Photo 6:3 - An Example of Damaged Road Owing to the Bad Drainagz Works

 Conceming the side-gulter, as'geo'ldﬁca;llj"the ground consists mostly of gravel, 2 side-guttes simply
duz finish map may be suflicient.

(3) Slope pm!e-rlton of cul

Erom the' s(mdpoinl of geological and weather ¢onditions, sjcpe prolect-on by planting is unlhmk
adle, s0 mést slopes will bé without finish. Despite the danger of degradation, the possibility seems emole for
there is no ¢vidence oflandshdes. However, (he possibility of smallscale deg_zade!:on is lasge.

ll is nécessary 16 pay allenuon to the protéction of traffic from degraded soil and rocks by (aking
such countérmeasures as making the inclination of slopzs as y:alle as pms"b!e and enlarging the width of road
shouldess enou;h by mzans of s:de-guliers. o i

0] Sal‘elymeasmes -

Allhou,,h the dangers of accidents are !a:ge which will be caused by heavy fatigue ftom drmng in the
highland for a long lims, presently, no sa!'eiy FMEASUTES 312 (aken such as guard rails,

If the m&d is to be used as 2 teanspoil foute in the future, the installation of guard-rails along dange-
rous places and the improvement of fo2d shoulders ate esseatial. Morgoves, as for the onelane stguon in the
fentative p!an, the construction of tumouts at appropiate inteivals is necessary.

424 Estimnioh;oi'cﬁnmuctidn Cost of Rosd
'lhe ca!cn,hhon of the 16ad’s constiuction cosl is the estimition ba@d on the map with its scale of

12100,000 for both routes. Contequently, it is impossible to calculate the definite amount of works such as eanth
- works, bridges and other struciuge.

Therefore, the following nethod is adopted based on the clas.qfcahon of sections by the relative
difficulty of improvemeént works mainly in teems of topography and geology. We estimate the unit cost of con-
Houction for each $6¢1i6n from the actual results of similar works {0 the present.

5-37



The unit costs of conseivation are based on thé mean va!ues of aciual resulis of thé conslruclion of
twotane road carried out by the goverament of Peru from 1971 77. But, as the foule Is located on unusual high.
lands and besides is far awsy from the resistance of construction workess, the unift costis mc:eased ata ptemmm
rate of 10%, considering the working conditions and the conditions for supplymg bui!dmg mateiiais and
machines, o . .

As the rate of wsit cost isé from 1978 to the end of lhe penod oféons!ruchon is suppowd lobea
geomelrical ratio of 7% of a year (only for the interést on money) and i regard fo bo!h routésthe period of con-
struction is determined on the assumption that the consiruction is to be comp!eted in 1982. The centroid year of
investment is 1981, and so the construction cost includes the uml Col nse to lhls year '

The mean unit cosls, based on the aclual results ol' the paSl fn Peru aie shown in Table $-18, and
from this Gata, the sfandard unit drawn as shcnm in Table S 19. :

Tsble 5-18 Consteustion Cost of TwoLand Réad (1)

,_ | _ o "’(irﬁii? M. 'saxésjk.h)-
G;ssifwa;_li-oﬁ"_- - Topégr‘ap-hjr. 7 Um[ ?05! . [ Rema:ks

New Construction . Obstructive Area 1563 [ndudl?g lhe calé ihal theréisa
" Normal Area” 1333 “c0ad fess than 1.8 1 in width
Widening Obslructive Area 392 ' lhe casé'of a]te;mg an isnproved
Normal Area 333 to2d inlo a gravel road
Improving ' Obstructive Atea 309 ' ditt -
Normal Area _ 267 e

Note: 1) Costinhighlands (altitude mote than 1,500 m)
2} Constsuction cost of grave] road
3} Pricein 1976

Source: ORDESO

Constauction Cost of Two Lane Rosd £2)°

(Urits M. Solesfn)

" Topography Materat -1 Materab—2" Remaks |
st Area ' is 0 : e TR
: l]ju')- Area 30 e . . 28‘ ST _iﬂfludiq'g';iaiﬁémeﬁi

Note: 1) Pricein 1978 o B Lo
2) Costin new construction ’ IR AR I

- Source: Minkterio de Transpoiles y Communidaciones
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From this standard unit cost, the constiuction cost for both Routes (a) and () are calculated un
follows according (o the conditions of existing roads and topography. . :

(A) Construction cost of Roule (a)

1) Sections to be newly constructed:

(Obstructive area) $ km x 39.2 million solesfkm = 1,960 mitlion solesfkm
(Hilly area)  ISkmx 304 = 4560 -,
2) Sections to be widened and improved. ‘ o
{Obstructive arca) 63x169 = 1,149.2
(Hilly acea) 28 x 14454032
{Fla1 ares) 84x87=7308
3) Sections to be improved a
(Flat area) . 83x38=3154
Toial *3,250.6 million solesfkm {18,059 thousand doltars) -

{B) Construction cost of Route (b)

1) Sections to be newly constructed

(Hilly area) - 2km x 30.4 million soles/km = 60.8 million solesfkm
2) Sections to be widened and improved _ _ _ '

(Obstructive asea) 8x169=1352

(Hilty aréa) 23x144=3312

(Flat area) 25x87=2175
3) Sections to be improved

(Flai area) 37x38=1406

Total , 885.3 million solesfke (4,918 thousand dollars)

(Note)  Conversion rate (US$1 = 180 soles: rale in 1978)
425 Travel Cost on Rood

As the basic dala fos the caleulation of travel cost on the £oad, the resulis of research and anatysis
(Table 5-20) completed by the governinent of Pery in 1976 s1¢ Gsed, Bul the compensation values for inclinatica
were fiof available, o the altémative values ate taken from the results of similar resézrch made in Japan. The
teavel ¢ost per vehicle on botli Roulés {2) 2nd (b) after the completion of construction it caleulated as shownia
Table 5-21. o : - : o ’

5.- Transport Cost on R.oad and its Allotment Between Public aqd ﬁrhife Ssctors

51 Transport Cost on Road

~ In cate of tom;i;ehedsi\‘ely cy'a!uating the ecdhomical e'l’ﬁciency of the mij.{é(s'_c_le_v_.-eibpmeni,'it is
necessary (o take the transpotl ¢ost into account, which includes the consiruction cost of road, the maintenance
<ost 2nd the Lrzvel cost of vehicles. ) '

The caleulated tesults of the transport cost tequired vntil the mine’s operalion ends ase arranged in
Table 3-22, in terms of the converled cost in 1978. : L

52 A.Ilolmmt’oféom(rucﬁon Cost of Roxd beﬁveen Public and Private Seﬁbh -

The altotment of the construction cost of ioad and the maintenance cost between public 2nd private
sectors should be determined while considering the road’s impacis on the region because both roules ace a large
factor for tegional development. But at the piesent slage no definite plan for regional development is foimed, so
it is difficult to determing the impacl. '
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Table 6-20 Unit Travel Cost of Auvtomobile (Sotes/km)

e Standard Truck p—
i Fuel Cost 8.208 3869
| Oil Cost 0342 0422
é Tites & Tubes Cost 2939 4514
§ :‘P_-f;inié;;;héé Cost 3869 5397
L tkpxéciélign- 2661 7.45%0
Sub Total 18002 21752
Pessonnel Expense 2769 3000
| Tax ' _‘2.0’#5 5842
§ Indsrands Bt 1282 2233
3 - tnspéction Charge 00672 0:]29 ]
| General Administrative Expenses 1.150 1246
| Sub Total 7318 15_.9'50
- Totat 25320 35702

Nofe:

Sourdé:

1) Sune)ed in 1976.

2) 1a'cegard 16 geavel road.

0~2% 100
2~4% 1207
4~6% 130
6~8% 140

:3) Condéming a bus the sams \ahe as a standard truck is adopted
'4) . Correction by Inclination.

Ministerio d2 T lanspog(és ¥ Comunicaciones.
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Therefore, the following idea is adopted: the mine is to bear all the expense In regard 10 the section
whese there is little necessity for road tiaffic at present éxcept what isneeded to develop the mine malnly, Thes,
sections are as follows: from the mise to Yauri and Angosiura on Route (a); from the mine to Hector Tejads ang
11aYi Nuevo on Route (b). :

In respect to the maintenance cost, the mine should bear half the expensé for all the s_'éclioﬁg becayes
the heavy vehicles from the mine will account for a farge portion. 2l

In case the above-mentioned idea is adopted, the public share of the 'consirucli'o{i cﬁél_,‘v.-ﬂl be as
shown in Table 5-22, in terms of cost in 1978. oo

6. Recommendations for Further Detailed Studics
in this report research is made only about the road as & pari of the fnf i:ﬂﬁ:’é!uié of the mine.

In case of investigating the problem of transpoil from the mine, of courss, il is ifn{)ﬁssibl_e to éi‘;}uf;!'c
it only in terms of the road. In this region,, it is nécessary o detenming the transpoit roule on the basis of a com-
preheasive evaluation of investizations including the raitiozd and the harbor. o CF

Consequently, it will be necema:y to execute restarch on the railroad and the h'a;bc‘;f imrriedia’!ely asd
lo teview comprehensively the road plan from a n2w point of view In réference to them. R

Conéeming the problem of the road alone, as the present research has been cariéd oul in a lirmited
peiiod, many subjects ate lefi fo be investigated further. The main subjects are enumerated hertinaftes.

(1} The largest defect of roadsin this region, ot only of the proposed transporl toutés, i‘s:l}[é observation of
teaflic in the rainy season {from Decembér lo April). As the research of this time was carcied outin the
dry seaton, it was impossible to investigate the situation in the rainy séason,

fn ordér 1o Facilitale del‘uﬁté:_'planning in the future, it &s ﬁecessary"al any cost to make detaited im*es!i—
galion inlo the rainy seaton sifvation. T S SR

(2} In 123218 1o Route (a) which is asingle route plan for 2 rozfd, a i;rg,é postion “:i:!l bé put inio common use
with the Majes project in some way. .- DI :

With improvement and mainfenance in the fuluse, it is necessary to sirive for thé close adjustmént of the -
plan, taking this point into account. The improvesent of the read for the censiruction of the Angasturia
dam especially requires adjustment. : :

{3) Concerning the seition th wugh the Apurimsc valley on Route (a), the construction cost is éxpénsive, 2nd
there is the large possibitity of obstructing the faffic in future, so the deliberaie study, bated on (ke
detailed plan s necessary aftes the sfate in the rainy season is accurately uadesstood. It is advisable to
consides the following procedure in adopling the tentative contruction and then successively improving
it until completion. : ' - o :

(4) Inispect o the construction cost and so o4, becaute the unusm])_i‘nﬂiali'on in Peru, at ﬁtes;ei_nl pivakes it
impassible to estimale the fulure cost, the revision of the cost is by all means negessary at the time of
studying the definite plan. . . - oo :

(5)  Asboth Route (2) and (b) will produce lasge effects on the Tuture déwlopn‘wn’t of this 't'e‘gi;)h,rt'he'stlﬁw.:ln-

ment should make a schenx to orientate the futute developmeat 2nd growth of this 1egion, presupposing
that these will enable the projected toad to praduce further effects,
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CHAPTER 6 HOUSING

Firstly, in the development plans for the mining toans, taking the three mines of Tintaya, Coroe.
cohuayce and Quechua as asingle group, 10 obtain the most suitable solutions to both Hiining operations and the
effects of reglonal development, the location, scale and facitities were considered.

1. Preseht Conditions of the Area

#1  General Conditions ~

Peru m be penerally divided into four main sections: North, Central, Fadl and South. However,
the areas discussed In this study are located nearly ini the centes of the southern section, which is ahout 850
Kilometess southeast of the capital, Lima. The area is mountaindus tesrain of about 4,000 meter ekvation above
sea level, and climatic conditions indicate average annuat below 10°C, and 2nnual rainfall of 500 to 1,000 mm
{concentrated during the sainy season fiom December to April). o

The Southern region is con‘;;)_cﬁed of seven depi;lnwnls’, with the ration’s tecond Iaigest city,
Arequipa, (pop. 305 000) making up the center of the region, plus the other core citics of Cuzco and Puno,

The area under consideration bies in the southeramast tip of Espinds Prevince, Cuzco Depariment,
180 kilometess southeast of Cuzco city, (Read mileage is 2bout 260 kilometers) Administration is by the ceatral
government, carried out in an administrative district (Zora & Administracion) composed of the three Depait-
ments of Cuzco, Madeé de Dios and Apurimac, Cuzeo city is the teat of the vasious centra goverament adminis-
trative 2gencies, presently including ORDESO (Organisrio Regional del Dessrrollo del Sur Oricate), which con-
trols the development of these three southeaitern provinces.

This sbutheasi area is not blessed with a teansporl system having acoess to the ses, and for this
reason modern industry is in an undeveloped state; the situation is similar for development of resourees Onthe
other hand, it can be ssid that agsicultural and mining résourees have great potential,

Firstly, on the subject of the mountainous 21¢3s such as Espinar Province and others, where primitive
sethods of livéstock hesding is the principal industry, these products are sent out in the direction of Arequipa,
and consuner goods are brovght in from Arequipa; therefore in this regard we may consider the area to be in
the economic sphere of Asequipa. Fiz. 6-1 shows the location of this survey.

