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YF.6 Uimestone

Macfoscopleally, this Is dark grey, fine massive hmestone (calcareous rock). Microscopically, it
consists of medium — fine grained calcite and fescous oxide. There is a fittle fine-grained plagioctase and quartz.

The calkcite has (wo types of granulaiity, One is micro-grained (séveral microns) and anhedral, The
other is medium — fin¢ grained (03 fmnm ~ 0.1 mm), hypidiomosphic — anhedral. The outes shape appears o
have been replaced by Felspar or mafic minerals.
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N&-1  Lithie wuff

Macroscopically, this is a g,reyi‘sh red (ufl containing rock fragments, It has banding and a stratified
structure. Microscopically, thete is a sonting texture. The structural minerals include large amounts of quanz,
plagioclase, calcite, biotite and rock fragments. The rock is lithic crystalline tuff. There is itthe volcanic glass,

Quarta:

Plagioclase:

Caleite:

Biotite:

Rock fragments:

0.7 ~ 0.1 mim in size, anhedral.
Rounding is advanced on the whole, but part showed ireegutarities,

0.5 ~ 0.1 mm in size, iliomorphic — hypiiomorphic,
Much is tabular, but a Jot has been crushed.

There are alhite and Carlshbad twins and 2 zonal texture, There are inclusions of
calcite inside the erystats and sericitization.

0.3 ~ 0.1 mm in size, anhedral.
Embedded between cuystal granules.

0.3 pim in size, iiomorphic,
Aftered blade shape. Smatl quantity.

Avesage size o[ 0.5 x 0.3 mm.
Consisls of breceia and a soiall amount of subrounded frazments. Most of the frag-

ments are andesitic with a porphyritic texture, They consists mainty of plagiodase
ansd caleite.



N8-01

Lithiccrystalting tuff

Bio : Biotite
M Plagioclse
Qz : Quartz

G

Open Nicol

Lithic-csysialling tufl
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N&O1 Lithle — crystattine 2 tif
Macroscoplcally, this is a dark red pumicious coarse tuff. Microscopically, there is a farge amount
of 10ck Fragménts. This rock consists of coarse quartz, plagioclase, biotite and calvite. It is a crystalline ¢ull,
The matrix consists of a black amorphous matesial and finegrained quaiiz and feldspar. There is littke voleanic
glass.

Plagioctase: 1.5 ~ 0.3 mmin size; idiomorphic,
Tabulas but usually a ot of crushed material, Thete are albite 2nd Carlshad twins
and a zonal texture. Some caibonalization and sericitization are SBEN.

Quanz: 1.0~ 0.2 mm in size, anhedral.
Shape shows advanced subrounding .

Bidtite: 0.5 ~ 0.2 mm in size, idiomorphic -- hypidiomorphic.
Remarkable pleochroism and anisotroism,

Caleile: 0.3 mm in size, anhedral.
Embedded betwesn crystals,

Rock l'l-agmenis: 20x0.5mm~ 03 x 0.2 mun in size.
Breccia — subrounded; andecitic and dacitic,

-



Homblende andesite

Ho : Homblepde
Fi  : Plagioclase
Oz : Qualz

Open Nicol

Hoinblkende andesite
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Maceoscopically, this is a greyish, greenish, black ande
has been altered and changed to white, Microscopically,
plagioclase, hornblende and clinopyroxine. The matsix
quurtz. In the sample as a whale, there is alteration (the

2nd chlositization,
Pheaocrysts

Plagiociase:

Homnblende:

Clinopyroxine:

N3 O% fo;nblenje andesite

site with a porphyiitic texture, The feldspas
the phenocrysts with a porphyritic texture consist of
consists of plagioclase, hornblende, clinopyroxine and
rmal alteration) and the matrix thows strong argillization

2.0~0.5 mm in size, idiomorphic — hypidiomorphic.
Afbite and Carlthad twins hase developed.

There has been sericitization, chlositization and argillization. Contamination

within the crystals is remarkable. Inchusions of some small-grained hornblende
and calcite.

1.0 ~ 0.3 mm in size, idiomorphic.

Oithophytic - tzbular but a lot of ¢rushed snaterial ceen. Akso inclustons of plagio-
clase and clinopyroxine.

0.5 mm in size, hypidiomorphic.

Columinar — sectanzuter. Inclusions of ferrous oxide and pariial replacement by
<hlorite.

7-3



Limestone with ¢alcite
veinlel

Cal - (‘alcﬁe
Qz : Quanz

Limestone with calcite
veinlet

Croused Nicol

1-1



N1t01  Limestons with calcite veintety
_imestone with calcite veintets

Macroscopically, this is dark grey dense limestone wi
many small veintets consisting of fine to medium grained (1.0
of fine — very-fine (0.1 mm — several microns) caleite. In
(0.3~ 0.05 mm), anhedral quartz,

th white calcite veinlets. Microscopically, it is
~ 0.2 mm) calcite in massive fimestone consksting
addition to calcite, there is medium — fine-grained
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N1102

Limestone
(Carbonaceous rock}

Cal : Cakite

Open Nicol
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N11-02  Limestone {carbonaceous rock)

Macroscopically, this is greyish-white layeted catbonaceou
scopleally, it is fine-grained (sevesal microns), anhedral caleite with m
arz a few carbonates and ferrous oxide.

s rock (carbonaceous sediment). Micro-
any cavities. In addition to calcite, there
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N1201 Oolitic fimestone

Maccoscopically, this is 3 greyish white Poious carbonaceous rock, Microscopieally, it has an oolitic
structure. The caleite is very fine -- finegrained (several microns — 30~ 40 nicrons) and is anhedral. The length
of the ‘oolite is 0.5 ~ 0.1 mm. In this sample, there are frapments of porphyrite (20 x 0.5~ 0.3 x 0.3 mm) and
fragments of plagioclase (0.5 x 0.1 mm ~ Q.1 x Q.1 mm). The fragments of porphyrite consist mainly of plagio-
clase (0.2 mm) with a small amount of homblende (0.3 x 0.3 mm).
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N1202  Oolitic timestone

Macroscopically, this is greyish while — milky white massive Iinestone. Mictoscoplcally, there are
small amounts of oolite, but fess than in sample N12.01. It consists mainly of very fined grained calcite, although
there is also some recystallized fine grained (0.1 mm — several micions) cakite with replacement by cavities
{or feMspar o7 mafic minesals). In addition to the calcite, there is some fine-grained quartz, plagioclase and
chlorite with irmegutar shapes.
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N12:03 Oolitic timestone

Macroscopically, this is liver brown to mitky white limestone consisting of oolite with a diameter of
several mm. Microscopieally, it has a coarse oolitic texture (length of 5.0 ~ 0.2 mm}. The space betwezn the
colite grains is filled with fine-grained (0.3 ~ 0.1 mm) calcite. Inside the oolite are some small fragments of
f:Kspar and quartz and andesitic fragments.
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N12.64  Qolitic limestone

Macroscoplcally, this is a greyishwhite - dark
banded (exture and no clear oofite. Bt is limestone consisting of very fine-grained calcite with many casitics,

These are n6 impurities such as rock or feldspar fragments. 1t is the same as limestones N12:01 — N12.03 with
respect to structural minerals and rock quality.

grey banded limestone, Miccoscopically, it has a
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3.3  Geochemical Suivey
3-31 Outline of the Survey

In planning for geo;lmmal dewe.opmenl lhc chemical propémes of the hol spnng;l, the [eg.:on afe
extrenxly impoitant, and they are one of standards, cspemlly in the Initiad penod uhen theére are I'ew geolhemu] .
data. The amount o!‘ heat releagd in the région is calcutated in refation 16 the amouint of sfeam feleassd by the
hot springs. This serves as an index for estimating the scale of geothermal development. Therefore, a géochermical _
survey was undeitaken concesning the hot springs and river water in lhe Macarara and Rjo Jarma aréas,

Recently, a method has been developed for es!mulmg 1b¢ hot aater be'hauor in geolhelmal fegions
by analyzing volatile elements such as mercury and arsenic in the soil. This melhod wss also used in this’ sur\ey

332 Hot Spring Water Sunrey

Hot springs wete gushmg out at one locanon in the R:o Jarma atea aﬁd al serefa! on‘ahons in the
Quisivollo aréa, but none weie found in the Macarara aréa, Table 7-5 shows thé cpting temipéiaturés and chemical
analysis valves for (hés2 hot spnngs Each wiing had a}moc! the S components bm the Rio Jamla spring was
hotter th2a the Quisicolto spring. : .

- Table7-5 Chemical Compc‘asition of Rio Jarm'a Spring L\'féléfr '

®ieit: ppm)

SpAng | i T ' DV . ;

Tenpsr-f i fHCO, €O, 0 - s0,” 7 n' X' @' W' so, Fft oAt
Rio Jarma ] ' : '
oo s07 169 | 269 61 1n500 2893 2500 14 s 190 3 011 om

Lol | s12 69 | 191 502 9000 2400 56 87 826 w8 3 046 0.1

Raya-Nosle

Raya? sss F6s | Bl 356 1800 651 L1400 130 432 48 77 446 00

Ac-:ordmg o the undergwmﬂ iempe;atufe Esumahon melhéd proposed by Foumier (Figs. 7-13 and
1-14), the undesground temperature was cakeulated a8 shown in Table 7.6, These vatuss wers Jows ét than those in
other geothermal ardas, and fowes than thoss in the Ya Raya aiéa sun-e)ed p[enously ‘lberefere these 3ieas
2re not recessanily suitable for geolhermal development.

Hoaewr thess regnors ‘thow cemplet lmder&rouni h)d!auhcs sxxh as a Iughet ra]ue in the upmeam

river water than in the doanstream water as will be descabed in the pend sechoﬂ 'lhe ‘effects of dilution thould
be considesed md a quuk evahuation is not possble, :

The amount of hot sprifig water gushing out b the Rio Jarma atea s discussed in section 333,
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- $i0, Concentration (PPM)

: :‘70?

" Fig. 7+ 33 . Tempersture Acéording to $i0, Conéentration in Hot Water
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 Fig 7-14  Tempérsturé Acodrding to Alkali Ratio fn Hot Water
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}3—3 HealReleauSuney : _ -

+

]

'[ h-e pmcm of heat fetease in a geélhennal negmn normally In'mhes the following steps: |

(l) Gushing oul of MI spnng'nalél

(2) - Rekaseof steamand gas .

3} Heat cénduu:hon by rocks (g,tound smface)
6] Eﬁ\poral 5n frOm W atel su:f ate

. In these aréas thé:e was ‘ho release of slearn or gas and mm! of the beat felease came l'mm hot
spring water gushing out from spring (l) in the Rio Jarma area and evaporation torm lhe nam susface mdudmg
the wei Iand smface in springs (k)] and (4) in lhe ‘-lacarau area

Fcr tough t-a!cu‘alio'ts of lhe héal relea'e n these aféas, wnple calcula!ms of the 5 nvet water tem-
pe:aiu!é amount of wates and chenucal componen!s“éxe pe;fmmd The results were as shown in Table 7-7.

