





CHAPTER 3  DEVELOGPMENT OF MINES

1. cCurent Situation of the Peruvian Mining Industry

11 I'op-o-g:aphic Overview

'[he Republic of Peru is focated in the westesn part of the South American continent, It fies between
0° and 18°21" south latitudés and extends from the Pacific coast in the west (o the Amazon Plain in the east.
[ts totad areais 1 285 2!5 km?, equivalent to 3.3 fimes that of Japan,

The vast and soaring Andes miountain system tuls across the nation from southeast to noithwest.
Gn its west Lies a nafrow ¢oastal belt and on its east an extensive stretch of phins thickly covered by tropical
plants.

The Andes mountain system consists of three movntain ranges; namely, the Cordittera Occidental,
Cordilléra Oriental and the Cordiliesa Sub-Andina. The Cordillera Occidental and Cordiltera Qriental join each

other at the Marafion Caryon 2t the néorth and the Mantaro Canyon at the ¢enter, while there s no point of
contact beiween the Corditlera Oriental and 1he Sub-Andina.

“The Cordlt!era Occidental, comprised of tocks of the Mesozoic Era md the Testiary Period, is the
highest of the threz mountsin fangés, Ms ridges aun approaimaitely parallel to the Pacific coast tine and fosm the
watershed of the continent. The highest peak is the Nevado Huascaran that rises 6,768 m sbove sea level. The
west side of the mountain rarge is serered in many places by rivers which pour into the Pacific Geean.

The Cosdillera Oncnlal comprised mostly of rocks of the Palasozoic Fra, runs siraight into Pesu
from Bolivia. After once bending near Abancay, it stretches northwest to the 7° paralle] 8. L. whese it disappears.
From thére, It pasies under the rocks of the Mesozoic Fra, then reemeiges in Ecuador. Most of the peaks in

the southéin and central parts of this mountain range excead 5000 m zbove sea kevel. Rivess in the Amazon
foatand flow through deep cany ons.

The notable feature of the Andes system i3 ils group of canyons that extend longitudinally; the
Marziton in the north, lhe Mantaro in the center, the Titicaca basin and Vilcanota canyon in the south,

 The Cordillera Sub- Andma which is comprised of tocks of the Mesozoic Era and the Testiary Pesjod,
lies to the east of the Cordillera Oriental and stretches nosthwest from 12° S.L. toward the northern region.
To the ¢ast of this mountain rangé which excéads 3,000 m in height, spreads the gently undulating plains of the

Amazon, The salient featuré of this range are the hlﬂs of Shira, Containana and Contoya where the branch of
the Andes system terminates.

The Andés lughhnds pam-.u}ar!y the Jong and naredw range of mountains formed by the Cordillezas
Osiental and Ogcidéntal, comprises a plateau of mosz than 4,200 m in elevation, tharply teverad by a group of
Tivers vﬂm_h fMlow intd the ,Pa_uhc Oczan, Rio Amazonas and Lake Titicaca. On (his Altiplano towers mountains
and massive rocks, som2 of which are more than 6,000 m high. The climate in this region is mercurial. In the big
canyons the tempratuie vacillates belweea intense heat to mild while on the highlands and in places highes
above, it drops from coM to freezing tlemperatures.

The Amazon Plain has a high average temperature and is densely covered by tropical plants.
The coadtal region is a softly undulating steetch of 1and vanying in width from 20 km to 100 km at

some bOmls ard with 2n elevation ranging between 500 m to 1,500 m 2bove s2a Ievel. The region is comprised
of coastal tesraces, the piedmont altuvial plains and series of fow hills. Fig. 3.1 is a map of the Andes System,
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Fig.3- 1 The Andes Mountaln Systém
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12  Mineral Resources Endowment - -

The R{pub[ic_ of Peru Is one of the most richly endowed countsies of the world in ils variety and
quantity of available mineral resources. This pasagraph will deal mostly with the so-called basic metale such ag
copper, lead ard zinic, . ;

The Osé deposit distribution Qf fach melal 15as sﬁN\_’n in Fig. 3-2.

Broadly speaking, porphyry copper fype deposits are mainly found in the northera and southera
regions. For Inistance, the Michiquithay, Cerro Verde, Santa Rosa and Quellaveco Mines operated by Minero Peru
(Emptesa Minéra del Perd) and the Toquepara and Cuajone Min¢s opesated by the Southein Peru Coppes Corpora-
tion, all havé huge deposits of a few hundred million tons each. These deposits genesally accompany some molyb-
dénite but confain acither gold nor silver, - ' ' . -

- In the céntral région are located mainly 1hs win type and the conlact metasomatic type deposits
which generally contain ofic of more of copper, kead, zinc o silver, and the seate of these deposits usually ranges
between sevéral million fons 10 sevzral tens 6f million tons each. Examples are the Casapalca, San Cristodal,
Motococha, Cesio dé Paseo, Yauricocha and Cobriza Mines operated by thé Cenlromin Peiu (Empresa Minesa
de Centso del Perd), the Huanzals Mine of the Sanfa Luisa S.A. (an affiliate of the Mitsui Metal Mining Co.,
Ltd) and the Antaming Mine of Minero Peru; all of which exist 4,000 m or moré above sea level.

. The project areas covered by this sunvey, as detaited in Parageaph 2, is located between the central
and couthein fegions which genérally sbound in skarn deposits. Theie are such as the Tintaya Mine of Minsro
Peru, the Atalaya Mifie of the Atzlaya Mining Company, and the Coroccohuayeo cureatly under joinl prospect
ing by the Overseas Minéral Resources Developmeit Co. 3ad the Mineco Pery, The Quechua Mine which is cur-
rently being progpected by the Mitsui Metal Mining Co. mainly consists of porphysy COPpet Lype depdsits but
also includes some skarn déposits. Thesé sXarn deposits generally contain high grade copper ore and almost
invasiably accompany some gold and silvér, - ' B

_ The eushng total .&é‘resen‘e's ('J-f:déﬁbsil__s currently mined ot planned for develepment in terms of
metad conténts are ‘clained to bé 25 million tons of copper, 3.5 million tons of kead ind 8.S million tons of zine,
(Refer to Table 3-1.) GoMd and iron ore reserves are also well known, -

13 '?tbduéﬁéﬁ's'tahijs of Minzra! Résources

. The 1éseit preduction volumes of major metals in Peru ate shown in Table 32, A tharg increase
of coppet production up to 377,500 tons recorded in 1977 is attributable 10 the pewly opesating Cuajore Mine
- which producéd 175,800 tons of blister copper and the fact that reduced production of the Taquepars Mine was
compensated by the stepped-up production at yasious minés of Centiomin Peru as well 4s by the provessing of
oxide oies at the Cerjo Verde Mine of Mineso Peru. Co

_Of the 377,300 ton copper produsition; 284,200 tons was produced by the Cusjone 2nd Toquepara
Mines of the Southert Peru Copper Cosporation, 63,100 toas by the Centeosnin Peru and most of the remainder
by the Cerid Verdé Mine of Mineso Peru. In other wotds, thize thiee éompanizs aceounted for mote than 95%
of total production. -~ . | o -

R :eg;?d 10 kead and zinic, spproximately half of the Aation’s tota) peoduction is produced by the

Centeomin Perualone.

MINERO PERU (Empresa Mid¢ra d¢1 Perd) o

... Minerd Pend was established on April 14, 1970 under D.L. No. 18225 and is row being operated
under the Organization Law D.L; No. 20035 promulgated on May 30, 1973, lis opesating budgel for Fiscal
Year 1978 w2t 8,214.7 mitlion soles. Topmost among Mineid Peru's development ptogiams are such priotity
Projects as stabilizing the operation of oxide ore processing at the Cenro Verde Mine which is already in opera-
lidn, then that of sullide ore processing, the expansion of the llo refinery and installation of a new zin¢ tefinery,
and development of the Tintaya Miné, Akso on its waiting Bst are exploration ard development projects of such
hige deposits at Michiquillay, Queliaveco, Sants Rosa and Antamina, all of which should promise Minero Pera
1o make specticular steides soon.
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Fig.3-2 Perv’s Principal Mining Centers -
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Table3-1 Ore Reserves and Grades of Principal Mines (O2posits)

Nime of .\r“ﬂei K (\ lﬁfseﬁes o L ) ()_'e Glad_e ] Remark
Deposils) Miltion Fons) |, .. T -
(Deposits) | : ) Coppet ()] Lead (%) | Zinc (2) | Sitver (gh)
Michiquillay (419) {0.76) '
e 544 0469 - . -
Cerro Verde 108 160 - - - enaigite only
Santa Rosa 490 074 = - -
Quillaveco 385 085 | - - -
Toque paha 220 088 - - - known fesénve
Cuzjore 468 100 - — = | enargite only
Antamina 128 161 ~ 113 is '
Morococha 43 130 | o9 240 130
Cerro de Pasco 53 - 36 9.2 92
Casspala 56 060 15~ 16 -
s gold and silves
- {31.5) (1.76) estimated to be
Tintaya 31 203 - -~ - équivalent to
Coroccohuayco
‘Corocéohuayco 7.7 320 - — 10 | gold0Sgit
Source: Waild Minifz and Peruvian times, ete.
Teble3:2 Production Volumes of Mé}oi Metals and Ores in Peru
1975 1976 1977
Coppei  (MI) 188450 200,100 377,500
Lead MT) 188,490 182,100 173,000
Zine.  (MT) - 428450 421,300 471,000
Gold (Froy Ounée) 75822 80,700 $0,000
Sitver (froy Ounce) 28238905 29935917 30,100000
Iioa Ores  (LT) 5067,240 ' 4,701,800 16093000

Source: World Mining, June 25, 1978
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Fig. 3-3 shows the organfzation chart of Mi_né 1o Pesn,

CENTROMIN PERU (Esmpress Minera de} Centro del Pest) L
o} i erament owned company which operates 6 mines in thé cbhteal iegfon of
Cenlromin Pequ §s a government owned company whiq.:h operates 6 ming ; : centéal region
Peru, the Cerro de Pasco, Morocochs, Yausicocha, Casapalea, San Cristobal and Cobriza, in 2ddition 16 the Oroya
Refinery, alt on an independent, sell-supporting basis. S

As a leading producer of principal fieizls in Pery, it produced 63,108 tons 0{6{399@_{,89,50{ to.ns‘ol'
fead, 206926 tons of zing, 36,226 ounces of goMd, 21,572,345 cunces of silver besides bismuth, s:elemum and
antimony in Fiscal Year 1977, T [E T

Ciode ore pr&fuced from thése six mines wére: 2226 605 tons at C‘e;’n’)‘de_é Pasco, _58_4,‘700 tons
al Morococha, 496,372 (ons at Yauricocha, 685,614 tons at Casapalea, 609,352 tons at San Cristobal
and 860,356 10ns a1 Cobriza. (Cobrizz is now urder construciion fos eéxpansion ) SR ST PRI I

SOUTHERN PERU COPPER CORPORATION

The Southern Peru Copper Corporation, the largest ¢coppes pioducer in Peru, is an Amelfmonned

company. ‘ - | - . P
The company operates two minés, at Toquepara and Cusjone and also the ;Ii’) Smeltery (s.:r'ﬁélling

only). lts 1977 production volumes aré as tabulated below: : . L

B " Toquepara . Cwijoné

Crude Osz (thousand toris) 14438 B :13,1'95:
Crude Ore Grades (% mefal) 091 . ' 1.41

~ Blister Copper (tons) 108,400 175,800

By-llﬁs cémpany alone 284,200 toas of copper was:l;mdx.i'ed, which aceounts fos about ?5%_0!’ the
1ot:t produition volure in Peiv, :

14 The Role of the Mining Industry in the Peiuvian Nationsl Economy

The share of ihe smining sector in Perv’s gross domestic product has beea below 1072 'ﬁnlil_ﬁéﬁn‘,’ as
shown in Tabke 33, but by 1979 it is forecast to rezch 11%. In terms of pescentage indease 6 e each piévious

year, the 1977 genesated value recorded a 30% increase over ]9?6 whik an increass of 15% is piojected for
1978 and a further inceease of Hi% for 1979. Tts share is thus expected tokezp on growing.

The crucial roke playéd by this sectos however bies in its f&reign exchange ¢amings, for it curcéntly
a2ccounts for more than $0% of the country’s total expoils. : : o
Table3-3  Gross Domestic Product
-

QU Vs e

R ititatiiaicd
978 (Mcected) . !_9?9(!‘0(‘}1‘3_-5!) )
vie | ow |y %,
SECR LN TR T

306 L3N R 7IT R BT I
Mz 26,501 83 1 s | Ter | g | or
Meofatsricg AL M By 219 317 iu
Condtratioa 16639 52 15453 sh | asgsy 49
OderMoeTarecns | 153845 80 | usas 02 | iwsse 153
Totat 3905 | a0 mzs | 10 w2 | e

Swroe. Molonyoff ey a0l Firance
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15 Government Policies for Mining Development

The Velasco Administration, insugurated in October 1968 has made se\erai innorations in the
country’s economic strscture and akso segutated foreign capital with a ¥iew to change the operating foim of
the mining industey, which until thea had been oén(rolled by a few gioups and fomgn capital, $6 that duecl
putmpauon by the people of Peru would become possible, The intent is as ‘witnessed fn the Basié Law for
Mining (Decteto Ley No. 18225) promulgated on April 14, 1970 and the General Law foi \‘lmmg (Decteio :
Ley No. 18880) promulzated on Jure 8, 1971, which in essence eﬁabhshes state conteod of enterprises (féstric-
tions on foreign equity) and labor’s participation in management. For acompkle undeistanding of thé Perumn
govermmeAl’s policics on mining, the Basic Law fos Mining and the General hw for Mining will seive as most

jimporiant 1eferences,
Thé Basic Law for Mining stipulates:

(£)) State ownesship of concessions (mmmg Io(s) _

(2)  Minimurn equity pasticipation of 25% by Pesusian capftal

(3) Copper tefining by the State, _

{4) Compulsory sales obhgatwn of ores to Stale-operaled sefineries,
(5) Nationalization of minesaks lransaction,

) Gow.mme nt au\honiy todetermine selliag pnces

(7 Es!ahhshmem of \lmem Peru as 3 public mining corporauon glc.

()n the other hand, the General Law for Mining shpuiztes the tp‘int of the Basic l_a'a fot \Immg in :
a mose specific way as oulhned below: - -
(1) Priosity shall be gj\cn to qational intesest on all minesal resources dn\?lopmént

{2) Mining communities (tmmmdad Minera) shall be established and lzbor shall be aﬂov\ed o parllapatci
in management. : : -

(3) “The right for dew!opmenl chall be valid only for a period of S years.

(4) If the national government takes parl in a joinl venture, the equily 1atio shail normal}y be 5‘.«3, !he_r
minimum being 25%. :

{5) Reinvestment of up 1o 300 miltion soles per annum shall be ta*(-e‘(x’.mpl For medmm and small scaP_r-
wines, othes tax benefits shalt a‘ﬂobegnnied :

(6) A special tax system shall be applied to mining income. ,
(’i} ‘ \r’anous benefits sha!] ba granted to joint wntures in ‘which the nationa govemment w(es p.:n!
) Corvnercialization of mirerals shall in pnnrp!e be performed by the nanoml government.

(9) Mining de\ﬂopmem programs and capital investments fof nnnmg ptojes ts shall be sub;ed to go\emmenl
approval. :

o) _The mining aéliﬁlies of the niliomj gore:nmenl shall be perfbrnfnéd by Mineio Peru,

3.8



CAs gmn a’boxe 1he Genefai Law l‘o: F-Imlng touches on the problem of natlonslization which is of

speaal importance since it s a me.ete ‘feversal feoi the previous Mmmg Law (D L. No. II3$7) promulgated
in 1950 “hich encourages lhe investme nt of foreign capital

’i he new pohcy bf disocuragmg fo:elgn cap:ta! ho“e\er, has not nécessanly pzmed suecessful for
Peru in piomoling hei subsequem econoni¢ growth. Instead, it has become a major factor for piesswring the
Peruvian e.comfny, and durmg lbe last couple of years lhere is growing Indication that the goverament will

revert {o s ‘oM policy of encomagmg the Inducement of foreign capital again, Principal goverament organiza-
lions rela!ed fo lhe y 'nmg sedox are a8 follcms ) y '

| -.smsrsmo _: _

, RGIA Y MI\AS

1 1y’ and \(mmg was es!abhshed on Apul i, I969 in aecr:udance with D.L. No.
17271, Its aclml functions and au!hormes aré as supu}a(éd ia the Olganuauon Law for the Energy and Minirg
Sections. DL No. 21094 promu’gated on Febmary 4 1975 [-‘g, 34 shows lhe orgamzauon chart of the Minis-

Accordmg to the namnal budget !'or FlSta] Year 1978 appfored by ﬁ L No 22049 th total reve-
nues and etpéndnures were equally éstimited a1 289,740.6 million solés, of which the Ministry of Energy and
Mining was appiopriated with cusfént account éxpéndn!urés of 463.2 rillion soles and capital account ¢xpzadi-
tuses of 4,342 5 mitlion soles, :addmg up 10 2 iolal of 4,857 million soles. (Note: The budgel was revised in

August 1918 3583 bﬂhon s0des was' cs(unatéd for tolal E\pendltures and the Ministry of Energy and '-!mmgs
app;opmhon in¢ reased 13 $ bittion SOrCS) _ _ o

Sk

A!so cf the lolal pubhc m\es.lmenl pxojeds amoummg to 34 2111 srmhon wks those mlh which
the \!mNry of Energy and Mmu’rg are conceined are 6,214 F million soles appmpnzled to Minero Pern, 7,224 5
rillion soles o Ekq.trb Peru and’ 4 3!96 mnhdﬁ ‘solés 1o Petro Peru tolalling l? 58 8 m:!bon soles; which
accounts l'm mo:e l’hm ha!f of all lhe govemmenl s puch m\véstmem fo:‘ the ) ear '

I addmon 6 lh¢ \ﬁmslry, lhére aré othet pubhc msmunms md o:ganmuons lha( be!ong to the
emn:) and mmlng séchons as shown below. o . _

Pe(to Peru B
: E’edro Pem :
: lnsiltuto Clenuf‘c\:- }‘ ’l‘emolopcﬁ de] ‘leew |
- 'Junta dé (‘onlrol de Ene:g)a At6:mca i
© The lnshtute éf Ene rgy ar!d Ekcinca] Eng,meenng Studies
Semuo Nahone‘l de Geo!ogna y \hnem
Regls(ro Publ}co de \!mem

14 cmm.ﬁ ﬁc;i'i‘eie}fo;‘méé;};:;m.:m 'of M'ine(al Resautces -

The gowmnnnt of Pem his fmmu?ated 3 pohq of further mbam_:mg the \a!ue added for export
b)’ s!ei)ping up ‘and strenglhenjng ns mela! reﬁmng and procemng -:apablhues

(,‘um‘nl s!a(us and lemforéemenl pmgﬁifns ofreﬁnms {acilmes ‘ :

i"'inery (ovméd b)' (‘emromm Pem)

: integuled relmeq' fo: mltmg and teﬁn!ng oI‘ copper and lead, smelting ard ek\lrol)ns
of zing, pmdmhon of gold, sitwer, b;smmh and o!het b) prodmt metals a8 well as chemical compounds such
a zing sulp!nte and the like. Pl

Existing installed capacity: Blistét coispe; 60,000 tonsb ear:_

(cathode 40,000 tons)
Lead 50 1000 tonsfyear
Zine - 70,000 tmbea_r
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Fig.3-4  OQuganization Chart of the Mlnimy of Enelg'f and Mmlng )
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V) lo Réf‘mér‘)Q"(S_oﬁtherg; Pé‘r,y;(fqpﬁx_co:pération) .