12 Popolation, Industry

- Tab]e 61 sho-\s lhe popuiaﬁon,dis!qibp!ion of Department of Cozco. The population of the depart-
ment shm\'ec} a ndpiigible inceedse of from 705,000 in 19_61 to 745 000 in 1972, According to ORDESO infoima-
tion, The poputation had increased to 850,000 by 1978,

L Refet’ﬁng to the 10year period from 1961 onward, the natioaal annual birtheats was 4142 per
1,000 (1970), and the mortality sate 15 per 1,000 (1961), and judging from the 2.6~ 2.7 per ezl 1ate of popu-
lation increase it can be said thal these was a major shift in poputation from departmental rural areas to farge
urban areas. S

The only. significant popula:kin inceeases in the depactment wis in Cuzco Pmn‘no-e, and-in
ihe mountainous proﬁnces such as Espinar and Canclis, 2 deceeas2 in population has become a;tparem, indicating
 noticeable teend toward ovtward migration. Espinar Proviace has an 2rea of 4,413 square kilometers, ard ac-
cording to the national census of 1972, the population is below 41,000. The population density is 9.4 people poe
hectare, spaiée even when compared with neighboring provinces. The continuous p@pu!alion.de.nease is shown
by the 1977 population figure of only 40,253 More than 85 per cent of the inhabitants Tesi\ie in isolated hamlets
ind the urban population is extrennly smiall. (See Table 62 The nationwide age distrbution, acootding to
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Fig. 6-1 Location Map of Project Area
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- Table 67- 1 Population Distribution aid Trends by Provines in Cuzco Department (1961 — 72)

: I’:oﬁnce - 1961 _ 19?2. Change Area . | Population
o f Tk | foeien ] @ ] ) oy
cuico . 118,789 143,343 207 323 374
ACCOMAYO - 33,049 29980 | -93 934 | 3
ANTA™ 50,163 463310 | 15 1858 | 249
CALCA 43999 46,191 50 3,148 147
CANAS : "30970 31,546 19 1,604 197
CANCHIS 716356 75,616 -t6 4,178 181
CHUMBIVILCAS 356,358 58312 1s 5,239 11.1
. ESPINAR - 41,586 41861 | -o3 4418 94
ia cow.‘s\cm\' 8,381 846 | 37 36974 23
 PARURO . .. Caen | 3336 | 90 1929 | 163
'PAU"ARTA\{BD © 30405 29988 | 14 6448 | 46 -
QUISPICARCHIS - 69080 62488 | 100 7238 | 87
'URBAMBA 35663 | a3 | 29 1833 | 189
Cuzcol)epaﬂméanola]__: © 70200 Ms2 18 éﬁ,?i's 94
National Tétal 7906746 | 13558208 | 715 1285216 | 105
Source: . CENSOS NACIONALES; 1951 1972 and ATRAS HISTORICO GEOGRAFICO
: Y_DE PAISAIES PERUANOS (m}-)
- Teble$-2 Oistribution of Urban and Rural Poputation (1972)
' Urh;n Popuf_alidn : Rural Powhtidn Total
Cvzeo - - 131,386 . | - 912 11957 83 - 143,343
A(:coxm'.‘o B 1388 | 461 16,151 539 29,950
ANTA 1381 254 34,379 746 46,330
CALCA - 10,193 221 35998 219 46,191
CANAS 3514 | ne | nsn 83.4 31,546
' '(‘L\cms 23 s ] ma3 | sis9s 687 75,616
cnuxsammxs 5739 .y 98 52513 902 58,312
‘-‘E,SPI\'AR T sses | v 25616 859 41,461
wa'convexcion | e | 167 70,068 £33 84,161
_PARURO 11677 35.1 20,459 649 31,536
- mumm.mso . 36 23 | 26309 811 29,983
ansmm\cms 16,178 260 45977 740 62,155
URBAMBA - s | oms | 220 66.2 34623
Cuzco Departmem Tott | 262822 367 452418 63.3 715237,
Soume " CENSOS “ACIO\ALES 1972
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Table 6-3, shows a pyramidal shape; however, the high number of ;u:bp_le _aged 65 years and oldet s noticeably
out of propoition. On the hand, in the working age population ﬁgures, stf_bwn in Tables 6415 and §, 3
per cent of the (otal population belongs to the woiking age group, and in Cuzéo Depastment oves 60 P cent
of the working population is employed by agriculiuie and the raising of livestock, In Espinar I?ioyjpce’ i spie
of its mountainous terrain, only 30 per cent of the population is engaged in wicuhu!e, an 3 '3'313n_iﬁc‘am}y high
percentage of the population is engaged in manufactusing and cbmm_elqe:_ As di_seus‘sed ,Pf‘eViQUST}f-:aﬁfifgf!u:e i
based on primitive grazing methods, and since productivily is ow, 50 10 20 pet cent (')flhl_&ﬁgﬁﬂ;l}ura’ %orkery
raigrale to work as seasonal labosers in the Arequipa area during the rainy season. For thisieason, the tegion,
development in the form of inceeased agricultural productivity and creation of new job oppoitunities iy the
psincipal objective. :

13 Present Status of Urban Dexrelopment in the Area

Next, k1 us examine the current siatus of the uibanization and town facilities i’ Espinar Pioviage,

including the three mines now urder study. Espinar Provines is divided into six administedtive districys

(DISTRITO), which include the threz mines of Coroccohuvayéo, Quechus and Tintays. Population distributica

of each district is shown in Table 66, but Yauri (population 4,000), the ‘main’ town ofEspma: Pioy.
ince, (CAPITAL DE PROVINCIA) and Hector Tejada {poputation 906),’_ the main town of Palipata Districi, 1re
the only urban areas, AB othess are small-scale congregations of inhabitants. If we examiné Table 6.7 régarding
the scale of concentration in Espinar District, we se¢ that only Yauri and the Atalaya ruines af¢ gomposed of 100
families of more, and 3/4 of the population resides in hamlets of 100 families or fess. And, 40 per cent of these
are in hamilels consisting of 20 houses o1 less. Because the number of people in the area Muctuates adéoiding to
seasonal migsations for labor ard oiber reasons, many people maintain 1zsidence in both uban and rural aress, .-
dividing their time between one and 1he other acvording to necessity, so the usban poputation is not constant.

Examinig housing conditions, most residents own their own homes, with enly 20 per cént of e
tota] consisting of two skeping rooms or more. Furthes, over 60 per cent of the population five in shacks, which
lrck most facilities. Esen compared with other areas, the standards of housing conditions'are low. {Refer 1o
Tables 68 2nd 9)

The present condition of the main usban facilities is as follows: Firstly, as for transportation facilities,
the outline of the trarnspori system is shown in Fig. 6-3. Presently, a failroad from Matarani én thé coad 1o
Cuzco via Arequipa and Julizca is'operaling, and serves as the main means of teansporting goods and maleriak
inlo the area. Route 3 and 21 (Ruta Nacional) which consiect Cuzed and Arequipa éomprise the backbone of
the 102d nelwork. Espinar Provinge lies at an important location 6n the junction of the highway toutes. As for
means of raitway transport to-the area; there are two toutes, from Ayavili which uses Provincial road 104 (Ruta
Departamental), and from Sicuard which uses Nationa) route 21. Howeéver, since (he former is indperable durirg
the sziny seatwon, the Sicuani route is employed for the most part. At present, the Katanga and Atalays mires
and other existing mines neardy depend on this route for lunspb:_{ of ccncentrates, Also, this azifroad phys
an important part in the total economic activity of the main toan of Sicuani, which is the céntral town of Canchis
Provinee (population: Provines 36,000; Usban 13,000), and the expansion and maintenance of this rosd network
is a cutcent problem. (Refer to Chapter § for pasticulars of the r0ad conditions in the 21ea) . Cala

Next, lookirg at the educational facilities, dué to the effoils of the ‘government, compulsory edwia-
tiorial facilities bave been made available even in remote hamlzts; a3 shown in Fig. 6.4, 0né school ks available ca
the basis of each 500 people. An extremely high level of children aré enrolied in elementary educatioh (Edvcatioa
Basiea 1 & 2 CICLO), with a total of 81.8 per cént of children bitween the ages of 6 and 14 entolled by 1974,
and 939 per cent by 1977, However, feom 1972 (he educationat system was fevised, and revision is stil con-
tinuing. Bul many elementary tchools are operating on the old S-yéai system. Juniof high'schools (3 CICLO)
that include the 9.year system, are available only in the main towns of Yauri and Hector Tejads, and the prov-
ince opesates only one high school (ESEP) in Cuzco, which was introduced for the first time by the new system.
In the Ministry of Education, the targeted earolment of ESEP (1981) will teach 40 per ceat In'the fijiigfé;

Medical facilities: This area maintairs at present only 2 hospitals, at Yauri and the Atalaya mines,
and serious ¢ases musl b went alt the way to Sichani. As shown in Table 6-10, the numbder of doclors and hospi-
tals beds is at an extremely low level. In addition, Tabk 6-11 summarizés the ptesent ‘onditions of facilities in
the towns of Yauri and Hector Tejada, which are close to the mines. The bage utilities, such as water supply
and electrkcily, ate a major problem and even in Yauri thece are prodlems with the quality of the drinking water

6-4



7 Table6-3  Age Distribation {1972)

) | i\'atior’i‘-i’ide _ Cuzco Department Espinar Province
e ®» %) @)

T o- 4 2,201014 162 117,666 16.4 7,682 18.5
-9 32,022,140 149 106,288 149 6324 153
0-14 . { 1713510 127 84718 153 4,652 112
15— 19° 1410312 104 64867 9.1 3292 19
0-24 | 11,150,589 8s .| “san 13 2395 63

25 - i'é__; | 9‘25,_550 : 69 46854 65 2651 64
30--34. 711,721 5.7 42084 s9 | 2517 61

35 -39 720,091 sa | 41893 59 2621 63
5044 606,999 as 3341 | 49 2,070 52

45 — 49 8ises | 36 28,665 40 1,499 36
50 -- 54 388,618 -' 29 22,179 3.1 1212 29
5559 299915 22 16,117 23 928 22
60 - 64 214570 20 16326 24 ) 23
Orer 65 32 2.,435 39 37,881 53 2,190 53
Unknoin | . 28,063 02 | sy 02 39 0.
"'rbrsa;‘";_ 13,558,208 1000 715,231 100 | 41461 | 1000

Soutce: CENSOS NATIONALES, 1972
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+

Teble 6.4  Distribution of Lebour Forés -~ Age 6 and Over (1972}

CUZCODegartment | ESPINAR Provincs
‘ ® @
Apichwe&Foresry | p3ast | et6 | a6 | s
Mining 913 ¢ 04 | asl o dn
Manufacturing - 9814 - 92 . 3,8-8?:? | 30
Usilities - - s - o1 f .3 .| 00
Construction 5,348 o 25 '4 B N -
Commerce 15526 12 | 1430 1 ||7 -
Transpont 1 as0 ] e R N '
Finance  © s ea | w | 01 ¢
Services - 1 22800 | 105 | 464 : 37 s
oer o | es | o2am | 187
Total . © 216576 100.0 e, | 1000
Source: - CENSOS_NACIONALES, 1972
Table 6.5 Population Employed in Occupations - Ag 15 andOnrﬂQ]Z_l_ '
CUZCO Departraeat " ESPINAR Provinée,
| o ® e
 Speciafists - Y T R T Y
Skil}édrlaborut 237 - 0| ! o 9 ) 01
S!#nageme_m ' 3901 o | 62 ' 05 -
Commercial & Sales 13,044 63 1416 113
Senices 11976 51 w22
Agriculture & Forestry isess | 614 | ass | %4l
reehvai B A Y O BT
Other 11,768 56 38 | a6
Total 209,609 100.0 12495 | 1000

Source:  CENSOS NACIONALES, 1972
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Fig.6-2  Map of South, Cuzco Departinent
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Table 6- 6 District Population Distribution in Espinar Province {1072)

3 (qu!i ffers;jhi)

Urban Arcas Ruiai;\fehs B ,‘Tbiél :
YAURI £ 07 - s | viear
(DIST. ESPNAR) e 11969 Lo
DIST. CONDOROMA - 21 839 1,050
COPORQUE 326 10643 1 . .10969
OCORURO 12 L I I L
PALLPATA 915 ager o ays
PICHGUA 200 p 0 sas ol sss0
sm'cxmxm B 1913 s -
" Total N 5845 33616 . |- 4146

Sousce:  CENSO NACIONAL, 1972

Table6-7 Concentration Distibution in Yéu'li, o

Scaleof | Numberof R
Concentiation | Concenlsations Number of _"‘“‘-‘f’s . P 0_?{‘_‘?“.9‘“
= SMouses | sos [ o | ases
6- 10 - a7 398 : o
11— 20 33 ' . 406 a 'k é,m ,
21_ 50 B 4 Coses N s i
~100 4 am | A
Owcloo) |y e e
:605 3 33:5 s

Netes: 1) Ala!a}ai\!uwl’opu!alwn 270 IOI How‘-és)
Yaurl Town Population: 3972 957 ‘Houses)

2} Awenage People per Household: 4.54
Source:  CENSOS NACIONALES, 1972
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Foble 8.8 - Number 6f Houses by Type

(Unit: Houses)

Cuzed Depariment

Espinar Province

URBANO,

RURAL

TOTAL

URBANO

RURAL

TOTAL

Siﬁ’;}é_ﬂﬁit'ﬂoxis"eé
Apaytments
Boarding Houses
Reatal Rooms
Unclasified
Shack.s' _
' Non_—R;s’.id_:én:!ial -

P

Otf!e;. ,'*}_ :

2592

19248
Coaag

952
477

14

58,112

388

504

41457
203
34

. 93096

952

41
19,752

545
43695

486
48

1248
3

97

25

17

1822

:9
27
5255

5780

3070 -

k]

106
19

41

: L F
~ Total

58374

100,777

159,051

7638

- 9030 .

