment of mduatry, the systcm_
' would be expanded and it 1s ant1c1pated that the shape of the 1oad curve wﬂl become

' ".'complex aavar;ous-typas_ Of loads‘:areadd_‘e‘d a.nd lighting demand_is increased. SO

The future lodd curve of the Santa Power System is estimated by obtalning

the load curves ~d£ th’e i’ndividuai l_oads f.r.oni deman'd.forecaéta and characteristics

of loads of such centers as SIDERPERU and Chlmbote and makmg a composxte

-from them. The weekday danly load curves l'or thc various areas and the Expanded:
_:Santa Power System forecast for the phase of 1982 are mdmated in F1g 4-2. Tha

:-_1aason for adoptmg the 1982 phase i8 that this will be a time correspondmg to the o :

-.m;dalle of the forecast peuod, Whlle the ma;oz' mdus.trializatmn plans whxch have

F"Q'w. ..bacot.':fxacom.:re_t_e_walll a._ll. have be.eu- reahzt_ad to_ an extan_t ‘80 t_hat it is’ coas,idered. :
'.'tﬁa't.aut.)ée_quant":ihc'i;eaaé' ia pawar damahd Qill show a atable growth..: It is further

| cons1dered for tlns reason that this load curve will be fixed for some time becauae :

| of th.e sl;rfaatafe 0f-péw_e_r syatem;_ l;h_erel’orerth_i‘s will make it aonvenient to estimate

the entire forecast period.

“.'\"I:'he‘dai'ly load-,cu:{*vejs for weekdays of factories and other consumers in
the various areas are shown in Fig, 4-3 to Fig. 4-7, and it is considered there will
. beno surb‘s_tantia_l:variation-in their shapes th;c'mghout the year except for special

‘cases.such'as major changé_s 'in_p.'rddu_cti_on plans should happen.

Accordmg to the dally load curves in F1g 4 Z, the ‘peak values of power -
‘demand come between 7. 00 P. M. and 8. 00 P, M., or the 50~ called lighting hour
. band Smce it cannot be thought that there would be much change over the years

.m the form of the danly load curve of each unit Ioad thls characteustlc is
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| .‘ maintained in the dally load cnrve of the Expanded Senta Power Systemn frorn 1982
and thereafter when a new power generation project is estzmated to be xncqrperated.

-V-This is because whereas the growth in Eactory demand whtch makes up the pzincipa.l '

: __'pa,rt of. power demand during the dayt:me becomes atablllzed the lighting power

dernande of c1t1e3 such as. Ch:mbote and Tru)illo are. expected to continue to fn-

s creese greatly durmg the hghtmg time band while the factory demand elso dnt‘lng

thls hour band w111 not be smali

.C»onsequ.ently, by deterrnmmg ttme pewer demand durmg 7 00 P, .M. to 8.00
P.M. for all loads of the varmus areas, the values obtamed through synthesis for
the entu:e poteex_- systernrt_nay. be deemed to be.l_:he meximum power demand for the
'.-ﬁx'pa.nl'de:d San:te.Power Systene. I'he trend of vernatlen for each nernod in the dally
__load curve of the .pra.nded Santa Power Systent is gwen in Flg 4.8, As the Santa :
_iPewer System ia expanded to mclude Pacasmayo, Michtqu{llay, etc.; as hghtmg
. ._demand is 1ncrea3ed and as the mcrease in factory demand become stabilized, the

-.peak__demands during the da‘ytime_ an_d the‘-lighting hours will bocome preminent.

It w11.'l be necesseey .to‘ secure a supply eapebllzty at all times, .wh1ch can
. _meet t‘netrtc:= easmg.end Aleecomzng more complex demand But as_ the hydro and
' thermal power statiens composing the s‘upply capability pdssese indtvidtzally
':diliferent chazacter:shcs (eperatmg output l‘opera.tmg time, adaptab:hty for loa.d
- ehanges etc ), it is ‘neceesary to understand well the characteustlcs of these
. supply capabl_h_ties _a_nd to let th_em operate te be able to l_'ully demOns_tra_,te their
' @aturee infQrder;_te.'eerey.ent electric powor s.upply in a stable en:d_e.eonornical
_mm;;m;'e;-, Aecordmgly, in:;ei-o:rnoting future developmen_t of supply capability, it
B :is.-itnp.ox%t'an_t.:_to etudy for aln‘ew'eo'\ver gene'ration source, which part of the load
N lcurve (peek base or mtermed:ate portnon) this pro;ect shOuld be assigned to'in

the consnderatlon of 1ts role in the present supply capabxhtlea along w;th the actua.l