This tefinery, 'gx}h_ed by the So_{_uhem Peru Copper Corporation, processes concentrates that come
from the Toquepara and Cuajone Mines. The volunie of concentrates processed annually is 12 million tons,
and ifs b!_’ist:e_r_pdpﬁ?__{ production ¢apacity is 350 thousand tons a year, The majosily of the blister copper
produced hete is s¢hl o the nearby Mo Refinery of Minero Pefu, while the remainder is exported asis.

() T Refuiery (Minio Perv)

- This tefinesy, which began opérating In 1976, js the most modern ekecteolytic refining plant buikt
by Mitsul & Co., Ltd. and Fusukawia Eléctrical Enginezting Co., L4d, of Japan, Hs presently instalted capacity
is 150 thousand tons a yéar, which the Minéio Peru planis (o double. The company is now working on its financ-
ing plan. Should this exparsion projeci matesialize, it will mean the emergence of a gargantuan elecirolytic
refining piéﬁlfﬁjﬁ_&!} a capacity of 38:) thousand fons a year.

(8 Cajamarguilla Refinry (Minbro Perd)

S Ij‘_‘f_s a zing réﬁnely pfa.rf;t‘ lo bé consl 1ucted by anem f’eru al f‘aja:ﬁéiquiﬂa l_é-cﬂed in the subuirds,
20 ki from Lima. The constiuction’ is scheduled to start this year, It will have 2 ¢apacity of 100 thousznd
tons a yéar. o ' ‘ - - -

2, Cuntent S‘:u’iqs'df'ﬂi_e ?:oi;d Mines @ﬁéyé;l

214 Overview of the l"ri::iéé("Aua SR

- 1athe project afea ¢overed by this suivey are 4 copper deposits, the Quechus deposit which is beirg
explored by 2 Japanéséénlerpr{sé,lh’, Coiocéohuayco deposit being exploted jointly by a Japanese-Pervvian
team, the Tintaya deposit which'is scheduled fof development by Minero Pesu and the Atfalaya Mine currently
being opérated by 2 private Pesuvian'énteiprise, all of which are located within a distance of aboul 10 km of each
other. Fig. 3-5 shows the location of thése deposits and mines, - ' :

Thlslaféa which ii‘k');'a_téd in Ihe,'sbgﬂrej_m péii of Cizcd Departinent is, in road distance, about 100

km west of Ayaviri Station, about 120 km south of Sicvani Station and about 260 km nérth of Arequipa Station
of the Southéin Peru Raitway Which éonnects Poit Matarani, a principal port in southérn Peru, with the inlind
city of Arequipa (ef. 2,329 m), Puno oa 1he Laké Titicaca near the Boliviari border (el 3,827 m) and with cities
such as Ayasini (e, 3,824 ), Sicuani (el. 3,520 m) and Cuz<o, the ancient capital of Inca (el 3,399 m), allof
which are located along the Andes mouritain systeny. - S . '

| The soad keading 1o this drea from Aréquipa and Ayaviri Is built direcily on the lake sadiments
of the Tertiary Périod, and duiing 1he ‘r2lny season when the réad bedomes muddled, teaflic is often held up.
By conlrast the 162d from Sicuani ks serviceable throughoul the year. The aliitude of the envitons is high, rang.
ing between 4,000 i 164,100 m. Thetd Is no big town in the Provinee except for Yauri with a population of
anyuhere betwedn 4,000 and $,000 and Hector Tejada with a population beiween 2,000 and 3000.

Climate

- Accoiding 16 the mefeofological data recorded at Coioccohvayeod during 1974 and 1977, the maxi-
mum monthly precipitation of 2713 min was recorded in January, 1976, 3 hik thé minimum monthly precipita-
lion was zeto tn July 1978 Thé monthly average piecipitation for both the dry and rainy s2asons Is 3s shown in
Tabke 34, agvording to which the anaual piecipitation seems 10 be in the fange of about 800 mm.
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Fig.3-5 Location Map of Objective Mines and Deposits
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Table 3.4 Precipitation in the Projéct Asea

N (_Uhil:.mrr-})
91 196 19mr

" Monthiy Average T
. DrySeason(May:Nov) 5.4 158 28
. Rainy Season (Dec-Apr) 1408 - 2076 - 1262

CAmdliatpecpitlon 7610 9568 -

A for témptratiié, thé highest of 26.0°C wasiecorded in Getobis 1974 while the Jowesi of ~133°C
was recorded in July 1975. Table 3-5 présents lBe monthly avesage témpératires. | . o

Tab?e 3 5 Monthty Avefaée Tempéiatures

R R T T R R A N R TR
TheMighest . 138 1301431530 130 137 145 157 150 178 179 161
Thelones 26 32 40 0731 67010 62 43 29 2 ig
Diffecence . 112, 98 103 '160. 168 204 215 209 163 207 196 112

: i ’lhé_loi‘és_t déi_tf“_lempe'ialdté i ‘recorded in ‘the early mofing. As the sun sises, the temperature
felt by the body is highes than it actually is when exposd 10 the direct rays of thé sun. S

Inhabitznts o ‘ : , .
, . Thé exhiic domposiion of ihe pojulation of Perty s 497 ndios (Infians), 372 Mestizds, 13% white

and 1% of oiﬂéti; but in this atea, the inhabitants ire almdst 1002 Indios, mostly of the Quéchusn tribe, co that
the Quechuzn taniguage is the only tongue in which adequate communication is possible.

Topogaphy © L

T 'lhe a_;eé_ is kxatedfm | m’i lhe \'::I:isi Bssmand élg;ﬁosils a;é found at d_e’_{;ths of several tens of metéss
to 400 m underieath sofily tolfirig hills which are mostly used for farming 2nd Bvestock 1zising by the Indios.
As for végetation, tréss ate hardly in sight. . : . _

L The Aga;;.yaume, si_ﬁ%ch' is és)‘:‘:é;‘x_i’iy in ¢per$tidn; is the only activity in the aiea that can be called

- 2 ‘modem indusiry’ while mébie thin 934 of 1h¢ inhabitants depénd o farming and Bivestock for their suste-
~nanée. Being Testrictéd by annval dverags temperature of [0°C o1 towei 2nd othér adverse meteorological condi-
tions, they “aré’ comipelled 16" fésdil 1o extensive farming methods o that thele apricultural produciivity
B extremély bow by comparison 10 the neighboring ptoviness. |
TR K ol Hivesok Talsing, mostly Yaie “alpiné animals such a3 alpaca 'shd lsma as well as cheep and
cattle are being fesied, but their chient peoductivity Is very low. Among the livestock produce, wool is the
important soutce of the farmess® Income. ' :



2.2 Overview of the Profect Mines and Deposits Surveyed .
221 General Regional Geologic Conditions and Depotits in the Profect Atea Suiveyed

The aréa is composed of the eardy 1o mjﬂf;e!acedus system of the'M'éso_z"éic Era, which are retained
as “nlies"” in the Yauri Basin, and also of peutral to basic batholith and acidi¢ porphyry rocks which penetrite

the inlier, all of these being susrounded by the lake sediments of the taté Tedtiasy Period.

The sleatigraphy of the Laramani Masdf east of the Yauri Basin is composed from the’bbllom nthe
order of Huancane Reddish Sandstone formation, Moho formation (mainly 'Ay_ab?_(‘zs linéest(‘me)_‘%nd shale and
sand¢tone of Mufiani ~ Catacucho formation, while the west is composed of the topmost patt of the Yura group
Huarhuzni quartzite stratum, Murco shalke and sandstone formation, 2nd Ferrobamba Limestone formation. -

Of the two stratigraphic systems, the Huarhuani and Muroo formations roughly correspond (o the
Huancane formation while the Ferrobamba formation (o the Moho formation, but there is a distinct diffeence
between thess (wo systems in terms of lithography or fossil facies, which suggests that transgression in those
tires had proceeded from wedt to easi." Afthough it is cerfain thal the fedimentary rocks beong to the fatter
part of the Mesozoic Ea, no exact age can be asdgned with accuracy. :

In terms of lithofacics, the asea in which minéral seserves afe deposi(ed resembles the siratigraphy
of the west side of the Yauri Basin, having layess comparabl (o each of the Huarhuani, Muteo and Feirobamba
formation and directly covered by lake sediments of Déicanzo formation. .- '

Tznecus activity is cbsenved in plutonic rocks of lhé early 1o late Crefaceous Period and porphyry
10cks of the late Cretaceous Period 10 the early Tertiary Pesiod. Of plutonic tdcks, theié are 3 batholiths in the _
YauriVelille area which, in the order of oldness, ate called Tintaya batholith (10 km x 20 km, ;bs_.{?jl:t{e age 144
~ x 10°), Velille batholith (105 x 16%), and Pichingua batholith (74 x 10°, 86 x 10°) respeétively. The Tintaya
batholith's southern edge extends into the Coroccohuayeo area and is composed of pytoxené diorite and gabbie.
Tte Pitingua batholith & mainly composed of quaitz divrite and granite diorite, while the Velille batholith is

composed of diorite and monzonite, showing gradual shifts toward shalloaer Lithofacies.

Porphyritic rocks are distributed in the form of stocks and veins, and rnamry consist of monzonites
and their absolute age in each of the Coroccohmaico, Tintaya,Quechua, Atalaya areas sangés bétween 25 x 10°
and 73 x 10°, indicating that these were ma inly of the Palazogens period. :

I addision, Tacaza volcanic rocks of the mid-Tertiasy Period are widely distributed, and theit litholo.
gic charactess range widely fiom andesite, dacite to thyolife, ele. . - LD

In the inlier of (W Yauri Basin infludin_g Corocéohuayeo, céppier"miﬁé_i:aliial'ioﬁrés:s:&égfeaf with
hyperabyssal to plutonic igneous activit ies, as explained above, are pronounced as aie evidenced by the existénce
of the skamn type deposit gs0up such as the Tintaya Mine and the Atalaya Mine in the 'no:i}.wes!,*a;ﬁd"ihé lffi;e
stockwork deposits (inchading some skam type) like the adjacent Quechua Miré 1o the south which, togethes
with the Coroccohuayco mineralized zone of skarn type deposits (partially include ‘stockwork deposits), form a
huge coppee deposit belr, e ST P

222 Overview of Each Mine in the Project Area Surveyed

) CorocechuaycdMine N o S
Joinily surveyed by the Pennian and Japanese Government (Metal B'iini;mg Agencyof }'af\an'léar;t)
betweén 1971 and 1973, e : o N
Yoint prospecting and trial boring were camed oul -by .\-lin«’:td Pem a_nd:lh'e (_){t.fseas: \lmera]Re :
- sources Development Co.. Ltd. of Japan during 1974 2nd 1977, Boring activitics totalled 38 hotes 2nd 14,346 m
in extension of which 23 holss totalling 9,558 m weie drifled in the skam type depositbelt, . - .. = ...

The mine is of skarn type deposit with éeerves of 1.7 mi}'ﬁoﬁ lbns, imﬁg 32% €0pp€l g:adeand
some gold and sifver.

The mine plans to produce 1,000 tons daily by underground method.
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(2) QuechuaMine . . : o .

. The Mitsul Metal Mining Co., Ltd. pesformed the exploration during 197278, with boring tests of 65
holes totalling 14,939 m In exténsion and exploratory mining 0 930 m.

" The mine js of porphyry :c')dppe; type deposit, reportedly to have resenves of 80 to 100 million tons
* with ¢opper grade of belween 0.8% to 1.0%.

* The plan is to produce 5,000 to 8000 tons daily by the open pit method.

() TintayaMine =
Pmspeggmg' was first stastéd by Andes Exploration Co. in 1918. Until the mine was trasferéed to
Minero Peru in 1970, m_ost'of tf_ié boring activitizs were performed by the Cerro de Pasco Co.

The nnne cons:s!s of 4 deposits, mmély Chadbuca, Chabuca Este, Inflexion and Zona Nueva, and so
far, 305 holes, 28971 m in extension al Chabuca and Chabuca Este and 68 hos, 17,795 m in extension at
Inflexion and Zona Nuevi have besn drilled. o ,

_’ Treepoms aré ‘of the skarn type, and Chabiica and Chabuca Este are composed mainly of oxide
ores while Inflexion and Zona Nuéva of sulfidz ores. -
The HA Simons International Ltd. of (‘ag.‘ida started on the Feasibility REPOllf in 1976, finished the
Bssic Engincering in Juné 1978 and they are now under final review by Minero Pers. :

© -« Advoiding ¥6 the basic ¢ngindering, the main objective is to piocess sulfide orés at Inflexion and Zoaa
Nueva, whose reserves are reported (o b2 31 million tons of the 2.03% copper grade o1 37.8 miltion tons of the
1.76% copper grade, based on which a daily’ production of 8,000 tons is planned. The estimated resenve is con-
sidered to inceease, easily reaching 65 million tons without fail.

~ Misero Pecus fonsideisf the Tiflays pm}écl as one of its top priority projects and hopes to begin de-
velopment at the earliest possible time. '

{4) Atalaya Miné
The mine is owned and operated by the Atataya Mining Company since 1970,

i :l't-‘ maskam (yp-e depas;l and is being mined by underground method at the rate of 165 m 3 day,
producing 450 tons of ore 2 day with copper grade of 2 6Z.