Sourée: ,CENSOS NACIONALES; 1972

R "]
<

1

.

]

< 1492

%, Tablo6-9" it f House by Nunber of Bediooms
T " S

- (Unit!

Houses)

il
¥

R S

" Cuzco Départment

" Espinar Province

- URBANO

RURAL

TOTAL '

URBANO -

RURAL

TOTAL

0 'Bediboms,

o

2
3
{
Owei 5

Uneéctain

1
T

25,655

_ ";’?_‘90 s

I RII

18,456
7,633
3025

R

Y300

a

T(;_olal

38274

a1,108

4383
8,403
RAITE

264

127

6310

| 66,763
61909
16036 -

4,137

1S
517 .
8425

342

976
“I9s
"
s
2

fo ‘:ﬂ .

2,036
. 4099
780
165
34
6
463

2,428
4575

975
193
39
8
510

1060772

_',1'392_:

7,638

- 9030

Soutce:  CENSOS NACIONALES, 1972
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Fig.6-3 Transportation Netwéik
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Fig.6:4 Préfent Condition of Educational Facifities in Espinar Province {(Oct. 1978)

ESPINAR _ ' |
s 1 .
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=
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| ] )
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= NEC 16-54

=
OCORURO

LEVCPUA""

. - CAPnAL PRD‘I}M:fA
- ’ ‘OISTRITO

A CENTRO EOULATIVO : PRO\”NC'A DE ESP'NAR

- School District -~ |+ No. Schools No.Stodeats | No.Teachess
cO{»’%Efsgma:__’ o 39 4915 122
s (‘oporaque L BRI Py 2
) 16-S4Hecl0tTe]adz | s _"'é’.d'ri ] s
,::Esp:nat Psonnce'folal 1 . .-9’2 | _ 9965 | 27 |

Sourée:  Ministerio de Educacidn
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5, _
Table 6 - 10  Presznt Condition of Medical Facilities and Number of Doctoss

Population Nlu)—ﬁgrgf lll::pm;ggs p?ru;?)iz&)o[)l?’g?lz pers %?886 B:g;;e
ﬁﬁg';“"d‘-‘” | 6,870 30,596 52 : '23.2:
Southeast Regior:z)
(1978) _ o
Cuzco 850,220 i |- 858 1.3 0.0
Madee de Dios 25615 7 58 ' 19 ‘ 230
Apurimas 250,302 9 gss 03 . 63

Note: 1) Plan del Peru, l'97l'~15 o
2) Iaformation Compiled by ORDESO

supply. Electric capacity is insufficient and improverent will require much atlention, Together 'wiiih mainte-
nance of the mine development infrastructuse, we must expecl improvements in these points aswell,

4 Future Plans for the Aréa

At present in the Republic of Peru, two tegional agencics aré working with plans for Fegional develop-
ment. These aré the Nationa] Deselopment Long-term Plan — 1990 (Plan Nacionad de Desarioflo a Largo Plazo —
1990 — Insiitute Nacional de Planificacion) and the Urban Development Long-tern Plan (Plah Nacional &
Desarsollo Urbano — Minksterio de Vivienda). o : o N

The former concentrates on the social and economic aspects, and the latter on the vrban plans. To
clarify the long term plan of area development in any caw, the siudy procesds in the following ste ps:

Firsl Stage: Research kevel

Second Stage:  Guideline of policy

Third Stage:  Making of National Planning
Fouith Stage:  Formation of plans for each région

At present, (Avtumn, 1978), the seond stage hasbeen completed, 2nd within the next one of li.\'o ‘j‘éais the
fourth stage isexpected to be complele.

In the long-range uiban development plan, ore target of the southern region's development is to
disperse the urban functions now piesently clustered in Arequipa to the two cities of Puno and Cuzeo, 1o pioduce
2 multi-nucleus regional structure. In connéction with this, the transport nétwork facilitics linking the vasious
towns can be considered a major problem. Abso, in these plans, 1990 has been set as the targel year 46 éstablish
the standard urbsn system (Sistema Uibano Nacional Normatiyo), and <ity clasification of grades | throuzh 8
has been established together with other classifications. Yauri fanks in the 6th class as'2 smali city {Centro Princi
pal de Asea Nucleada Urbana). The pacticulars of the urban development plans will be dacided in the futuse
(according to the Mirdsty of Vivienda, Yauri’s development plans will be fixed by Mid-1979), but in cbnnection
with the plans of the mining towns, it will be necessary to make suflicient considesation for joint adjustinent
of theze plans. :



Table 6 - 11 Outling of Yauri and Hector Tefoda?

YAURI

o YAURL HECTOR TEJADA
(DIST. ESPINAR) {DIST, PALLPATA)
' PopuA!.a.liGn . URBM\O : 3972 915
(1972 Census) RURAL 11,969 3463
-~ - . TOTAL - - 15941 4,378
Housing Units  URBANO - 957 250
(1972 Census) RURAL . 2,558 738
TOTAL 3515 988
Adm'in.is!la_t'i\"e Facilitics 7 :Eiﬁ_piqa.l Pl;)vi'n_ce Office
' ) Yauri Town Hall
" Post Office .~
Educational Facitities Kmderga;len , Kindergarten
: ‘ ‘Normal School {9 Year Sy slem) © Nomnal School (9 Year System)
. Techni¢al School (0 System) ' T
(SEGU\DARIA TECNICA)
Medical Facilities - \at:onal llosiu!afl) Clinic : .
o ' 12 beds, 1 docios, | dentist ) Doctos and dentist make counds
2 male m;:ses 1 hypemsl - from Sicvand, _
Resident male nuré and intern
Religious Facilities " Church Church ,
: {Pastor makes rounds from Yauwri)
Cominercial Facilitios 70 Regular Shops 25 Regutai Shops

\!arkel (Open every Sunday)

Market (Ope_n every Thursday)

Other - -

i 2

. Cinema 1

Basic Town Fac;iﬁtiés .

 WatesMain
- Electric Power Facilities

Hydioekectric §2 Kw,)
Piese] 24 KW

Note: )} A_Saw, ilenis _iwe:e ‘eél-l‘;eated by hearing,

2) Arzlaya mine maintains a 10 bed hospital with  doctor.



2. Considering Conditions of Developmént and Platement of the Minlnd Towns

In connection with the construction of the mining towns, the General Minlng Law and ‘f’“‘.“’.! telated
statutes are sufiickent, and a plan by which each mine can achiese effective dperations is being sought, Howeves,
al the same time in this case a place for the yet-fo-be-developed mines of T in;a)fa,_(‘prg@@pg@ and Quachu,
and also the Atalaya mines, already in operation, should be 'considéred, and the merits of this Integration mugy
be explored to its greatest imits and a developmient structuré should be sought, béginning with improvemen;

of existing regional sociely’s iving standards in Yauri and others.

P ol

the possibilities connected with the development of the mining lowns is analyzed, as well as their sizé and loga.
tions, ' ' R L

Hese, with the understanding of the focation conditions and existing townis of each of the minss,

241 Conditions for Locating the Mines and Existing Plans g

Fig. 6-5 shows the mines and their existing stré¢is and layout plans. The éatiré areais at 2 altitnde
of 3,900 to 4000 meters, 3nd is a plain at a gradual slope of a sivérbank, The area over 4,000 meteds elevation
show's the pattein of mountainous terrain. The towns of Yausi and Hector Tejada ares, in any case; on fevellard
below 4 000 friers elevation. ' R . '

- The atea'is spacious; i is divided from the sovihesst to the northwest by the flow of the Salado
- Rivér and its tnbutary, the Canigia River. Both the Atalaya and Quischua mire's afe tocated along the Canipia
River, and the Tinfaya and Coroccohuayco mines sitiafed In valleys ii’dﬁrﬂslﬁe:(o the Salado Rives. The two
areas divide at the 4,700 méters altitude (Certo Cealun Ceoime), preventing any easy connection belween them.
A connecting road exists between the Coroccohuayco and Quechua mines, bist ts elevation varies by about
300 meters along the route. To meet this problem, there is Départmental 10ad 104 (Ruta Departaraental) alocg
the Safado River, and coanecting this with local i0ad $65 {Ruta Vecinal), kinkinig the Tintaya and Coroccohuayeo
ntines, is relatively easy. - _

The layéut of Yauri and the 1oad distances of the four mings is as follows:

Yauri Tintaya Mine

(‘omc'-.‘;)h-uaylc'o Mine

QuechuzMine - -

 Aftalaya Mine

Tinfays Mine : 'Conx{*ohuzytolklihe :

S ¥ PR

15 km 8km

Afalaya Mine

"Quechut Ming




- Fig.6-6 _Ares Designated for Developmént of Mintng Town
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Next, Table 6-12 shows the details of opesation of each mine, which was comprised from the study
made fiom mine sources under the preémise of mining town plans.

Toble 6 - §2  Assumption for Infrastructure Development Plans for €ach Mine

Tintaya ' Cor’o-‘:c‘;ohu._a)‘co Que¢chua ' 'Ala!;'ya .
Ops1ation tons/day 8,000 1,000 8000 - 450
Concentrate Peoduction tonsfyear 152,000 20,000 92,(?00 ' 9,6@.]
Number of Workess - 900 600 650 262
Estimated Period of Construction 1980~ 82 1983 ~ 85 1986 ~ 88 .
Mine Life 15 5 EEE

i

Comparing the details of the four mines, the scale of output, number of workers, €1¢., from every
angle, it can be said that the Tintaya mine will become the central poinl for thés? minés. Further, geographically,
the Tintaya mine is at the point where the future regional papulation will be distributed most heavily, and the
planning study of each of the mines must be made kezping this point in mind. —_ ]

Figs. 66, 7 and 8 show the present conditions of operation at the Atalaya mine and the generat
status of the mining town plans which are being put int6 effect al the Tinfaya mine, which has already advanced
to the basic engincering kevel. As can be seen in the figures, the housing sites for the Atalaya ming ate past of
the mine, and the housing site foi the Tintaya mine is plannad to be fovated § kitométeis north of the feft bank
of the Tinfayz River, S o o <

22 Development Style of the Mining Town

Wken developing a mining town, thete are h\'ﬁg basic ways lo altain objectives of (ﬁnlriauliag to
raise the living standards of the already existing coraumunily by taking advantage of a concentration 'of fmines,
which are shoan as follows: :

(1) Develop more than two residential sites simultaneously,

{2) Construct in an easily accessible location such su?:-slwcu_;.res‘l_'(}t mines and lhe _,muounding_ '@mm_unily,
i.e., hospitals, junior high school (CICLO MI), senior high school (ESEP), hotels, iectga_ﬁon'centém ele.

Either of the two will help the mining town fo decrease itsrcbrislluclion oy, mainle_'hgince ard
Mman2gement costs on one hand, and it is an effective method for mines and existing communities to sustain &
Facilities of a standard model with features that ate otherwise impossible 16 fetain alone,

In considering the possibility of jointly developing the tesidential sites of séveral mines; as diccusied
before, the Tintaya mine should become the core from the viewpoints of sizé of working population, focatia
conditicns, as well as priority of project commencement and life of miné. Geological conditions hindet both
Tintaya-Quechua and Coroccohusyco-Quechua mines with s(eép‘ﬁrountgins', while (‘proc&ﬁtﬁ)’co—"f_inﬂ)‘i '
B¢ in comparatively easily accessible locations along Department toad 104, Accotdingly, the joint development
of residential sites for the Tintaya and Cotovvohuayco mines is the most likely alternative. The two mines belocz
10 2 common water route and they are under the most favorsble conditions of shasing a single watei supply
facility system. Thece would be msny difficelties to constrict residential gtes of the three minés jointly,

The Iocgiion of the core facilities IS éimed at ¢ach mine and existing ;:ommuni_;k'g; in t};e_ fi}_si place,
the residential site of the Tintaya mine is considered for the $ame (eason mentioned previously, The other candi-

date is Ysuri, the central town of Espinal Province. Three alternatives are mentioned here for considering the
development style of the mining towns: , o . ' L



(1) Canstruct residential sites ;fea'ch mine near the foot and raise the area’s core facilities at Yauri.

x - .
(2) Construct residential sites near the foot of the mountain and estsblish the afea core facilities at the
Tintaya mine,
(3) Construct on oni¢ lot the residentisl sites for both the Tintaya and Coroccohusyco mines along with
otheés core lacilities. . _
The (elaﬁvé?i'ilsp!atél‘_mnl of mining towns of each development style is shown in Figs. 69, 10 and
§). Tabk 6-13 descnbes the et-alu'atio:_ns made on these alteinatives »ith regard to costs of constzuction of the
towne, convenience of using the core area facilities, and commuting conditions from the mining toans,
~In ke case of |, comparing to establishing core giiy fatili!_i-es in the mining town, facilities are
10 be used for fonger periods fiee from the limitations of mine demands, but ¢osis and trip time il be greater
for surrounding cities. S