. Tab!e? 7 Rnér’ﬂaterm Surve'f Reg&on

Sampte Ro. c"“éﬁ‘u"”_'“_ tempei- | Flowrite | pl (o> Nt |kt et ] et Fe

oty

wor | o 2ae (;;?;,E_a; 26 | npoo 2350 | s usi | s | oz

W2 ‘f"“‘*“# 88 | 167 | - R Y17 3 R (N -
w3 | oni-] 16 loifas ] solose 13| 285 38 | oos
woa | » | e | ese s ea00] 2000 | 0020 |35 | oas

wos |l ol [ past] s | ws| e s |2 | oss

Ceo ]3| 62 lae |20 ] si0 | 12| 58 | 27 f<eos
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._‘.‘i’—m- U 0.-5"' 38| s |- ss | i3] | 45 |<eos
w';|1' 10112 8 314 15 13,500 3650 .}s:q’ 500 _%z.é | or
w13 18 127 1 80 | 1,100 { 2,200 | 400 f290 | 00 | 010
W_—jif‘ .1,;.'..3 dosa s - o00.| 1_457, 0] s0 | 85 |<oos

- ";;4 i"'w;s' bl e el ws] ows|ooa] ass| 20 |<00s

e _ s —'_.-,45- 43| reg | 205 | ‘s |<oo0s

haie Wi wat &kuh !e.i 5 lW 3} ¥ (“4) to o!-trn the mﬂ walér tz!ee u,-stze;m l’.cr:l the
Rso Jarma spnng i : _
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{1) Rio Jarma area : ey -

Mot springs gushed out along the rives in this area as shown In Table,‘l-s_._"[h;__amonnt of water
gushing out in this area was calculated as follows from the river wates températute and chemical conposition
upstream and downstream in the spring area, : SR _

t; —t
Go = G’ X*L‘-——. ......... : (I)
t,— 1
o1
. NB*' - N3 1
G, =Gy x—— ... @)
Nat —Na
G, : total _wa@er gushing out of hot springs
G, @ downsiream river wates
t, : hotspring !empellaliue
t; 1 upstieam fves waler (emperatare

t; 1 downdream river water température

.\‘3*0 > Naconcentialion in hof spring : A
Nty upslreant fives Na concentration

Na*, :  doanstieam river Na concenlration

From(1) : G, = 0.37 m’!se; x—g—%—g—:% = 0.0311‘_!1?[&-?6

From(2) 1 G, = 0.37 m?fsec x 2:330 2060 _ 454 .5 fsec
s ' 7.500 — 2.060
The differcace belween the two i rather farge, bul the order is the same and if the ﬁoi;—unii‘ormily of

water temperature and quality at the time of sampling is faken into conskieration, these values can be used as
rough esdtimates, ' ; :

Therefore, the amount of heat refeasad in this a}e{a, Q, czn be calculated as follows of the spnna
temperature @, is 52°C and the standard und ergrourd temperature 8 i3 10°C: ¥ ’

Q= (6,-0) x'G,kelsec x ¢ x'p (c: specificheat, p 1 density)
(52-10Y°C x (20-34) kefsec x 1.0 Kealfkg®
(084 -- 1.4) x 10® Kealfsec .

(3.0 -84) x 10? calfin R i

n

This value is sbout one tenth of that cbiatried for the surveyéd Quisicollo arca,
{2) Macarara acea

Theie were no erupling hot springs found in this area. Hlowever, values were obijirgedlf:@rp the rives
ard hot water conditions in this area (Fsble 7-7) which inicated that the 2rea was Influenced by hot springs
such as W6 and WS, This is a wet, high area with a daytime humidity of 10 ~ 207%, a night humidity of 80~
9% and an air pressure of 600 mbd, Therefore, there is a veqy large amount of heat release dué 1o evaporation
of waler. The days on which mR3surements wese performed dif¥ered and the measufeﬁw.enls wete nol precisz,
bul the fact that theee was more rives water at the most upstream point W-11 than downstream piobably shows

;_xoll enly that the underground water system in the area ks complkx but also that there is 3 high evaporation
actor,
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134 Aﬁa‘y’siﬁ of Tlalce'(:oﬁ\p:édedt of the Soil

I geotheiinal cegions, volatile elements such a3 mercury s ic te : i
o oIliermal. egions, volatle elemen _ 1y and arsenic tend to accumultate in the
uppes ground l;)’é;s_ {including the ground swrface). Thésefore, soil sampling was performed in almost night
angks to the soplhnq:lh fault matching the ground temperature measurement Bing in the Macarara area and
metcury and assénle were analyzed. The sanipling sites ace shown in Fig. 7.9,

- Samples of 100 g (o 200 g of soil were collected under an 80 mesh screen from points 30~ 40 om
betow the ground surface, After the samples were dried at 105°C for four houss, s0é conry was 2nalyzed by atomic
absorplion specirochémical analysis by means of SnCly reduction and vaporization 2nd arfenic was analyzed
by photoelectric photometsy using mércury diethyMithiocarbaminate. The results are shown in Tablk 7.8,

o Tab!e 78 "Metéu'r*y'é'nd Arsedic in the Soif

s,n?k. ' H;O(—) Hs -Ii"?_ | R 'ﬂ,oH"? He | As
S . 2 Ppt{, | - pem B pd | epm
T2 A ~s30 | 7_”’4'5 1o | <A | 23 | sa0 |} m
¢ | 3¢ |30 | 16 | ¢ | w2 s6 | 13
E | s7 u | a e | 13 s | 16
G | sts e 78 '_,(: 1 106 107 17
N BT s | e 1 5.42 167 | 1
k| 514 50 3 " 448 as | 10
M | se8 2| w6 | 374 153 | 12
' .23;‘3 A | ses o4 | m | ok 5.52 257 3
. c 446 1 e 19
E | 334 a 89
¢ | sas | 3| e
I T 7
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. e Hachimanital, a typlcal geotheimal area in
al ¢ about the same as thosé obiained in achi , 3 4yp geotheimal are;
(Mg zgef 4‘ ;R;j;sp:r{'a)i\’ilh the developed area at Qgunl in Kyushu s a l_e'fefel)ic_e ;(F_;g,- _7-:1 J{.)? it can be
::s;:nr;ed lg?;al there is a geotheimal area along the A and C lines in the south-north direction and a_long yne No.25
in the east-west direction. :

Fig.7-15 Hg Anomalies in Ota Village, Minaini-Oguni-Machi, Kumantoto Pref., Japan

ap 25- 50 - _
> 15- 25 Cxilling Point
O o0-1s

For reference, an 2nalysis was made at the main surveying point {(Quisicollo aréa), but the mercury
values were higher there. : : o :

34 Ground Yemperature Survay

34-1 Ground Tempeiature Survey

The most ditect method of determining the diétn‘bmiénrof \in'dékgrbzmaihéza_(_ sbu_r'c-'es;i_s a ground
femperature sunvey. To find out the distribution of the ground heatl accumutation stisla several hundied métess

underground, it i recommended to make the tempenature measrement bosings deeper bul borings of 100 m
30m, 10m 2nd | mare PIOpOSS
model and the W0 m baoring is

ditons.

r

d as susvey methods. The 100 m boring is used for estimation of the heat séurce
the boundary goint at which there is no longer any dependence on suiface don-

The 1 m de2p ground temperalure sutvey depends considerzbly on ground surface conditioas, but
itis conveniznt and is widely used for delermining one eriterion. : '

gh suniey 10 determine the overali teends in the Qﬁiﬁmﬂo; Macarara
and Rio Jarma areas and measurements of ground temperatuse at a depth of | m at grid-lype measuring points
in the Macaraza ares.
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3.4-2 Survey Period and Measuring Points

(1) Rough susvey

0 !ober4~? 1978 36 points

(2) Detailed sunvey
Ociober 8 ~ 11 76 points

 The measyring poinis wese arranged in a gsid patien with gaps of 100 m. The points matched the
soil saipling points.

343 Messuring Method

’lbe ground tempe:am:e measunng m-elhod at a depth of 1 m involved poundmg 2 hengonal chise}
14 mm in dtamelet and 120 om lorg info the ground with 2 haminer (o make a temperatue measunng hoke
Im deép. Then a lod shaped lheimnle{ thermometer was inseried into the hole. To avoeld the effécts of fric-
tional hést 'ahm the hole was nade, the measurements wéee made after 2 few minutes when the heat sensitive
pan of the theymometer had reached a sufllcu-nl grousd temperature,

344 Sun'ey Remlu

The sunvey results ate shoan in Tables 79 and l() As czn be seéain the tables, the defatled suney

in lhe Macarara area gave low températures because rr-os! of the measuring points were in areas of Yo wetness,
which is not desirable.

Figfns gives a rough éutline of the isothemms of the area oblained from Tables 7.9 and 10.

Since the topography in the Rio Jarma aréa is ruggéd 2 detailed survey was impossible but the area
shows the same high ground temperature dls!rﬂmuon as in the Quisicollo area.

- Because of the low lkevel of wetness of the larﬁ-d in the Macarara area, good resuits could not be ob-
tained, but if the résults of soil analysis, the distribution of alierations, ete. are taken into consideration, it can
bé assumed that the heat inceeases along the underground fault and this arca remains 2 potential area for g2o-
thermal developmeat.

36 Compilation 6f 'Gebthermal Surveys

Vasious sumzys were condmled in lhe Rio hrma Macarara and QLJ).C\‘)}]O areas, The results are
sumimarized m!h respect to the possﬂnb(y of geolhermai de\elopmenl in these areas in the following sections.
3~5—1 Geological Structure

In thete aress, lhere i mde fanging sadimentation of meso20ic ccetaccous Ayabacas limestone strala,
Af tes elevation, erosion and sedimentation, thete was sédimentation of 2 Puco cladtic rock on these strata,

Thereaftér, e cm_slal'dislurbanm oc-tur:ed and a southnorth main slruc(ure, fol!o'aed by
an east-west sub-soucture, wed fonmed,

The:e was :epeaied volcanic actmt, ahng the main structure in the terliary edcene period and

Tacaza voleani¢ rock accumulaled. The activity of the slru-.tural lines continued after the end of the volcanic

activity and (he east side sautled. In The testiary pliocers penod lhe Yauri Iake was I‘o:med and there was sedi-
“mentation of the Yauri Jacustding depasits.

The g‘othemul showings were remarkable at the intersections of the main and sub-structure bines
and it appears that there is 2 Fisher type geothermal struciure,
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Table 7-9  Ground Temperature Measurements {A)

Note: St.pt.21.5(B) O - E point

—;\'o. Temperature Location
1 136 T About § km along road from St, pt.
2 130 1 km from 1
3 1.5 2 ke from |
4 120 I ke froim 1 in Quisimoco direction -
5 130 1 km from 4 '
6 115 Quisimoco
7 §27 1 5om north from St pt.
8 130 2 .
9 10.5 Beside sinter, wel
10 - o L :
11 131 Chaqueytha church side IR
12 13.1 Abovt 800 m fron chusch (6 Sapansaya
13 19 About 800 m mosé from 12
14 128 Abou! 700m from 13 to \Iacanua S
15 108 60 cen man) locks Center of pampas
16 100 Center of pampas
17 122 800 m from 16
18 132 500 m nouh oszpanm)a .
19 127 About 600 i from 18 Sapans:s)a
20 100 West sinler nonh bank
21 120 300 mto moun(ams I'mm 20 ‘
22 110 Water from 30 cm down Jarge smte: center
23 105 No note, wel, as above . T
24 165 [check 50 m below, 12.7°C) From Macarara 800 m hillside
25 1022 Macarara 1oan, South side :
26 127 26A 10.2 Chaquey’ la rivet on blufi
27 127 ' Chxque)harnereag ,:_,r e
28 135 1 K north from 20, Hightand beside nverbank | ’
29 135 300 m 1o north from 28 S e
30 148 . North spring south 100an blufi
31 180  North spring luff 50m
32 130 Norih  spring do-mtl :eam 100 m
kX! 1s 33 oppasite bank
34 148 North spring Opposlte bank
35 ns - Macaian town, \'oﬁh side
36 1o " Noith \hcarara area on bluﬂ'mal m\=r
37 | 2 North Macarara area o bluff near river g
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.Tabtg 7 -;10 - Land Temperature MeasOrements in Macaiars Region {B)
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Fig.7-16 Loéation Map of Geothermal Showings, Quisicotio Area, Southetn Cuzéo, Peru _

\ x 4?70 _:: ‘& THERMAL SPRING

. cALCAREOUS smrm

Ce Aguos Couenles

Coitolone

Suluaty

) ; QASIMICEO
Seteale’ Bojo T\ g .

% e m ! |
_ - - : ) .

—

”

5
e o

Lige ol
— L]

.54



352 ”GoeohEm!éa'l‘S-umy :

The uﬂdelgfour;d Iémpe!atufe esumated from the
was noi \er)? h]gh Ho-\e\ér, in the ‘case of the ambunt of heat tefeasad, the Quisicolto area was found (o be a1
thelmal level IV afid the Rio Jarma'area at thesinal level 11 fiom the amount of active hot springs. The Macarara
atea was not clear but if §t is taken inlo ‘consideration that the aiea is a dricd hightand, it can be e\pe;.led that

the amount of heat released by water evaposation will be hlgher than the values given above, This area can akso
be comzdﬂted asa potenml zone of géolh-e mmal development from the values for mrcusy and arsenic in the soil.

C"H'IT!IR] composition of hot spnﬂgs in the area

353 G:ound Temperature Suneys : _:_

_ ’ihe gwund tempeuhué suney camed onl in the \!aeama aréa did not give the results expeéted
becaisé ol' the low land wetness in the area, However, the presence of high temperature areas was confirmed at

points a!ong the structural lines in rough sune)s \xlm:h ineluded the Quisicol} and Rio Jarma areas. The thermal
strocture in lhese ateas is assumed (o be based on 2 fr2ctueed 20n¢ along the favit.