.\lpﬁ!}n_i)"p'_roduétieﬁ:of condentratés with 30.5% coppér grade stands at $00 tons, which is carried by
8-10 ton trucks o the Sicuani Station, from where the conceatrates age shipped by rail to Port Matasani,

- Powitis :supptied By a eaplive dizsel generator with an insalled capacity of 1,675 kW. At present,
262 people are employed. :

3. Basic Assimptions fof lfrastructure Dévelopment Planaing

AR I}ii "Redesiafy pieteduisite’ foi formutating the infrastrocture development program, baske assump-
tions suich 2§ mining rnethods at eachiininé, Gperating tate, lransportation volumes of concentrates, materials and
Supplies, fuels, pdwdr and water téquirements, numbei of employess, economie life of mine, elc. were determined
a5 sammarized in Table 34. Thé data foi Atataya Ming weré supptied by the mine during interviews and as for
Tintaya Ming, the planned figures were prosided by Mineto Peru. The fessibility teport was developed by HS.
Simons (Iq!em_atiqﬁql) Ltd. of Canada,

* As for both Coioceshuiyco and Queckiva Mines, the data wee based on the tentative planning figures
that were avaifable a1 this tinie as 2 sort of pra-feasidility report. Particulsrly for the Quechus Mine, the plin is
still I Nux, ranging between 5,000 toss 1o 8,000 tons of daily produciion, bul the nadmum figute was adopted

for this purposs.
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Tatle 3.6 Basic Elements for Infrattruciure Development Study

i } z 3 . ‘ - Remuk -
Alalaya Tintaya Coroccohuayco Quechua :
Mining method Underzround 0(::?01:?::! . F Underground Open cul '
Undesground
Op<rating rate (TonfDay) 450 8,000 1,600 £.000
Haulage volume (TonfYear) 12,200 212,000 23,500 141,000
Concenlrates (TonfYear) 9,600 152,000 _ 20,600 . 92,000.
Materiak & supplics (FonfYear) 1,000 15,000 2500 : lim_
Fuel (ToafYear) 1,600 45,000 - 6000 34,000 °
Datemect & atesia - 0,000 so0 | oo § Jprust
Installed power capacity (kW) 1515 15,000 5200 15000 ‘ia;ﬁé-ggsq
Anmual power consomption (MWH)] - 6,000 90,000 20,000 88,000
Water requiremeats (fonfDay} 3,500 3800 3000 12500 | Freshwateronly
Industrisl use (Ton/Day) 1,000 7,000 mog 300 ‘
Bousehol use (Ton/Pay) 500 1,800 1,000 3,200
No. of employess (Pesson) 62 900 ) 600 £50
Economic Bfe of mine (Yean) 8 15 15 15

Nole: 1) Figures for Atalayaare painally estimatad,
2) For 2,3, & tasad oa cumently avaftabl: plans, ' ‘
3) Regarding the economic life of each mine, 2 donger period of operation scems possitle for 2 and 4
baséd on their estimated ofe reserves, bal a bfe of 15 years was aseimed 335 2 bl dondition foi the
curreat infrastructure planning. L
4) Tre timing of coastruction for all of 2, 3 ard 4 reaala uneeriain, bat stnde it will be impossitle 1o
formulate the infrastrocture devebopmenl program withoot fisst detesmining (e time, the foltowing

asumplions weiz made:
2., .. 13%0- 1982
E SN 1933-. 1935
..., 1986- 1958

4. Recommendations for Further Detailed Studies

Within the Project Area, in 2ddition to the Atalaya mine which is curremtly operating, there are
several promising deposits. Although il is not at present certain whea the hatter will be developed, it is présumed
thal in consultation with Minero Peru and private companies concemed, thére will be deyelopment of the Tintaya
mine in 1980-82, of the Coroccobauyed mine in 198385, and of the Quechua mine in 198688, It is further
presumed based upon eonsultations, that the séale of opeiation; volumes of ore, matesials and fuel 1ransported;

anaval power requitements; waler tequitements; number of employess; and life of the mines will be as shown in
Table 36. : ' S

From the viewpoint of €conomics it s desirable that the same lype of ore to be produc%i‘j at each of
the mines be processed at the same concendration facilities, For the $ame reason, it is recommended that 2 single
machine shop and repair shop be established 1o serve 2li of the mines. . o

The Tinlaya and Coroceohauyco mines will use the s2me source for \{-ate;, duta

. - ] more detailed stody
will be recessary tegarding suiface runoff and influent wa ter. ) '
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CHAPTER 4 ELECTRIC POWER OEVELOPMENT

1. Electric Power In Peru

11  Current Power Supply Conditions
111  Power Supply Equipment Capacity

fn 1975, the power geaeration capacity was 2,358.8 MW in Peru, which represented 159.7 W per
person. The poads consumption was 7,486,2 GWh, or 507 kWk per person.

Tabé 4.1 shows the changes in capacity of nationwide power geneiation facilitics beiween 1952 and
1935. In the 10 yeiss from 1966 to 1975, thére was an expansion of aboul 1.6 times, Of the total power
generation capacily of 2,358.8 MW in 1975, 1,392.3 MW or 59.2% was provided by hydroclectsic facilities; and
961.5 MW o1 40.8% by thermal power planis.

A;m)ng thése power _g-:n;réiion facilitics, 62.3% were those of power companies and 37.9% were
private. There isa gradual tendency for power company generation Facilities to increaze. The indudtry which used
the most private generation équipmeal was the mining industry.

_ Theie are four adiministrative electric power segions in Perw: the northern, central, southésn and
eastzin 1egions as shown in Fig. 4-1. Table 4-2 shows the power generation facilities in eich of these regions in
1975. The pricentages of total facilities in ‘each region were s follows: 22.3% in the northern, 634% in the
central, 13.4% in the southem and 1.0% in the eastern regions. Moie than half of the power generation facifities
conceplrated in the central section which includes Lima and accounts for 65% of the nation’s industsial produc-
tion. The eastesn region has only 1 0% of the powes generation facifities bul this region is covesed with the forests
which spread over the Amarzon rivef area and his enly a scatleding of small towns., The poaer in the easlem
region is all supplied by small-scale generation equipmant.

Howéver, the theosetical water power of the rivess in this eegion (the Marafion, Apurimac and Ucayali
Rivess) was 106 GW at the time of 2 1965 sunvey, which is 85% of the total of 125 GW for Peru as 2 whole. As
the edonomy of the country develops in the future, this will become the most promisiag hydroelectsic powes
. regionin the country. '

1+1-2 Power Syi'iemé and Transmission Networks

Fig. 4-2 shows the main existing or planned power systesss in Peru. The main power plants such 23
the Mantato Powe¢s Plant (cuscent oulput: 342 MW, future oulput: 798 MW), Huinco Power Plant (outpui: 260
MW) and Callahusnca Power Plant (output: 367 MW) ate connected to 20 kY powes lines which supply power to
the Lima capital fegion. . _ '

* In the noith, there is a system which connects the Canon del Pato Power Plant {current ontput: 100
MW, future culput: 150 MW), 2nd the Chimbote and Teujillo regions, and in the south, there is the Machu Picchu
system in which the 40 MW output of the Machu-Piccku Power Plant in Cuzco Depastment is sent by 138 kV
powed tines as far as the city of Cuzco. The Machu Picchu system is a compltely independent system which
sapplics powet only to the city of Cuzco and its suburbs. At present theee is a Phan o increase the eapacily of the

Machu-Piéchu Power Plant which will raise its outpul to 1099 MW.

- In 2ddition to the above systenis, thee are many small scale indzpendent systems with small power
Pants of the diesel or hydrolectric typ= which supply power to cities and toans.
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Flg. 4-1  Administrative Elecuic Power Reglons
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Fig. 4.2  Maln Powei Networks
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13 %atacteﬁsﬁcs of Electrical Power Companies and the Electricat Power lndusiw

The electrical power industry in Peru formerly consisted of the state-operated Semclo Elemico
Nacional (SEN) which supplied powers to 28 areas throughout the countsy. In addition, there were municipally
opesaled systems such as the Mantaro, Sunta and Tacaa systems which sUpphed power to their régpéctne
municipalities. In Sepfember, 1972, a new staleoperated power company, Electro Peri: Empresso Pui lica de}
Sector de  Frnergis y Minas “Electricidad del Peri™, was established on the basis of Presidential Decnee No. 1952
1t weat into operation from January, 1973. .

Electro Perl absorbed the SEN and all of the municipally opéeated ne!v.orks ’me;e were {orme;ly 15
private power companies but at preseat, all but eight of them have meiged with Electro Perd. Eleciro Perl) sells
power to these privale companies for the purpose of public power supply and they are mamly imohed in dzreq.l
supply 1o large users such as factories or direct supply by small scale indepeadent s} stems Lo ima! commumtles :

Up to 1965, theré were more privale power generating facilities in Pem l‘han lhoke op-elatéd by the
powes companies, buf since then, the company facilities have gradually increased andin 1975, they accounléd for
60% of the wholz. The types of industry with prvate power generation facilities mclude la:;.,e &tale mimngind
agricultural entesprises. . L

The main governmental agency dealing with e!ectnmy is the Mmtﬂr)' of Fmergy and Mme; (MF,\I
Minestro Enésfia y Minas).

t-2 Cutrznt Powei Demand

Table 4-3 shows the figures for power generated from 1960 to 1975. The total 'pc:me{' generatéd in
1975 was 7.486.2 GWh, of which 5,470 GWh o1 73.1% was genérated by hy droekdnc faubues and 2,016.2 G“‘h
of 26.9% came from thesmal power plants.

Table 44 shows the electric power demand in 1978 actordmg to ap.,!_teuon lndu;!ry fook 32 6% of

the whole, folfowed by mining with 28.1%, honszhol applications with 13.9%, commerée with 134, agncu!lute
with 3.8% and other applicalions with 12.8%.

In Cuzco Depaiiment, about 82% of the tolal power is consumed by industry and ll% xs uséd fot
houschold applications. Almost all of the power is consumed by lhe~e two fields,

13  Electricty Chargss

In Pens, therd weee formerly many electdcal FOWES Ccompanies, most of v.h:ch wére not connec(e.i
with others and supplied powes independently. At present, Eleciro Perg supplies almost all of the powerin the
country and the remainder is supplied by private companics. The fee systems diffes in each cate, TaMle 4. 5 shaws
part of the power fess (effective 2s of 18 May 1978) for E!edm Perd and the private poar compm,es

1a the case of Rlectio Perd, the power is supplicd lo the entite country which is dmded into l’ou!
blocks (Pliego Tarifaiio I to Pliego Tanfario 1V) and the fees 2re sal for each block. The lndutlnal elecmcal
pawer fess applied in the Cuzco ate as follows (Fe2 No. 35).

(1) Foi maximum power - 569.70 SAW/month

(2) ' For active power from 10 16 22 hours - 2.65 S/kWh
(3)  For active powes from 22 0 10 houis - 1.65 SkWh
(4) For ceactive power - 1.30 §/kVAfh

14 Power Souviee Devefopmenl Plaa

14-1 Powser Generation Plan

The power source development plans in Peru have bee

n centered on the mining industey and lhere afe
about 45 plans 1o construct new and add to hydrolectric and

thermal powes plants up to 1990.
4.6
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These power source development plans are malnly for the central region. The first slage of Mantaro
Hydroclectric Power Plant construction (outpul: 342 MW) to méet increasing demand in the Lima fegion has 7
bezn completed and future projects conceming a second stage (output: 114 MW) and a third stage (obiput: 342
MW) have been planned. Table 4.6 thows nrain power genesation plans.

14-2 Power Transmission Plans

In conjunélion with thc Mantaro Hy droelectric Power Plant pl:m lar;,e scafe poae; lmes mtha (o|a]
length 955 km for a voltage of 220 kV when the connecling power lines ate compleled C\menlly, a si‘ngle 120
KV line about 400 kim long is under constyuction betwesn Lima and the northern industrial city of Chimboie and
completion is plannéd for 1981, With the completion of this line connécting Lima and Chimbote, the t-enlfal and
northermn regions will be connccled and this should contribute greatly to stable power supp!y

The plans in the southem cegion include a powes Liansmission line to connéct T acra and Afequi :
(voltage: 138 kV, lengih: 130 km); the Majes - Arequipa line in conjunction with the Majs Pm;&.l (‘o!!age 220
XV, fength: 85 km); and a fransmission line fiom the Machu-Picchu Powér Plant 16 the plannéd Tmtaya inéag
the southem end of Cuzco Department (voltage: 138 kV, length: 308 ltm) Figt 4 3 and 44 shows Io-cauons of
electrical equipment and system disgram afler addition {0 Machu-Picchu & systemn.



Table 46  Min Power Gederation Plans

(Unit: MW)

_ _Plan o

"~ Yearof

4.1

Ror L P ] owm | comiion | Rem
" Nodhein |7 Auocmcm No.1 | 160 1983 | Thesmal
Alts Chicaina Nos. 2, 3 320 1984 -
- Centual Maritsid N6, 4 e | e flydeostectric
Mantaro Nos. $, 6,7 142 1979 "
7 ‘El_,(‘_‘hos':o; 150 1985 -
E Yusican 126 . »
 Sheqie No.t 150 © 1986 .
‘ | Sbeque No.2 o | 1es ”
Sheque Nos. 3,4 300 1988 .
- Olmos No. 1 ISt 1989 "
Olmos No. 2 Can 1990
" Southern Ci‘uhm No.3 10 197¢ Steam
" Arequipa l\"'o.;l 165 i " Diesel
e 66 1950 Stesm
":.i;éq{;f;:i’.'\_';.'z" ! 165 981 Diesel
Chareani ‘.\05 135 1983 Hydeoelectric
" Machu Piccha (Addition) 699 1981 .
Qm;_!aua};ni 46 1987 o
Lluta (Majes Project) 274 1985 e
Lm;'ua (Majes Project) 182 1990 »
Source:  Ministerio de Energfa y Minas



2. Power Supply Plan for the Copper Mines

21 Power Requirements of the M‘.nes Conteined

“The mines involved in this plan acé the Tinfaya, ‘quoccoﬁliéﬁo and Quechia mines. Table 47
shows the estimated electrical powel re'q_uiremenrl‘_sr, for these mines. These mings are all coppet minés and the maln
power requirements are for crushing, ore transport, lighting, housing and industrial wales infake. -

Téb_leé -7 Estimated Power Requirements for 3 Mines, - RIT

Miné ‘ ; S e i
. s Uont - Tintaya Cococdohusyce Quéchus -
ftem _ S . 7- L o . ‘

. Start of opesation _ Year | ' i.982 _ 1 ,985 : i,938 '

* Capacity of mine e Ton/day - 8000 F 000 | 3-'309 :
Equipmient eapacity , wo 15000 | __ 5,200 15,0@
Maximum power S oxw 12,000 4,160 12000 °
Annual power consumption’ Mwh o 90,000 S 20000 63,@0
Note:  The difference in 1hs p-owe'r consufmption betweéen the Tin(ia"y'a' and "Quéehu; mines I the S .

difference in power used for ore transporl.

2.2 DPemand and Supgly Batance in the Regions Concerned

According (o Table 4-2, the capacity of both hydroelectric and thermat power gé_ngra'!ibh facilities in -
Cuzco state was only 51,644 kW in 1975. The main plants supplying this powes weré the Machu-Picchu Power
Plant {oulput: 40 MW} and the Dolores Pata Dicsel Power Plant (cutput; 34 MW), along with various other

diesel and hydroelectiic generation facitities providing indépendent power supplies for various areas.

412
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Thé Mgthi;-?iﬁg}ﬁi i:i:i‘v,%i_"syitem is'shown in Figs. 4-5 4rid 4.6, The demand for various industries and
maximum power from 1960 to 1975 afe shown In Table 4.8, The estimated kW balincs from 1978 to 1990 is
shown in Table 4.9 and Fig. 4-7, and the kKWh balance is shown in Table 4-10, -

Fléi_ﬁ_ Tabié_ 4'_'9‘ it is évident that the biggest load for this system, about 65% of the total, s the
Cachimayo fertifizes plant. _ :

2.3 * Methods of Powef Supptyto the Mines

Curiently, the Atalaya COpper mine is in opesation adout 20 ke 16 the south of Yauri, and it is
supplied by diese] powet generation equipment. Accotding (o the Feasibility Study Report for the Tintaya mine
prepared by the H.A. Sintoas (International) L4d. in Canads, the power s2quired for the Tinlaya mine can be
supplied by diesel power géneration equipmeat, but from an ovéralt consideration of the power supply {o the
thiée mines in this report: the Tintaya, Corocéohnayco and Quechua mines, the following four methods might be
feauble: e IR " . ‘

(1) Incseasing the Gutput of the Machu-Picchu Powes Plant’
(2) Power supply from the powes station for the Majes project
(3) New dicsel power generation facilities .

(4) New geotheimal powér generation facilities -

(5) New hydeoelectric power generation facilities

The following paragraphs give an outling of these fous methods.
231 Increasing the Out,put of the Ma_dw-?iomu Power .Planf

—-"'_To'éope with fn:Jlé'ie;_ in-cjtéa'ses in p()‘i}‘ﬂ fequirements df_min-es, it is planpned to i_:ic:ease the capacity
of the Machu-Picchu Powés Plant and constiuct a new 138 XV power transmission fire to the Tintaya mire. This
linz is to be extended Lo both the Coroccohuvayco and Quaechua mines to supply them with pOwer.

(1) Powes ge'n_da_!ion_ facilities

, The dam will be left as it i 'a;nd one neﬁ; .éqdirﬁeﬁ(él_i_o:) basin and iron pipeline will be constructed.
Three few Pelton wheels with oulputs of 23.3 MW will be added. Together with the curzent output of 40 MW,
e tolal output will become 109.9 MW. The 2inual power outpul will inérease from 280 GWh 10 830 GWh.

) Poweér Itans'inissi@n and subslation facilities

- In Cuzco De;;i:tmem, the Quencoro Substation ﬁiﬂ be newly constructed logeilhei with 2 138 kV
power line to ¢onnect this substation to the Machu-Picchu Power Prant. Along this line, various subsiations

including the Los Incas and Bambas tubstations will be constructed. i

'I'lze Q\;éhtqré substalion and Tintaya mme will be connected by a 138 kV power ne and the
Combapata sibstation will be constructed along this tine. ‘

_~In the above plan; the anticipated load of the Quechua mine is 15 MW (MEM plan value). However, as
shown in Fig. 47, when thé Quéchua mine comes into operation in 1988, it will be abselutely essential to
intfoduce 2 few powet sourcs dthér than the Quishuarzni Power Plant (first stage oulput: 46 MW) currently plan-
e2d because of the lack of nécéssary power.

; The lénglhrdf the power tiansmission line from the Machu-Picchu Power Plant to the mine is 368 km
and since the Fine will pass over Mghlands, the aext surveys must include technical investigations concerning
power supply reliability with tespect to system instability, corona toss, voltage drops, ele.

23-2  Power Supply from the Power Station for ths Majes Project

‘ “Thete i§ also 2 pr’ojéél known as the Majes Project for development of a powes supply for large scale
*gricultusal development using frrigation in Arequipa in the south. The main goals of this plan ace as follows:

(1) ihkegraled tegional developmeal and promotion of agriculiural production for 60,000 ha by lerigation
(2)  Setlement of newly developed land by 150,000 persons _
(3)  Contribution to the development of mining resources, industry and various businesses in Arequipa.