Case 2 : Location of core city facilities will i)é: closes lo_lh‘be fulure center of pépu!alion distiibu-
tion, and will be easier to use from mining towns and existing towns, and at the same time it will become posshile
to maintain the sites for facilities together with the infrastructure of thé residestial site of the Tintaya mine,

_Case 3 : It is desirable to construct residential sites for both the Tiniaya and Coroccohuayco mincs
at the midwiy point of the two mines, aid it Becomes necéssary €0 review the plans of the mining towns in
the overall miné dévelopment project. Although, in this ¢ase, the commuting distance for employees of the two
mines 2nd the distance to the ¢ore city facilities from the residential areas of the Atataya and Quechua mines
will be greated than in case 2, thé economic merits of jointly constructing an infrastructure of resilential
ard public welfare facilities are evideat. When a common residential site is constructed a1 the mid-point of the
two mines, the commuling distance §s 12 kilometers, The development siyle of the mining towns shouM reilect
the intention and development schedule of the manzgement of each mine; however, at this stage alternatives 2
o7 3 shoul be selected. :

In order to materialize the construction of joint Facilities ot construction of the (wo mining towns
jointly, 3t is necessary for the managerial bady of every mine Lo bave a system that operates and maintains faciti-
ties coopesatively. In the futuce it will be necessary for the related organizations to handle cooperatively these
studiad azendas of towna management, '

23 Size of Mining Towis and Land Utilization
231 Pépuiatit.}.n’ of Mining Towns

_ . Ba&edon ‘ a's‘;;u'np'lions' for infrastructure development related to the threz mines of Tintaya,-
Corocoohuayed and Quéchua, if we seek the population of the town which will be formed as each mine proveads
inits development, we will have the following:(Fable 6-14)

Fisst, it is assumed that ten pef cent of ming employees (cmniulirqg populition that oans homes)
will be focal reshdents and that housing in the mining town will b2 peovided to the other 90 per ceat. The ratio
of bachelors to married employées is aisumed to be 25 to 73, and the population telated to mining is determined
by counting the avepagesize of af amily as four {exclading the worker).

{Note: According 10 examples of already existing mines, the percentage of bachelors in the Atahaya
rine is 31 and in the Huanzata mine (MINERA SANTA LUISA: medium scale mine with 730 employees located
in North Peru) is 23; the perceatage is génerally bow in mines that are close to towns and high in mines that are
in the mountains of in remote places. The family size at the Atalaya mine is 5 3nd in Huanzalz 3.7; it is said
that families are smalles in mountain communities. ]

“ Contequently, it is estimated that 7,740 people will setike a3 the minetelated population in the
theee mines, This is equal 1o twice the town population of Yauri. It is necessary to expect fusther settlement
of wenvice-related personrel, ard it is estimated here that the ratio will be 50 per cent of the mine-
telated personnel, '

617



Fig.6-6 Qutline of Atalaya Mine (1978)

Crude Oré Production 450 tons/day
Concentrate Production 9,600 tonsfyear
Period of Operation 1970~ 5985 o
Working Population Employees 24, Workers 233, Instructors §, T otal 262
: Among workeis, 73 bachelors 160 mamed

Main Facilities Housing (hmplo) ecs bousrg, 2 mngs Workeéss boucmg, 24 wi ngs)
' School (5-year, 280 chs!dlen)

Hotel (1 »ing)

Hospitat (10 beds 1 dodox 1 X fay (e;hmcun)
* Supply and gene!al tbops( 67 shops)

- Bakery :
Dinifig hall and clubhouse - :
Diceel type: :
“o:ke:s umon hail Flectiic Genelalor (\la\: {“apa-.lt) l IOO kW[hl)

Sovrce:  MINERA ATALAYA SA.
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Fig. 67 _Outline of Tinteys Mine Development Plan

Crude Ot_é Ploduclion

8,000 tons/day ST
Concentrate Piédik—lion 152,000 lbhsfyear
™ Working Popiitstion " Bacheloss 180
' Masied 720
| Total 900
Main Tb@x%’:_?c’»pii!%‘t'i&m 3,"’1%0 '
Ll;inToyan? Facilities - : l!ousmg

Educational facnlmes(!(indergauen horma! schoo! , Technical school)

Medical Facifities (Hospital)

© Social services (Nurséry)
_ .'Commum!y center (Mezting hall, Readmg 100Mm etc)

: Reﬂeahon center

(.‘omzﬁercia] facilitics
(Markel Gerx'—ra! shops, Bank, Realaman! Petrol stand)

Chmch )
g Admlms(lamé facitities

- (Post ofiic¢, Cable tek phorie, Fire depariment, Pouc-e)

- “oﬁcé:s Lmon Oﬂ)ce Po*a of facilities (D;es-.l genesator 15,000 kW capacity)

Sou?c‘e: Tmlaya ije-.l F{R and \{mem Peru
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Fig.6-8 Oisposition Pian of Facilities

Q3A Oald,

VANIIAA
30 wNOZ

- SYWEY B vavie

. 0

Q' TUNAWED' S ..

:

WHOLIND

,,,,,

IR
VONJINA el 1
Led pa

o

Lud

Tintaya Project FfR

Source:

6-20



—_

ng Town Development Types (D)

Fig.6 -9 _ Alternatives of Mini
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Fig. 6 10 - Alternatives of Mining Town Development Types (3
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* Fig. 8- 11 Alteraatives 6f Mining Town Development Types (3
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Fable 6: 13  Evatuation of Alternatives of Mining Town Development Iyples

Ttem .
Evaluated

~ Mining Town
Construction Cost

' Convénience of

Lo¢al Facilities -

 Commuting’

+ Conditions of

e
1 Peridd of
" Possible Use of-

Aliernative (D)

A

A

Fach Mine

” @

O

@

_Local Faclte
G h

© @

S

"©

6
-

Qo ..

Note: © ; Veygood.
O Good '

A5 Notnecessaily good

—_—

| Table6- 14 Size of Population of the Rintn Yowns -

’li.ﬁ!a)'a (‘orocéohmyco - Quechua

" Workers
‘Bscho'ef;rs
| M_aﬁ:ed
' Tclial
-Fér;iiy Population
| 'Mi.ne-relalre‘d érﬁ?h}’nﬁﬂt
| Seivice-related Emp!o;menl

Total Popultion of - -
Mining Toan

900
203
&7

. 810

2,430
3240
160

4860

ko

oy
1620
2,160

1080

3240

Total |

146

6.24
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{hole In thé afoxementioﬁed example of the Huahzala mine, the perceritage of serviceselated employ-

ment suqh as oheday paii timers, In shops and restaurants, etc. Is approximately 40 per ¢ent of the equivalent
of the mine-relatcd emp}oymenl J

I is ﬁf‘-‘ﬂmf)’ fo; the mming to-;.n to ha\e amp!e space for future expansson includmg for the selile-
mént of lhis sﬁvic:e-re?ated personnel. The poputation of servicefelated industries intreases as the years pass
after saiting mine opetalwn and the final population of the mining [own is expected to'teach approximately
11,600, mdudmg the semte popu!alion

2 32 A:ea and I.and Uuhzamn of M:mn-g Tmm

e is néCéSSaly for lbé fine plam to include hnd space 0ot only for employee housmg bul akso for
parks, leaéation ‘open fand and 10ads as-well as for educational, cuitural, medzf:al and social senvice facilities;
the space for residénce must be Secured imentmpaily not only for lhe mine-selated populahon but also for
the t?mcé-lehléd populahén e -

. ‘l‘ab!-e 6 lS sho'as lhe lvm cases f.vmslde:ed to de!e:mme lh-e ex!ent ofexpam:on in comphar:ce with
dew!opmenl st)'le s.lch as Cae A=to cﬁnstfuct lhe mmmg town of Coroccohuayco alons: and (‘ase B-to
mr;lmc( bolh mine cihe; of Tmiaya :a_nd (‘omccohua)co

| Talbs 5- 15. hl'ﬁnte"mination of Expansion :(';f Miﬂiné Town

A B

smgte Town for On]y . Coibined Toan for
('orocv:ohua)co\[mv ' Coroceohuaycd and Tintaya Mines
%2;’ Strvict Related Population Coagso , | 2,00
™ - _ . _§. L nl : T - . Poos L
£0 : - . - — . : —
i Tolal R 13240 , g 8,100
£ .Bachelors' oo s 14m | 38 34m
29 .. . - : : i _ -
_ E:, :Tolal oo -k 880 95k | 0 1350 . M6ha
Padts OpénSpace A LR I  eha
; Req.r:auonal land SR T ’ o (95 : : S . i 1.6ha
Rols B 2eh
Land for Pubh., Fanhnes _ 93k 1 . .?3-6 )
-TwnExpmionforMme R o 7 a e | : | IV?OS!: .
Worker Populalion : S I '28.'5 ha - s
Tmm Btpam:onfm - ' ‘ : L 354h
$envice Population S ]43_ha . ] ?
Toul Acaof MinkhgTosn. | 428ha | o 1062
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Firstly, housing area was detérmined by assuming the area of a house for the relafed mine-employed
personnet as being: _ N A

Bacheofor house 100 m? per pesrson
Family house 200 m?® pir person -

Next, the extent of the town for the employment-related pbphhiibﬁ iiﬁéiekﬁiﬁéd by FY [anduhhza
tion ratio of: :

13 housing
113 parks, open space, reciéational area '
1/3 §03ds, public and welfare facilities -

In addition, housing areas for the serviceselated population is estimated (o bé SOpe:c‘énlof the
above, and thus th2 final extent of the mining town is determined. As a recult, the totad arés of the mine tonn is
43 hectares in Case A and 108 hectares in Case B. In'either case, the population densily 65 the town will be 16
per hedase, : ' . CoT e

24 Selection of the Mining Town Location

Regarding the location of the minirg towns, the fdl}m_vin'g basic conditions must be fulfifed: -

They rmust be close 10 the miae and aceessible (o the workers

They sht_:ciuld have good geological and base é;indiliom; the iép-:)grapbical deveiopmeﬁt should
bé easy ‘ o L

Supplics of drinking water should be securé’

The environment should ba adequate foi residential use

e €

It should not interfere with the othér uses of the fand (e, ag,r‘icu!l'u_fal use)

In cennection with (1), the terms of the General Mining Law require thal it be Jocated within 20
kilonmters or within 30 minutes commuting distande from the snife; so that workess nay go lo woirk on foot,
it is réquired that the residential area be located at the foot of the mouniain, but it is desirable fiom the vidw of :
presening the living eavironment (6 séparate the working aiea a réasonable distance from the Tésidence. In
pauticular, care must be (aken 16 assire that the town s locatéd in a place which avoids the effects of runoff of
water of dust from the waste piles, or effects connected with the transport of ore and fuel. e

In the case of the Coroccohuayco mine, the elevated tabk over the notth siserbank ks widé and
sufficient possibilities exist for it 1o satiely the above-listed conditions for development, This aréa It close to
local 1024 565, offers convenient connections to Yaui and Hectos Tej2da, and can easily obtain its drinking
water feom the Salado Rives, : ' o T

Hete, considesing the relation of the dereibpm-enf foim of the fn?ﬁiiig ioiﬁ_a__i;t’gai' ijnié.ﬁ,l_iggié@!,‘_l!ié

folloaing prospective areas for developrment in each district are shown. (Refer to Fig. 612 ad Photo 6-1,2

and 3) : : - LT :
A, Hadngle mining town is built at the Coroccohuayed mine:

In this caw, 3 Jocation convenient for commuting to the site will be given precedence, but the foliow-
ing two sites will be given consideration: : o

A1 Hultop on the east sidz of Coroccohuayco Valley

This fs close to the mine site 20d can be reached by walking, but if a residéntial site is confemplated
for the Tintaya mine, it becomes somewhat inconvenizng . : ' '
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" Fig. 8- 12 Map of Prospective Mine Twon Development Sites

Avld.qn

MINEPA ARECHUA
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Site)

ne

Photo 6-1 A -1 FastPartof Coroccohuayco Valley {from M
Photo 6-2 A -2 Hills on Noith Side of Huana Huand {from the North, Safado Rives én the Jeft)

Photo 6-3 B Ccayo Pampa {from the East)
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A2 HUANO HNUANO

This is approxiraately S kilometess distance from the mine site, bul is pioximate to local road 565
and offers convenient connections 1o the Tinfaya mine housing site and Ysuri. !

I a single town i3 bulL 6 seive both the Tintaya and Coroceohuayco mines:

In this case, the flat area (Ceayo Pampa) located oa the left bank of thé Salsdo River, which is
midway between the mine sites, can be corsidered the most appropriate area. Distance from hese to each

of the mines is about 12 kilometers, and the location is easily accessible to doth Départment 10ad 04
ard Local road 565,

3. Plen of Tovin Facilities

31 Premises of Facility Plans

- Before the facility plans of mining fowns can be made, the refated statufes must be ogranized as a2

prerequisite to the plans.