3~54 Summary

,;._;,-_.

oA summat) of l}\ete s-.lnéy lesu!ls mdrcates tha! lhe Qummllo Macarara’ 2id Rio Jarms aréas form
ahe s,amé gebl}wnnal region ‘baswd on slmclural tines and lhé same héat sowrce] Amopg these aréas, the Quisicolio
aréa fs the Fos ptomlsing, The amount’ “of heat seleased in the Rio Jarma area is about one tenth of that in the

Quistoollo area: The heat 'ekﬁﬁ-‘ in the ‘lac@ma aréa is not cleaf, but it is p-oss‘b!e that it aboul the samé 45 that
inthe th Jarma a:ea el

o It has beén Iepoﬂed lhal in lhé areas “hnh have already umie;gone geolhﬂmal development, the
13tio of the amount of geo:hennal intake and the amount of patura) heat releate are 4 ~ Sfold in Wairakei

(New, Zea!am!) IO-I'o!d in Raldeselo (ltaly), moré than 180-fold in Geyser (USA) and 25-fold in Matsukawa
(lapan) '

- Thé pois'ble geolhenml infake In thése aceas should be aboul 22 x 10" Kcalfh if it &s five times
'lhé nalmal “heat released 3 x 10t ca]amm) A power geneqation of 300 MW/h can be anticipated as the geo-
thermal capacity. The details mll have to be obtained from the sesolts of future suneys.

4 Pfah for a Geothermal Power Genération Plant
4.1  Cénstruction Site and Scate

itis aIso menuorged in lhe susVeys of the Ektlﬂc Powet Sector that it would be véry economicalif
&ére was 2 geothésmal sousce near the mines 6 stive as an eReliic powm source for the mining city develop-
mént. -

_ The R:o !arma and \iamara areas which wére the Slﬂ)jégls of thesz geothermal surveys aré about
30 km ftom the mines, as is the ‘Quisicollo area and on the basis of the heal 1elease, power generation of 30 MW
of moré can be ex;e..ted If it can be confirmed that there are high temperature geothermal fluids, it is highly
possible that lhest ateas could be the sité of a geothermal power p!anl

o G*othermai ﬂukl vmh a stightly higher |empe:ature can be e\pee!ed inthe La R;ya area than in the
Quisicollo a7ea but the La Raya area is aboul §0 ke over mounfains aazy from the mines and il ¢an be con-
sidered as a neton&ary potenual area fo: about 10~ 15 \[W

\\uh :e:ped to The scake of the power plant, it is estimated that the powes léquirtm:nls of the mines
and the surmum‘lmg cities mll be aboul 30MW,and 2 cca!e of 30 MW i is anticipated for the first stage of the plan.
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4.2 Ouiline of the Construction

Based en the hypothesis that 300 tonsfhour can be obtained from steam of § kgfem? from a geo.
thermal well in the area near the mines, the facilities of a geothermal 30 MW power plant will be_rouie,hly as
follows. L : E :

(1) Production wells 7
Six wells with a depth of about 1,000 m and 2 dismeter at the bolfoi of 8.5 inches.
The amount of steam from the production wells will differ in’ aécm‘dé?i’éé with the ares and phace,

but 2 standard production well in Japan has been used for reference {maximum of I2_0 lonsfhouﬁ minimum of
30 tons/hour, average of $0 tons/hour). o Lo R

(2) Reduction wells

Two tosix wells

It is ako assumed that bot water will be available as a geothésmal Muid in thess areas, In exisiing
geothermal powes plants, the ratio of steam to hot water is often about £:4-5 at $ kgfem?, Therefoie, fof pirwer
generation of 30 MW, 1,200 ~ 1,500 sons/hour of hot wates will be pioduced. This hot water cait be uied in
agriculture and other applications. However, fromy the standpoint of conservalion of wates fesoureds in géo-
thermal areas, it is necessary that a cireulation system be formed 30 thal fart or all of the hot wates flows
underground. For this plan, future surveys will be necessary but it §s now assuimned that there will be six reduc-
tion wells. An example of the complktion of the production and reduction wells is shown in Fig. 2-17,

(3] Well ovtlet arrangement and steam transport piping

The facihities for collection of the steam fror the geothérmal welis and its Irmsporl {0 the poRer
phant as shoan in Fiz. 7-18 will be necessary. :

Thete are mullistage Bush systems for separation of steam and hol watér, but an ordinacy single-
sage system Is shown here, o S :

(4) Turbine

Type: Single-cylinder, sirrg!e-flow. lype condenszi ldrbine
Number: . A TR
Rated ouipui: 13,000 kW (poweérs generation end)

Steam conditions: Ouiput — 4.5 kgfem? abs. (before main steam stop nhe)

Temperature — 147.4°C (moisturé éontent: i%)

Exthaust pressure: 100 mmHg ahs. _
Steam input: 150 U (pes turbine)
Speed of rotation: 3,600 ipm
(5) Comdenses
Type: Baromwtric jet condenser
Number: 2 '
Capacity: 1453 t/h (pee condens)
Intesnal pressure: 100 mmHy abs.
Cooling water température: 25°¢C
Amount of cooling water: 3,100 t/h (per condensery _ :
Gas extracton: two-group, 2-sfage steam spray lype epécior
(8} Generator .
Type: Horizontal, fotating fieM, air cooled, tota) énctos&d,.3-p};aée 'syn'cllizi’)nizéd
generator ’ . :
Numdes: 2
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Ratings:

. Cooling systeim:
++ Excitatioh’system: :

(7) Main transformer -

st Capacnly
erqueﬂcy
- Voltage
(8)  Power fines
- Line distance

Powér
\’oltage -

2

~ No, of phases

No. of potes

- Output

Yoltage

Frequency
" Spe¢d of rolation
“Powes factor

Short -cu;:mt ;a!;o

. statos winding ;
slatic exeitation system

oatdé&ét)’;;)e

primary
seéondaly

60 Hz
No._ of phases’

3 phases
primary
secondary

30~40Xm

S 30MwW

66 kv

3 -
5

18,750 kVA
6600V

50 Hz
3,600 1pm
08

over 058

cooling by air

oilinjection self codling type

18750%VA
I87S0KVA

6600V

66 kV

S F‘g 1- i9 is an overall flow d:aym of lhe power planl For reference, Pi-otos? 1 2nd 72 chow a
general view and the turbine of a thermal power plant of about the same scake as the planned plant {37,500 kW
Ceiro Pricto g,eolhermal powers plant in Mexico). .
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Fig.7. 17 Example of Geothermal Well T
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Fig.7+18 Geothermal Walt Facilities
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Photo 71 Cerro Priels Powes Piant (37.6 MW)
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43 Construction Costs of the Goethermal Power Plant

Tabke 7-11 shows comparative costs of consuucuon ef various lypes ol' po NéE planis ‘Ibese ﬁgu{es
ace based on pnces in Jspan'and the construction costs’in Pem w1ll probably. differ idere_bly sinée the con.
struction dale is not decided. Tow ever, the :ahos beiween the vanous sys(ems shoufd be !hé_samé_ -

probes (0 compleuon of the po'.\er plant while geotbermal pov«ér gené;allqa; jfstem'(B) shows lhé qase whete
geothemui steam for powet generatlion is purchaséd al pnc-és éones ing I powéf. The:el’oxc
the condrmhon costs in (B) are for the po.\er plam l'mm ihe iurbine afbd lﬁé d:fl‘e;éﬂ_ _ in thé Conslruclson

tion urit s arge, but théze is no , merit of scale fos the gévclhérmal well and p:ping césis and lhe costs’ aciuaﬂy :
incresse once the kength of the piping excesds a éérlain \‘aiue The donstiuction ¢05is ol' lhe 30 \!W pov\el plont -
_ in this plan should be about I,’!Sﬂdo!lalslk‘-\’ :f’l‘ablc? li is laken asa slamda:d. S _

Table 7- 'i 1 Gomparative Tabls of v;;;a;;fgp;; ,‘s;’ rq-;fg,ﬁ Ge

f)’f‘eol'pe'r& p}z'nl- Qutpat '. mg;f;fg)n P!;‘!i_‘:!!ﬁ:;lé " ebnstruction” ;e‘z‘,eu!l-o g Ulﬂrl?;tttlb?
Caw B (l ooouss!tw) GRS

Geotbermal A sopoo | 19is- 4 | 19178 | a0 o 38
Gtotterral B so000 | 1995- 7 19112 |¢ _0.59 o {).'6'4 1 s
(Steam purchase type) _ : ‘ . Ll : B - .
Hydrockotic A 6000 | 191s- 7 | isis- s} 2s2 | ous &0
(D tyge) ' , I E :

Hydsockctiic B 10000 | 1975-10 | i978- 3 | 205 ¢ 51
(Conduit 1ype) 1 . R B R 1l BN S o
| Thermal powes A 3500001 1975- 7 | 1978 6 039 | ao6 | 0
Thermal pewer B 603,000 193-]_2 | wors -10 ‘ 051 005 ; 72 (0 .;
(LNG) = 1 N C R [ R
Thetmal power C° so0000 | 1918: 8 { mr-m | - 061 004 S T
Nockerrpoaer A 550,000 1 19_?7 -  g 1931-3 : 10 _
Nucksgover B | sv0000 | woaz- 2 | abmi- 7 S0
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5. Geothermal power Urilization Plans Other than Powes Gengration
. ’ . 7

61 Faeu!mes foi Agriaultutal Ut:htatmn

Lxmpks of l‘auﬁhes for agncullural uuhzauoﬁ of geothemul fluids are givén fn Chapteér 2. Plans of

agncultura! uhhzauon in thess areas afé cuuenlly Eimited io the La Raya and Qu,su:ol:o 2 h
sun-e)s ha\’e indicaléd lhal l!me are bol sprmgs ) reas where geothermat

As the géoihenm‘l s 'prog,ress and lhe stage of p!mnmg 0[ he geolhﬂmal power plad is reach-
ed |he améunl_ of hot “ai_ef pmduced in &njuncbc-n wnh Ihe produchon of steam fo: powes gemrauon will

are ] !g'in such « ca@s ;! is pc-ssible that hol n ater will be hanspmled ovét !ong distances,
bul in these aréas, lhe pﬂpul@lm is small and thase 'siém 16 bé no coaceatrated heat réquirenents. Therefoie,

ag,ncu!tural fanhu«as mll pmbably be mnstrucled m the m‘lmiy of the geolhelmal power plant to utilize the
ho{ walér, ‘

'lhe economy ol’ healmg gjass o5 p!ashc greenhouses mth geoabe:mal hol water can fol ba deteimin- _
'ed sifice lhe eLonomy of heatmg ‘agricultusal facilities by an ol boiler in the ares is nof clear. The advantages
of ag,muluual facilmes usmg geot}ne;mal h:eat over thos2 using 01] are diseussad below.

The air {emperalures in lhece aleas show mmparauwl)' seall seasor;al differences, but thére ‘are
blg dlﬁ'e;mces bei wéen the da)11me ‘ardd ni;,ht Iempera!u:es and healmg is necessary at night throughout the

)éar. in lhe daylmw, the areug—* annual’ tempelalure is 14°C, but thére is suntight and the heating tiroe duiing
the da)* is assumed to be half Lhrcmghoul the year.

The amoun! él‘ h-eal requued pet squne e tes depends on the outside air te—npenalure but on the
bas:s of an expetmuent“ parfm—med in Akits p:efeq.ture the heal fequirement will be as follows for an agricultur-
al l'a::;hiy of one heg.tare in lbese, areas when 130 Kral,!m per hour is utitized:

Il‘ the ml pnc:& is f) 16 doﬂar pei Ialer, the annual éost would be 2bout 120,000 do‘h:s ‘

T 7lf Ihe amcmnl of ho! waler supply dunng the maximum joad 2rd al a utitization lempera(ure of
°C of the equnpmeni I‘o: hot water Supply :equued a3 heal source is three times that given above:

' f, lzoxcal,m*h x 10* ’[ha +30 x m3 Kealt x 3 = mtm '

: lf l 200 ~ 1, 500 tons of hol water goi hous is obmned feom a 30 MW geoll‘«:imal poner p!an! an
- agncullurai f: anhly of 10 ~‘}0 hedates is po\ﬂb!e .