' A:1%
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Fig.d-5 MachuPicchu Power Networks ~ Cuzeo (1976} . .. ..
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lied by Iwd new power
The planned power géneration is more thin 600,000 kKW, This is o be supp

plants for irrigation walerways: the Llvia {ovipul: 270 MW) and Llucia (output: 382 MW) powef plants. The
areas to be supplied include Arequipa, Cerro Verde, Moquegus, Tacna, Puno 2/ Sania Rosa. The fust stage of
this Majes Project for agricultural development is now urder construclion.

233 Constiuction of New Diesei Generation Facilities

The ’lmhya mine, which will be the fust to come into operation, will be supplizd with powei by
wven diesel gencrators (one of which will bz a spase) with an ouvtput of 5,350 kKW (at an almude of 4 000 m}
and will be connected to the other mines by 66 kY transmission lines.

Establishing independent diesel power generation equipment at each’ mine will mque lhal spase
generatoss be placed in each mine and common equipment such as fu2l tanks, auiiliary deviées and cranes will be
necessasy in each mine. This would incseass construction costs and would also result in opération and mainte-
nance costs of double of morz when compared with a singlke facility. Thc:efoxe the eslabhshmenl of a power
plant at the Tintaya mine, the ﬁt:.l to be opended, has been investigated.

In the case of diext] power generation, the main pmbl«:m is securing the fuel oil. When the thres
mines all start operating, it anticipaled that the maximum daily fuel consumption will reach about 150 kilolitérs.
The feel can be transported by rail from Matarani port 1o Sicuani and from Sicuani o the miné by truck, but in
both cases, these is the problem of flooding in the reiny season and the necessity of adequ 3!e facd:lles in ail cate:

234 MNew Geothermal Power Planis

In the Quisicollo area aboul 30 km southwest of Yauri, a geo!hermal zone has beén conl'iuﬁéd It

might be possible to construct geotheimal poaer plants In this zone and supply the three mines by 66 XV poa e -
lines,

Various types of investigations are underway al present, bul the results of more detailed mtesug«ﬂ ons
are réquired o determine poléntialities. This oulput should be considered a5 the mine power tupply a0 maltes
what the cutput. (Refer to Chapler 2, Geothermal Powes Generation for details )

235 Naw Hydroelectiic ‘:"owel Plants

The Apunmas and Salado fivess flow near the mines, In the preseat survey, site wne)s weéie |mposs:-
ble bul the possibility of dam consiruction {0 supply power fo the thiee mines in nasow valley aboul 2km to
the noith of Yauri was investigated using maps. Since the backwater r2ion is a wide-ranging plané, many ﬁe!ds
houses and roads would be flooded and dam constauction in (his area appeass o be impﬁsib!e

The Lake Langun y [ayo is 15 km to the soulh of Sicusni and at prezent, the Hem-a l’ome( Plant
which supplies power to Sicusni (ouiput: 800 kW) and the Marangani Power Plant (oulpul 736 kW) which
supplies the Marangani textile faclogy with power a2 in operation.

One method 1o supply power fo the mines m:-u‘d be to constiuct a dam at the debouchement of this
iake, build a new power piant downslieam and supply the power with 138 kV power lines Qength: 70 km).
However, many ficlds and at least two villages would be flocded due to the rising water Jeved in the lake. At
present, there seems to be little possibility of constructing an independent power plant from lhe standpoint of
economy. However, since the economy might be improved if the construction of a multi- -purpost dam (o be uced

for frrigation and industrial water supply is investigated, ot will ba necessary to co!le\l data lndudmg IopOgla;-hi :
ca} maps and hydravlic materialin the fulure.

2386 Cornpansm
The advantages and disadvantages of these five possibilities miy be com pél‘ﬁi a3 fol!dﬂs.
(1)  Although its feasibifity must b2 ascertained by the future wnptementauon of a detsited suivey, if geo-

thesmal powet generation proves (6 be feasible, it would requise the towest it constroction cost of all (for 30
MW, sbout USS1,250 pes kilowatt) and the fowest production cost of 211 {USS0 030 O4xWh; se2 Table 741 l)
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(2) The next most advanfageous method is 0 supply poiwer by means of transmission lines from a hydso-
power plant o be built or to be built at a larger scate than originally planned. Two alternatives are piesented:
supply fron ;hg_}_,!a_chu.ﬂicchu Power Plant, o1 from the Majes Project plants. On the basis of the distznces
involved, the lalter is preflerred, Because the contents of the Majes Project became known at a point quite néar
to the completion of the piesent study, it was nol possible to Investigate its implications thoroughly, of to have
a satisfactory exchange of opinfons with authorities concemed. However, since at the present time the feasibili-
ly of géothermal power generation has not yét been deteimined, it is our desire (o request the responsible
agencies wﬁ_)rcpnsidel' the project area of this sfudy as fzlting within the range of power supply planning under the
MajesPeoject. - - - . : ' : ,

(3) Diesel powei generation Is inferidr in terms of costs to purchasing power, but because economies of scale
would not be oblained by contsacting a hydropower plant solely for satisfying the mine’s requirements, it
would be the most expensive method of all. There is also a problem in that a considerable area would become
submeiged as a result of building a dam.

24  Comgparison 6f Power Costs
241 Prerequisites fof the Comparison

-_ N : In l}}é pfel;iéus s-ecl_ioni,r fouf_melﬁéﬁs of po'.\er supply weie outlined. W:ilh réspact to the proposal fd_i
construction of a gzothermal power plant, ¢compasisons will be made with the other proposals next year since the
sumvey s stil in progress. In the cases of the proposal for constiuction of a hydroetectsic power plant, investipa-
tiors conceming multt-purpose utifization will be carried out in the next slage of the sunvey. Here, a comparison
of power costs will be made between the consliuction of a diese] power plant and an addition to the Machu-
Picchu Power Plant. . S SR

The preréquisites for ¢alcutation of the power costs are as follows:

1) ' 'lhe 5!_3}! of ioﬁe‘{élibg‘i 6f !w;lﬁ;ée minés wiii be 1982 fox the T.i_rar!a)farmir.e, 1983 for the Corocechuayco
mine and 1988 for the Quechua mine. ; :

(2) Fhelife of each of these mine will be 1S years.

(3) The life of the elecirical equipment sach as diesel poweér generation equipment and power teansmission
lines will be §5 years to match the life of the mines. S

@) The main eﬁyipment and materials will be imported.

5) _ The impéue’d rmzin eéuiﬁmenl and ma!eﬁéls will be exampl from customs duties.

6 \ﬂzen (I-:e“cqr;slru-:"l_icn costs are -c';_:!cu!_ated, consideration will be given fo the actual site construction
conditions and the suitability under cureenl conditions, and the calevhation will be based on 2n eslimation of
uril prices of equipment and materials. ' '

n The pricé. inceéase rate wi!.l be calcuhated a3 7% per year.

(8) In caleutations of the economic codts, the discount rate will be 10% and the intecest rate for the financial
costs mill be 74, : :

©) In ihe dicsel fuel price (B heavy oil), the price used for calculstions of the financial costs will be the
curmzl purchase price for the Atalaya mine. The price uséd to calculate the economic costs will be the price
obtained by adding transpoit costs (US$0.12) to the intemational price at Caltao port (13S$0.03).

(10) For the po':\‘él cﬁaigeﬁ, Tarifa No. 35 Din T‘_ablé 45 will be appliad and the electsical (e2s wili be for the
case where the lead curves are assumed to be asin Table 4-15.

Note: 1) The diesel fuel price (B henvy o'ﬂ) at the port of Call2o used in caleulating the economic costs has
been estimated as USS0.09/liter. The trensport cost of USSO.12/kiter is the cost of transport between Catlao
and Tinlaya by tankes truck.
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24-2 Power Costs in case of New Diese) Power Plant B

The di¢sel power generation facilities will all be !bé.a(ed' al the Tinlaga ming and they mllbemlro.
duced in three sfages in kezping with the tinies of opeaing of each of the inines. The fol!ovn'f'ig' is an guﬂme of the
powsr facilities and the method of introducting thém. SRR - ST e

-~ In the first stage; four diesel génésafors (of which one wilt bé :'a' 'spéi_é) wlth 2 6ulputo!’ 5,3§0 kW
(output at an altitude of 4,000 m), ouldodr switching equipment (ciccuit b:e?kﬁs; dis@ﬁgg“yéﬂing%ﬁﬁ!;hgi‘; €ic)
and a transformer (capacity: 1875 MVA) will be installed at the Tintaya mise in 1982, the year when 1he
Tiataya ming will start opesation. D L

Cotmon facilities such as the power p_laﬁl‘ structuié, the crane '('ti_i_'a;wl'_muri} load 40 (c.n;) an d_“f? foct
tanks will be intioduced in this first stage and their censtruction costs will bé boin by the thiee ‘n‘;in_és' in pf-;p'o;-
tion to the power ¢ach mine uses. R S

The fuc] tank eagacity will mske possible 10 days of continuous operation of the six diccel genesatoss
at the time when the thiee mines start operation. T AT

The s:cond stage will involve the intraduction of one dictel geadrator (Sutpuls'$,350 kW), Sutdoor
switching equipment {circuit breakers 2nd disconnecting swilches) and on¢ fransformer (capacity: 26 MVA) st
the Tintaya mine in 1983, the year when the Cotoséohuayed miné stdils opeiation. In addition, 66 kV powes
lines will be constructed (total Tength: abost 11 km) for connection with the Corot¢ohuayed fifne. OQutdoor
switching equipment and one transformer (¢apacity: 6.5 MVA) will be provided at the Cofocvohuayed fnine,

The consiriction ¢osts of the outdoor swilching equipment, fransforms 3n666 kV. power lines
inst2lled in Tintaya will be born by the Tintaya and Corocéohuzyco mines in proportion to the power used by
each mine.

For the thisd stage, two dicsel generators (eutput: $.350 kW) will be iastalled at the Tintaya mine in
1988, the year of opening of the Quechua mine. The Quechua ming will G conntcled with the Coroééchuayco
mine by 66 KV power lines (fofal kngih: aboul 7 km). Outdoor switching equipmént 2nd i irafisformer
{capacity: 18.95 MVA) will be installed at the Quechua mine. Fig. 4.8 shows the system diagram of the powss
generation facilities, Table 4-11 shows the conslruction costs foi dicse] geoeratons and Tablé 4-12 shows the
PORAET COsis.

Table 4-11  Construction Costs for Diesel Power Geﬁe?a’ﬁbn

@i 1000 Uss)

. 1918 T T T S 1988 ¢ -0y iined

Tiatayz  Ceiovcohuiyco . Quéchuz - Jintaya Coiocoohuayéo 'Quee!_iq:_ T‘“"

Dielpomerpbnt 13,126 - 4§23 10834 16814 6935 199 iige
' Subsfation 281 382 98¢ 3 sy 1809 a6
Pownerbres - &8 186 - . 102. V " 709 R 8“ :
Tott 14007 5013 HIss 158 9610 Uhast dnaes
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Fig. 4-8 System Disaram of Dieszl Power Generation
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Table 4.12  Power Geneiation Costs for Diesel Powes

o o Area nit Tintaya Coroccchuayco : ngc!iga_
Anoual power consumption MWh s0000 | ‘ 20600 68‘000
Stait of operation Year 1982 1985 E 1938
Construction cosis 3000 LSS 17,158 1610 22,434
Life of Lhe plant Year 15 15 7 : lsf.
Annualeapence rate {Feonomic Cost) % 18.1 8.4 ) l.B.l

{Financial Cost) % 154 15 B 159
Fixed eapenses {Economic Cost} 3,000 USS 38 LA : 4060
{Firancial Cost) 1,000 UsS -1,591 1,153 3,187
Fuel costs L
" Feopomic Cost uss;e 021 o 021
Fintncial Cost usse 008 0.08 008
Fuel consumption per tWh Iit. 0.30 0.30 oon 0.3
Anruilexpenses .
— Ecoromic Costs 1,600 155S 8,116 2631 8,314
— Finaacit Costs 1000 UsS 4,351 1629 5019
Power geptiation costs _
¥eonomic Cost USS/MWh . 925 1319 $221
Financial Cost LSSMWN 528 815 138

243 Power Costs fot the Case Where the Czpacity of the Machu-Picchu Power Flant is lnéreased

At present, the mining companies are planning to increase the outpul of _tf\é Machu-Piccho Power
Hant to meel increazed demand in the fulure. Accoiding to this plan, 138 kV power lin¢s will be constructed as
far as the Tinlaya mine. The power costs have been calcutated for the case where these power lines ace extended

to the othes two mines and the powes of the thiee mines is oblained fiom the same gendrator. (Refer to 2-3-3 for
an outline of the plan {0 add to the powes plant) : :

The power line routes used for the cakeulation were along the Vilcanota River betwéen Cuzéo and
Sicuani, 2long the Hesrea River between Sicuani and E1 Pescanso and in steaight linss connedting the two points
between Ef Descanso and each of the theee mines (tefer 1o Fig. 49). The routes of the powe lines are through
highlands at altitede of 3,500 m 2nd over. Suppoils will be stec] towers in all cases. The electsical systems for
each of the mines ate shown in Fig. 4-J0. :

(1) - Calcutation of Financial Costs

In the caleulation of the financial costs, the fees for
No. 33 in the Electric Fea Table (1efer to 1-3) which came §
c2s¢ where the power is purchazed in Cuzco.

the poa'tr used are caleulatéd according Lo Tarifa
ato effect on 18 May 1978. Thése fees ace for the

The coasttuction costs inctude the construction costs of the powet fines from Cuzco 1o the thiee

mines divided propottionally according to the power ussd by each of the mines, with the construction costs fo
the outdoor switching equipment and transformer at each miae added.
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‘l‘able 4-15 shows the ponet (ﬂnanc;a\) costs In the dase where the powei is purchased,

(2) (‘a!cuhtlon ofé-.om)m(e costs

- ln lhe aleulation of the economrc Costs, lhe conskucuon coslts are the total of (a) (b) and {c) below:

@) ’lhe lolal of lhe const:uctlon cos!s for the addmon to the Machu-Picchu Poaet Plant and the powes
" lines !‘fom lhe poa'ﬂ plant {o Cuzéo dividéd by the proportion of poweér used by Cuzco and zach
ming, i.e. thé éortslrucuon cosls in pfopmlton to the powes used by each mine.

®)

Construction costs of the power linés from Cuzeo Lo e2ch of the thice mines.

(c) ' The conslmchon costs for the outdoor switching équipment and transformer at éach mine.

'l‘.sblc 4 13 sho'm lhe conslrucuon costs for the ad-:huon to the powes p‘am Tab e 4-!4 shows the
economic ams and Table 4 15 shows the ﬁnanaal costs. .

Tab’o 4 13 comtruﬂ;on Costs for Addauon £6 Machu Picchu Pomr Hant

Qsit: 1,000 USS)

9.

. 3982

1985

S A I A . . . 1988 __3}[;:.:5
il T“’"" . Cotopteohuayco  Quéchua  Tintaya Cozovcohuayco CQuechuz - Tolal
nil 2ddition | : RFOURE ] N 3 "
fv:o’-e:set:ti!::); fition. 5"‘ ' 2243 66 8,239 3,365 10089 21693
(Totatfor 3 mns-es) (13,693)
'Lq;m“{;n S 860 ¢ .- 450 853 1,054 615 1283 - 3012
(Total !'ol 3 mu:ﬂ) _ : i?.l&ji
Pe-acth.;e ) o s Lo o
construction . 10200 3400 10,200 12,495 5,100 15,300 - 32895
(Total for 3 mines) Q23500) o .
Totsl 13,786 6093 12,181 'n ias _ 9,140 6612 51600

Note:

TN power ph_nl addition cons!nahoa costs of bSSlS 535 xlﬁ‘ repres-eul tte folal Macha-Preha Poaer Panl

fonstiuction cost of USS}0.000 00 453168 progortionally bcheen )% equ;»mul c2jacity for the thrée mines
{15.2 M\Vj am:l the poaér plant a.‘ldmo'u (69 9 MW). '

. Tobled:14 Powet Costs [Economic Cot)

"Unit

- Quechua

TSR . Tintaya Coiocoohuayce
- Annua) power consumption MWh 90,000 20,000 68,000
Start of opesation Year 1982 1985 1938
- Construction coxts ur'llooouss 23an 9119 34975
Life of squipment Year 15 18 1$
Annual cést iate % 15.1 NEX 15.1
Annugl osts 1000 USS 350 1,476 5281
-~ Power purchmngmsls US$/MWh ¥ 7138 13
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Table 4-35  Power Costs (Financial Cost)

Area Unit Tintaya Coroccﬁhuayco - Quechua

Annual power consumplion MWh 90,000 20000 68,000
Start of operation Year , 1982 1985 . l988
Construction costs UsSx 10 8061 4851 . 12168
Life of equipment Year 55 S s "__ R ; 15
Annval expenses _ : % | 129 . 1229 129
Rate of power fine foss % _ b3 5 _ 5
Power lransmision costs pes MWh  USS/MWh 316 523 asn
Power fees per MWh - US$/Mwh 208 %3 208
Power purchasing costs : USS/MWh s94 _ . ?3! | T 649
(Electrical charges for Tintaya mine) . . P
KW Charges '
l' 12000 kW , $69,75x 1/30 x 12,000%W = 227 800S. R
600 xW 240 MWh kWh Chirges _
: &l -4 2655x 121 x 12,0008W = 381,600
165 x 8 x 600 = 79200

Reactive Componeat (P.F.0.9) i_65 x 4 'xll,lll) ?..757,80(.;!?-

240 x 1035%h x 043 x 1 35-= 134.1605

134.160 1+ 767.8300
240 x 10°

Active component tota} 767 800S-
3,758 S./MWh o

208 USS/\MWh

244 Distibution of Construction Costs

The consturction costs will be divided between 65% foreign investment and 35% local investment.
staying al the site, the costs of materials such as cement and reinforcing sods which c2n be obtained in Pery and
the cost of transport of imported materials in Perw. The rest ‘wilt b& forzign Investment. The distribution of the

construction costs is shown in Table 4-16,

Tatle 4-16  Coastruction Cost Distribution

. Unit: 1,000 US$)

Tintayamire Ceroccohusy éo mine Quechus inine

. Foicign Eovad Foten | Lecal Forelgn . .. Lova}

CUTFenCY CuiredTy CUTIe Oy CUIEOCY furrency | Curieady
New diesel powes plant 1,153 6,065 4941 2663 15580 28]
Totlforeachmize 12,158 7,610 Cnan
Total for 3 mines . ' 4'1.l99. -
Addition to Mchy-Piochu o
Power Plant
PO g S 5,333 2534 2,187 LI78 6558 3531
New power tines 8507 4,742 3,154 2001 10,779 5,804
Total for tach mine 21,758 9,140 25672
Tols} for 3 mines 57600
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245 comparalive Effects of Power Costs

Wheén the ¢osls of se!l'généiat:on of power by diese] generators and the costs of puichasing power
from the Machu Piechu_ Power Flant are COmpaléd purchase of the powér appears to be more economic at
present, Howeéver, these is the possivility of a drop in oulput teinporarily ina drought year and this could effect
the op-era!lon of the mines. Al present, invéstigations are underw ay concesning the poss'blhty of a geothermal

powér plant. Fusther detailed Investigations and cost comparisons will be necessary, including those COncerming
diesel gene;auon, before it is decided which power supply mli be used for the three mines,

26 Preparatory lr'iv}esﬁgauon's Concetning the Mzdm-ﬁcchu System

Tlus [mesllgauon was planned by Eleclro Perd and various problem points involved in the sugply of
powes (10m Ihé Machii-Picchu Power Plant, which is Mnssde;ed to be the most economical and relizble form of
powes supply, aré discussed. .