Some of the main laws related to the development of mining towns in the Republic of Pery include

itz following:

n
)

3}

(4

©)

®)

Geaesal Mining Law (DECRETO LEY No. 18880, LEY GENERAL DE MINERA, 1970)

Cosporale Mining Regvlation (DECRETO SUPREMO No. 025:72-EM-DS, REGLAMENTO DE LA
COMUNIDAD MINERA, 1972)

Adicle 316 welative to the General Mining Law (BDECRETO SUPREMO No. §25-73-EM-BS, REGLA-
MENTO DEL ARTICURO 326 DE LA LEY GENERAL DE MINERIA, RELATIVO A VIVIENDA,
1973)

Mine Safely and Benefit Regulation (DS034-73, REGEAMENTO DE BIENESTAR Y SEGRIDAD
MINERIA, 1973)

Mine Corporation Housing Construction Law (DECRETO LEY No. 20007, SEBRE VIVIENDA E IN.
STALACIONES Y SERVICIOS DE BIENESTAR, 1973)

Natienal Construction Law (DS0392:70-Vi and S.D. 063-70-VE, REGLAMENTO NACIONAL DE CON-
STRUCCIONES, 1970)

Within 1he various statutes, the planning of mining towns is particularly affected by the foliowing

importanl items:

U]

Responsibility of facilities construction by mine indusiries

In Anlicle 326 of the gencial Mining Law, if the mine is located in fsolated territory, the mining

coiporation is responsible for the maintenance, support and management of the following:

Worker's housing (VIVIENDAS ADECUADAS)

School construction and suppeil (ESCUELAS Y SU FUNCIONAMIENTO)

Rectealionai facilitics (INSTALACIONES ADECUADAS PARA LA RECREACION)
'Social seivice facilities (SERVICIOS DE ASISTENCIA SOCIAL)

Medical senvices not covered by the social welfare program (ASISTENCIA MEDICA Y HOSPI-
TALARIA GRATUITA EN 1A MEDIDA QUE ESFAS PRESTACIONES NO SEAN
CUBIERTAS POR LAS ENTIDADES DEL SEGURO SOCIAL)

OO
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In Arlicle 326 of the General Mining Law, his so-called Isofated temitéry (Zonas Aléla;iés) 18 speci.
fied as by over 30 minutes by automobile at safe driving spezd from a populated area, of over 20 kilometers

this "populated aréa” (POBLCION) is defined by Asticle 326 as being a place which contains facilittes, malatainy
services, with a2 population at least 10 times the number of workéss of the mine and their Famities, Consequeny.
ly, in the case of the three mines of Tintaya, Coroccohuvayco and Quechua, the abowe regulations for the ¢on.

struction and maintenance of the above-mentioned facilities is the fesponsibilily of lhe mires themselves, .
According o Addick 326 and its amendmeats, the items requited for construction, Suppon ang

maintenance are understood Lo b as folfons: : N : .

Housing: Wmicet‘sho'nﬁ .

Employeés facilities: Baclkhrs;diningha!l . S

Administeative facﬁities: Administrative Bui_lding ((‘ﬂ} Iféli;été.), I’os( Ofﬁce

Medical facifities: Hospital | | S

Educationa), cultural facilities:  Schools (Kin&e_rgartéiﬁ, Pf:irn;[)-*'ﬁhobij; Chuich -

Commercial facilities: Market | '

Rececational facilities: Cinema, Club house, Spoits ground

CIOICIOICISIONS

Town facilities: Wales supply, Sewag, Rainwatée diiaiiiégéj Electric power,“'astédisposa!

Fusther, regarding the planning of the inining town, a joint committés (C OMPERMI: Comisién Perma.
nente Mita de Vivienda y Encrgin'y Minas) made up of members of the Mining Ministry, Housing Ministiy,
ard Power Ministry advise the mine companies concerning the Mine Company Housing Construction Law,1nd
approval is tequired fror them. Plans and bluepsinds must be drawn up by architects and fown planness régister.
d with the Peru Technological Association and Aschitects Association. - o R

(2)  Regulations conries1éd with housing design Sl
In regards to compeny housing for ¢mployees, the mininig companies czn allocate, in the beginning
period of operation, temporary housing units used during consisuction, but must provide the employess with
pesmanent hoising lo those who- réquiré such withia 3 0 5 years fiom sfart of ofperations. The following is
tequired undei the Mining Company Housing Construction Law and Asticle 326 of the General Mining Law -
conceining designs of the permanent housing: ' '

- Backelor Houﬁng:

One bedtoom must be able 1o contain one or thres beds (1wo beds not acceptadle). - -

The maximum units per '-n’ng is 24.

For each four workers, such hygient¢ facilities as warm and cold showers, toilet, and wach-
bowl (BANOS Y SERVICIOS HIGENS) must be made availzble, SRR

Cooking is prohibited in steeping fooms. -

® e

Family Housing:

©

The buikding must be a collective type indépendent Structuie fower ihas 4 siories, with the
first floot having bess than 12 units, R Coa o
All housing urits must at feast make avaitsble the Toltowing: -

1 living/dining room - ,

1 bedtoom : S

I bath (howes, toilet, washbowl) “Bafio™

. Dkitchen - e e

The numbes of bedrodms must be increawd by one room for eiéfy 3 t‘é_,sid.e_n:!:s m{f the age
of § years ' T T S R T

® @

A bundry 100 muslbe includéd _I‘o:j'ea?c_h four ﬁous‘iﬁg Units, o1 fbg eachimil
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@ Each unit must have dsinking water and sewage facitities. Also, in housing located above the
. 3,000 melér elevation hea!ing facilities must be included.

The ﬂoorspate and dm«ensrons of each 0om are dele;mmed by nauonal construction 1egulations,

but thear main ptomlfuns are as follows:

_i'-Bedfoom More than 10 m? mth no s»da tiss than 2 8 I

l.jnng!dming f00m: ~ Moiré than 16 m?, with no side less than 3.0 m
Ceiting helght: 2.3 m

: | Sleps Eﬂ’ecme mdth 101, mimmum siep surface 025m

Yard or gafden \fore than 30 pet cent of the lot

. Pe:cenlaz,e of lol aL‘oi!ed to structines: 60 pér cent ér less ‘

' @7 @@@@@

% Aocordmg to Anide I39 of the Genésal Mining Law, miries in Peru aié classified a¢ small, medium
of large mines in a¢dordance to their scal of production {crude ore annuil sa%s of ming area), and énforeement
sardards of l'znlzhés for housmg and mamlen;nce \ary acm:dmg (o each calegory.

o !n grantmg appforal to the mining lmm plans and housing desxg,ns of the previously mentionzd
COPERMI, these are considésed. Homever, because the approval wandards have pot been clearly tpeaﬁ-ed it will
be necessay to {ake paﬂi-.u?:r caution fegarding the scake of housing, ¢i¢., in the future, -

lmge mings are’ lhow which prodwe 5000 tons of crude ofe and over pes day. Acvording to this
standard, thé Tinlaya mine will bé 2 large-sized mine and the Corododhuayod mine medium-sized. As indicated

in the plais shown prenous?) , i the case of joint development of the Tintaya and Cozoc-:obua)co mines theie
ull bea probk—m asto how (6 make adju;tménts between the two.

32 Stodyol te Cﬁte’ﬁﬁo‘i Faciites

F acing the plan of the facilities, compliance (o the development form of the mining town is consider-
23, ard 23 for the housing which will be the direct subject ol‘ study of the (‘o:o;mbmjco mire, ottes facilities
which will ber.eh the géneral pub]jc e

(1) . In the cate a single mining town is built for the Cotoctohuayco mine, and all of the pecessary facilitics
are built mi!hin' the district.

@ In the’ éaw a jéml r‘n.ning Io.m is developed for both the Cotocvohuayco and Tintaya mines, mlh COMm-
. bined facilitiés bun!l R

32y Houung

. Bacéd on the populaim as shoan in item 2 3 of the t-e:ale sludy of the mmurg towns, the numbr
of company houses fo be supplicd 2l the Corovoohuayeo ming is shown in Tabk 6-16.

" Weble6-16  Number'of Housing Units

_ (‘ompo\mon of Workérs _ Cofﬁpésition of Household : ol

. st - Workes?) Bachelor  Married
Working Poputation T oo 510 Tis0 50 oo
RfQUiréﬁ Housing Units 90 L4500 s 405 540

Notes: 1) STUFF EMPLEAD
2) .OBRERO
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In this, it s estimated that 10 per cent of the tofal ulne workéss aré ¢oriimuting from’ thelr owy
homes (locally hired warkers), with the remaining 90 pér cent being provided with hb‘\'_;'sing‘. For the Percentage
of focally hired workers, it was estimated until aow that this would comprise 23 pér cent for the Tintaya Feag.
bility Report, and in the developmieat plans for Cotocoohuay@o and Queéchus 'mines €ven 20 16 30 per et by
if the thréz mines are opeiated simultancously, we must take into consideration that ‘lhé’i:;?icl'o{ lo-cally hired
workers will fall, or that a trend toward many locals wishing to reside in company housing due (o the difference
in standards between the comipany housing and Jocal homes will arfsé. From thése points, the number of loca
hired workers at the thiee mines must be held 16 10 per cent of the aumbes of workers (2,150), or about 220
meén, ' _ S

The compasition of the different bousing types is determined according to the family (ype of (ke
residents or the number of family members, The company housing resident census of the Huanzala mine
(MINERA SANT LUISA S.A) is avsilabke as information on the compdsition of fesidents in an existing mine,
(Table 6-17) Here, in Table 6-18, the basic data on this is used 1o show the typesof cesidents.. | - .

As for each type of house scale, the following have been built 4o as {o fulfil} the framework of the
standards for the housing plans listed above: - T ' '

Bachelor housing I Roorspace be: person
Family housdng : ) : '
1 bedroom type : 60 m?
2 " * 72 m?
.. 3 s 113 85 m‘!
. 4 i1} i ]w m!

In Fig. 613 and Tadle 6-19, the madels considered for corstruction of the housing scak are showa
as the standard housing for the Tintaya mine developmént plans and floorspace. These examples are applicable
to large-scale mine housing plans, and compared with the abovelisted standards théy ace given extra space.
They are considered adequate for the medium-scale mine being studied at this time, but future studies on the
development of 3 commen mining town for the Tintaya and Coroceohuayco mines will be adjusted to more
concrele needs, : = : o ' -

Further, the average floosspace per unit of family housing a-:coriﬁng to lh;-. above \\1;11 be apprond- |
mately 76 m?. : ' :

3-22 Pudlic Facilities

- Acvording to the provisions of Article 326 of the Genetél Hining Law ggﬂ :pge)':_il;"ng conditions
al mining towns in Perw, the essential public facilities and scale are shown in Table 6-20. Hete, the mining lown’s
scale is divided into two possible caszs, and the scake of facilities neaded for each outlinad '

Case A: 12 single mining town is built for the Coroccohuayco mine (planned population 3.420).
Case B: I a common niining (own i constiucted for the mines of Tintays add Coidivohusyco
(planned population 8.100). o S e

In connection with the aiea of the I__‘qc_ﬂit_iés aid othéss, (ﬁap){ flgufék ar¢ estimates, and it will be

necessaty in the fulure to study them in more detail 2cdording to conditions at the site; Further, thisis alswo the
case for facilities which will b¢ used other than al the mining {own, ' =
The concept dflﬁe plans fm Iﬁe main facilities is as follows: -
(1) Educational facilities

As shown in Fig. 6-14, the eduéational systein m the Republfc_ of Perv is composd of 2 9year
compuliory school systém of 4.2.3, . : ' ' '
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Fable 6 -47- 1 Famity_CQ,met_itibﬁ of Residents at HoanzaTa Mine Company Housing (1973 Survey)

.