' _c1}'cumsta.n'ees ; of the'eystem.
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4.4 “Power Supp_!y Sch,a:me f
- The balance of demand and supplf of the Expanded Santa Power System
- prepared based on the a,l’01 emeutloned load forecast is indicated in lable 1-8.
Diesel generators of small capa.cttms have bean excluded from the supply capa.bihty-
in thia case. Although the supply from the Ccnlral Power System through the
' lea Chimbote Transmission Lme should naturally be consldered the demand
and - supply balance of the pra,nde.d Sa.nta Power System only in the nolthern region

is studied for the time. being

Accordmg to the study, dcmand cannot be met beyond 1977 with the present
_po.wer sources only of the Santa Powar System, " ELECT ROPERU staried expan-
sion works (100 MW - 150 MW} of Cation del Pato Power Stauon in the Santa river
system in October 1974 and is scheduled to ba completed in 1978. Should this
' power statioru be completed as scheduled, the supply capability in 1978 will become
223 MW but if the expanswn plan of SIDERPERU proceeds as scheduled, the
gen’erating—énd dema._hd will be 238 MW, and a shortage in supply capability will
N é.ris_e. Thgrefore; a new'additioﬁal supply capacity in 1978 will be desirable,
: However the shortage wdl not be substantxal at this time, and should there be
dlfhculty. m developmg a new power source timely, supply from the Centra.l Power
System through the lea Chnnbote '1ransm1ss:0u Line scheduled to be operated in

1978 WQuld be one meothad for the moment,

In 1980, there will be a marked shortage in electmc power supply caused
by sta.rt of operatmn of the Mmh;quxllay Mines, and from the aspect of supply
.' .sta,blllty a new‘a‘ddition_al power source is desirable to be incorporated in the

 Expanded Santa Power System,

Regardmg the tlmmg of mcorporatmn of Pa,casmayo into the Sa.nta. Power

; System, it w1ll be governed by the route of the Trupllo -Michiquillay transmission
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lins, of s_vhi_cﬁ feasibility study haa no’t:yet béen complel:od at the present timo,

But as it is assumed thls interconnection to be completed fn 1980 at the oarlloat,

_the balance of demand and supply is considered slnce 1980.. In the caso when

Pacasmayo is not lnterconnected with the Santa Power System, the shortage ln

supply capabllity of the Expanded Santa Power System in 1980 would ba alleviatod

.: by about 9 MW and the shortage would be around 82 MW, However, it is thought
that the sortage in supply capability after interconnection In case of delay of {ntere

connection will become approximately around the values glven fn the table.

S’I‘abla 4-.9" r'é‘pres"en'tn the for.ecast of Iuturn demand tl'analtion in .the
'sendlng end. power a.nd annual sending -énd energy of the hxpanded Santa Power
_ System and it ia deslrable from the standpoint of reliability for a Supply capability E
to have a reae_rve capacity of about 10%. The Sendlng—end demiand has been
| obtaine'cl by estirnat.inlg:éransrnlssmn losses (MW) In demand-end considering maxi-
i‘nuﬁq-poﬁre‘r dréin_ands_ of the various demand ends in around 1990 and adding them to

demand-end values (MW},

The sendmg ~end energy (GWH) of the Expanded Santa Power Syatem has
been estimated by calculating the loss factor for thls System frorn the expemmental
formula. of Pul]er Woodrow as showu below and calculating the afinual transmission
logs in energy (GWH} takmg lnto account the transmxssion loss (MW) at peak load

_ hours and adding it to the annual demand-end energy.

0.762+0,3f

o]
i

“where

loss factor

=]
i

-,
1

load factor.

 Fig. 4.’-'9.(5}. and Fig(:‘!.-'('}"(b) indicate power supply plans for .t'he Expanded Santa
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"Power System prepai*ed based on the above method,

‘- It is conaldered to be appropriate for a load forecast to be estimatcd on
aupply forcasts based on plans which have high certaintiea of reali/ation as provl-n
. 'ously mentioned and adding lnto account reaerve supply capaclty. 'I‘hla procedure

was applied ln maklng up the forecast using the iollowings ag proconditions'

{1) Ten percent of the supply capability of the Expanded Santa Power

Syatem is considered to be reserve ca.pa.clty Erom the standpoint of reliability.-

2y A_lthough iy ia planned to secure necessary supply capability within
the Exbe.n_ded Santa Power Syatem itaelf insofar as possible, in case a
_shortege in sepply capablility eﬂo-.:ld eccur,: supplementatien from the .
Central Power System through the Lima Chimbote TranamissiOn L{ne |

) censidered

: (_3')- The.ateam power-facilities at Sa,ntia.go de Cao and Pacasmayo are to
be.ce’nsidered a3 reserve capacity from the standpoint of economical

- operation of the system,

(4)  The gas turbines at Chimbote and Trufillo are to serve peak loads
only in consideration of the characteristics and economics of these

generators and the capacity factor is considered to be 10% as a rule.

- Curve (A)in Fig. .4-9(3.) indicates the 'cha.nges' in supply capability'of the
Expanded Santa Pewer System estimated to be necessary as prepared based on the

: a.bove precondntlons. .

The suppi'y"capab_i_lity to be secured within the Sysiem must be estimated
based |c>r\“hcv.iur to use th‘e LirhauChtmb'ote Tranamission Line. Curve (A) represgents
the supply capability estimated to be necessary takmg into acgount reserve capability

of 10% w’ithin the Expanded Santa Power Syste'm itself,_' on the other hand Curve (B)
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shows the supply capalnhty 1equ1rcd within the Sygtem {n case of xocewmg power
fr§m the Central Power System up to the limit of transmission capacity {while
smgle c1.rcu1t 12{) MW) of the Lima-Chimbote 'I‘ransmiss.mn me assummg there
will be an adequate sur plus in the Ccntral Power Syafem. 'Iho studics of thc tr.a.ns-
'."mlSSlOn capamty (whlle smgle circuxt} of the lea Clumbotc 'llanamxssion Line

-are gwen in Appendlx A from the standpomta of stcady state stabillty and voltage.