. The basic pomer transmmlon plan -xul mdude lhe con:huchon ofa single new 138 XV fine from the
Machu-Picchu Powes Plant 16 the Quencoro Substation in keepmg with the increased capacily of the Machu-
Picchiu Power Plant. One new 138 kV line will be built from the Quencoro Subsiation to the Tinlay2 mine and
powes will be supplied to the ’[m!a)a Cosoc-:ohua)co and Quechua mines. The main pontr source of this syslem
will b2 only the Machu-Picchu Power Plant until 1988 when the Quechua mingis to starl operationg. The Dolores
Pata Dicsel Power Plant can be consideréd as a résenve power plant because of its scale. Powes supply fo the
Tintaya and Coroochuayco mifiés will ail be from the Machu-Picchu Power Plant via the 308 km power line.

Thetefore various problemis involved in longdistance powér transmission such as voltzge drops, the
Fereanti effect and corona nofse must be mws!tga!ed beforehand.

Fig. 4-1 i <hcms an outline of the Cuzco powes sy stesn in 1985_
) \'o}lage drops

In 1985, thete is a possiblity that theére will be a voltage drop of about 9% at the Queniozo Sub-
sfation and mamlenance of the same voltage al the Tintaya ‘Substation as at the Quéncoro Substation.

Therefore, therz is no pfoblem of a w!!ase diop betwezn the Quencoro and Tinlaya m‘hstahoﬁs
because the powes demand @ relatively small when compaied with the voltage transmitted, but the volta ge drop
befween Machu-Picchiu and Quencoro will be about 9% because of the large power demand. H will be possiblz to
maintain 95% of the voltage on the s2condary 11 D kV side of the Tintaya aad Coroccohuayco mines by raising

the lunsformet taps by $% in the Machu Picchu Powés Plant. This voltage drop of 9% should have ao effzct on
the motor l-md for mmmg opctalzon

()  Ferrantieffect

_ In ¢ases whese the power requirements of the Tintaya, Coroveohuayco and Quechua mines become
very small due to some accident or othés abpomiality, the voltage ia equipment on the 138 kV side of the
Tintaya mine will be increased by the éapacitance to ground of the power line. This increase is estimated tobe
aboul 4% and no spécial consideration need be given to itin the equipment design. However, special care must
be taken with the insulation design to provide fesistance to high altitudes.

(3} Coionanoize

With the deddease in air density due to the high altitude, the potential gradient on the wire %u:face
deops as the air insulalion breaks dowa. In the existing Machu-Picchu Powes System, ACSR 240 mm® wires
have been selected and the prodled of corona noise ¢an be dealt with by selecting wites of the same size for the
138 KV line from the Quencoro Substation to (he Tintaya mine. In the future, it will be necessary toinvestigate
the power line routes, the range of radéo interference caused by corona noise and the size of the wites.
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99 km ACSR 240 mm?

Fig.4- 11 Cuzeo Power System {1985)
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26 Communication Plan

© - At presént, radios of the 100 W outpul chass are used for communication belween the three mines
and Lima. [t will be possible (o use these radios afier the mines starl operating.

T witl B‘é»desi_féblé 10 provide pbwél line transmission telephone equipment utilizing the power trans.

mission lines for communications among the mines. There should also be wire tele
automatic exchange) for communication within the miné piemises. Table 4-17 sh

phone equipment (40-circuit
O3S Costs of communication

system construction.
Tsbled - 17 Costs of Communication System Constiuction
, ) _ (Unil: 1,006 U33y)
Mine _ Tint2y2 ‘ - Cordocohuayco _ Quechua

, Forsizn | Locat  Foiekn Local Foreigh . Loval

tzm CHITENyY Custéncy CRIIENCY CUTrency curTency Curnency
Communicatich equipment ~ | 133 711 163 51 199 197
{including construction costs)

3. Recommendation for Further l.:)etaife& Studies

© . The results of this survey have indicated thal guichasing power from the Machu-Picchu Poser Plant is
the most economical. However, detailed invesligatiods which weie impossib!s this time must be pesformed in the
future since no goals have beca established fos ssising the funds required for the MachuPicchu Power Plant
expansion plan and delails of the néw Quishuarani Power Plant {amount of pomer genzrated anavally, fund rais-
ing goals, efc) s1¢ nol clear at preseal. '

Cn ihe Ha}es Project, only the construction ré%at;ed'lo_’a'gricu!fure is undzrway at present, but since
théreisa possn‘oﬁily of using it as a power source for lhe threz mings, it is necessary to investigate the Livia and
Luclls power plants, including power Ene toutés, The following iteéms should be included in the next detailed
L _ _ _ :

(1) Detailed sunvey of the possibility of a geothermal power plant.

@ Tianspétl toule sunvey in both seasons concerning fuel ofl transpord for diesel power generation.

3) - De!aﬁed suney of the p;uis o ﬂpand the Mzdm!ﬁo:hp Power Plant and conslruct the new Quishuarani
Plant, especially construction schedules for both plants with respect to the starl of opeiation of the thiee mines,
the time of the start of dperation, construction fund raising goals and the amounl of powes generaled annualy,
4) Site investigalion of the powéiiiine route from the Machue-Picchu Power Plant to the mines.

(%) S_yéte’m technical im‘éligalidn of the power lines (voltage variations, éorcaa noice, ew)

(6) Detailed investigation of the Lluta and Llucila power plants in the Majes Project.

(7} Route sﬁ(e’suﬁék for poaér lines from the Liuta 2nd Luclla power plants (o the theez mines.












CHAPTER 5 DEVELOPMENT OF ROADS

1. Situetion of Roads in Peru

$-1  Present State of Road Neﬁmrks

The Andes mountains has an average altitude of 1,000 meters across the central part of Peruvian

tesritory 100 notth to south. So, its tesritory presents three district regions: the §ittoral region, the mountainous
regien and the forested region.

Conczining the roads, there is only the “Pan American l!:ghway exténding from north to southin
the littoral region. The “Pan Amersican Highway™ has facilitics that conné<t it with the important cities far from

ihe littoral. This situalion is cléarly se¢n as a diréct consequence of the difficult geographical conditions on one
gde 2nd for the economic activities of the counlry on the other.

The snzin cities of economic importance are situated in the littoral region, accompanying the “Pan
Amedcan Highway", Because the économic center of Peru sussounds the tzp:ta! Lim3, the roads in this egion
a1e quite good, not different from the other developed countsies.

In contrast, the road condition of the interior region Is precarious. ’i‘here are very few rozds that

interconneel pastially with the kittoral region. Principally, the forested segion i is fiot explored, and the oadsdo
rot exist there.

The volume of traffic has been incieasing as the countiy develops economically and as the roads
becom saturated as a lransportation menas. Fér the economic dewiopmenl of Perv, (he roads must be improved.

12 Thé RBoad and Its System
121 The Sitvaticn of Road

Peru has an extension 'of_S?,O(I) km road, but only 5,900 km are paved. The whole extension 2,650
" km of the “Pan American Highway™ is paved, 26d so, the intesios tegion piesents 2 extremely low percentage of
paved road.

The regioa surroundmg the capﬂel Lima the center of economic activities is well provided by good
wads. Somé of them ha\e 4 lmes and ¢ven 6 lares. Bet in the interior, the roads have 1 lane or at most 2 lares.

The main obstacke to (tansporlahon occurs in some mountainous and forested regions toads, during
the rainy season (from December to Apal). ‘The inundation and the consequent bad condition of the roads
obstruct the lraﬁn. in some parts,

In I9:6-6,_7lhe toll road system has been established in order to supplement the budget fot roads

facilities. Actually, the toll road systeniis uéied in 15 rovtes inside the country. Table 5-1 shows the development
of raad exténsion network. Fiz. 5-1 presents the Peru's 1dad network map.

Table 6-1  Development of Road Extension Network

| (Unit: k)
Year ] Paved Roxd Guvtl Roxd  Improved Road Tak Toisd
1965 434 6449 11,645 20,389 42817
1920 4857 8,654 13903 21839 $0,306
1972 5949 11,929 14,650 25412 56940

Source:  Ministerio de Transpoites y Communicaciones
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Fig.5-1 Road Network of Pery
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122 Rosd Network System

The roads have been planned and administésed according to their degrée of .importance and
characteristics.

()] -National Route Connecuon mads betv.een imponanl cmes a!so beh\een lmponam cities and
harboss of frontiers. The roads are vesy unpoﬂanl fos the nationat i mtetesl

@ [)epa:!men! r0ads —connecuon roads belwéen important areas inside the state, They are I'undamenlaﬂy
: important from bo%h an economical and a social point of nen

3) Usban 'mads -7'5 -~ éie the mads ms:de (he ci!ie—s and so on.
Acmrdmg to the senvice level the roads has been organized and sy slemautd as follo WS

) \!uh:p!e Tane Iughv:a)’ (more than 2 Ianes in’ each dicection) — has been planned fm a traffic \o‘ume over
- 4,000 vehicles per day .-

{2) Class I - hasbézn planned for lnfﬁc \olume of? ('!00 (6 4,000 vehicles per d‘ay

{3) Class2 — for a traffic volunié of 200 to 400 vehictes per day.

{2) Class3 — for a traffic volume [éss lhanm\e}mks per day.

(5) Other roads ~ traffic volume not calcutated.

Bavca!!y, thete criteria are appmpnale fos mational and depatlmenl mads For the urban mads
including thé (4) and (5) criteria above mentioned, other standards have beén established. '

1-23 Prescat SItuahon of Road Netnork

‘ ’ﬂw main roads of majot lmpomnce are well tqmpped bul most ol' lhe othe: ones are pom!y
2quipped. This ¢an be observed in the rivei region, where thete are sany places with no bridges or only bridges

fos very fow !oad cmdmons In the hatter case, the big obstacle is the restmlton placed upon high (onrmge
wehickes.

l)unng the rainy sreason in lhe plam lé‘g}Ol‘l there ace places with poor soil condition, ar;d the g;ound
has neither. been conveniently treated nor well diained. Consequéntly, there are pards where Luaflic becomes
impossible “dué 156" the" inundatwns Buf, if malntenance werd to be pcrformed these roads could be
norm1.ly ulihzed dunhg tﬁe dr)' season.

A!ong xtens&éﬁs irzide lhe mounimous region, plao:s of tumble dmm dange: ¢an be ohsenved,
be-:zuce ‘of lmpe;&d héatrnén! of the surface of a slope section. There ace also some séctions without of guard
rails that car-mt mmré the safely ol‘lhe teaflic flow.

. Aspha[l is nseé Y lhe:rpa:\ement of roads ia their totality, and e\cch.dm,g &onstriction recently
lmh}‘:cd ~some aléas lh ho‘es :md damaged parls in the asphalt can be obsenved. This is due probably to the

comm:enl!y teeated. In contsast to these roads in a precarious state, othes

roads are well equ:pped mlh mde n‘.\ad lme and shouldes 2nd c2n handle trafiic satisfactorily even though they
HE pned mlh grawl : T T

in 1970 the gm*emmenl of Peru established foad ¢riteria to orienl the f0ad pioject. The synthesis of
this criténia, the ébjective of which is to develop raads with 2 high service level, is stated as follows. Tzbk 5-2 and
3 tepfesenl the sundard data ol' road ami standard \a‘ue of roads geomelma! Steuclyse.
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- Table 63 $tandard Value of Roads’ Geometiical Structure N

S T

Des!g_nSpeed M iﬁimt}m_R:dius of Curvature (m) Maximum G;ade of the Slope (% %)
kmbh o 1 2 3 1 2 3
Y 30 25 7 60 100 80
40 60 45 50 60 100 80
50 %0 18 80 . 69 100 30
®0 130. . . 10 120 X 100 80
10 190, . 160 170 60 95 80
80 %0 220 230 60 90 80
90, 330 280 300 60 85 80
100. 420 .. 380 380 60 30 80
10, S0 . 415 . 41 60 80 80

Note: i; Desirable. Value -
S Speaz! Valuz
3: Spedial »‘atu-: in'case of g;«.’al numbe: of heary vehicles

Soiute_: Ministerio de Tcansportes y {‘ornumcamnes

13  Traffic Volun:'ae 7
134 Numbel of Pmate!y O-umed Vehldes :

- During the pasl !'ew yéars in Peru, ‘there was an 5-7% ingrease in the numbe: of privately owned
vehicles, ano:dmg ) Table 54. Bul the number Pt capita is still very Jow, 1 vehicle pes 35 persons, 2and most of

the vehicles are for mdustnal andfor comimmeccial use, The individual use of vehicles is restsicted only to the
regions of the € pﬂa!

But ac(ua]]y, Ihe incieate zale of \elmles has slo'aed due te the high price of the vehicles themeelves
and gasohne Dedpife 1 this fact, there is 3 possibility of increase in the number of privately owned vehicles, depend-

ing on the stabilization of the economic condluon of the country. Table 54 represents the increasz in the number
of privately owned \e?n-:les S

1-3-2 Tla{'ﬁc Votume

F‘g 5 2 panls the teaflic \o!ume 6:1 thé main road in Peru. We can obsénve that evea on micst of
the rational routes the traftic yolume is only a few hundred vehickes pod day. Evén beiwesn main cities, the
traffiic volume is 1,000-3,000 vehicles per day, and excluding inside the cily, theré ate ro traflic jams.

Constmmén Goasenanon and Admimsuaiwn of tha Roads
: b (‘onslmclmn Todinténance and admuu:!rahon of the roads aR pe:fonr,ed by the central govemment,
undér the jurisdiction of the Ministerio de Transportes y Comunucacions (MTC), the organization of which has

beza p—*exated in lhe F‘g, 53, The dep-arlmenl ol‘ surface Itamﬁpodahon is responsible for tke meds

Thé teg:ona] 6rgamzalmn is composed of 1 regmml maln offices and 26 states oflices. In reality, in
lht\e ofuces the conslmcl:on, mainiznance and admuuslmlon of fedeial and regional roads are organized.

The legional ofiice have all dights coni'ernmg maintenance and adminittration. Bul conceming consl-

m-.t:-:m the maia office does the planmng, and the regional ofiices are responsible only for the exzcution of the
project,
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Table -4 Incréase in the Number of Privately Owned Vehides N
(Unit: 1,000 vehicles)

Year Prlsaleltylr'Oancd g;:;ﬂ{g;:g:: Total Peg\t;:‘tagﬂlﬂﬂﬁse
1967 180 105 285 7 ;‘g1,4
1968 191 107 B 1.648
1969 203 112 318 1.053
1970 213 116 329 1.044
1971 S o i19 341 - 1.937
1972 234 124 38 1682
1973 250 132 382 R 1064
1974 266 140 406 1064
1975 288 149 L 434 1066
1976 301 155 456 1.052

19712 312 158 470 , 1.032
Not¢:  The populilion of Peru in 1977 was 16,300,000, . o
Per Capita Index: 320/16,300 = 1/3$ vehicles/person

Source:  Parquade APIA |nformac10n venta de vehiculos ¢ lmpo:lzt‘lones

Figs. 5-3 and 4 represent the principal organizations. Quiside these orgamtauons the almy alw
executes a considerable part of roed projects.

Table 55 represents the estimaled value of the road nelwoik. The aﬂua! sﬂuallon is that it is not

possible to have a pesfect and multiple Macilities road system bacause of the low percéntage of national budgeifor -
the roads.