 Dependéats y ,

s 0 1 P 3 4 Total
e PO e B U N I I A Bt
wodkes Only R S s - - - 169

(Recbebor) s - T {enn
soter & Fatréi, | 3 ‘ _ B 9
Mothes - -5,6, 2 L - - - I KA
"o-:te;&(‘bﬁdrenz , — | S | | i _ - _ _ _ N ) 0:_'4)
)!uﬁe-!("o-g:p‘é - -ig' : - - - S A
(‘o:p!é&l("hﬂ . ; ; e iy : 1 159

‘ - - 3 94 13 15 - 1] - Z
Under S y1s) 2 {233)
Cosple & A ChIE ' o ' : , ' 336

u}?“s“” - ~ 1 ss » 63 7 a2} onpos o
Coupd &l.’arént's;!‘;” . !
c‘{éﬁfvm:- $y18) - - = - - 1 - - - - )

oy
Coople & Parents& | _ _ N _ I _ I . 2
Ced (Oher S yi1d) ( 03
Total 16 |56 |10 | ue 7 | st | 2} s 3
()Y tan|enlassH tass laos {orn | oo | ae ] as | on | awoon

Source’ ~ PROGRAMA DE VIVIENDA Y BIENESTAR COMPARIA MINERA SANTA LUISA S.A

" Table6-17-2 No.of Requited Housing Usits by Type Acoiding to Composition of §amily

S g : . 01
., | . Bachelor 1 BR 2 BR 3BR 48R ‘
Housing Typ¢ | “Housihg House House House House Total _
Required 169 | 90 kY] 93 s 718
Units - ’
% 232 | 124 510 ns 07 1000

Source: PROGRAMA DE VIVIENDA Y BIENESTAR COMANIA MINERA SANTA LUISA SA.
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’ Tabfeé- 18  Number of Hou{estéﬁ!i&étéﬁ by TYE A

(U"“"ouses)

"2} Amount in parentheses shows pes Gt

3) BR: Bed Room

Notes: 1) “Bachelors housing is given as single fooms. _

Teble 6- 10 Styls of House, Tintaya Mine Company Housing

o)

achelors t8R | 28R [ 38R | 48R | Swbrora | O™

‘ . 23 - 40 27 -] 67 o
Workers Houst 112 2 e |oee | e | 3as | a0l
orers Tousing @5) Uy 6y 1 @ | 7| 0% w
ot 135 32 ’2'4; 1 '1';?;-'1 14 a5 | Tsa0
o @s) © @) | @ | o 03y ' (o0

conten—Hovse Tye2 | " 1 pr | 28R fo3ere | 4B "$BR. | Variation
Enquncé\fgs;ibuk _ 3| 3s ' 29 | . 31 5 N 33
Liringroo - R T I e
nnetoom 18 | 23 236 2
Diningroom . . : 113
Principal Badroom 2 | 1o 4 | on2 %6 . |- 106
Bedtoom N° 2 - 1o 10 96 | 69 e
Bedroom N° 3 - - 10 83 89 .89
Bedroom N° 4 - - - 67 99 . 69
Bedtoom N° § - - = _ N s S
Toikt 3 4 18, 18| .9 I
Kitchen 1 il 9 - 89 9.3 95
Maid’s Bedroom, Toilket - - — = - 496 .
Circulation, Walls i e : DA ST
and Closets Is 19.4 . 249 338 359 . 495
Garage - - - — =i R A
Total & | 1 99 | 13 133 ] fam
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Fig.6- 13 Layout of Tintaya Mine Housing
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Fig.6- 14  Peruvian Educational System
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Using the previous popdaiion estimates to find the sumber of school-age chikiren, the fizure will be
roughly as follows: v Lo Lo T

Proportion t0 ' ~ Number of Students
v ToRopdation (CoA o CaeB
. Kindegarien .. - 006 190(S classes) 490 (12 clases)
1 cko 68 20 650 -
o sdpep RGO o e o 0 0
Lo Giclo .. . 006 190 490
Coetperalt T T I T ss0(aSdlasses) 146037 classes)

Note: 40 students pei class

Bexcame the seqvicerelated population has been included in the mine town figuics, the number of
schoolchikdren at the beginning of operations will be about_!!] of the shove,

The fumber of cadsy i the rormal school is not particulasly fixed, but since a framework of 18
1027 studénts classes is consideced appeopriate, in the event of case B, a badic system of two primary schools
0.1 CICLO) nteied aound the two basc Tiving spheres s desirable. Further, the middle school (11 CICLO)
canbe attached to either of thé primary schools and be usd fo senvice the entire town.

TTUYAGCOTdING to the educational level of the workers, a workéis school (ADULTOS LABORAL EDU-

CACION BASICA) Is heéssidry, but it can make use of the ordinary schodl fa-:ilitiés. Also, in the futuse, faciti-
ties for a téchnical fesining schoo) and high school, ete., should be studiad.
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(2) Cultural, religious Facilities - : S _ ‘

According 10 law, besides the required church, building f 2 community cenlel witha hbrary, meay.
ing hall, recreation room, woskers® union of fice, ete. s specified. In the event of ¢case B, a communi(y center
for each of the (wo ne:ghbo:hoods will be built, and it is desirebk to gn*e one of the hso the function of (ke
facilities for the entire city.

(3)  Public health, social senvice faﬂhlws

Fos the futuie town pogulation, plans for a hospxlal vnl‘h I'auhues bastd on one bed for ehél’y 150
residents is made. The hospital will be given the functions of a regular consuﬁahon drea, emergency lfealmcg[
centes, and 3 public health center inchuding consultation for medical and pubhc health,

(4) Parks, receational faclhues

The iesidents’ main forms of recrestion ate cinema and socoer games; 2 lbeatre and spo:ls 4.
clubhouse facilities will be réquited. The théstre can be used for various purposes, and the addition of a game
room, bar, restraurant, elc., is desirable, thus mhngn!areueatwa cnter.

(5) Commercial senvice facilities

Pacilities foi the salke of goods are Operazed by o1 conuacled lé the mi‘nmg company (lhere are
cases of the mining company and the workess' union ci)opennng to pm\u:e such necessities as foodsluffs
elc,, subsidized by the company}, and there will be a market op-elated by a general eoope;alr.'e group (resu!-'
markel 0 open air market) and general individualiy-run shops.

A bakery, auto repair, petrol stand, and imaintenance service sho;vs fos cbns!ruictién, ele. wiﬂ be
tequired.

Finally, for guest facilities, construction of a hotel isbeing considered. |

4. Costs of Minirg Town ﬁeve?opnwhl

In recent years in Peru sapid inflation has continued. lookmg 3t changes in home buﬁdmg costs for
example, Fig. 6-15 shows that within the last two years (‘-!ay, 1975 ~ Maich, 1927), construction cdsts haie
risen approximately 2.4 times. Howeves, because the curcency has beza periodically demlua!ed these 1apid
inceeases have no bearing on US Dol!a: of Fapanese Yen c&kulalmns :

Baszd on the scale of naining town dewelopmenl and consuucnon p!.ms outhnéd pfemusiy, the
cost of mining town deselopment is shown on Table 621, Heie, 1978 US doliar values aré used for construction
unit costs, and caleulation of construction at that time is based ot an estimated anfiuil price rise of 7 pér cent
for the infrastructure and community facitities, nhich wiltbe comp!e(ed by 1924, and for the company housing,
which will be completed by 1987,

In the cost of de\elopmcnt similar to the study of ftown faﬂhues he c:vmslru-.uon odt of hom_ng
is considerad only for the Coroccohuayéo mine company housing a!one and other cases are divided into two
possibmues

Case A: ('o*w! ruction of only a smgle (cmn l'or lhe Co:oétohuay-:o mine’ : _
Case B: Comlrm(mn ol‘a joint mining town fof the Coro;-:ohuano and Tn!a)a mmes

In the case B, the schted ¢os!s of lhe (‘omoeohua)co mine are eslimaled lo be 40 pex cen! of lbe lolal costs :
based upon the satio of employee popu!auon of both mines. = crie

The developoient costs of this téwn do not mctude such mfraslmiure as rézds natet supply,e!eclm
power, ¢le., as well as construction costs outside the (own de\elopmenl ares. (Exa_rnp}e waler reseqvolrs and
conduils, pcmet generator and cables) o
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£i3.6- 16  Annual Changes in Housing Construction Costs in Pery

Indéx baged on price of March, 1970 a5 100

Note: ™ ( )iﬁdicafes direct éonstruction cost pr squard meter in soles.
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Algd, _i:qﬁslivclbﬁ costs are‘.diﬁdéd inlo lhosb that are nécessary al the iniliation of mine operations
(sithin athree (0 five year period fiom the beginning of operations) and those which will be necessary to build
dereafter, sespectively. - .

 Thie cost of town development felated to the Coraccohuayco miné can be seen in Table 622.

The development cost of the Coroecohuayes mine town (at the time operations begin) will

1 17,400,000 US dodass for case A, and 16,380,000 US doliars for cass B, based on costs at the median of the

qating period, and housing construction costs occupy 67 10 70 per cent of development. Also, casz B is

n;-'eded fo lower tbe bgisic:njaml_enance 1a_n_d:f:3<ciﬁty consiruction ¢osts by 20 per cenl under those of case A

It goss without saying’ tha’g‘ by_'éﬁmbinlr% the dgye!@;iméni of the (wo mining towns, olher économical results

¢31 b2 obtained ‘in’ the construction costs of lh_e areas nol shown hére, and in oosts of supporl operation of
[acilitics. T : : -

Fable 6-22 Summacy Chart of Development Costs

: - : . _ -_(Unit::l,b(')'ouss,(‘ ): %)
:t‘ase'A . ) CéséB —

U omraa | Sateneind i Ot e o
Cotofaid © 300 s(o0) 3(om) 5 00 -
Vi lafrastructore. 2012 (19.0) 3019 ( 173) 1760 (181) 2654 ( 162)
Company Housing 6337 (602) - 11650 ( 61.0) 6337 ( 648) '11,€50( 79
Pty Consteoction 2071 (206) 2135 ( 153)  A61(ALD) 2067 (126)

Tota] 16,524 (1000) 17,309 (1000) - 9782 (1000) 16317 (1000)

Notes: F) Total deévelopment cost _ ‘
2) Development oist at the time of beginning of operations only

5. Recommendations foi Further Oetailed Studies

~ This study of planning shows the possibilities of joint construction of a mining town and town
facilities; the joint development of the theée mines of Coronvohuayéo, Tintaya and Quechus, taking advantage
of the merits of their integiation, can develop a mining town that will costribute to the area’s development.
However, including the prémises of these plans, in the process of moving enward to concrete, detaited plans there
werain a qumber  of problems which must be studizd. We will itemize thes2 points and mike our proposition
fet the next detaited plan, | ’

() Regarding the foim of mining town development

In dealing with the joint development of the 3 mines, constiuciion of mining towns, and toan facili-
ties, the merits of inlegration depend on agrezment among the main oferators, and on whether of nol 2 system
for town consinition and suppint opeiations can be estadlisched. Also, it is important for each mine to b
developed aécording 10 2 suitable schedule in order to materialize. Especially, the dewlopment plans for the
Tintaya mine have slready entered the basic engineering stage, and if the other two mines lag behind, it is feared
that edius!nient will be difficuls. It will be necessary, therefore, 1o study their related avthority in the future,
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~
{2) Regarding the enfoscement of laws and legu!aiions refated [0 mining town dew!opment

" As discussed prenoudy, mines in Peru are dass:fed {nfo ‘thrég fa!égories‘ Iafgc medidm amd sman
and the enforcement of laws and regulations concerning the plans for company housing ar&d helfa:é facdme; i
differ by categosy; but currently thesz standards are not slnc(ly mtefpteted Beeause in lhe fu!ure COPERM]
is expected to establish more conérele :landards it wifl be necessasy (6 proceed with daution. ‘Alsd, a5 wit,
the case ouvilined herein, it will be necessary to continug to ss.udy about van-ous adjustments fo; lhe joing
developmént of a m:nmg town fora large and medium-sized mine. .

{3) Ad;mimem mlh reg:oml p?annmg

Presently the Repubhc of Pefuis pméeedm—g mth a pohcy ol' long tem ulban detelop plannmg vs}ucb .
will become the basis of regional deselopmieat planning, and will soon entér lhe slage of dfamng up concrele
aiva planning. In compliance with this plan, the developnxent plans for the town of Yauri will be dec&ded ,and -
must be coordinated with the mining town d¢ w!op-nen[ ptans -

(4} Regarding topographical ar;:l geographica! sufveys . o

This timé the suivey was based on a scake 0!' 3$ 000 1, bul by lbe time lhe next detaﬂ-ed p!ms are

pmdu-:ed a more delailed topoyaph_cal sunvey and geographical susvey mﬂ be requued aboul the pmjene.l_ '
aréa of the mining loan, _

¢} Reparding derelopment cosls

As shoan in the repoﬂ Pém is cmrenﬁ) umirr,_r,omg lapld ml‘!atnoﬂ,.and care mmt be gm"n t lh:s
trend. Also, because in high mountain atess, costs of transportation of materials canry a lasge p;opomon of
overall construction costs, sufficient study is necessary with regard to lb.;s pomt-
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CHAPTER 7 GEOTHERMAL ENERGY OEVELOPMENT

1. Outling of Geothermat Deie!opmenl tn Peru

i1 Geothermal Regions in Peru

- The patt of the circum-pan-Pacific ¢arthquake beit in Peru has gained allention 25 a rich area of
geothermal resources (Fig. 7-1). AL present, there are famous active volcanoes including the Ubinus volcano and
geothesmal development has alseady gotten underway in El Tatio in northern Chile which s a geologicat con.
finuation of the southern part of Peru. Geothermal surveys are akso being conducted, in Puchuldiza near Peu.
This has raised interest in geothermal development in Peru 25 2 source of energy, and local research inciuding
eoliection of bésic matesials by organizations such as Ingeomin is now being undertaken.