: of géo:hen'nal uhbzanon wue cz!cu-aled on i‘he bas:s of a;muliu:al fmhne; using oil,
' 50! lﬁe agﬁcu'ltuial {eubues tequue 3 l'ug}n Level of a;,nqu!tural technology m:l ngen-ence and :l i3 esseatial to
’ make lhbroug‘h mves!lgauons and pteparalrons : . -

The el'l:' 15

1) Tenestial Heat Vol. 13, 191 ~ 200 (1976)
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Fig.7-20 Example of Greenhouse Facilities
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5.2 Utilizatioﬁ for Heating 2nd Othar Applications

As in the case of agriculiural utilization, home healmg is ako d;ccuseéd in eompansm vmh oil. In
ordinary housing, heat loss from the walls and roof is small whén compared with that from g;évenhausrs but the
effects of sunbight aré small and the amount of ket required for heating is about lhe samié ai that needed for

agricultural facitities. In Japan, 100 Kcalfm? per hour is raquired for héating homés in Hokkardo and when
the hot water supply s added, 125 ]\calfm per hOUt is u:ed

If the area per house is 100 m? and these are four persons s house lhe amounl of heal !equued
to heating for a population of 1,000 is 2s follows:

125 Kealfm?h x 100 im? jhouse + 4 ﬁérébn's_r%ouse % l 000 pessons = 3l x 16t Kca]lh

I this amount of heat is suppliad by hot water, the l'ollomng amount of hot waler will be requued
for an effective utilized heat vatue for hot water of 3 x 10" Kcal per ton (utilization temperatuie: 30°C):

3.0 x 10° Kealfh + (3x 10* Kealft) = 103 ¢/h

ff the required heahr.g time per year {s 3,000 houss, It'x 1('.56 Keal ; x 3(1!) h<d3y X 10’ Kca’l of
heat is required annually. This is equivaknt to 1.32 x 10° I of oil which would cost about 200,000 dollars 2 yéar,

If the amount of hot wates produced ia a geothermal powet plant is t ’200 A 1,500 tdas pel hour,
heating will be possible for shout 12,000 €6 1,300 persons in thess aréas at 3 hot water unhzanon (en\peuluré

of 30°C. it is evient that beating facilities should be planned within the range of 40 milliaa x (I LES) per
year.
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6. Recommendations for Further Detsited Studies

61 Geothet'mai Surveys

" The resulis of these geolhem-al surveys In the Quis-collo and surrounding areas indicated geothermal
showings along the south-north main fault and ako reqarkable showings at the point of intersection with the

east-west subfault. It was assumed that 30 MW of power can be obrained t’mm the heat released, The following
sune) swillbe lequued to confirm this.

4} Geo!ogica! sun*ey

_ 'Ihe Macarzra and Rm Jarma aceas which weré sum:yed this time ke to lhe porth of the Quisicollo
" aréa which shows the laigesl heat release. Next, a geological survey should be conducted in the south along the
main south-north steuctural fine' from Qu:s:colio A geologicel sunvey will abso be necessary on the west side

: a!ong the east-west sub-stiuciusal lise in the Macarara 3rea to detemmine the areas with high ground temperaturss,

(2) Elédncal probes

_ It will be po&sib!e (0 undeistind the distribution of underground hot watei by probing areas under-

ground with a low specific resistance. These sumey areas are ﬂa! , spacius grasstands which are very appropriate
for eléctrical probes {plumb mﬂhod) _

_ (3) G[amy plobes

To detérmide lhe deep videsgrouid staucture, it is :emmmended to mnducl gravity piobes. It is
possible to estimate the flow behavior of hot water and detect the presence of underground fractured Zones
and f2ults from abnormlilie’s in thi gravily gradient.

“ Bormg of pm-be holes

Tempe:a!ure m-easu;ém?nl bonrrgs 30 m deep are at the bordesting at which the giound iemparatue
can be measutéd with no effects from ground surface conditions. Therefore, it is important (o make such 30 m
bormgs for ground lemperature mRasurement,

I the unde;grbund structute is danﬁed by e!e-:tncal and guul) probes, geolhermal ftuids can be
mnﬁrm?d by survey wells about 500 m deep and 1he initial geothermal development plan can be prepared
from these results,

(5) ‘Othérs

- While the ahove Sune)s aré carried oul, chemical piobes, various types of other sunveys, ete. will
be ¢conducted in paraliel, but 2 lbomugh investigation of water utilization in the Quisicotlo area witl also be
necessary.

62  Ground Heat Utitization Survey
As I]ie geolhe:mat SUIVeYs pt-:rg,rets ground heat utilization surveys will have to be pe:l‘ormed The

prob!ém of utilization in the daﬂy h\ts of citizens can nol be solved unless there ls areceplion system.

In this suney, the 2conomy must first &8 mwmgated and gavernmentsl policy problems concerning
ag,rkullura] uuhzaum heating utilization, ¢1¢. musi‘bemuudtd

: Ilus survéy s!‘.ould progiess on the basis of zciual pxoof in coordination mth the piogeess of the
geolhermal surveys. For example, in 12 Raya, IVITA ard other organizations should condust tests of heating,
agricultural facilities, ele. utilizing hot springs and if the results aze favorable, sufficient publicity should be
undeilaken.
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CHAPTER 8 AGRICULTURAL DEVELOPMENT

1. Agriculture in Peru 3nd the Main Features in the Pioject Ares

11 General Descaiption of the Area

Geographically, Peru ¢an be divided into (i) Costa (the coastal segion), (i3) Sierra (Andes mountains)
and (iii) Selva (the jungle region), with each one developing an agricultural activily reflecting the region’s ecologi-
¢al characteristics. In the coastal region, is located the most impostant fasming area of Pequ, yielding 45% of the
agricuitural production of the counlry, nuainly vegetables and fruits. In the plateau area the climate s typically
dyy, and the agriculture developad thesein is mainty composed of the culture of the polato and cereals. Hownever,
the mosl impdriant economical activity in the rural atea of the plateau is the cattle breeding based upon the nate-
rally giown pasture {pasto natural). The Selva jungles belong to the tropical area, and are Jocated in the east side

of the Andes Mountains. This area comprises altitudes up to 2,500 metess above the sea level, 2nd yields typically
ticpical products tike banans, cocoa, elc.

The total area of Peru is 127,867,000 ha, and the land use patteins may be summarized as follows:

—~  Arable area: o 12,659,000 ha

—  Forests and area ulifizable as pastuies: . 40,663,000 ha
—  Area ulitizable exclusively as pastuce for cattle breeding: 31,114,000 ha
—  (nhar areas, not suited for agricoltural vse: ‘ 42,561,000 ha.

. The arable area presently in usé aré some plateaus in the mountainous region and the coastal slip
with mild climate. According o data in' 1975, the area actually used for agricultural purposesis 2,617,000 ha., o1
approximately 2i% of the asable area 2nd just 2% of the countey’s folal area. Of this a1able area, 1,130,000 ha,
accounting for 43.2%, ¥s irrigated. The proposed Project Areais located in the southern extremily of the Depart-
" menat of Cuzco, as shown in Fig. 81, and is a typically dey agricultueal region, of the plateau of the Andes
Mountains, having 2ltiludes exceeding 3,850 meters above the sea fevel.

The Province (Provincia) of Espinar, which is the Proposed Project Area, is situated in the southern
extremitly of the Department of Cuzco, rising 3,800 through 4,300 meless above the s2a kevelin the plateaus of
the Andes Mountains. Occupying an area of 4418 m?, this province is divided into 5 administrative areas, and
the political centes of Espiniar is its capital town Yaudi. Fig. £-2 shows administrative division of the Department
of Cuzco and Provinee of Espinar.

The distances from Yauri (o the impoitznt neighboring cities are 103 km to Sicuani, of the neigh-
boring province of Canchis, 244 km to Cuzco, capital city of the Dxparimenl of the samé name, 78 km souwth-
ward to Condotoms, and 256 km (o A:equipa, of the homoaym Depariment of Arequipa. The distance from
Yauri to Lima, capitsl city of Peru is 1,170 ke via Cuzco and 1,295 km vi2 Arequipa. Yauni and Lima are
connected by méans of highways, 2nd the teip can be deae by conventional means of communication like bus 2nd
aulomobiles, :

] ‘ﬁiere is a railway betweea Cuzeo, Sicuani and Arequipa, bul the eegion around Yauri is not sened by
this f2cility. The most important economic activity in the Province of Espinar is actually the catile breading,
basad upon the naturatly grown pastuce (pasto natural) existing in the Asea.

A&Ofding, to the population ceasus of 1972, the peassnls account for 61.4% of the wholz working
population in the Depastment of Cuzvo, whilz in the Province of Espinar that natiois surprisingly low at 28 4%,

At’luaﬁy, besides the agrculiure only the Atalaya Coppet Mine can be mentionad as a modain
industsy in the Project Area. Theee 212 the t1aditiona} commerce and the cottagz industry, lo seive the population
of the Ates, and in most of the cases thes2 economic aclivities ate un a3 a side job, in paraitel with the agriculiure
and the callle breeding.

tn view of the above it is supposed that while the population engaged exclusively in the agriculture
may be small in proportion more than 15% of the whole working population of the Project Accais enga ged in the
agricultue eithierasamainora subsidiary job.
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Theoughoul this vasi ared ai¢ distributed the fatming famities. Sinez the ot tipoitant edonomic
activity of the Aréa is the catile breading, the peasant families are séquired to have vast areas for ¢attle ralsing.
Thus, the characteristic of the demographic distribution in thissegion is the s-:a((enng of the peasant population
throughout a vast area, grouped in hamlets of sevesal families. This scatlered populatton galher once a “eek in the
Iova) market {feria) aming to purchase their daily necessaries and (o turmn into cuseency small quanuliés of their
farming and caltlz breeding aclivities. n theése focal markels ({eria) opened once a wéek ate sold all daily ne¢essi-
ties, including clothes, medicine, foodsiufl, etc., and at the same time gather traders who purchate lhe \anous
products of the area. In most of the cases, ‘the transportation’of these incoming and oulgoing producls is camed
out on the horseback and by means of bicycles. The rusal population eften manufaciure unglazéd pollery for
daily use and s¢ll them as a side job aiming to obiain additional eamings. The llamas aré used to transport those
products to the market and also to bring back the maize, which is the most impo;lanl foodstuff of the Area,
barley, wheat, elc., oblainad as a reselt of the baites described above.

In the Province of Espinar, the houses wheee the peas:ml families lne are built of brick maJe of clay
blocks dried under the sunlight, which are manufaciured by peasants themselves, These is no suppiy of electsic
powir at all. The fllumination is carried out by means of cand!es and kérosene !amps As fuel for home use,
besides kerozené there is the dry dung of the catile. :

As ¢an be seen from the descriplion preumted above, the daily life of lhe pea«:anl families lmng in
this Area is bazed ppon the income provenient mainly from cattle breeding, is ntremely PoOT.

-2 Agriculture
121 Uimate of the Project Area

With regard o the temperature and the rainfal), a companson is made balween the Pr(mn-.e of Esp:-
nar, which is a typically cold and dsy plateav, with othes agncultmal regions of the ncmn(y,namely the aréa of
Sicuani, located in the Province of Canchis, Huamhac in the 2r¢a suscounding Cuzéo, in the homonaym Deparl-
menl, and Arequipa, in the coastal ares, where is locatéd the most impostant. fa:mmg ar¢a of the tounl:y.

As can be se2n in Table 81, in the area of Espmar, the annua! aterabe Iempetalu;e is 8 1 (‘ while in
Sicurni, wheee the altitude is 3,550 meters above the sea level the temperalure is 1.1°C. In Huanchac focated
3,399 melers sbove the sea level the annual average tempeiature is $2.8°C, and in Arequtpa focated 2,350 meters

above the séa level the temperature is 13.2°C. These data indicate that the average temperature increases with the
decrease of the altitude above the sza level.

While in Espinar the maximum average tempeqature is I$6 C,in Sicuani is $9.2° C,in Huamhaa, is
19.9°C, 2nd in Arequipais 22.4°C.

On the other hand, the minbnum avesage temperature, which is thé moit lmpo:tanl factor in the

agricullure, becomes below 0°C in lhe cultivation season (Decembér — Apnil)in the 273 oi Espinat, while in the
other areas that value exceeds 4.9°C.

The annual rainfall and the lém;\?ulute are presented in Tables 82 and 3.

The maxdmum rainfall of 859 9nm ocuis ln Espinar, v.!uv.h has the maximum alutu‘je above the s2a
tevel. Sicuani is placed next with 706mm, Huanchac with 635.6 mm, and A:equs pawith 92 ‘Imm ln t!us oider. As
can be seen from these figures, Alequ:pa has very litile rainfall.