_— 7 T ATV

(Unit: M. Sotes)

. ‘ e b S : : o Maintenapce &
Year Constyuction . Improwr:nenl_ . Administiation
o km ... Cost km Cost ok s - Cost
1977 248 3,125 138 1,694 35,507+~ - 1,050
1978 3] 3962 175 1930 6642, 1200
Note:  * What can be considesed improvements are also included.

“Source:  Ministerio de Trantpor(e;y Comunicaciones
15 Read Consuuctid-n ﬂanning

As part of the economic development planning of lbe country,
ed and is executing “Four Year Planning for the
because it was finithed in 1978, lhe govémment is
be under way in 1979,

the govemnment of Pcru has establich-
Development of New-Nations™. This started in 1975, and

faced with lhe prepasation of “Five \eu Hann.n tha; wit

The p:eu’nt *Four Yeat lemng was o:gamzed mnsxdenng \e:y impoﬂml Lr;\eslmenu in lhe mai
facilities, because this was considered 10 be of fund

amental impoitance for the edonomy. This' onentatmn would
also be under way in the next “Five Yezr Planning™. . S

]ndudmg these planaing elfoits, the Ministry of Trantpo:l and Commumtatms is also elsboraling

_upon other planning for the thsh)' of Transport and Communications for the period 1971-86. The ob}eclm is
to solve the problem of incseasing demand for transportation in the future,

Tables 5.6 and 7 fepresent the planning of road facilities in this project
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Fig.6-2 Traftic Yolume on the Main Road (1977)
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Table 56 Rozd Facilities Planning by Area (1977 — 36] :
| | (Price in (976)

Arca - Paved Road Gravel Road Total. - Cost
(k) ) Gmy T (d.Soky
North Region $77 213 790 . 8016
Ceatral Region 903 641 1,544 1,389
East Region 0o 134 134 - 1049
South Region s we 1 6213
" (Urcos ~ Pte. Inambari) (296)
(Puno ~ Ifave) (56)
ot S ) IR
Total : 1925 L Bs4 T 32090 0 C230m?

Note:  Road expansion indicates that 1his was concluded.
Source: Plan Diréctor de Transportes, 1977 — 1986

2. Rosd Development Accompanying the Exploration of Copper Ofe

21 Lo<ation of Roads under Development

_ ~ The <oppet 012 16 be explosed is located in Espinar, in the south r’-‘_ef,'iori of Ouno Deftaﬂmen! lrpé
straight tine, Espinar is 180 km from Cuzce, which is the mast impoitant city in the interior gégipné Espinar is
also 180 km from Arequipa, the principal city of littoral region, and 90 ke from the imporiant hirbos of

Matarani as the crow flies. As Espinar is located in 2n isclated and distant région and on'a 4,000 m high plateas,
the facilities of the road network are quite precarious. Druring the sainy se330n, vehicles cannol pass. '

For the development of the mine, it is necessary to transport a gréat quantity of construction mated-
als, concentrate ore, fuel and machines between Espinas and the harbor of Arequipa city. Presently, 2 raitroad and
a mzjor highway connéct Matarani — Arequipa — Juliaca — Cuzco, and so, access is possible up 10 90 km away
from the mines. : T ' Cn

The 1024 connécling the cities of Arequips and Juﬁaca; hOvre\"gr, -ha};: Ic’)r_:g'ﬁaris m u}uch lhe{e are
many bends and steep grades. The railioad also presénts the same unfavorable conditions. With thé future increase
in traffic volume, it is quite difficult to aceept that this situztion will be adequate for the transpostation of éres.

Due to the location of the mines and the condition of the roads, we can ¢onclude that improvemenls
in the local trarsport conditions are absolutely nécessary. : j

- As 2 trznsporlation menas, il an be thought that there ate two options, 6n2 being roads alons and
the other being roads and raifroads together. _ ' .

_ To decide which one is more advaniageous, it Is necessary 1o consider the general condition of rai-
roads and the harbor. Bul at this time, such an investigation has not been petformed. -

Therefore, the present reporl presents a study of both types of transPO}iatfon, toﬁsidering the idea!
situation of roads, .

In this region, these are many mines and geeat opportunities to dévelop agriculiural 2nd cattlebredd-
ing activities in this extended plain ares. ' :
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The teansportation sroule would, therefo;’é, nol be exclusively for lhe- mlnes a;t‘-EspInrla_r, bul woulg
also be an imporfant element in the development of agricultural and _ca!llf:brged_mg ac@imle_s._ For this ’geason,
studies of developmenl of the roads have beén pesformed, considesing the future development of t.hi‘s_ixegim'
Fig. 5-5 presents the localion of the mines to be explored. :

22 Development of the Region end Paraliel Projects

The present region is focated m a plateav, under unfavorable climate and s'oli! cOndile}lg. Aﬁzu;ny’
other than caftle-breeding and mine exploration, thete are no other appn)priatg__i[td-js!ﬁés-4Exctqdip§ 'the_'_ state.
ments mentioned below, there is no objective development project. Bul the wide unexplored areas offer fot the
fulute a very good possibility fo develop agricultural and cattle-breeding activities. Fig. 5-6 preséats the location
of the parallel project. .

(1) Development of mine exploration

As shown in Fig. 5-6, this region offess many mines and multiple possibibities for ) uluie Qé:i?i_.'oémem_
To link the refindry of the littoral region with the haibor the lranspoitation mode could be either the railrezd
of the rozd. : : : - :

{2) Majes Froject

As pait of general development progeam of the south region of Peru, the Majes project has as jt§ main
objective the developinent of agriculture on a large scale using the irrigation syslem of grassy plain {n Sigvas and
Majes. ‘The tafter two places are focated on the west side of the depariment of Arequips. Thé fundamentals of
this project are stated below:

) General development of the region using irrigation and also fnstallation of paraltel facilities in 2 60,000
ha.area, : .

ii)  Settlement of 150,000 peisons in the irefzation region. o T g

i} 600000 kW electrical power station instaflation, 1o provide for industrial development and explors-
tion of Minzs in the depariment of Arequipa. : o :

This large scale irsigation planning, quite rarz for South América, will be performed in two steps.

As the first step, construction of infrastruciute is practically cbnc?uded,_ white l?le é'orfxs‘!'rﬁc!iod of
chanriels of the Condorona dam has just starled and is supposed 1o be conciuded in l98‘2._FoHcﬁi'ng this, the

second step of the project will be started, The conclusion of this project is expected in 1986,

Summary of the Froject

(1) Trigation area: ~ grassy plain of Majes 35,_0(1) ha
, - grassy plain of Siguas 22,000 ha
area of Achoma 3,000 ha
Totzl 60,000 ha

(2) Damconstruction: Condoroma 200 x 10° m*
Angostura IV,OCAIJ x10Pm® |

(3) Eleitrical power production: . _ 600,000 k“’_" o

(4) Peoduction: agriicutlu:’e, callk-B:eéqug dairy products

(5) Plaoned population: 150,000 pessons



Fig. 5-6 Location of Mined to be Exploted

L3
: \ /,/’ \_\l
JUNIN Ve ) \
\\‘- . < 1 - .
\ —— . ) } .
> PO S /- MADRE OE 0I0S
1. ! -1 o 7 . _ .
b Y . 3 I
THUANCAVE. S} e -
C¢HUANCAVE- /- - . . . TN
,_'Ji' _UCA 1 \ ; S =i /./
NN e AN 5 Foos
\“ ! A SN Y L /g R ,
] - Ll LY SR : H
i N Y L7 Mings 1o be Explored
ﬁ' Yk - :‘ff”hYACWHOJ‘ : _;1'. PUNO k
S g
e -

[

: (]

. )
Motoronad d Y

Nolends

o 30 160 130 dod 230 300 350 40Ciad
— B "




"Fig. 5-6 Lotation of Parallel Profects -
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5.7).
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@
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(6) Cost: 1,030 % IO6 dolias (cunent price)

) _ _ {50% Investment by government of Pery
-~ \30%investment by $ foreign banks
0 "Ex'eéii‘liﬁhf : \lACO‘l constrisetor, that has planasd the \!a,es project, formed by construe-

" i{ion companies of § investor countries!

Tunspor(aﬁbn Route andltsPteienl Sitt;aﬁon
A% trénspé:!"atién :Oulés' for the minzs, the following 16ulés can be progosed (akso refef to the Fig.

Mine u Sl-:uanj L———) '.!a!arani
Mine (_) Aya'mi (l“-l—'_) '-latara.nj R T

Mind (tc-ad) lma!a “(railroad & r03d) A(éqm;a _ﬂﬂlmd & 1036 ﬂatar anl :
Mine g‘——) Sﬂ)a)o ('03—) Sumbay M Atéqu;paw \!ala!am
Miné L— A)'ann (load) Puno (r;nad) o -

i

Among the route: abo'.e menhoned (e) is lhe harbor mute fo llo har‘bo:

Aﬁolher Iunsportauan a]lcrnalue oliur lhax‘; \!alaram and foha ibor, s!wu!d be decided following a

gereral lmeshga!ion of the hacbors themselvés and Of the roads and raifioads, The examination of the habors
and sailroads is goifig (o bé pelfo:med at the next oppo:(umiy. Theeefore, in this work, coasidesing the condi-
tions of access to \!atuam hubo: ,an anal) sxs of this roufe willbe reported.

2314 Road Comhtlahs

Q)

®)

(c} I

m.- mad.condtitons of lhe !ranspmlatlon route menuoned befo:e will be presented in the folloning,

From Mmé (o S!cuém (L l‘28 km) o - i
- _P:esenﬂ)‘ iis utitized 3 (rancpodalloﬁ mu!e fof to"tcenhale ore from Atalaya and Catanga reseaves,
all yéay fong. Durmg thé fainy teg}on llus is the only 2 aceess roule in this region.

—  The widthof the 10ad i3 58 m, bul asit e\(énds o the mountainous region, thére are many curves.

—  Theredse :elatm'.!y speakmg nol s many sféep and sbarp cunes,

- Almést ail the pa\emenl conditions are tahsfau.tory, bit there ate sections where pa\eménl hastobe
' chmbed .

—  Forihe mne belng, thete are bndge f acilitics.

- 3 ,650 — 4,350 m p!ateau altituds. :

From '-[ne io A)'an'fi (L 95 km) '
- Aclually, dunn,; lhé dsy teamn, itls possible 1o transit 2l this e\lensmn by jeep. B-.n in the rainy
. s2ason, it beecm*ef lmgoss?o!e for vehicles.

—  The roads Is harrow especially in the mountainous. region, whete it baS 3 m width. But in the plain
region, the road has i Srﬁ i width.

—  The moun!unous reyon is qmte sleep, with numetous small <one ladu ;

~  The p%zm afea of Ayavid is about 37 km which has in p'mcup!e somg facillities for agricultural
actmues . .

—  Thére ace bridges, bul lmpass..'b!e l'ol !-ea\'y tiucke, (4 bndbes)

-  dnthe ming areas, there are no lmgalm facilities, and the toad ground is quite fragile, in spite of it
bemg a phln xe,;ion ‘

- 73,950 4,450 m plateau altitudé.

me mine (0 Condoroma (L 6l ke) -
~  From the p!aln tegion, the aliitede suddcnly increases 1o 4,600 m. In this pait there are great sock
. blocks and a3 the road is nascow, it is quite dafgerous.
~ During the diy seasoa, this route conneds I':‘.spmar Province to the egion of Arequipa, and these ate
alio regular bus lines.

\‘°"‘- 1) The §investor countries are:  Sweden, Enghnd Sgain, South Africa and Canada.
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Map of Ore Deposits in the 141
Neighborhood

Fig. 5.7 Present Situation of Transportation Roite

Cozcd

Argostore

Sicuoni

Condoromo

Moloreni

Remarks:

National Route -

Impeovement Pecforimed .
Track (passable Juribg the r"air‘uf s-.e.éson.} .
Track (impassable during the rainy sesson)
Part _61 Siddy R :
ﬁailrbad |

Oistance {kim) -




The width of lhe toad 1s3.5 m, but In the mountainous tégion it becomes nano

w with small cu
radius and condinuous sieep slope. ne

- There is one place without a bridge.

3,980 -- 4,700 m pla!ew altitude,

Evén in the plain r2gion, the road ground is fragll»* As these is no (leatment of siver bed, it becomes
1mpassab!e [o: whicles durmg the tamy season.

(c)-2 me Condomma lo lmata (L ':'0 km)

Before lhe;é ere mlﬁes ln Condomma, and a dam for ungahon was consliucted along this route.
Consequéntly, llus road was vlilized as 3 transportation rovte,

4 A50 — 4?00 l!‘l p‘aleau altitude, but 2¢ there are many pelis in valey, lhes-e :epons are quite wet

- dudng the dy; Y. ceasor:, and so the r6ad g,round is very weak.

- During | the fainy s season lhe ially 1égion becomes 0 wel lha! it is a0l possible 10 facititate the traffic.
“Thi lopog:aphy presen(s miny ups and downs, but the foad follows a straight line.

With variation the vﬁdlh of the road is ielalnely wide, 48 m.
tmata is connected fo the railroad.

(@3 From Imata to Aréquipa (L'~ 153 ke

Between bmats and Aréqmpa is almost lbe désert leg,mn ‘and theee are some pa:(s mthoul ar0ad
_form

'Beimen i’ah and Arequzpa ‘there i is \ahona! Routé 3 bul a dsrfereracé of 2 100 m in aftitude is

obsenved. From Arequs lhetl; is pne 30 ke section, which presents a lot of U-shaped curves, The
road’ ow, with weak ground, so it appears to be very darnigeious.
Theite is oné tunnel with a véry smalf section (L = 85 in) that has only 2 3.5 m width consh!u[mgz

_sedious obstacle for the !lmspOrlatmn of large scate material.

A35 — 10 mwidih, ‘excepting the mountainous eegion, is kargé enough.

) '2 350 4 450m plateau a]hlude

4 F;_om Aleqmpa (o \lalaram (L 326 km)

Well equippﬁd ro2d, with aspha!i pavement.
The:é is one tunael mlh a largé séition.
The:e ate tonlmuoas shiip curves oft lhe v.ay down to Matarani.

(d'}l me mine lo Apgos!ura (L 90 km)

The facility CoﬂdllIOﬂS a2 precanous md ac.tually the lo..d isina pfétmous stale with 3 very low

N traﬂtc yolume. ©
" The séq.hon l}ral foﬂows l!xe ranne ol' Apumnac 15 narrow with 1olling stonss and rock blocks,

As theie aré no bndg,es on sevesal sivers of the region including the Apurimac river, these is absolutely

‘no ihroughfaté for vehicles during the rainy stason.

_The faad’s gxound in thé plain region of Yauri is quite weak.

“Thé width is 3.5 m, but in most of its extentions it is q\nle RAMOW, with 2 3-4 m width.
3950 -'4,500m phteau altitude.
The yade mlh somé excephons is ]e\ el.

(d)-2 Ftom Ang,os!ufa [ Stba)'o (L=53 km) -

'Ihls toute hai in pnnﬁp!e somé fauune and it is ulih'ied as tlanspom't'idn toute for oies and asa

“lodal route. :

- Majesinteads to conslmd a dun in Ango&!ura and fo; this réason the rad hss facilities,
" The toad is relatively ]atge With 2 4.6 m width.
: In thé sectot descendmg to $ibayo there are steep - shaped cunves.

o 4 200 4,700 m pla{eau almude.

(@)3 me S:bayo to Su mbay (L 54 km)

" This 10ad is fof use in the \Ia_;e. pn:s;ed andithasin prmuple some lacilities.
+ + The toad was conglructed with 2 lanes of class 3 connecting to the Condoroma dam. This was plann-

¢d as part of the Majes peoject anid bifurcates in Callalli,

Clote (6 Sibayo, this raad joins with the road plannad in the Majes project.
Excepling one part, the road is ha r,,e mlh a 48 m width.

The r0ad surface Is relatively good. -
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—  In the rainy season, it penodically bedomes impassable l‘or \ehides as lhe:e is o lrealnient of the
river bed.

— At the 41h km, one branch goes to Sumbay and connec(smlh lhe m!road Of this polm lhe loadmg
and unloadmg facilitlesof M adngal Miné will be ins!alled

(d)4 Ferom Sumba)' Arequipa (L 84 km) ' : P
~  thasbeea installed and is administesed as an adcess toule for the Majes pmjed
—~  The width 7-12 m is quite large.
—  On the way doan 1o Arequips, there are long parls with U shaped curyes. But as they are w e[l hnp:oy
ed, theze are not many problems.
— 4,300 — 2,350 phteau zltitude.

(e} From Ayaviri — Puno (L=133km)

—  The road is National Roule 3 and beiw een Ayann and Jullaca i is cosered \mh gnnel Betwien
Julizca and Puno, the 103d is ;n\ed with asphalt_ §ts l’aci!ahes have also been tomp!eled and it offess
good conditions for trafiic. :

—  lagewidth? — 12 m.

—.  Plain surface without stepe.

- 3,950 — 4,050 m plateau shitude._

()2 From Puné 6 llo (L=331 km)
— _ This mad is just now uader construciion, and exceplmg lhe bndge oxér (‘ahente mer, sl presents
good’ lrafll.., coqdmons ]
—  The construction of the bridge « ovey (‘ahen(e m-e: is e\pec!ed to be c-ompleteci \ery $000,
—  Tthas elatively very fow sopes, and it could sesve as one oflhe mam toads in lhc fulu:e

232 Present Traffic Condition

Table 58 indicates the number of vehicles, and the hg 58 repteumls lhe irafltc \olume of l!u '
fegion and of the lranspoilation route. . ‘

We can observe that the number of vehicles in the De pa:!menl of A[equlpa is shghlly hlgher than the
average of the covntry, but as opposed to the othér depz;tmenis the numbe: of vehicles is lonel lhan lhe average.