Fhe results of nation-wide surveys and studies on hot springs and othér types of springs have e2sulted
in the classificalion of six geothermal areas in Peru as shown in Fig. 7-2. There are many potential geothermal

sites in areas V and V1 in this figure, :

Fig 7-1 #3in Geotharmal Regioﬂs: of the World
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Fig.7-2
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The five aras shown n F1g. 7:3 were found (o be potential geothermal sites tn the viclnily of the
peoject at fasin lh?;soulhemp allofCUzéo Depaitment, A éé'?ﬁa".sun'cy of these aréas was cairied out by the
Ge‘?lhgm?l Technlpa] Dé&'efo[) ment Co., L{d.:bf J'ap:fgn in 1976 3"‘,‘3 comparisons among the various areas wese
reported. t : ' ST : R COY . _

¢ According (8'this survey, {he Quisidolla and La Raya regions show the greatést poléntial fos geo-
thermal dfi‘ﬁlqﬁﬂ?ﬁ“} 'Ibé sprifig l_éfﬂp}é‘fa:,!_mﬁsj in the San Pedeo and Uywimin té‘gioﬁs’ are Mrw md;lliegi' show no
geological poteatial. In 2 comparison 6f the Quisicollo and La Raya reglons, estimates of the Undeigréund tem-
peralure in the La Raya gion ’5}. meansof chemical thegﬁ:émél}ris wefé e)ﬁtéi}ahl, and the Quisicollo region
was show 1? 10 be very pood with reipdct to the quantity of iac!iéﬁl{héail’sﬁﬂ the Iocation coditions, These were

ko records of equption of 1ot waler and “aliération in the Macaraia and Ri6 Jarina egiohis which adjoin the

Quisicollo: iegion’and it “appéared that these reglons should ako be suneyed. Based of these 1¢sulfs, the most

recent surveys wete genfeled onf the Magarara and Rio Jarma regioss. -
. [P S e N o N PR - - ’ )
© 3 Geothérmal Development System in Pesu -
| I A T LY

H
]

_ 1 The Peruyian, g}f\ggrmrnt has still ot established any particular sysfem fof gedthermal developraent.
Howe\‘é_;,'g)jfy'g{;l{r?bl_g'i__[_gi'es;xi__s being shown in Jocal energy fesources and Ingeomin has started a nation wide
suney of such resources. Electso Perd and Mineso Perf ase also studying geothesmal developinent baszd on their

fespective viewpoints.

_ ‘Alithough théy have not pani&péi_éd in the surveys mentioned ab&i‘-é','t?;-:é'l}efmo!ogy'bf axh organi-
221300 25 Pelio Perv will be aecessary in futore work including surveys and borings! - :

g il

2. Pfo;pects f&ﬁéﬁﬂi&frﬁéfllﬁ!izaﬁdﬁ_ in the Power Geﬁeréﬁdﬁ and OtherFu!ds .

2.1 ° Geothermal Powelﬁen"erabon _'

i Iealy stsitéd using geothermal steam for power géﬁ{rq[iéﬁ"in the Larderello region in 1906 and
before the Sécond World War, ltaly was alieady gentrating 135 MW by such means. After the was, technical
ti_tha.rigéi increased and piogiess was il%ade in survey r:;e_;t'liggjijvziioui:gounl:rks undziteok and plinned geo-
thesmal power generation 16 meet increasing encrgy demands. As thown in Table 7-1, thé capacity of geothérmal

m*er;faéiﬁtie.s had reached 1,500 MW 35 of I 976 aind wr_ii't'er.-ding [ i_rfctcase asof 1976.
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Fig. 7-3 Index Map of the Pioject Areas
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< Yable7-1 Listof Ggox‘he'rknal Power Plants throughdut the Wostd

‘4 .
~ Asof June, 1976
. , _ S'!é‘- 0 e O - A b Undes construction of planncd
Co?n iy | i 7 Ell%lmgOJTpul(IMh) 1,000 kw) P
Italy. : Larde;euo ; 3806
i < HonteAmjlla : 22.0 .
[ Olhfil ls-o
. :‘l‘otnl _ 41186
Japan \hlsuitta ' _ _F'gulesin | 220 Ki}_‘:onda o0
" Otake CpofertEses “11.0¢ 7.5) Hachoboru 500
Omrm ) show eutput 100 Mon '
3 fos partiad Mori 500
On&ubi opention 250 uzs; ’
o Totd S 650 1506
New Zeatind | Wairake : 1926 Broadlands 2000
’ Karénz 100 - Wiictab $640
‘ - Total 20246 7640
Mexioo R L TR 820 Menicak 2450
" Cerro Pricto 750 ' N
,  Tot) 1570 250
USA. - 'TCﬁs-El $226 Geysei 4060
: Amjerial Vi atky £50
s : ] Baitle Mountain 160
‘ Totad sns 4810
Teetand © Namafil 30 | Namwafpl 30
' Heegdd 120 Kulafuly 600
Total 00 , . 630
- Franée. gnﬂzb;w 300
T . (Istand in the
. uﬂ)&m&a) o
keé:sa _Nz&ob; 150 .
USSR: \szhelsk . 50 Pauzhetik 950
. : Puatufikt : v 01 Kuoashiri &0
Pt o e Abatimskaya 30
. " Telal . 51 1310
Taftwaa o  Matso 100
Iadiz Lie 500
Iﬁlx!&réﬁai . Kimodjang 1.0
DR Ditng 5.0
. " Tetal 50
Philppines | Tewi 1200
B Los Barids 21200
L Tolal 1400
h‘ieg:lg_qa . }t’om}!mh) 175.0
[EPRCIETETE P Rt ) . - - Onleis .
K Sa?ﬂdol =l lhuﬁz{*m 400 Al‘aa-u!upm €0.0
Tende, UL L o " EiTate o
L ‘l‘om 14535 271130

te: ln zddnlnm dc!a‘!ed p.in‘t}i ue km m\{oded in Greece Ecuxdor, Algeris, Yugostaia, China, Pere, Gualainal,
"Cogta Rici | 363 Colembia. ~ -
Scuzoe: Hmtw of hl:mmoml Trade ard lndushy of Iam.tlr.
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: ; - jon capacity stifl only accounts for 0.1% of the total. Acoordin
tal geothermal power generation capacity stifl only ¢ of 0.1% of the & cotding
to D.E Wln'Tt?e::) !éasgl 530000 MW of power ¢an be supplied over a 50-year pet?ocj !gs( lzy _geo_lhe.;mali HIT]
resou.rc;es at 3'km ot Jess in depth. Geothermal areas in varfous countries are becoming highly interesting s
available eneigy 1ésourees, .

The costs of geothermal power generation are pel excessive when compared with othet types of

energy, znd sufficient profit can be cdtained from a comparatively small capacity géneraling p!anl of 16~ 3
MW. Comparative costs of power gencration are shown in Tablke 7.2, ‘ :

Tabla 7-2  Compatison of Power Generation Costs
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In all cases, the powes generation systems [Fig. 74 (a), (b) and (<)) wtitizé steam obiained from hot
water of undzigrourd dry steam. Research is underway on new systems such as the multi-flush system {Fig. 74
{c)] and a steam power generating system utilizing media with low boiling points [Fig. 7-4 {(d)]. Such syslems
have been partislly put into opration ard are resulting in a decrease in the power gendration cosls.

The aceuracy of surveys s being impioved by means of the ac‘cmnuialioﬁ of da:ta oblained from
geothermal surveys peaformed in various countsies, This il ako lower the o6t of powes generation. - '

22 Agricultural Uitization

Thewe are many examples of geothermal utilization in agriculture, especially in lbe' cold country of
Iceland, in Hurgary with its continental climate and in the Soviet Union, In Japan, (hete are ako large numbers
of agricultural rescarch f: acilities, plant farms, etc. utitizing hot springs, but they are all on a small scale.

In Hungary theee are no volcanoes and the land i flat, but in the southeastern part of the ¢ountry,
there is 2 high heat glow and thére is widespread hot water at a temperature of 50 ~90°C 2. 600 m undesground.
Feom 1963, the Hungarian Government recommendad that this heat be put to use in‘agriceltiuzé and as 3 fesult,
hol water was bei_ng_ us2d in cultivation in 550,000 m? of glass and 1 200,000 m? of vinyl yeehhbuse% by 1972
This heatl was ako being used for P2 and chicken raising ard for tefrigeration, and QO,(XB tons of h(’)l:%‘af“
per hour are being pumped up from about 500 dezp wells. The hot water s utilized in 2 mﬁsia‘ses'sysf.é_fﬁ in
which low tempeiature hol wates is ustd to heat the soil in vinyl greenhouses after being used o heat ghs
greenhouses, As a result of this geothermal wtifization, it '

g has bacome possible 1o régulate vegerable shipments
in Hungary and (o exporl 10 vatious countiies in nosthéin Furope. -

. Since the ateas which 2té the objects of this suney are all at a high altitode, theié ate rémarkable
diffecences in temperature and there is 3 21 e,

major possibvility of geothermal utilization in agriculture, i
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Fig. 7:4  Generation Systems for Geotheimal Power Plants
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23 Utitization for Heating, eté.

Gedthéimal hot water is also widely used to heat homes. The laigest scale example of this is in
Reykjaiik, the capital of leetand, !!ealmg is necessaiy throughout the year and geothermal hot water has beca
supplied to ordmary houses since 1928, At preca!m géothermal hot wald is used for heating Reykjavik and its

suburbs with a popu!auon of about 100,000, The péople in the city use almost no other types of fossitized
fusls, -

© - One éxample of geothéimal utilization in home heating from the standpoint of eneigy conservation
is the heating of ‘2";500 horwes in Melun, a suburb of Paris. In this case, only 90 tons of hot water pet hour at a
temperatuie of 70°C can be oblained from a single grothermal well znd this covers oaly about 10% of the
beal réquired at peak’ pério&s Since enly geothermal heat s sufficient in surmet for hot water supplics, the
system is sun.h lhat one lhmi of the :nnual heat requitements can be tupplred geothermally (Figs. 7-5 and 6).

Su‘h as s) slem is cc-mpa:amﬂ} easy to es!abbsh if mndmms are mmm!kd

S:nce there afe rany hot springs in various p-ans of Peru, such areas shouMd be investizated in the
future. The aceis curréntly suiveyed could be included in the plan for the mining city development eegion if 2
hzat séurce can be ob:améd but the econo-ny ‘of the projéct must b investigated if Iong distandes ate involved.

\\'ell knovm E\zmpka ol‘ geothe:mal uulmuon in other industiies include a pulp factory in

New Zealand and a diatomite factory in leedand, Fig. 7-7 shows various applications fos geothermal vtiization
systems. The applications will be wide tanging if matches ean be made with Jocation conditicns.
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Fig. 7 55 Melun ﬁe’a_tﬁg_Sy;tem
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o N P B Geot!_wimal Fluid Utitization acedtding to Temperature
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: The pfojéci aea is in lhé v.ves!em Andes mouralams ia the southem parl of Pem and belom to
0».oruto lovm Esp.nar Provineé, Cuzco Depa:tmem The céntes of lb’ projct area is lotatéd at 71°02" west
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40 km I' rom lhe ’imlayi mine. The reg;non is almoﬂ mmpkltl) ﬂa! 'imh no !albe obstructicns. '

) : "Ihe mfather is ol‘ lhé cold hlg,hland lype and thefe ate mny ard dry seasons which ate affected by -
' *—fas-:mal mnds Thé annual avéfage températude is less than 10°C and the pracipitation is about 900 mm ped
: )r:-ar Ta‘bk’? 3 shm(s me:eom.ogical dala fmm the La Raya tegmn T :
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10 kin to 1he east  If'is'a potential geothermal azéx 'with hot sprinigs #nd areas ef metamosphosis. In this eeport,
the aréas mé te fcrred to as the Rm Iamu Macarara and Qusxollo are3s from the north (Fig. 7-8).
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Fig. 7-8 Location Map of Geothermal Showings, Oulsicolio Ates, Southein Cuzco, Pery
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- Table 7. 3 Climate in the Raya Pass Region

(A\ﬂage values of mosl reoenl lhree year data from
Agliq.uliural Re search Station)
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32 Geo!ogy and Structure ‘

321 Geo!og;cal Cbaractenmcs of the Reg;on Near the Pro;ecl A.reas

’[he lef;,c Yaun val!ey <preads to lhe nouhv.es! im.luduag the project areas. Yauri ladustrine deposits
are scatferéd throughout the Yauri valley aind stheee is a straight bourdary in the NNW — SSE directions on the
eatéin and westérn edg,es Bt is sugested that lhé Yauri valky was formed by a cavé-in due to a faule. This
drs!ribuhon is limited ‘by an a!mos! lmear boun-']ary inthe W\W\' ESE direction ako on the southern ed,_,e

. ) he mzslem southem and southeas!em sides of the Yaun valley are all cmered with tertiary 2nd
qualemary \"Acamc 1ock. The pocthern and nonbeax!em siles have crelaceous Ayabacas limestoné sirata and
testiny Pum mng}omerate sandstone, rock strata, Near the southwestern ends of the Yauri valkey, there is
diotité and bécsuse of this lhen: axe nnous mines in ﬂus ares incdluding the Atalaya, ’lmla)a Corovpohnayvo
and Queq.hua mines.

'Ihe p:o;,,ecl ates s iomtéd ‘Al !he sou!heastem end of the Yauwri \aLe)' 2 s in mmad with the
boum?ar)' beh\ﬂn the wlley and the eastern Laramani mountain pass. The Laramini mouniain pass consists
 mainly of ¢iclacdous’ Ayaba-:as timesione sirata and tertisry Puno conglomerate, sandstone and rock strata.
Al lhe bounjary, there is some Taeaza volcanic rock conmg out in the lema!y pliocens.

The Yaun lawslnﬂé depos:ts in d-é Yauri \1l}ey éonsh! m:urly of sirata of while tufi which develop-
&d from lhm s!ralmcanon The age measured by KIA{ was I‘ound tobe $x l('.ls years (early pliovene 2¢).