The rainfall and the anaval avesage hunudnly are rnumal]y re!a(ed In &pmzr the a\enge annual
humidity is 63.3%, in Sicuani $5.7%, in Huanchac 55.3%, and in Arequipa is 54.9%.

As can be seen from the weather condlllons described abme in Arequlpa pnmdcd ‘imh irrigation
facilities, is possible the faming throughoul the year and in ‘addition, in Sicuani and in Huanchae is expéctéd that
the intreduction of irrigation facilities will i improve the a gncu!lura] productivity in the dry s23son.
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With Espinai has more rainfall than othér areas, ihie rainwater is dral i

o hinlsp nOLE | , the rainwater is drained toward the lowlying grounds
due‘l? the area §§mg located in l_a]g_,h_er altitude than others, and having topography with many sté:p flf;[pa-s In
addition, the main vegetation In. the area is the matural pastuie which has very litile waterholding
capacity. Another impostant factor _\shlch makes the development of agriculture in Espinar very difiicult is its
annual minimum temperature becoming below 0°C., '

122 Geo!oglﬁl Characteristics of-tﬁa‘ Project Area
(1) Topogeaphical conditions .

. The main topographical features of the Project Area are the mountains and the plateaus, and small
areas of alluvial fans. ~ - - : a

_ - 1In the imountainous 2reas the slopes are relatively steep, and genedally the dopz from the platesus to
the susmmit of the smouatains is of the order of 10° through 20°, In view of the areas high altitude, this Areais

supposed to have fuffeied a'stiong glacierization in the 4th glacial period. In the ares surfounding the Lake
Sutuita, lqca_'l‘;ed in the southent extremity of the Project Area are observed fernarkable formations charadter-
izing the galial period, bke mdraines, glacisl fakes; elc. It is sapposed thal most of the plateaus are benches
or teraces logaled along those glatiers. These benches of lemraces are distributed along the Satado river and
its tribulary watersin 3 mx_‘ougt.' S steps. These beaches of tergaces aré mostly composed of hayers of gravels.
The susface of these benches or lesrates s slmost flal, presenting a stope of less than 3%. These flat plateaus are
vesy widely distributed, and thé ratio between mounlzinous areas and phteausisa pproximately 7:3.

The occurience of altuvial fans is very fare, and they are obsened in the transition beiween the
mounlainovs areas and the plateaus. - ; ’ : - '

 The é!i_t_;n{al f_aﬁs have favorable drainzge conditions compared with the plateaus, and in many cases
they are wiilizéd for faning purposes. : ‘ : '

{2) Soil Conti:‘ilféns :

The soil of the Project Ara can be roughly classified into transported type and disintegrated typs.
The mnsponéd type seil 1’x‘€ur§ in the mountainous area and in part of the platéaus, afid is the resubt of the
weatherizalion of the rock bad thioughou! a fong pesied and the accurmutation of the matedal obtained in the
saine place, resulting in soil. This type of soil odcuss mainly in the slopes of the mountains, and the soil layer
has a thickness of apptoximately 50 em through 1 meter. As & depth of the order of 20 ¢m thicugh 30 ¢
below the susface the soil begins (o preseat contents of gravel, and then it shifis 1o the rock bed as the depth
from the susface inéreases. . o '

The (ﬁ‘fuite,fn'cé of soil of transported type is observed where ferraces and alluvial fans have been
highly de'\'g_lo;';e;!.' This fype of seil is result of the alluvial effect of the rivers, and the main materials which
generate il are the fluvial graveland clay. | :

, In the Project Asea a wide Jistribution of benches and tesraces is obsenved, and thus, there isa wide
formation of Soll of the gravel typé. In the most geneally found cross sectional configutation of the soil, the
humus is found in the first 3 cm through $ cm below the sa iface, ard in the f:ext 10 cm through 30 cm is found
the teansition layer, : - .

fhe soil la)‘ét is.aéumed' to have a thickness of the order of 30 ¢m through | meler, butin view of

the asgé content of gravel, in some places ocvurrence of gravel is observad evén at the suaface.

~ In the present survey soid samples of higher teraces (ssmples No.b and No.2) and of towzr temaces
(sample No.3) wete collectéd and analyzed. The results of the 2nalysis are pieseated in Table 84,

123 Land Use 20d Land-owneiship
T'ai.:-!e. 85 preeals data of the land utilization in the whole Department of Cuzco, the Province of

Fspinat (lhe Project Atea), and the Province of Canchis locatad in the southem region of the Department of
Cuzdo.
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Table 8-4 Analysis Results of Soil $amples
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In the Depariment of Cuzeo as a whole, the total arable area accounls l‘m approxlmalely IO% of ifs
territory. Of this tolal arable land, 45% is vtilized for seasonal cultivation, 19% for petmanent culhvahon and
38% is used for refosestation or is in idle state.

in the same Department of Cuzco, just 5% of lhe Iemlory of the Province of Can-:tus is used for
faiming purposes, and in the Province of Espinar that fatio is stilt more lower, leachmg lust 3%. The seasonal
cultisation accounts for only 7% and 2% the total arable land in the Provinéds of Carnchis and Espinar fespect.-

ively. These figurés show clearly that the aftitude and natural conditions fimit the kmd of crop$ that can be growa
in these areas.

It is assumed that in the ijé;l Area ;usl areas with alhtudes rangmg fiom 2 COO meters through
3,000 meters ate suited for farming purposes. Land cultivated with permanzal crop “correspond 10 1.9% of the
Department of Cuzeo as a whole, but in the Provinces of Espinar and Canchis there is praclically no ¢ultivation of

this type. Also in the case of pemanenl <rops, the weather ('hum;dn(y and !aml'ai]) is lhe most impostant factor
limiting the effective ulitization of the land.

The mast impoitant cmps composing the permanent cu!lmhon are coffee cocos, ¢oca and cilrus,
and 21 located in the Jowlands of lhe Deparlmenl of Cuzéo, which belong io lh-e hopl-.al and températe Zo:es.

The xeforested areas and Hdle a:a‘b!e areas ol‘ the Prom\ces of Espmal ind (‘:snchls conlnbule ﬁ—spé{‘l—
ively with 4% of the wholé Depariment of Cuiio. However, in the Province of Etpma: the idlé arable aréa is high -
in percentage of the fotal of that province (63.4%, while in Canchis thal ratio is 37.7%), duz to the faci that the

agriculture developzd therein is a ypically diy farming lmgaled farming is obsened in somé \‘eiy resfricted
areas, but in geaeral the agriculure in lhb Areais ptedommanlly rain-fed .

In the Department of Cuzéo, pasture Jand accounts fo: 69% of lhe tolal azab 2 area. The Pxonm‘e of
Canchis contribules with 14% of the total pastuze fand of the Departmeat of Cuzco, while the Province of Espi-
nar contributes with 22%. These figures show - the increase of the percentage of pasture fand pmpomonal fo the
increase of the altitude. In these pasure lands the naturally grown pasture (pasto na!ural) occuples the oves-
whelming masomy, in the catile breading aclivity, as pasturé lands ase not su;!e-:l for uies othﬂ than the attle
breeding. Theee is no cases off the introduction of improvéd pasture.

The ferests ocupy 13% of lhe teriitory of the Depattment of Cuzco, and mest of them are natural
forests growing in the Yowlands. The Nora is changad with the altitude, becoming finally m'npowd etclumcly of
eucalyplus. Reforestation is t2en in 2 very (ew limited areas in the high ail:ludes of the Provinde ol'C'anc}us In
gencral the forests grow natucally in the places wheré walér is avaitable.

Ia the Depariment of Cuzco, 16 of the tolal afable aréas arz imbated by means of taking wafer

from the sivers and supplying it between ndges In the Provice of Canchis 40" of the ranmng area Is frrigated,
while in the Pronnc-e of Espinar the irrigated aiea is only ?" .

The season for the subsla!:onaﬂy hlghél pen:enta;e in the vamce ¢f Canch:s is a8 fo!lov.s In that
province composed mostly of dry highfands, the most imporiant farming areas are Yocated in positions favorable

for irrigation, with water easily taken from sivéss flowing in valleys of basins. This fa\orable location makes it
possible (o construct waler collecting facilities with low costs.

In Lhe Province of Espinar, where the major economic aclivily is the alile bieading, tflme mlmdu;lmn
of new irdgation fzcilities would require huge nmesimcnis and thus, Ihe unsahon is restricted to very small areas
where waler is éasily available,

In the Provino? ol‘ Bpmar 91% of Ihe afable lar.d is u!mzéd as paa!u:e fol catl?e bleedmg,v.lu!c in
the Prevince of Canchis that ratio is 93%. These high pen.énhges thow that with the increase of the aliitudé the
plantation of genesal uops is limited, resullmg into thei mcceaqng impo:tanc-e of the calt!e bieedi mg

The data presented in Tables 86,7 and 8 show lhe state ol‘ the Iand holdmg in the Department of

Cuzco, wheee 99.6% of the f2rmérs ate Ianded. In that Depasiment, 65% of the arable area belon 2 {0 those landed
farmers.



In the Province of Canchis 99.8% of the farmess afe anded, and 95.5% of the farming land belong to
thosé farmers. In the Province of Espinar 99.6% of the farmers are landed, and 79.7% of the farming tand belong
to those farmess. In the Department of Cuzco, the Comunidad Compecina, organizations for collective produc-
tion reorganized under the Direccidn General de Reforma in 1970, and totalling 208 in number in the Depart-
ment, hold 28.5% of the whole farming land. In the Province of Canchis there sre 13 of such organizations, pos-
sessing 4% of the farming land, while in the Provice of Espinar the number of such organizations is 18, possessing
202% of the farming Jand. Besides the Comunidad Compecina mentioned above, there are ako few coopefat'i\'e
associations and Organizations cairying out colleclive work. ‘

. The size of land holding is as follows: S0% of the farmérs posséss 1 ha or kess, and 37% posses 1 ha
through $ hain the Department of Cuzco.,

In the Province of Canchis, this tendency is mose pronounced, where 74% possess Jess than 1 ha, and
21% possess 1 ha through 5 ha,i¢., 95% possess S haor Jess. In the Province of Espinar, 41% holds I2ss than | ha,
and 22% possess 1 ha thiough $ ha, ie., 63% posséss $ ha or less. However, in this Province 15% of the farmers
porsss relatively larger areas, sized 10 ha thiovgh 50 ha.

. The ruial popﬁléii(:-n, the absolutz majority of which holds areas less than 28 ha, is composed mostly
of former tenzal fammers who used to work under a landlord prior to the agrarian reform. After the agrarian
reform, they were converled into haded peasants, acquiring their own faiming land.

llqﬁé_'-_’ér’, sin¢é the subsisténce is quite difficult relying eidusi\'ely upon (heir sall sized Yand, the
fasming activity is lefi to the wives and childein, 2nd in most of the cases the adult man works as a daily or
seasonl taborer in the surrounding areas or in other Department, in order to cbtzin 2dditional income.

Most '_of these i)eas:’mls are organized as membess of the Comunidad Campecina, bul the effectivensss
of those organizations in improvement of the agricultural productivily and of profitability is limited.

7 The average sizes of the land holding by the fanmmers are: 17 ha, 15 ha, and 5§ ha, in the Department
of Cuzéo, the Provinces 6f Canchis and Espinar respectively.

§24  Plantation of the Ceops

. In the Pwﬁncé of Espinar, the year can be divided into the dry scason and (he rainy season, with the
dry season lasting from May through November, and the rainy season lasting from December to Apal.

In the coastal sirip with mild dlimate, the production is possible througout the year, indepeadent of
the rainy ot dey seasons, in every area provided with irrigation facilitics. Honever, In Alpine areas like the Pro-
yinoe of Espinar, the !émpata!u}es become below 0°C during the diy season, and even in the rainy season the
temperatute, 1émains below 0°C until early Novembes. Thus, the agricultura] activity is concentrated in 2 very
limited pesiod dusing the rainy season, under veey $evere nalural conditions.

- Table 89 shows the cultivation schedule peevailing in the Prosince of Espinar during a faiming
season. The seed soning of polato, the main agricultural product of the Atea, is canried out during the rnon__t}xs of
Sepl‘e:ﬁbé‘r atd Oclobis, and the hamvesting during May and June. As evidenced by these data, the period of
cultivation is abrormally fong, lasting appioximately 8 moaths. This period is 3 months lorges than that required
. by the nommal cullivation of potato. This long period tequired for the cultivation of potato in this Asea can be
atiributed 16 the cultivaled bread, in 2ddition Lo the severe cimatic conditions. In this region the harvesting is
peiformed af the beginning of the cold dry season.