The teaffic volume between the l}.-pastmcnt of Cuzco and the littoral region on lhe hahonal Roule 3
s quite low. it can be stated that in this region the m-ads are pras.ucaﬂy nol evcplor-ed : '

In the regions ahere such statigtics are ml Xaown, the volume of tsafiic emmated by obsemﬂm.
In these roads some pails are messsable for vehiclesd unrrg the fainy sea ~on -

Table 5-8 Number of Vehides by I.o¢ahly ey ]
: (Unis: \ehic!e)

Oparimeny Vet oo e %‘5‘6"&?3&'“) "(};‘i’:ﬁem'}iigﬂl)'
Arequipa 13969 9896 23365 - .6l9 . - 25

Cuzco 6683 ggs 15518 s sy
Madre de Dios 6 B B T “er
Moquegua 631 : '6‘.l3' - 1;25(; _. .:.Z 86 - 68 '

Pune 2650 3336 988 s i

Whole Country MA34 s8I w0eor ex0 - as
Lima . = 217618 69409 - 287021 433 - 15

Note:  InDecembes, 1977, . ‘
Source:  Patque de APIA informacion venta de vehiculos Importaciones |
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Fig.5-8 Map of the Connection Roads” Traffic Volume {3972)
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Sourcs: TRANSITO, 1977



24  Continvous Increase of Traffic Volume

A continuous incsease of teaflic volume is expected accompanying the smines exploration. Table 5.9
has been evaluated considering the traffic volume relative €0 mines.

The traffic volume resulting from the mines is divided into:
(1) Traffic volume generated during the insfallation of mine facilities.
(2) Tiaftic volume caused during the eperation of the mines.

a} Transpostation of material, machings, fued and concentriate ore. 7 s _ .
b) Transportation of daily necessities for the mining town, locomotion for work and everyday tife.

Yeble 59 Basic Table of the Transgort to Mines

Atalaya - Tintaya . "(‘éf&\*@hua}'m _ Quechua
(Construction of Mires) - '80 ~*82 '83~"85 ‘86~ 88
Construction Materials (1) - 50,000 - 5,000 30,000
(Consitection of Mine) ln(}pelalion ’:33~ *36~ : _ 'gé_fv
Pure Ore  (Kyear) 2,600 152,000 20,000 T 92000
Machines  (tfyear) 1,000 15000 ' '2','5"'00 " 15,000
Fuel &ifyean) 1,600 45,@ '6,000- ) . 34,(!]) T
Mine Toan) o . .
Worket Poputation - 200 600 . 650
Dzperndent Population - 3960 ' 2,640‘,. . _ ' 2,860
Mobite Popolation - 0 w0 .65

Note: 1) The structure materiat is not included in the construction material made in the ¢ounltry.
2} Inthe figures fos fuel, diesel for the electrical power station is not included. '

241 Traffic Volume Caused during the Instaltation of Mines

During the period of mine inségllilién, it became necessary for mac*unes to b (ténsggrtéd for con-
struction and prospecting for instalation of oie dressing sites, for reception and diiuipuliod of ekectricity, sub-
sidiary equipmicnts and material for house construetion in the reglon of Arequipa ot the hatbor, . © - '

B

Ex¢epting the utilization of trucks with 12 €. cargo, the traflic volume is pre‘éeﬁ(ﬁé& t;elon IR

(1) Tintaya (period = 1980-82) - R
500001, . e T '
m. - Q.? (peicentage of production) — 121.x2 = 12 wehiclesfday

{2) Coroccohvayco {period : 1983-85)
500001,
3 years x 365 days

(3)  Quechua (pesiod : 1986 88)
30,0001,
3 years x 368 days

—07 - P x 12 = vehiclesMday

— 0.7 — 124.x 2 = 8 vehiclesMay
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242 Tisffic Volums Dué o tha instalistion of Mines

, Olhﬂ lhan lhe lransponauon of oies, fuel and other
fation of food and d ally necessities, during the construction of min
volume was also generalrd by everyday Imng and amusement.

parts of materlals, there was also the iranspor-
25. With the selilement of mine villages, traffic

(D) Tra.nsporl of concenuate ore, fuel ma!enals

All ihe matenais éxceplmg the conceqmté ore ¢couMd be hanspm(ed by the unloaded trucks on the
way bac‘c to the mines. As 3 conséquence the traffic volume would not be increased, (‘ons:dermg the dimensions

of theé concentiate ofd reséives, wé estimated that transport trucksof 124, cargo for Quechua mine and 20 ¢ for
the other.ones could he uhl:zed

) Imlaya (penod ; 1933 ~)

A2000. L
3551 m '-:— 0.1 (p_ercenlage of production) x 2 = 60 y‘ehiclés,'day _

2 - Cormohuaycﬂ (penod 1986 - ~)
?0@ {.-

363 da)s : [ 2 ! T 07 {p-ereen!abe of pxoducllon) x 2 = 14 \eh}de:'day

3 Quechua (pénod 1989 - )

920001 . " orodictionY s = Ak x o :
m 307 (peicentage of p:odmtlo?) x 2 =36 vehiclesfday

() Commn!ahon trafilc \o!ume

. As the mine silla,se bas been plmned to be me( in an area close to the mounlam, (he trafiic
volume of commuters would originate fn:-m the regon of Yaun. Conqdenng that everyday 10% of workess
would be mmmuung, bus-es vnlh 45 p?rson capanly a:e pmposed '

2150 persons x 0. t
45 penor.shehlcle

x2=10 \'efﬁc!é'g_(b us)/day

{c) Commulmg

In the eser)day commuting, Inps tor shopping and amusemmi are mentioned. For this purpose there

are some fwhues at the mine village, even though |l is suppased that on a\ve:a,,e most people will monthly g0
toCuzco, J uhaca or Arequlpa

{d) Tmmporl to 'no:kmg sxtes

[t is supposed ﬂ'nal a \eh!cle of the mines witl go tmk and forth everyday to Cuzco, Julizea or
Arequipa in order to aclompany the development of the works af the mines.

3. Choice on the Transportation Routs

<3 | Cbmperison Rb-u!e

(.‘ompanng the attval roed siteation and their improvement po&u’t-:}mes the (rantpo:lal:on route to
be utiized is I'undamentall)' the ac tual roads in use, :

Ihe:efore in domg an analysis of a comparison route, xoné.denng the transporlation possidilities, the
lzmspo;tahon toute to be utilized is i undamentally the actual roads in use,

‘me:efow in domg an anal)«s:s of a éomparizon mult, comzdenng sepaiately the transportation coute

viilizing On!y toads and the transportation route malaly employing both roads and railioads, the following results
are slated delow (Fig. 59).

s.21



Fig.5-9 Map of Transportation Route
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3} Transportation route only by road

1) Miné - ayavird - Julizca — Matarani

2) Mine ~ Condosoma - Imata ~ Matarani

3)  Miné — Sibayo — Sumbay — Matarani
b) Tunsponal__idi‘;i toute by :l'()adra'ﬂd ga_ﬂroad

1) mine - Sicuant — (eaifroad) — Matarani

2) - minex Ayavin ()~

3) mite-Imata— (. " ). "

4) mine - Sumbay-( * )- “

32 Single RoULE Plads of Rosd

7 " Araohg the thies toufe planis mentiondd below, Routé (3)-1 via Juliaca has already been improved
for the mést part and may fulfif the fequitements of a Tran$port roule. As appareatin Fig. 59, howeves, it is con.
sidesbly longes In distande than the othes (0ulés; 5o it s undesirable as a mass transpoit toute for the folure.
Theselore, in comparison with the paralle] tailroad, it is unthinkable to use this routé as a transpoil 1outs, consid-
eding that failfoad transport s generally more advantagtous than road transpoit if the distance to bé traveled is
thesame, - . 7 Lo < -0 . ) N .

h Coﬁséqu_cjh'ﬂj:(a‘)aj’l and _(3}43 2té to be com paied. Table 5-10 chows the comparison by items.

) 3udg;mg I:om this ia_t;lé; lhere lS 'lifl__lé diffesénce in dish.ﬁét, ¢oastruction cost and travel cost belwesn
ihe two routés. Tl_;e_'differén&s bem'eeh these two routes consist in the feasidility of ensuring tiaffic in the fainy .
© s2a50n, the effects on regional development 2ad the relation fo other projecis.

.+ Firstly, ¢coneéarning Route (3)-2, there are many parts that bacome maishy during the r3iny season
azound Imata and in the bisins of highland afeas, and evén if improvements were carried oul it would be difficult
1o ensure the Iraflic conditions for largé frucks in the sainy season. On the other hand, the ground condition of
Route (3)-3 is comparatively good, and $o improvement there will make the traffic in the sainy season fess
andous. Along Route (2)-3 a1 preseni there aré already developed mines znd many villazes. In addition, thece is
3 possdbility of fulufe developiment of zgriculture and catile bréeding in the Yauri Plain. Considering these points
points Roule (333 is more allradtive. - R : ,

. Besides, the most ¢onsidesable point aboul Route (2)-3 is the Majes project. In the fiest place the
10ad between Sihayo and Angostura dam, which is scheduled (o be used as 2 maintenance soad is to be improved
i the future. I the $ecdd place, a€ the imaintdad of the Majes projéct is to join this éoute in the proximity of
Sumbay, the section feom this junction to Atequips his largely beea Improved into a twolane and is scheduled to
b used in the fulute, The dection between Sibayo and the junction has also been improved in outline as a foad
for the construction of Condoroma demard soon. '

: 'Ciiﬁs‘iajédﬁﬁ"fiﬁii mlhis coalext this toule plan will reduce the éonstruction cost 26d the mainte-

fance cosL by the adjusiment 16 the Majes project and that the eflicient use 2dd management can be expected, it
is conctuded that Route (2)—3 is the best between the two coutss.
33 Route Plans of Road Contiecting with Raitroad
. _ Roﬁ?éﬁ}—:i has ahéa&y béea improved in cutliné at preseat, butitis insullicient as a transport toute
for the futire and néeds to be widened and made better. Many parls of Route (b)-2 ar¢ not improved y<et, so
these pasts need fundamental improvémeat. :

N  - Su-th ue l.he :cbn(i:itions _of ihe (wo'rou'les,' the Improvement of Route (b) -1 will be kess expentive in

tems of conslruction than thal of Route (b)-2 forits s2ction through the mountains is fong. However, the diffe-
iencies slighy, - - : :
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 Table $-10 Comparison of Transport Routes

Hems (a)-3 Mine - Sunbay - Arequipa - {3)-2 Ming - Imata . AieQu_np_a_
Distance 283 km 284 km
QMine - Arequipa) . o
Average altitude of road 4,080 m (peak 4,650 m) 4,140 i (peak 4,120 m)
Consiruction cost of r0ad US$18,059 thousand . Uss16,944 :Bousand

Fravel cosl of truck

USSE87/vehicle (Jarge truck)

USSIsﬂwhwle (arge lruck)

Problems in road
mpiovement

— Widening in the Aprimac Valley will
presumably meet with difficulties
owing o plenty of massive rocks,
but the quakity of tock is compa ra-

. mﬂy soft and soitis nol a decisive
fzelor

= At present lhe section betw ¢2n
Areqmpa and Sibayo has beén im-
proved in oulline 3ocordmg fo the
MAJES project, and héreafles the -
seclion 16 Angostura is scheduled to -
be fmproved, :

—The impcoxement in the p!am aea .
is a difficult problem, and thave i fs
‘1o suitable toun!gmlea.u 18 o7 the
g:ound and mund 1 c}'n Irealmenl

- A!Lhough the overall fea!ufe 0!’ the
topcgraphy is fay, thesé are many

_afeas undulatmg tocally. Theiefore;
for their Improvéments, the adop- -
tion of smalt-scale ro.mdaboui a
routésis necessery

- v

Future maiatenance and
managemeal

- The geoféﬁ'y'_i; lffh-ﬁ“f._‘)"' good,and

- A.s there aie many parts in commoa’
use with the minés along the route ~
and the MAJES project, it is possible
to alfot a portion of the mainténance
and manasernenl to agéncies con-
ceined.

the improvement will remove the
- uncerlainty for the teafficin the
- :ainy £22500.

Effects on regional
development

— Compared wi ith ()2 Roule mines,
agricultural de\elopment the \!AJES
projct and many villages thoughin
small ca¥, will mean that future
developmeat effects will be lasge.

—As the 1ravel dislan(e'l.hi‘mgh li';e :

area which is likely to become -

mars.hy in the rainy seasoh is {auy
- Yoag, the tialfid'of largé vehicled is’

au‘ompamed by Un{‘e;tam(y.

- The mamlenance and managemenl

expefises are for’ the mmes to
provide, :

Cﬁunhy only to Az.eqmp; .As . -
the:e are mrcely any h]hges °'. ‘

prospecl of further \elo‘j';c;iéiial', )
lhal is, lhe e!'!’ects ol' lhxs route are
lmie
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On the othes hand, in terms of 1ransport cost, Route (0)-2 promises good reduction in the lorig run,
for the distance is ,_3.'@‘]_)' cuttailed. In teisns of developmental effect also, Roule ) ~2 will promise substantis]
mnmbul'igm by confjecting Juliaca, the commeicial center of this region, with both Pung and Espinar; the majos
wading centers with Bolivia, while Rovte (b)-1 will have hatdly any effect, Considéring thess additional benefits,
improvement of Route (b)-2 can be conclusively stated as more effective.

By lﬁe_'.iv:i_l)'. in fefeiencs (o Route (b)-3 and Route (b)-4 it is obvious that the route ¢onnecting
Sumbay is betler, as the comparison made [n the pievious section, “Single Route Plans of Road,” ectablished.

In comparifig Route (b)-2 with Route (b)-4, Routé () -4 wovld bz more advantageous becanse the
transport distande is shorter, even though évaluation is difficult unless the conditions of travel cost and transport
capacity of railroad aié teken into account. Bt the ¢oniclusion of this ¢comparison should be formulated afier the
investigation of the raddrdad. . . o : : e S

34 Selection of Transpodﬂou[e SR -

. ;g:ﬁ:ﬁ!jou“g_ﬂg u)ules arg a_égiiable ai.isaﬁipcr!: tOUfes; is'hi-cﬁ aré ,desir’af:.a!a as l-hel resulls of the
examination mentiond above: - : - ; . o
(1) Routé of Smg!e Road
" Mine — Sibayo — Sumbay — Matarani
(8)  Route of Rodd conecting with aiiroad
Mine — Ayavid (and beyond by failrcad)

. In considering the improvement of the taansport route, it is nol pecessasy {0 improve these two
routes simultanéously. If funther comprehensivé invéstigation revéals ‘that concentration on road transport is
advantageous; Route (3) should be improvéd tAitially. Othetwise if ¢niphasis on raitraad ‘tianspdrts pioves 16 be
alvantageous; the impiavenidal of Routé (b) should be done first, In the Iatter usé, howeves, it may be adyisable

to procéed afziwards with the improvemént of Rout? (1) 35 a teansporl foule in reseive.

ln both casés sealizing that ﬁﬁuté"(a) enables tbe’s_feép‘fieduéliqn of trave} tinie belween the littoral
region and Espinar Province and can be expected to produce effects on the 10ad s$d¢ developiment, the irmprove-
meat Of Route (a), that is the roule between the mines — Sthayo — Arequipa, should be carried oui.

& Road Development Pladning

“ Estimation of fy,tqc‘_eﬁ’fﬁﬁ;g \'_.?dm_-her
G T R T G

o Tbe‘p-:esenlsa!uauon of tiaflic in his fégion is, 28 mentioned before, in 23 und¢ rdeveloped state. The
econemic development of the tegion remains backward, as well. In addition presently, theré is hardly any teaflic,
especially in the direction of Arequipa 6t Ayavisi, which is investigated heré oaing 1o the backward condition of

* the road. Even if the road is improved, 4 fatge quantity of Lrafli¢ generation cannot be expécted under the present

cofditions, judging from the industeial and economic potentisl of this region.

: Allhough the 'f;it;x-i-; 'hllf_l;ﬂ.". dem;n:i depends on _ﬁ._ulure developraent, the present circumstancés provi-
g2 no choice but to suppos: thal théze is littlé hope of industial development of cily growth, except the pessibi-
lity of farming and cattlebrded ing ¢an be éxpécted in 2ddition to the dévelopment of the minz.

As tbis s the state of 'thﬁ"iegion. the development of the min2, the teaffic generated and the
Inpiovement of the soad will play a geeat role as 2 powerful trigaes for the futuze development of this region.
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412 Estimation 6f Traffic Volume

' 'fhe estimation of future traffic volume will be made here in referencé o Route (2)and (b}, and the
sections for estimation are simplified as follows: : SN

. Mine — Yauii

Route (3) 1 7
2. Yauri - Sibayo
3. Sibayo - Sumbay
4. Sumbay — Afequipa
Route (b) b Mine — Ayavisi

The most common method of estimating traffic volonie follows this procedure: the O-D teaffic
volume survey that helps us (0 geasp the actual state of trafiic. Based on this data, one g&n'es;_im_éfes thé future
O-D teaffic volume using the prospect and fulure economic development of the region and assigns the estimated
volumie to the road networks including the projected r0ads, so as to déteimine the future traffic volume,

Howeves, these is rio 0-D survey data available here and this region is not In the staté of dévelopment
that leads itself to high accuracy. For that season the simplified miethod of estimalion is adopled here, which -
classifies traffic into the following categories by the factor of generation, estimaling the volume individually.