3 i 2 Sed!menlary Roek

(l) ‘-!obo slralum (A) abacas hmes!orxe sualum)

- ‘A mesozole c:elaceous hmeslong stratom is mainly exposad in the center of the project area. This
sirala y.as wmpared mth the Feirobamba hm-:slohe sliata on the west side of the Yauri vatky, but it was
considered to e an Ayabacas limestone stfata originating from a :eel‘ or the séashore according 10 the fossils,
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This stratum normally consists 6f lumpy désse liméstone, with ?!n}OSI RO cbah’gés_ ln !h’e‘ rq‘c;; u"iua!ity.
The limestone is mainly geey, dark grey or bluish grey, but part of it Fs'bg,ht grey of wpiw, T f_y.e ’-’*?'e,“"'“? con
sists nuainly of recrystallized polymosphic caliite, but these are also m_u_i_u(c; %“‘O}lﬂls qf .dolomi;e ar;'fs- qunty
inchuded throughoul, There are oftén small lumps of chert type ¢oagutated _mat_e;ngl inrctuded and rarely lighy.
grey sandy limestone or black limestone-{ype hard rock.

In the projecl ares, there are some changes in the surfaces of this slfa!:jm in each block, but it shows
a sharp incline with a strike of N-8 ~ NNW-SSE-W. P

(2) Yaurilacustrine deposits (Descanso 2nd Yauri strata)

This stratum is neotestiary pliovene hacustrine stratified rock cf;\nsi_sting of an upper layer (Descanss
straturo) and lower layer (Yauri stratum).

In the projact area, the deposits are Tocated in the grasslands whiél_\ oc"-':upy_'g:lgé _\}'eS!ei_n hall. Tre
Descanso stratum is along the Laramani mountain pass and the Yauri stratum is in 1he center of the g;_'as_slmds_

The Descanso stratum is divided into three layess. The bottom layer consists of alternale layeis of
sandstone and conglomerate; the middle hayeér of acidic (uff or tuff-liké sandstone; and the upper hayérofuar -
like sandstone and tuffhike silty rock in aliernate layers. The stratification swiface is shanted very slighty a1 -
Iess than 57 ard the steatum is 60 ~ 250 mm thick. _ i IR "

The Yauri dratum consists of alternate fayeis of teff, tuffdike sifty ﬁ[(")t_:k, luﬂ'hke sarKl é;ar,é! lisre-
stonz like sty rock and limestore-tike sandstons covesirg the Descanso strata with parallel unconlormity.
parl of this stratum, there is base conglomerate intesspersed with carbon compounds. '

_Inthe project area, very Bittle of this stratum is exposed and it is difiicult fo separate the Descanso
and Yauri strata, : . .

(3} Glacialdeposits

These deposits wese formed in the pleistocene glacial age. In the project aiea, th{{){ aie found on the
Laguna Sulunta north shore in the southern part and in the Cesro Agua Caliente = Cério Susus in the northern
pari. )

_ Fhese deposits are mainly volcanic conglomerate which stéongly reflécts the local characteristics
of the project area_ They zko include glacial deposits with limestone ednglomeralé and quail2ite éongloriérate,
and deposits from melting ice. The deposits from melting ice flowed down anid bedams buried in the bise of
the glacier and at an altitude of about 4,200 m, smal seale out-wash planes have formed. c

() Altwisl deposits

Thaee _are'!a':;'e';s of gravel deposited in the riverbed ﬂorig the R:o J.:m?anhichﬂo“sfrom soulh to

noith in the center of the project area and there is sandy mud in the nearby wet acea. -~ - .
In the boundary area between the Yauri valley and

terraces of gravel layess are found in places

the Laramani mountain pass, some fan'shaped

323 Volanic Rock

Fhe vokani¢ rock consists of typical types such as early teniarf

‘ \ ; ; _ eocene o Ande-s'ité and agglomer-
ate. They are conrespond (o the niiddle Yayers of the Tacaza sirata, o e T &1

e L A_lmiﬂe'_bfﬁh-l)‘r;\ iai@:’j feom }:ehe center layers of the Tagsza smla'cﬁlkcfed 'ﬁ' (;éfko (‘hutpine in
aramani mounfain pass focated in the norihern extension of the projecl aréa wat found 5 83 % I
years old by KJAr measvtements, : pto,:&.l m? was rmmd; to be.Sx l,os
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On the outés s00themm side oflhe pro;éd area, there is volcanic rock cons:slmg of quatesnary pleisto-
cere andesite, bawalt, agglomerate, ¢1¢. This volcanic mck has 3n atmost flat steatification surface, while that in
the project area changed :emarkab!y from slightly to sharply stanting. The strike atso showed big changes in each
plock, ’

324 Geotogical Sﬁdcti_ﬁé and Alteration Action

- Ther Is a structural fine extending in the NNW — SSE direction siear th Rio Jarma in the northern
par of lhé project area. Theré is 2 protsusion of voléanic ro;q( regulated by this stuetural line. Part of this
suudulal tine §s still dctive al'ler the protrusion of volcanic sock which indicates that there is fault breecia includ-

ing volcasic tock in the fault aSong ths river to which this structural line belongs

, _’_lh?,_f_ault a!ong lhe river s‘epa’lat_ts from the Rio Jarna near the Jarma hot spring and furns to the
NNE — SSW direction,

In lhé cventer of the projecl area, thefe is a g:abea streclure opening towards the south. The graben
partis a ‘grassland and there are alluvial deposits. A faultin the E—W ~ NE-SW direction which culs thess N-§
structural bines dewlops after a‘boul l km.

Ihe \?’rious géobg_ical_ ,b!-:}cks marked off by the faulls in the N—S and E-W diréctions each have
different slopas and lhe;e areé many cases where the dratification surfaies between the blocks are tot continuodus, ™

The area sbo'.\mg béolhennal cbarac(ensms de\elops at the site wheré the faults in the N--S and
E-W directions cross. There is a hot spaing 2t the bottom of the Rio Jarmaz at the point whére the NNESSW
fauit which forms a boundasy bétwién the Ayabacas limestone siratum ard the voleanic rock in the Rio Jarma
region ahd the \'\'\’t'uSSB fault which extends along the Rio Janma nxel. Neasby, thete Is calcareous sinter.
There ate fine veins of clacite in “the bmestoné near the hot spring, but none in the voleanic rock. No other
alteréd minesals which aie visible geothermal showings were found.

_ ln the Ma_cara:i tegion, there i wide-ranging ﬁlcan_*ous ;int_ér_in the 'plzce wher the N-5 ~ XW-_SE
fault which forms a g:ab'en's!r'dcture and the ENXE-WSW fau!t'whieh interseets the fisst faull cooss.

_ Calcareous sinté app-eaxs to be formed mainly at the pomts of infersection of Mzults, and is dis-
trduted at  theée dlffetém points in the west, center and south. Fiom an evaluation of the distribution range

and scale, thede is a poss*b:hly that theze was piedominant geothesmal activity from the Quisicotlo region in
tke south in the past.

Thete aré sinall oulcroppings of voleanic tock at various points near the calcareous sinter, but there
wize no altéred ores wliidi eOu!-:i be considesed as visihle geothermal showings.

in the Quisicoﬂo region which was sunveyed in 1976, there were several bot springs with caleareous
sinter upstieam in the Rio Jarma, but there were ro oulcroppings in the vicinity and no refation could be found
between the geologhal structure and geotbe:mal shonings. Howeves, temperalure distribulion measuremeats
at 2 depth of about | m showed that there are high temperatute regions 6a an extension of the NS fauit and
sinee ft extends in 1he NE--SW ~ E-W girections, geothermal showings sppear to be formed mainly at the inter-
section point betwéen the N-§ fault which forms the graben sln_c!ure and the NE-SW fault which infessects it.

\latemls were ‘sampled from the aréas shoaing geothermal charsctesistics and the ores waie identi-
. B3ty X- lay analysis. The :esulls are shown in Table 74, (Refer to Fig. 79 {o the ampling locations )

_ From lhese results, 1( is sagge:zed that eaketeom dntes 08 fonme-i in the geotheima) regions and
there were targe numbers of hot s.pnngs formed although they can not be found now.

The l'o!l-:mng szclions des«ftibe typical rocks and theit stauctuces in the project atea. T he sampling
lovations aie shown in Fig. 2.9, (Appendix)}

* Figs. 710, 1 {Appendix) and 12 are the geological and sactional figutes mainly for the Rio Jarma
and Macarara areas, but also including the Quisicollo area.



Table7-4  Hesults of Powder X-ray Analysis of Specimens fmm
' ~ Geothermal Showings in the Macama Region :
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Lithic-crystalline tuff

Hb : Hombdlende
P : . Plagioctase

Lithic-crystalline tuff




Macroscopically, this is reddish purple andesitic coasse 1uff, Microscopically, it
ments of andesitic — porphyritic rock, as well as crystaliing tuff,

¥YF-1 _Lithic erystatline tufi

contains many fraz-

The main structural minesals are plagiochse, horablende and quariz. Accessory minerals include
mictocling, clinopyroxine and calcite. There was almost no volvanic glass and the matrix was imbedded mainly
with carbonates, fine quartz and feldspar.

Plagic'sclase:

Hornblende:

Quarnlz:

Fsagnents:

1.5 ~ 0.5 mm in size, idiomorphic — hypidiomorphic.
Carlshad twins and albite twins developed.
Subjectéd to sericitization,

.0~ 0.5 mum in size, idiomoiphi¢ — hypidiomorphic.

Tabular, Light grezn 10 brownish green.

Remarkable plkochroism and anistroism, and two-ditectional cleavage. The ciystal
marzin is replaced by means of ferrous oxide.

0.3~ 0.1 mm in size, anhedral.
Thére are many cases of comparative rounding; irregular forms are also wen,

2.0 mm in average size, reaching a maximum of 4.0 mm.

The most edmmon rocky fragments aré (clinopyroxine) hornblesde 2nd andesite.
Sonw of these fiagments hasa Mow siucture, There are akso a few porphiysitic frag-
menis.
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YF-2 Posphyrite

Macroscopically, this rock is a grey to light reddish-purple porphyrite or andesite with a weak flow

structure. Mictoscopically, there is plagioclase, hornblende and calcite in the form of
phritic texture. The ground mass consists of plagioctase, hornblende, calcite and 3 fi

(quartz).

Phenocrysts
Plagioctase:
Homblende:

Ground mass
Plagioclase:
Calcite:

phenocrysts with a por-
ne ceystalline substance

2.0~ 0.5 mum in size, idiomorphic — hypidiomorphic.
Carlsbad and alhite twins and a zonal texture.

Small paticks of sericite and calcite are included and contamination with a fine
glassy substanee is seén in the margin areas.

1.0~ 0.5 mm in size, iiomorphic — bypidiomorphic.

Tabular — diamond shaped; lives brown to orange brown in color. Remarkable pleo-
chroism and anisotroism. Margin ieplaced by carbonates or ferrous oxides Opacite
margin observed. Coraplete replacement in side ihe crysials obseived in some cases,

0.1 ~0.05 mm in size, iomorphyic — hypidiomorphic.
Abite twins and zonal texture. As in the case of the plagioclase, the inside of the
caystals is contaminated with inclusions such as cakite and clay minerals.

0.1 mm in size, anhedral with mafic minerals embedded in the crystal margin 2rea
and between thé crystals,



Lithic-ceystalfine tuff breg,

Cal : Cakite
P Flagioclase
RF : Rock Fragment

Lithic-cry'stalline tuff breccia

Crossed Nicol
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Macroscopically, this is brown — reddish-brown tuffacious breccis. Microscopically,
castic texture with many andesitic fragments included. The stroctural minesals are plagioclase,
biotite, clinopysoxine and ferrous oxide.

Plagioclase:

Quadtz:

Biotite:

Calcite:

Rock lragments:

YF-4  Lithiccrystalline tuffasious breccia

it has a pyro-
quartz, calcite,

§.5 ~ 0.2 mm in size, iiomorphic — hypidiomorphic.
Many are crushed and irregular. Carlsbad and atbite twin crysials and zonal texturz.
Calcite included in coystals,

0.5 ~ 0.2 mm in size, anhedral.
Comparatively advanced rounding. Quantitatively much Jess than the plagioclase.

0.5 ~ 0.3 mm in size, ’iomorphic — hypidiomerphic.
Tabular or lath-ike. Remarkable pleochroism and znisotroium. Some replacement by
ferrous oxide.

0.5 ~ 0.2 am in size, anhedral,
Filling seen between matrix and crystal granules,

40 x3.0~03x0.2 mm in size.
Subrounded -- breecia in shape, but quantilatively, more subzrounded.
Most of the rock is andesitic. Also somwre dioritic rock fragments.

1-



Tufl breecia

Cal : Cakite

Cpx : Clinopyroxene
Hb  : Hombleade
M - Plagioclase
RF : Rock Fragment
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YF$5 Tutf-breceis

Macroscopleally, this rock is dark reddish purple 1uff breceia including light green andesitic breccia,
Microscopically, it is porphyrsitic andesite with 2 breccia size of 2.0 x 2.0 mm in targe cases and 05 x 0.5 mm
in small cases. The andesite consists of phagioclase, hornblende, clinopyroxine and calcite as plenocrysts and

mainly plagioctase as ground mass. The mafic minerals have been chloritized and carbonatized. In addition to

the breceia, there js plagioclase, quartz, hosnblende and chlorite. Carbonates are embedded in these. No volcanic
ghiss is seen; it is replaced by carbonates.
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