As tars be Seeﬁ fcom the table, the cultivation schedule is compased of the lio!]ov_sin_g sequence of
jobs: Plowning, Seed toning, Weading, Insect extermination. Howevet, the extermination of inscts s not actually
carried out. The cultivation is performed vesy roughly, with just 2 single cultivation throughcut the year.



Table 8.6 Classification of the Land Posséssion i the Provings of Espinar

_ Coma Fu-mf' ) l&())c{aglaﬁ%lﬁg?e _O.‘b"“ Not Dectared Total
Classification Pﬂ?;;‘:;’?f:&fﬁﬁ Posﬁssh! Aiea P e;\;::_i.:;bi?:_gfbe; Possesoid .Srea_ P ;am;‘ilﬁl?é-eli qu:-eséed A;c—a: Pem% n?éks Possessid Atea Pe::;;,??: r:ém : Possessd Ares
ha o - _fﬁ b . - ha B !uu | ha
lessthan 1 ha, 2,163 61393 105 2,166 £59.98
1~ 3 1511 345693 1sn 345893
s~ 10 586 387161 i | 200 5% 3,500.47
10 ~ 50 1016 2']7,55"!_05" | _ 1750 3509 1019 é1,61955
50 ~ 100 144 22.665.02 314 | 22,665.02
100 ~ $60 423 $6.72626 3 90000 - 10000 an 82,2626
Mote thsn $00ba. 123 11851697 | 14 59,406.00 | 142 20791697
Total | 6171 _ '2‘1'1,1.134.5,3“f - 18 ?éé&?.&j 142.50 35.05 é,ws 3479118
Source: B Censo Nicionz] Agropatvariv, '19?1.].\'5,
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" Table 8.7 .Cia'ssi"ﬁéaﬁbn'éf the Land Possession in the Provincs of Canchis

Commion Farmet Cooperative 200 Lol Cobiective o
. . ‘ 'o-op.e" neAs.soc.ulx-n : OtgLniz_a;hn _socfd;ddepe:wms Oiheis Wol Decdared Torsl
Classification Number Nembst | Number . B B : ' : e
_ Cof : el e MoV : | Number Number Numbs Jomte
. - Posssed Atda | . 00 Posseiced A ; of . T of : 1 L Kombet
Peasant Péasant osse 18 | beasent | Fossessed Area | 5 O Possessad Arca o Possessed A of ‘ f r
Familic e sl Peauant | Peasant 553506 Atea Possessed Area o Possessed A
2milics Famitizs Famities Famitizs - { Families F:far?;ets F[‘x:fnm o ”
| I ¢
Lessthan 1 ha 13,326 409102 3 -
_ 1;.‘; : - 18,326 103202
i~ s 3 6,161.51 . : - ]
- T o i 1092 3223 611843
5~ 10 23 152108 : . 5
' _ . 1 : 7 o . 5.00 20 152608
10 ~ 80 118 351467 1 | oo - ; _ ‘
‘ _'5; - BY o B 2 314 119 353341
50 ~ 100 50 291950 2 15138 $2 307626
100 ~ 500 158 12,1400 s | nessa 1 100.00 b 10360 163 33,199.24
Motz than 560 ha. 93 162,702 92 7 | sodves ' $50.00 102 171,281.91
Tora 1249 | nserize 3 | wseas BTSN I X5 151 I €50.60 7 © 4766 1 10,00 1205 | a0
Soarce: B Censo Naconal Agropecuans, 1972
Table 8-8 'Gas;if'réatibn'éf thé Land Potséssion in the Depariment of Cuzca_
Corimon Farmer Cooperativé Assxciation Local Coliective ciedad de pers Otk Not Dectared
AT . - G pe e Assochation SRR Orsmiu_‘iﬂﬂ S-Dc‘ah. & peasonas . thers . Nol Toizd
Classification Number | - - Numbet - Y bumbe: - Numbit Number Nuxber Neobes
- Pea‘gn{ Possessed Ases | p é;;{n‘_' Possdssed A;e: Peagn-l: -1 Poswessed Area’ _Pc;ghl Postessed Area | P t;{ at Possessad Area Pt:\s';.bl Poswssed Area Peftinl Pcssesscfl Azea
Families - Famities : Families Familes . Famites Families Famiks
Lessthanlda, | 61,749 2621153 4. 065 12 611 9 150 ' 61,149 2622175
1~ § 45258 | 9385960 4 508 _ B 3 805 £Y) 81.60 s 1002 45,307 93191545
s~ 16 | 6862 45,8251 4 08 Y Tr! 2 - 1408 13 1728 1 6.00 6,891 4351513
10~ 50 6422 130,869.66 153 D32656 3 88121 1’ 14873 28 55535 3 95.00 6508 132,908 56
50 ~ 100 © 928 €0096714 s 37036 | a2 |6 387.00 8 54959 958 £1,866.20
100 ~ 500 nsr | mosnds |12 | aans éo | 133288 4 71159 13 ] 336350 2 | 00 12ss | 26456308
More than 500 ha, 418 | 18391202 15 | 9suusés i9 | $sente48 | 6 261300 - 1. | e 583 { 1,500,192
Totad 22818 | 1asiiise s | 10025620 | 208 | ‘soronsss | 3 991851 125 | sowes 34 882 i | nnzns
_ Source: B Censd Nzciottil Agropecuario, 1972 .
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?a_bie_ 8-9 _ Cultivation Schedule iss the Province of Espinar

-':Jan,' Feb._é Mar. Apr. 1 May | J““e July Avg. | Sépl-‘E()cl, ! Nov. | Dec.
Bar]ey[),u: e Pe it 1 R
o DAF c : N

Note: l) Ihe culiivatéd pofato is known as “papa ararga”, and is 2 variely prior fo art:ﬁcwl breéd

Imp:oﬁmenl .
?) § Seed d‘omrg
P ‘n\eedmg :

A ' Intérmediate Plowing
T AE Extérmination of lnsécls o
B C i Hanveshng T

Source Agencia de Pm-duc-non l;tpmat

12-5 Farmmgl’tachces -

- ln the P:o;e-ct Area llle l'anmng i prac!wed under the S»e\ilé condllions inposed by the dry and cold
l‘ugh]md E.péﬂa'i!)‘ in the souihem tégion, the altitude exceeds 3,800 mietess, and the cultmlmn period isvery
igstrictéd by factors like ficezing, ¢te. On the othes hznd, in the valleys along the riveis in 'thé Provinée of
{‘mc}us with sltitedes below 3 800 meless, the hea\}' rains during the rainy season cauie héavy dimages in the

crops

: Thé le\ el of lh., l'atmmg tea:hnology dep-:—ndmg almést e\clum ely on human hands is e\treme:y loa,

and the pmductmty of both land and !abor is geneml}y low. 7
In i """"'i_lr'ig‘ lming, bul}s m\upy 43% of the toia) human tabor $1 6‘}% and farm: madunery
aceoun(s' fo:'a \ery'}ow pentntage of only 04%. The! utitization of bull is cstricied to the ploning activity, and -
p; A 'y' all the rémaining jobs are Carried ‘ot by human fabor. The véiy low percéataga of utilizaticn of
-m dunéry is do2 To'the foﬂomng éauses (1) the cutlnahon is mosuy doné in sfope areas where mechini-
uhoh is"dnfﬁcu?l to mftoduce, (i) the ‘cultivated aréa is small in size, Cand hendé mechan_zahm isextremely
~ difficult; and (i) the purchaae of fasm-machinedy is difficult for low-iricdme farmers. In the Province of Espinar
the p!owmg of the soil is peeformed usuaBy by ulihzmg domestic amma' but altuaB)' moie than 80% of this job
:s ca:ned out by human labor

: : “hen lhé ptomrvg is made with buﬂs the v.ho!e surface of the ground is plowed but when human
hands are. ueed mth the help of hoes, only the toil of the ridges belwesn the strips are ploaed whege the seads are
plantéd, as shown in Fig. §3. After the p‘owmg, additives bke adh, bamyacd manure, elc., are spizad on the
plmhng slni:-s, Mﬂch aré not p‘o-néd and then the $22d polaloe; ate faid on those stiips. Aﬂer that the planting
sty A coversd with the plowed earth of the ndbﬁ between the planlmg bed This Tattes opetahon is cantied
out with human hands, mlhou! the he!p of instrumeats like hoes, ete.




Fig.8-3 Plowing b'y'Me'ar.u of Human Hands

Plantation Bed

Potatoes are generally planted in genils slopes, where the drainsge of the rain walersis celatively easy.
When they are planted in flat Tand, it is n2cessary to construct drainages 1o prevent (he sé2d polatoes from having
rolled due (o the stagrant water afier the rain. The sowing practices have two characteristics, i.e., the beds wherse
the seed potatoes are planted ate not plowed, and the earth of the plowed ridges used to cover the seed potatoes
I:id on the planting beds is nol crushed. These practices have apparently a negative gffecl upon the growth of
roots of the planted seed potatoes. In addition, seeding techniqués Like the cutting of the seed potatoes inlo

pieces for thelr more effective wtilization are aot know, thus loweding furthenmore the productivily.

The additional opesations like intermediate plowing, wéeding, eté., performed during the growing of
the crogs are also performed by human habos. However, the intermadiate care petforméd in this Area is imited
to cutling the stalks of the polatoes approximately 2 through 3 weeks beforé the harvest ing,ie., before the with-
ring of the stalks. However,during this period the potatoes are stitl growing, owing (o the accumulation of the

nutrients still processed by the stalks. Thus, the premature cutting of the stalks results into the seductjon of the
yicld of the crop. .

In thé farming practiced in the Province of Espinar no agricultugal therﬁicafﬁ are used al ali, and -the
cultivated area Is shiftéd every year in order to prevent the damages due to diseases and insecis,and éspecially the
damage in the polatoes. '

The cultivation of cafithua is peiformed mainly by means of human hands. Similar to the cass of
pofatoes, just a parl of the lind for cultivation is plowed. The beds where the se¢ds, are planted are plowed in
strips, and  the plantation is parformed without crushing the plowed tumps of earth. The harvested crops are
transportated by domestic animals like horses, donkeys, and lamas. Table 8-10 shows the staivs of the utilization
of fertilizers and agricul{ural chemicals in the Depactment of Cuzco. As can be seen from the figures, the
quanlities actually wsed per cultivaled area are very limited. Fectitizéss and agricultural chemicals age used mostly
in the low lying lands. In the vallys in the southern Provinces of Canchis and Chumbisileas, these agricyltural
inpuis are used in very small scake in the cultivation of improved vadietics of potato and maizé. In thése piovinees
and in the Province of Espinar the use of bamayard manure from the dung of caltle, and also the use of othey
organic mallers, is restricted to few cases of dry farming. '

.The agricultural chemicels are also wsed in very limited areas in thé southern low Vl'j"_ir:lg lands, in the
cullivaticn of maize and gieens, as in the case of Falilizers. In the Provines of Espinas, theze is praciically no use
of agricultural chemicals.

While éach farmer holds relatively lasge areas, only a small potion of the laad is cultivaled to meet
their own consumplion. As it is very ¢asy to convert the atea where natural pasture is densely grown into farm
land, shifting farming is practiced every year, in cycles of 6 through 7 yeass, instéad of planting the same crops i
the same 3rea in successive years, and 1equiting no ute of agrivultural chemicals. o '

Only 10% of the main cultivation areas use improved yan‘e?ies mairly of potatoes, barley, oat, elc.
evesy year. In the other ateas a pait of the harvesied crops of local varielics s setected and used a3 sead,
Especially in the Peovinee of Espinar, no improved varietics of potatoes and quinua are pul inlo praciice at all.
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Tablke $-11 shows the cultivaled area duﬂﬂg the agricultural season of 1977 — 1978 in the southemn
region of the Depaitment of Cuzco and the quantities of the hacvested erops. 3t is evident from the fable that the

cold climate sestricts the Xind of main crops in the Province of Espinar as compared (o the Provinges of Canchis,
Canas, Acomayo and Chumbivilcas wheie altitudes are below 3,500 meters above the sea level.