Since it is considered difficult that devalop:ment of new power sources
other .than the éxpansion work of Cafon del Pato will be ;:arried out in order
| ‘to cope with the shortage in supply ca.pabxhty during 1978 to 1979 becauge of-
lack of tirne, it is _cons1dercd unavoidable to receive power [rom the Ccntra}
Power -Systém throﬁgh the Liﬁma-Chimbotc Transmission lLine to cover |
- a sh01 tage of the supply capabllnty mcludmg reserve capacity, but it would caus{;
en.ormous effects during faulting of the transrmss:on line to depend too much on
tiné mea.ns-;, ‘and lowermg of rehabnhty of the system cannot be avoided, ’I'hcre-
fore, even though ior éhe time bemg f.he. supply ca,pabxlll;y is t.o be secured in-ac~
Icordance with Curve (B), it will be desirable to swntch to a supply capability

' accordmg to Curve (A) at an earliest date as soon as possﬂ)le.

, 4.5 ' A.n'ti'c'ipatet.i New Pévﬁer Sources for Dévelopmem
Altho_u_gﬂ as stated in the preceding section the supply capability (including
reservé capacitﬂ which must Be secured within the Expanded Santa Power System
_itsélf rﬁﬁst be cbﬁsi&éred depending on how to use the Lima-Chimbote Transmis~
.. é:idr'.:.Li:ne:; i.t‘;‘shtsul.d be endeavored to secure the supply capabilities of Fige, 4-9(a}
- a,r;d 4-9(b) with respect to maximum power (MW} and annual enecrgy
"(GW'I-.I‘}“'thr‘ot;gh :developmenf of various new péwer sources such as El Chorro
.Power Stahon, Yangas Project etc., and through receiving from the Central Power

System vna the ana Chimbote ’I‘ransmmsnon Lme, while adequate characteristics
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'ﬂ'n_us_t bé“px’-epared for proper opéi'atlon_ of the system taking into account the

load cha.radteristica.

Figs. 4 lO(a), {b) and ¥ 1gs 4-11(a), (b) lndicate the daily load curves for
max:mum demand hours and hohdays forecast each for 1982 and 1‘)90. In 1982

' wath peak port:ons of load met by gas turbines and Cafon del Pate Power Station

- allocated to the baae portwn, there will be a necess:ty for development of new

power sources__f_;o supply the rema.inin'g base p‘ortion‘ and Intermed{ate portion of
the load,  The daily load fa.étor for all of the ne;:'essary newly develbped powar on
weekdays and at pea,k hours will be around 86% (annua.l average daily load fa,ctor
:wxll be around 60%), indicating that new power sources should have 3trong tra;ts

i 01’ carrying rather base load.

_I‘? I§9Q, ihe distingt{ons between the base,- peak and intcrmediate bortloﬁs.
' _._of load will- become even more prominent, and the demand at the peak portion will
| a,lso be la.rge. I‘h‘erefore, it w:ll of course be needed at this time to aim for in-
(.rease in suppIy capabtlity .to £ill the base and intermediate load requlrements,
| but it will also be necesgary for addition of a new power source to cope with the portion
_of p‘ea.k load. Therefore, in deve[bping here'after new power sources to be incorpo-
‘ _ré.ted to th.e Expanded Sania Power System, it will be required for a method of
development of projects which have proper functions from the standpoint of opara-~

tion of the power systern through paying thorough considerations on load characteristics.

If Yangas Project should be developed in the carly part of the 1980s, it
would be appropna.te to be developed as a power station aupplying the intermediate
load from_the standpoint of carrying Ioad but as will be explained in Chapter 7,

" the economics of the pro;ect will become better if the development is made to be
.l:a powér source supplymg the portion of the load close to the peak, A study of this

matt_e;_r will be made in detail in Chapter 8.
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) Fig A2 . Daily Load Cumes oi Expandod Santa Power System
A S (Maximum demand In 1982) :
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Flg. 41 Typical Daily Load'éﬁiée;;of Saiita Pawer Syster (in 1973)
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Fig, 4- 4 l)aity Load Curves of Calle;on de Huaylas Aroa
{Maximum damand in 1982}
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Fig 4 6 Daily Load Curvesof Pacasrnavo Area
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Fig. 4-8 -Daiiy Load Curves of Santa Power S_ystem (Maximum demand)
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‘ig. 4-9 {a)  Power D'emand’ and Required Power Supply Capacity
- of Expanded Santa Power System
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Fig. '4_-10 b} Load Duration Curve and Power Supply Capacity
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Fig. 4-11 {a)

Lbéd Duration Curve and Power Supply Capacity
of Expanded Santa Power System :
: {MaxImurn demand in 1990}
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Fig. 4-11 (b}
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