—  Ordinary trafTic volume (irafiic passing at present) o - .
—  Detlected trafiic volume (traffic deflected from olher rozds by the improvemeat of road)
—  Induced trafiic volume (increase in teaffic induced by improvement of the rosd) - '

—  Generated tafiic volume (traffic genesated by the tegional development in'the future) .

.- To estimale the traffic volume with this method, howeyes, traffic and the road network should bs
developed to some degree, and these should be traffic data and a development plan for the future, Bul bécause
these sequitements in this region are scarcely fulfilled, there teems no othei way, but to estimate traf¥ic volume,
except that genesated from (he mine deselopment, on the bold assumption infemsing from situations of similar
regions. :

(1) Groath rate of trafiic volume

The futvie groath Tate of tiaflic volume is estimatéd thiough the method of illféiii_;ig frém the trénds
of past trafiic volume of relevant roads. The tiends of trafiic volume during the lasl five yeéars in the major
sections on the National Route 3 between Cuzéo — Arequipa are shown in Table $-11.

This reflects the influence of economic flvctuation a5 mentioned beforé, and it would Bs bétler to
exclude this vahse in 2 long range estimation. '

The average growth rate of the other years & approximately [0% pei yeai. But judgiag from the fact
that the nation-aide average growth rate for car possession is around $ - 7% per year in recént yeéars 4s shownin _
the Section 1-3, thds value seerms too high as the expression of a fong-teim treid. Cén"s'eiiuéiillj{ we assume that
the growth sate will be 8% pir year for the next ten yeass, and after thatincreases in geometrical proportion 2t
the rate of 6% per year. Co - SR

(2)  Ordinxy traffic volume _ _ , _ Lo

As it is obvieus thal the taaflic belwe@n this reg:;qn and A.t.é(]llip-a of Ayann u—ﬁl ii:c':'_reise if t}ie road
is improved, the otdinary traffic volume is an estimate with this factor taken info account and includes the
induced traffic volume . ) : .

" The trafiic volumes for each toute are presenléd in Table 512

526



DLW LLET 'OLISNVLL SOUOITATINEO, A SOLIOIRUOIL, OP OO~ 190M0G
| *LL6ET 3O 1m 3d00%s anpea

oﬁ UG} POICIADTE QIT 0T YLMOLE FBEIIAT JO UWMIOD o Uy sesoyudsed uy sonfua oL (2
'TC0A SOOI OUI O3 03X YIMOIE U3 MOUS ouf] Jomol W snBLy (T IMON

P 160 LT 060 160 $71 5L .
1z s1 sot 192 892 13 4 (224 neg
orp R IR S - S 1 O - neq ~
9 06 9 191 At 8Ll 0T . 8o - weny
Awm..% o0 orT SO'T v60 50"t O
2T sut €01 0£T 88T we 05T 9T | wmng
€Ty Coso It 101 g e oAy o] ~
L L8 .10t $0T . ssT e 91T "z X
G o Sero T oort £T1 ozt = nwdnguo) ~
| i GO Lot m e st Q- s0%30)
sy L 08 0 P WD AT e st wet gl vop2ag
oBezony 4461 - . _ _ _ . Rh

* (Aep/sopomrea ‘_HHDV_

" SPUOY JURARIRH JO SWNIOA DILJRIL JO PURLL LL G ojqey

5-27



Table 512 Ordinary Tratfic Volume

(Uni: 'x%}ﬂe!ei!d;y)

Section 1977 1980 1985 1950 1995 i 2000
A - @ 50 63 93 131 176 = - 233
® 20 25 31 52 10 %
o 50 63 93 B k1 76 . - 23
® 194 244 359 508 681 90
G ) 20 25 37 73 9 94

(3)  Divested teafiic volume

Route (a) is 40 provide traffic fo: Cuzco o« feoin Fspinar provines to Atequi;i'a_ﬁith ‘the irﬁprbvém_em

of coaditions, allowing for saving in (ravel time and easier traveling a3 compared with the present use of the

" National Route 3 and 21. A considerable portion of traflic on these routes will presumably be diverted onto
Route (a). - D S

Obviously, Route (b) will, as well, enable the sharp ceduction of éla'ﬂﬂ time fiom Espinar Prmiﬁ}e‘ o
Julisca or Puno in comparison with the present use of the route via Sicvan, it is also anticipated that all traffic

will be diverted onto Routé (b). These is, however, searcely any traffic in this direction al piesent. :

The common methed of caleulating deflected teaffic volumiz i; the diveision raté melhod']’he d_ne i
ion rates are eslculated from Table 5-13. The sesults of this estimation of deflécted tiafic voluines aboul the
outes in question are shownin Table 5-14, ' )

Table 513 Results of the Caléulation of Divarsion Rate

100
80¢ V: _ - .
" Diversion elocity Ratio
Rate 60
(%) 10} (Di\'erfioh Ra!g@{\es) |
20 By Highway Réseaich Board -
¢ 16 18
Distance Ratio
Saction for - Route for - Total Distance Travel Time Vei&ily lf Dnemon
Comparison Comparison Distance  Ratio Required Ratio ‘ Rate
(km) ' ‘bi : :
Route 3 482 _ 1.2 . %
@ - @ Route 256 053 0 16100
Yaud ~ - . , '
Arequipa Route 21 301 79 S
@ Route 256 085 10 Me : b
\'~ Route 3&21 226 043 53 !
4 \
Ayasici Route 112 25 2 100
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Table 614 Divérted Teatfic Volume

(Uml Vehjcleslday)

Ongm Roules -'---4-"‘1"ralific:V61uf'ne gl;.‘;"si?“_ s Dnef{ed Traffic Volume
chicles/da) -
of Dv-ef:smln: . {vehicles/day) | (%) 1977 Ti90 1985 1990 1995 2000
S @ o 1s0x03 L e T
fomRoued =4 M0 45 s sz osg o an
N ® B 30"05 i SR L - , T
from Route 21 15 70 o 20 0 39 s
' 30x03 L ) _ T
from Route 3 & 21 =9 - lm 2. 13 19 26 35 47

Thé ob;écmé lrafﬁc wlume fo: dn ersxon z:é assumed as fo.!om‘ on \‘ahona] Routs 3, 30%0“11-3

s sectional l:aﬁsc sohm‘e 6n National Rou!e 2] SOZ of the: cross téctional taffic m!urr.e and 30% for
Routé (b) mdud ing the induéad portion.

(4)"’1:1&1:'6?&' ('rifl"ic’id!uiﬁ o
- Traffie volume cauted b)' the acée!éra!ed us-e of automobﬂes as the mads are lmprosed €in be
expected to Increase (o soine extént along Route (2). But it is difficult {o estimate it quanhleme.y becauss of

the present économisc state ‘of this sézion, 80, heieaftér, the induced traffic volurme is nol estimated, for this
fzctor is taken inté aécount in the estimation of the’ oidinary and diverted traflic volume.

(5) Genualéd I;al’ fie \olume

The olhe: mnete{e de\elopmﬁl p:oﬁ..'t olhe: thm lhe dev e!opmenl of the mine is the \Sa;u pm;nl
This will caute, tral'hc generation along Réute () and heavy teaffic will be obierved to ihe west of the junction
with the Majés de\elopmenl toad close {0 Sumbay. To the east of the junciion only vehicles uséd (o maintain
the dam will be séen fn the fuluré, Presently this project is undes construction, and thete is coasidesable traffic
g-memlon of consirucl:on '-ehx-:!es Oh Route (), so the teaffic genera!ed in the future is not estimaled here
aew and is mductd in lhe ordmzry hafm .

nlough fa[mmg, callle%:eédmg and other fines éan be laken into eccounl as olhel kinds ofdeie-

lopment, théy aré facking in acluality of the pretent stage, so they are nof considesed heie for the estimation of
gneuted haflh, volume

The ltal’u-, genetated by the mine is compi!ed in Tab!e 5-1% bated on the traflic volume calculated in

24,
. o "Tg_b'ea’: 5°15 Genérated Trattic Voluma from Miné
' ’ T ' CT _ (Unit: vehicks siday)
L C1980~82 1 1983~88 © 1986~38 1989 20d forward
AtshyaMise (&) (6 (e -
TintiyaMine | 0y & 0
('moa:ohuajm \!me - & . .(14)- - (14)
QuechuaMine B - T (8) . 36
Subtotal 8 .68 _ 88 110
Commuting Tip = - [ 6) { 8] {10}
Living Trip - [ 2) {2 [4)
__ Business Teip. - R , I > R >

Note: 1) (‘ommunng trips ace geneméd onty between the mine and Yaur,
D ( k2tuwcks, [ ]; buwes, < > s, otheswise 20t trucks.
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(6) Future traffic volume

The foregoing result aré rearranged in Table 5-16. As uﬂcé:(ain dere}opmenl;s'"s'u_chfa; :iljdiic_'ing_z l"g_cm;;
a1e barely included in these figures, theré may be'a marked tendency to underestimate espec_fally com:emlns the
section belween Yauri and Sumbay on Route (a), and as foi the othér sections [he_se’ values show lh¢ Towesy
level, . . : L

Consequently, as for fulure development of this region, considerable in¢rease in F:r_afﬁc ro!ume would
be expected on both routs. In reference to the divestéd taaffic volume, the improvemenl of the route from
Sicuani or Combapata to Yauri holds an imporiant keéy, and if the improvesment of this region proceeds, Route
(b) will be the principal main route connecling Cuzco Department with Aréquipa Départméai,

4-2 Road Development Plan
4-2.%  General Condition of Geology and Weather

Most of the sites for r0ad development ase located ona plaleau4,()()0mabose seale\elmihe Andes
mountains, and mountains 4,700 m high extend midway between the sites. Excépl in lh:e"_r‘y}épql._ﬁjjs districi,

the sites are mostly an the comparatively geatle hills or in the plain area.

Geologically, the inountains and valley's consisl-oflixfl‘aceous rocks, and the hﬂl; and p]':giﬁs ate form-
ed frem the strata of placial deposits or from alluyia. po o
Rocks in the mounlains are telali\ﬂy soft in‘quisﬁty and canbe fairly easily e.x'c‘ava!ed- On gﬁéft‘)lhex_

hand, above the alluvia or the fake sediments in the plein areas covers the outer layes of humus’soil, and e
ground of the districts where this layer is thick is quite weak. : R S

Concerning the weather, the rainy season is from Decembes to April in the plsléan area; but the
annvat precipitation is approximately §00 mm and not so much. The precipitation décreases in proportion to the
distance fiom the littoral region, and there is no rainy s¢ason in the fittoral region which is a deserl zrea of littke
precipitation throughout the year. ' : O . S R R

The annual average temperatuie is 3-8°C in the plateau aiea, but it is chasacleristic of this region
that the change of temperature in a day is extremely gréat. Fof exampls, the minimum témperature 04 down to
10°C below zero, even when the maximem témperature is 20°C. However, though theré is snowfall, sndw teldom
stays in this region and the suiface fieezing of roads does not matter for if rmelts within 2 shoif timé. Table §-47
shows the weathes condition in the ming acea. ‘ : o

4-22 Swndard and Structure of Road
Both Routes (a) and (b) go pastly through areas of stedp topogsa ph)’, bUE st otherareas aré mainly
of gentle topography. Therefore, theee is no problem in adopting sfandard critesia for road désign, evén from the
viewpoint of construction ocsl, But concerming a part of thowe sections where topography is deep and construe-
tion will become very expensive, a tenlative plan of construction shou'd be considered,
Based on these ideas, _ibe standard of development for the reads will be as follows,
(1) Standad

Route (3} (Mine - Sumbay) : road of 3rd class
_ (Sumday — Arequipa) . road of 2ad class R
Route(b)...... 1024 of 35d Qdass ol

(2) Dési;m velocity

Plainarea. ... .. 80 kenfh
Milly atea .. ..., 60 kmjh : i
Mountainous ares . .. 40 kmjh ' T
Areaof tentative plan .. ... .. 30 kmjh '
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Table 6- 16 Future Traffi¢ Volume [All Kinds of Vebicles tncluded)

s . _ (Unit: vehicles/day)
—_— WU WO

Section

Classlﬂcauon

1927

1980

| 1985 1990 1995 2000
F.Bi?ff:?e’g&mccm"m: - 1 62 10 110 1o

Trafike Re_!em-_n to ;he _,I_-l ine - - 10 20 20 20

®- 1 Ord:in%fy'?uﬂ;lcg | '50 63 ‘93 131 176 238
':3:\-5.@{?..'::'&“ ' | T 14 20 ~29 | 3 ~ 52

: L Tet 39 61 14s 23 267 313

' {gm“ﬁ",{grf?“"“d - 18 68 110 110 110

'l'ufﬁc Réerant to the Miné - _ 4 10 0 10

®- 2 Orémuﬂufﬁc ‘ 20 ri n 52 70 94
Divertéd Trafiic 56 7 103 147 197 263

ot 76 EICE m 319 187 417
Eﬁ;?,f_j;‘.,,‘;;""’cf““"" - . 68 110 10 HO
rurﬁcac;mnuomum S - a 10 10 10

@- 3 Ordininy Triffe 50 63 93 131 176 235
Daeried fraiTw 56 7 163 147 197 263

. l‘ohl : 106 152 23 398 493 - 618

. gg‘g’f;’;m;’“‘_c‘“"‘“ - 18 68 110 110 110

Tuffic Re:emn io the Mine — - 4 10 10 1]

®- 4 Ordmar) Trafte 194 244 359 508 631 9210
n.mm rnme - 56 71 103 'm 197 263

. Tow : 250 333 534 s 998 1,293
Emﬂ,{;f“c‘_““‘“ - 18 63 MO 110 1o

T{;fﬁc_ Rekru_;} 0 the _m:e _ - 4 10 10 10

T®- or.-:muymrm 20 25 iKY s2 70 94
Divertéd Traffic 9 13 9 26 35 41

Totat 9 36 128 198 25 261
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(3)  Numbér of 'l'ane

¢ 2 la‘nes (one lane for the section of tentative plan, which is to be widened into two lanes In future),

) Pa\emenl

G:a\el load (ihickness ol' g,fave! fayer = app;oxu-nalely 20¢m ln average)

©) Load for bndge design’
. .20 lon lruck

4 23 Ro&d Cor\slmetlon Haﬂ ,

, E.'US mg roéds an both Roules (a) and () donat satisfy the criteria of geomelm-aj strucluce of foad
in mosl of thelr sections, but for the most part improvésment will b attained by improving existing foads. In this

¢aw, the condmons for the p?annéd roads will be asin Figs. S-10and 11, Concetrmg this pl:m detailed investiga-
tions on the l’oﬂomng pmnts aré ﬂecesser) .

U Roule (a)

As lhé vechon througb the Apuwnac vatley réquues expensne mdenmg and mprmemenl because

of many massné rocks an-f steep topography around ¢rossings, theré may be nod alternative to adopling teatative -
structure in parl ofitat ﬁrsl (Photo 3 l)

;Rﬁotb 6.1 Pressit Stats of Rosd in Apuriniac Valley

, ln lhe Angostuu p:am z dam is ahedu!ad lo be mnslmc!td according to the Majes project, soitis
"!fft’&my Y p!an 3 :oundaboul foute “hlch may be rather easily constructed.

By the’ wzy. ]mlgmg fi tom the inyestigation on the map, it is possible to plan, as 2 route avolding these
areas, lhé toute which fholudes the joint 1024 to the Condoroma dam constructed aceording to the Majes pro-
ject and which joing to National Route 24 néar Sibayo. But as this route requires the conistruction of a new rosd
from the Condocoma dam to Nalional Route 21 and in addition has lorg sections of steep inclination and of
high altitude, it i by 10 means 2 §60d route. However, there Is 2 prospeat that the distance from the mine could
become the sh-onesl furthes Investigation may be necessary.
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Fig. 5- 11 List of Conditions of Road ¢ Route (b}
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(2) Route(b)

Though there is hardly any seclion lhal requires especially detaited imesugatlon, in parl these are
some sectiens where rousidaboul roules should be plannid, owing to the extremely weak ground in lhe mourt.
alns area from the view point of geometsical struclure. By the way, there is an a[te:nalne planin [efererxce to
this route, which connects with the raifroad at Chuquibambilla. Bui as it is the same soute essenuaﬂ)', this goute
can be considered adequate. ‘ :

Fundamentally, these points are the problems. The following aré the remarks on lhe poinls foke
attended to in the fulure improvement plan, judging from the present conditioris of existing roads.

(1) Bridges

Al the existing bridges on both Routes (a) 20d (b) cannot bear the traffic of heavy \ehlc!es and s
need fo be rebuilt. As thére are inany poinls withoul hndges at present, where they are necessary in the r#iny

season, the construction of néw bridges on culveils is required in cons:duable numbés in addmon {0 existing
bndge‘_ .

While designing theése bridges, an analysss of exacl weathey da!a of a good grasp ol' the conditions ia
the rainy season will be necessary for the delermination of the cross saction of !'he rives. (Pho{o 52)

Phéto5-2 Light Bridge Made of Old Rails

(2) Drainage works

As drzinage is barely necessary in the dry season, very few parts are ﬁ(ted up mth d:ainage worky,
and 50 there are many “aeas where roads ase damanged by Nooding in the fainy stason. Dralnage works e
nocessary in Lhe rainy season; and gutters along the road shoulder in the section of ¢ut or of fow ﬁl] and ceossing
pipes under the points where steeams coss are minimum requitements. (Photo §.3)
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