- The most imporiant crops cultivated in the four Provinces mentioned above ate potatoes, cereals like

barley, whest, oat, nize, et broad bean, quinua (se2 Note 1), oca, olluce, afatfa and small quantitics of greens
tike onions and fruits.

" On Ehe other hand, with altitudes exceeding 3,800 metess above the sea leved, the cultivated crops the
| of Espidar in produée polatoss and small Quantities of cahihua (a variety of quinus, suited for cutiiva-
tion in ¢old hightands) and extremely limited quantities of barley. However, the barkey cultivated in this segion

dots nol béar grains in view of the climatic conditions, aad in most of the cases it is harvested whils preen, and
vsed as fodder of domaestic animals.

Piovince o

The cultivation of potatoes is limited fo low lying lands, and the culiivated vadely is the socalted
“papa amiarga,” a lype of unimproved bieed, suited for cold climate regions but with a slightly bitter taste. In the
Provinee of Espinar, a8 a result of the incentive for cultivation of improved breeds promoled several years ago, the
pioducti_\'il)_' pes area was improved remmarkably, being materalized hanvests of the order of 10 tons pér hactare.
However, Table 8-12 indicates thal the 1978 production costs per kilogram of improvad vasieties of potatoss are
9.78 Soles foi the papa color vasicly, and 7.82 Soles for the papa blanca varitly, respectively. On the other haad,
aceording to the data presented in Table 813, the praduction cost per kilogeam of the papa amarza is 380 Soles,

being therefore far cheaper compared with improved varieties, requiring fuitheamore less intensified cultivation
techniques.

While the cultivation of improved varieties makes possible belter productivily pet unit area, the sevece
natural conditions, like frost and fieezing oocurring during Febnuary tend to reduce the harvest of the year lo
zero in the worsl case. Since the farmers of this arza do not have the sufficient fund to cope with such natuzal ca-
lamities, they usualy cultivate the traditional papa amarga in order (o prevent the possible risks.

After harvest paps amarga is processed inlo a sort of diy potato calfed “chufio,” which is used as
presenves. There are two types of chuito, ie., white chufio and black chutto.

To make white chufo, the harvested potatoes in bags are put into water for ¥ through 2 weeks, in
order to eliminate thé bitter 1aste, 24d thea dried by spreading them in the open air. Instead of exposing the
potatozs directly (0 the suntight, they ace dewatered and difed by freezing repeatediy during the nights. The final
product is oblzined by stamping the potatoes undeifoot in order to pecl them.

Unlike white chuiio, the preparation of black chuto does not put potatoss in water, snd the deyirg is
pédlonmed by repeating the freczing and dewatering night and day in the open 2ir, 2nd as 3 result a bitfer faste
still eemains.

In the Province of Espinar, most of these crops are intended from home ut2, and enly when surpius
quantities exist or cash ks needed they are sotd. Thsy, from the Fest step they aie not produced for market.

The comparison of the preductivity of potato shows thatin the Province of Espinar the produsiivity
per hectare is 2.25 kilograms, while productivities in other Piovinges, are more than double that value. In the
faming seaton of 1978, haviag very little irrgation facilities, the agncultural productivity in the Provinee of
Espinar wasextienely tow, even laking inte considesation of this year's low rainfall,

Note (1)

Native plant of Peru and shouthem Bolivia, presently cultivated in the plateaus of the Andes
Mountains, from Colombia to Nosthern Argeatina. 1t has high nutitive valve, and is composd of 12_3‘?& of water,
13.9% of proteins, 3.5% of fats, 5% of fibars, 61% of nitrogen free extracts, and 43% of ah. I s presently
drawing the allention of the world asone of the most promising crops in the {utuse.
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Table 8- 10 Quantity of Fertilizers Used in the Department of Cuico

19T~ 1918

8.2

, Name o Quantity ()] Unit Price per Ton

. Ammonite - (355%N) 4293 o 15.300
Superphosphate of Lime (46% P;) 1867 17,200

. Potagsium Chioride . (62% K_,'O) n7 12,600
Mixed Fertilizers (9-18-9) - 40 10,660_ e
Guano d¢ islas. (Nitrite) 1 _,0('..!3 : 10400 - -

~ Total : 1920 =
. Sowrcé:  ORDESO







Table 811 Agricultuss! Production In 1977 — 78
Cx \ : V B . . MR - oL
ops Chenry Apple . .Pea_dx B Em‘a})_'l:v_tt__rs_ 1 - Baley Maize _ Cactos Fruie - Wheal
Name of N_M Flrigated . ._ So’! l'tﬁ:g:a'le-ir : _N"‘ l"'ﬁi“‘j N"’”“iéﬂed L l.f"é_'a'?fi -1 N _l_n?l:gated . . ﬁﬂ‘gple‘d Not firigated Not Lirigated .[;ﬁg’;:ﬂ Nol rrigated
Province Area  [Quantity]  Area ' JQuantity | Avea: [Quantiy] - Area Ro.of Trees Aes IC danbiyl  Ares Jmatit] - Al YT B : =t e PP — i
i ; _ . £ NO. Ared ¥ 23 Kuantity] -~ Atea  Quantity  Area  RQuantity|  Aréa Quantid Az \ity] .
by | etha| Ra } kefha | ha ;| kgfha | ha Vxeta | b faeta’} b Prama| ha seva | e Phema’| e Prama] e Qg:h;: Area Q:;?!:;w
Canchis ?9159 azq,;c-c‘n 29805 | 1230 20299 '1.117:!,51'9.'99’ 1,310 ut_},s? 1,196 L1033 | 1,583 | 376.3¢ | 1,012
Canas ] s000 130000 | so1 | 1374 32061 | 1,306 13526 | 1300) ~2592 | 1300 '
Acomayo 3| t4.000] 13 [ 12000 | 2954881484000 | 400 | 700 es300 | 959 63535 | nase]| 2630 | 952 205 | 142 4135 | 139
it | | _ ; . . | .
Chumbnifezs |. 4826 | 14000] 612 | 3000 | 1165 1,033 54| 59 4937 | 1500] 9238 ] 1000111902 | 1350 | 5285 | 7000 1216 | 1,000
 Caiiite ' Quiswa BreadBean - | Open | Awan Gre¢a Peas - Tashoi 0O Ofinco hado
Notlmgated . | Notbegated | it CNottiated | nrgatds | hiriestes Kot furigated Notlrrigated |7 Not hrigated Not Frrigated Not lirigated
Ares RQuantin] " Ares [Quontity] * Ares [Quintiy] Arez [Quastiy] Ats [Quantib] Area Qvantind  Area [ouintol  Ars  [Qmetin] A Fhantin]  Area  [Quaatity] Arca  [Quantiny
ha Yelha ha kefha | - ha ba  § - kgiha J: ha kz/ha hy Y igftu | ha keiha ha . | krha ? kziba ka kg’!aaq g2 i,'g,lh;b
Canchis nsso | 12684 99991 | 1933 | 26961 1593 | seso| 13521 yi0o Yussoo| nesas | 1202] ssax | 1osr Vasenr ] sam| 3asss | 25 26589 | 302
Caras 960 | 100 | 1838 § 1600 | 21038 500 ' ' 3.50°| 1,200 1550 | 3500] 3223 | 4000 § 1000 | 3500
Acomayo 5200 600 sooo | 1220f 481| 1200 sso | ess| 225’ 3300 | 2433] 6935 | 2000 | 3208 | 2100
Einar | 62500 | 883 ) - :
Charabivikss 1560 | 1200 | 1o140] w620 1800 | 1600] 700 | 1,200 ] 4200} 3500| se00 | 3000] 1600 { 3.500
Polato Oat Tota} -
© ligated Not Inigated - lrgated - lerigated” Not Irzigated
Az Namtiy] Arz  [Quantity|  Awa [Quantily| . Area - Area Area
ha | ig/ma ha Jkgfha | ha | kelka ha ) , ha
Canchis 910.65 | 6.208[1,06543 | S634{ 24300 [ 12481 | 522164 5,54060 9,624 )
Canss 1.4 | 2000103964 | 2200 744 | 12000 19535 143206 182045
Acomayo 2350 | 4.000| s042s | 4162 82350 2460 306810
Espinar 145591 | 2250 | 0 15295 f  LSHAS
Chumbivikss 266648 | 6000 | 4600 {12000| 14328 618532 6,193.60
" Scurce:  Division de Estadistica Sivani

Agendia J¢ Froduocion Sicuand
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Table 8- 12 Production Cost per Hectire of Improved Bred of Potato

Cultivated Variety = Papa Color

' 'OIJhi{'a'fe'c:l: Area

TechnicatLevel @ Average

Sourthem Mounlainous Region

Classification

Required

Souicé: Ministerio de Alimentacion del Cuzco

8.25

" | 0911 Quantily - . Ur_:ii _Cosl' ' Régui};ﬁ(‘osl '
I. Due i(‘osl , : SfSotes _
Tractor: - Houss 18 - - 500 9,000
Labour , . Man.Diy 156 . 92 14352
Seed | kg 1500 - 18 - 21000
 Chemical Fertilizer kg 1600 839
 Organi Féstilizer K 5,000 040 2000 -
‘Agfituftul'ﬂ Cheniicals -'kg-lls - 67 - o 8,074
* Franspostation Cost ' . o 2000
Sprayer Rent . Hour 10 50 500
" Other Presidential Ordinance 156 x 6833 10,660
Contmgen;y (10% of Dicéct Cost) . 7,200
 Social Security Law . 52 48% of the Labour Cost I X%
- Sub Toiél ' | o 93057
lndued Cost. o
Admmnlratwe Cosl ¢ 1845
(8% of the Direct Co;l) -
i:‘tonomw Cost 11,440
' Sub To[al i9.?35__
. Tolal : .il.7;342-
: ,Havested Quanmy p-el Heda(e g o 12,000 kg
B P:oducum Cost pét kg of Potatoes - 938 Soles
"‘(’ui-li'ﬂled V:uiel_y: -
RS Papa Blanca - :
Prodmuon Cést . o 111,342 .
Hammed Quanmy pes “ﬁ.iﬂe 15000 kS
Produ-.hon (‘osl peid kg, 7.82 Soles



Table 8- 13 Pioduction Cost per Hectare of Paps Amaraa

Classification Unit Requiied Quantity Uﬁit Cost Required Cost
k T - Soles ©
1. Speed s 1,000 10 10,600
2. Labour _ “ B :
Tillage Manfday 40 _ 9) 3,680
Seeding i 30 92 2,160
Stalk Cutting, llanestmg " _ 40 92 3,680
Transpostation 1,000
Total . 21,120
2evested Quantity
per Heclare : 5,’ 5_00 Fg
Production Cost per Kg . . 334 Sokes

Source: Agencia de Produecion Espinar

1-2-6 Distribution of the Agricultural Products

As shown in Table 8-14, major agriculivral products in the Depariment of Cuzco are producéd from
northern and southern Provinces having altitudes below 3,500 meters above the sea level, other than the Province
of Espinar. Since the polato, the mosUimporlant crop of the Province of Espinar, is produced for home conssmp-
tion, the quantity sold in the markel is very negligible. On the other hand, the Pmnn-:e of Espmar depends upon
others areas for the supply of agricultural products like vegetables, ele.

- In conteast, the city of Cuzco, the largest consumer market in the Depactment of Cuzéo, depénds the
supply of vegetables upon segions like Urubamba and Quillabamba of the Depatiment of Cuzco, which is an

important vegelable producing acéa, znd ce(eals are supplied from the couthern and northemn xegxons of the
Dxpartment of Cuzco.

Most of the agricultuial products consumed in the Province of Espinat come from Axequ:pa Pul of

those produdts, like onions, haricol beans, oca 2nd olluco are traniporied fiom Sicuani, of the Provincs of
Canchis.

In the Depariment of Arequipa vegetables can be harvested 2 through 3 times a yéar, whil¢ in the
Province of Canchis only a single cropping is possible, even with the ado'ption of the imigation. The land
productivity of Arequipa is higher, and in addition, the farming lechniquzs are also more eflmenl than those
adoptad in the Province of Canchis, thus making the production costs in the Deparlmenl of Arequnpa su‘bs(anl:-
ally lower than the othess. The Depactmem of Arequipa is therefore in a betfer’ p@sllmn lo supply agncutlural
products Lo the pioject area, in spite of the higher lransportation cosis.

1-3  Livestock

1-3-4  Present Status

The domestic animals found in Peru are the cattle, sheep, pig, chicken and go3l, the alpaca and Hama,
living only in the ¢old mountainous regions, and the cuye, a small todent, the raising of which is recently sleaddy
inceeasing due to the decrease of the number of catiles, \\hich are the majos souree of animal proteins in Peru,
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- Tabfe 8+ 14 Areas and Quantities Cultivated In 1976

L Cuzéo Be;fe‘!_lrlr?eﬁt Puno Department Arequipa Department
_ Gty _[aomintemt ORI | OGY | SR | ey
(Riee | B Lue 145 160 5920 11814
Maize - - . 14400 2650 2500 3470 6,365 14,644
Fresh Coin S 250_ 2410 50 ’ 515 569 C 3500
., 0,1 B $.215 , 5518 _25'0 138- 1,520 3504
- Barky Sl %800 | n4% 1440 10312 s 5242
* Quinia . 00 635 12,600 6368 9 7
Canm:ua T30 41 - 4340 2643
Ofluco 3,500 10,360 450 153 | 80 384
'_l"e:taio ' 2'2,50(} 124430 45 600 219,310 © 3050 315430
TS 2200 | 30800 500 - 4,500 103 1,08}
Ga 1 ks Csa000 | k2O 1,500 30 138
FredhBrosd Bean | 320 2,360 20 10 510 3,650
Otan%c o e | 12 1600 13,000 s 148
Bsnana 1,210 19,050 760 9,120 10 520
Timato © CHS 1,248 . » 165 1010
cot 130 2088 s n 110 1,300
gappals - . {5 | - 30 29 250 2920
Onion 1 2361 150 1,340 2030 65,156
Canat , 50 1510 s 50 100 2000
Atalfa b a0 18000 - | 31,000 1519500
Improved Pasture 12,100 472,500
Adtiote’ 1,160 650
G20 1700 915 150 218
- Coffee” ] 13,400 10,128 2,039 1823
Yuca : 5130 4,104
Tea . 330} 9524 _
Decocted n; 430 ) 150 450 3440
Peanat Ot 400 sn
Dried Broad Bean 2550 3427 ¢ 3760 301 600 990
- Avéar Fomajeia - BRI I 3010 61,340
(‘d:ad:Fon;}eu - o : .- II,OGO 1920
Otive 1598 6,392
Gase - ' 1250 $.049
: Fﬁd(gg&m . ' | " , 5088 6,140
Maiz Chala . : L0 . 41,500
Collon %49 1AM
Sugat Cane g0 119,199

Source: \lm;smn de Awsicultura ¥ Alimentacion
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In Lima, capital city of Peru, which has the lazgest urban popblalion of the ¢ounlsy, Lhe sale of beef
is prohibited from the 11 to the ISth days of every month. The cuye, which grows up within a short period, has
therefore bezn adopted as a substitule (6 compensate the shorlage of beef.

The pasture is indispensable foi the breeding of caitle, sheep, goats alpaca and Uama. In Pesu the
p.:slure Jands occupy 71,777,000 hectares, or 56% of the coun!ry s tolal land.

Most of the pasture lands are occupied by the naiurally grown pas!ure (pasto natusal) ol' (he cold
gh]ands and the stock raking is perfonned updn those nalural pastuses in the Departnients of (‘a;amarca
Ayagucho Abancay, Puno and Cuzco, located in very high allaludesm Peru.

While the laxsmg of cattle is more admntageous in lhe ¢oaslal xeglon as compared with the cold
regions, because of the bettes land produclmly, large seale livestock requires targe afeas, and from the economic
point of view, other suitable products like vegetables and fruits, are more advantsgeous. On the othez hand, the
breeding of small scale domestic animals is carried oul very mtmsndy in those regions.

132  The Livestock Raising

In the Provinée of Espinar, most of the nalu!a] pasture, which occuplea 93p of the fand uldlzed for
calile breeding, belongs to the Graminaceous. In lhal pm\mce the livestock is mosily based on those pas!ures bul
these are also areas pronded with pastures of the “crawing” lype.

Following arz descriptions on pastures growing in the highland areas, according to dala of the La
Raya Livestock FExperimental Station {Note 2).

As listed in Table 8-15, the natural pastures growing in the highland areas comprise 28 varieiies, in-
cluding the Alopacreo Bractleata N of the Graminaceous, which generally meets the taste of domestic 2nimals.

Besides the Akhemillo, Pinnato and Pilger (Graminaceous family), there are 7 varieties which
generally meet the taste of the domestic animals.

There are other nalural pastures which do not meel pe;tecl!y the taste of thé domestic animals,
occupying 95% of the highland pasture lands, 2nd as a mattes of fact they are also used in the livestock.

Summarize_d in Table 8-16 is the staius of the Ii\'eskx'k 'raisin_g pric_li&d #ithe § Pmﬁ_hteé 6f the
southern region of the Department of Cuzeo in 1977 — 78. In the various Peovinees in the highland area, the
sheep and cattle bred in large numbers in addition t6 alpacas and Hamas, which are peculiar to highlands, actount

for the major items of domestic antmals. Besides, chickens, pngs, horses, cuyes and goats are bred in small quanti-
ties.

In the Province of Espinar, there are approximately 27,000 sheep, a considerably large in Aumber
compaied with the other 4 Provinces, duz to the followning causes: .

The sheep raising is perfectly possible in cold highland areas;

Both wool and meat oblained from the sheép have high eéonomic value; '

Since sheep are more prolific than other domestic aniinals, they propagated in the Pm}ecl Axea and
. The spinning of the wool and the manufactusing of clothing for their home use is an lmpoltanl side-
jobto (uppaemenl the income of the petty farmers of the Provincs of Espm;r

W

The i!amas and alpacas, belong to lhe canel family, 2ie mnuﬁanls like cal(les and they can be sau-ed
even with fow quality fodder. In the Province of Espmar 113ms are the second largest in number next to sheep,

and are grown mostly in high altitudes of the order or 4,100 meless above the sea fevel. In altitedes exceeding
that Tevel, more alpacas ¢an be sezn than any other domestic animal,

Note (2)

The 1a Raya Livestock E'&perunemal Station s located 3t an altitude of 4,200 meters above the
sea level, and has the same conditions of Espinar. It extends over the Peovines of Canchis (in the southem’ egion
of the Depaitment of Cuzco) and the Department of Puno. lts administration is under the responsibility of the

Department of Puno. It is an experimental livestock famm specialized in highland domestic animals like alpacas
and Hamas.

£-28



The meat of ltama is s-old in the market, dried or salted. The Hama wool is cheaper than the alpaca
wool, but is an imporiant source of earning for the peasants. The Hlamas are also utitized for transportation of
agxicultura] products of the area. In the cases of barler, which s a very common form of 1rade in this area the
lfamas are also utilized as means of long dislance transporlation.

I:i the Province of Espinar ths a!pacas ate the third fargest in number after sheep and Hamas. From
the economic point of view, the alpacas are important because their wool is sold at high prices not only in the
domaestic market, but also in the intemational markel. Besides the wool, some types of alpaca fur are sold at veiy
high prices as material for manufactusing of ¢arpeting, 2nd the alpzca meat is also sold in U\c markel dried o1

salted, like the Hama meal. The alpaca meat is recently drawing the attention of the consumersin the domestic
market, because ol‘ its low content of colesterol.

Hoaemr, the number of atpa-fas is declining in lha grecenl years. In 1978, the quantity of alpacasin
Peru was only 2,500,000 heads, and their protection is bemg advocated.

leunately in lhe Project Acea the alpacas aré nol currently being shaughtéred in farge quanlmes and
it is éxpected that they will become an important source of eamings for the peasants.

111e quanlity of cattle in the Province of Espmar is almost equal 16 that of alpacac. Espinas has the
secﬁnd Jaigest catile populahon néxt 1o the Piovinge of Chumbiviteas, and aje intended for production of meat,
and ¢ompase the mdst important item of eatmngs from the livestock industey in the Project Aréa. Besides those
for meat pmdmnon a small pumber of cows are bied for dairy purposes. Part of the milk is used for own
constmplion by the peasanls, but it is ‘mostly ulitized in the manufacturing of home made cheese, named
“queso’”, ako fos home consumption beczuse the milk is oblained in small quantitizs. The avmber of catiles in

the Province of Espinar, i, 31,600 heads, is smatl in view of the available area of pastuse lands, as well 35 of
the types of pastures existing in the Asca.
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Table 8- 15 Melidos Sudamericanos — La Raya

NOMERE TECNICO

AMopecurus bracteata, N
Agrostis tolucensis

Bromus lanatus, HBK
Bromus unioloides, $IBK
Calamagrostis antonians, G
Catamagrostis eminens
Calamagrostis heterophylia
Calamagrostis vicunarum, (wedd)
Catamagrostis SP.

Carex SP.

Distichia muscoides
Eliocharis albibracteata
Fesiuca dolichophylla, Peés)
Hipochoeiis SP.

Hordeum muticum, Presl
Juncus andicols

Luzula Pzyuviana
Muhlembergia ligularis
Paspatum Pizmeaw, Hack
Poz annua )
Poa candamoand, Pilger
Poa gimnanla, Pigzer

Poa SP.

Polipogon elongatus, HBK.
Polipogon intessuplus
Stipa brachyphylla, Hitche.
Stipa ichu, Rulz Pavdn
Stipa mexicana, Hitche.
Stipa oblusa, Neesel Mey

Alchemilta Pinnata, Ruiz Pavda
B¥istehlis himitis, R.
Muhlembergia fastigiata, Presl.
Muhlembergia Peruviana
Sarpus :fgidus

Scirpus totora |
Sisyrinchium andicola
Terifotium amibile

Azorella compicta, Hodze.
Astiagalus garbancilto, Cay.
Aciachne Pulvinatfa
Adesmis spinosdsima
Capsella bursa Pastonis
Ephedra amerxcana
Erodium cicutarum, Xelst.
Festuca orthophylla, Peesl.
Geatiana Prostats, Haenk.
Genliana SP. . _
Geranium sessiliflorum, Cay
Gnzaphatium SP.
Hipochoetis {araxavoides
Lepiquenca SP.

Lepidium chichicara
Liabum bullaiem

Lupinus clorolepis
Mazgiricarpus pinnatus, X,
Malvastrum campastsis
Oenothers SP.

Opuntia Nocosa

Fiantago meaticela
Solanum acaule

Uitica oni

ESPECIES DESEABLES
NOMBRE VULGAR

Cebadilla
Cebaditla
Crespillo

Huvaylla ichu
Pilzer Crespillo

Kuncuna
Guemitlo
Chillihua

Pt -
Cola dz ralon
Uma sutu

Grama
Sarasana

Icho

Tushia

ESPECIES POCO DESEABLES

Sillo SiHo

Grama

Coja niapa
Totonlia
Totora

Azul Papelitlo
Layo

ESPECIES INDESEABLES

Funa yanta
Gastancitlo
Faco paco

Bolsa de pastor
Pinco pinco
Alfgdentlo
froicho

Gjoitia

Pili (Mor 2maritia)
Salvia

Mula pilli

Tarwi

Kanlla

Malva sivestre
Yahust choncvo
Waracco

Chagqui saccavrana

Ostiza

Sougie: Ea Raya, Livestock Exgerisment Station
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Gramineae
”»”

Cipetaceas
Juncaceaa

~ Ciporaceae

Graminaze
Composilae
Gramingae

- Juncaceae

Juniacoae
Gramineae

k2] -
”»
L
Gramindae
"

*y

Rosaceae
Gramineaz
Gramineas
Gramineas
Cipesaceas
Ciperaceas
Lilcaceae
Leguminosa

Umbelifera
Leguminosa
Gramingae
Leguminoss
Crucifesa
Gimnosperma
Geranizceae
Giamin2ae
Gentianéceae
Genliznaceze
Geraniacéae
Compsitaz
Compositae
fabiada
Crisifera
Compontas
Leguminosa
Rogtaceae
Malvaceae
Oeaotheraceas
Cactaceat
Plantagianae
Solanaceaz
Urlicac?ae



Table 8- 16

Pioduction and Number of Heads in the Southern Region
- Alpaca o Lizma Gaat (‘urés_' Skecp P Catite Horse Chicken
ﬁ‘}“ ﬁ‘fﬂs Meat : _'7.Wo'<'::l : iﬁf‘.‘;}"g’g, H.e,a-i \\ool 2,“{?53', :Hut_ Mix o rrnor 8 Meat 5["{}‘3;,;3 Méat Wool E,“,‘;‘};;s H'ea.t i‘fﬁ:’:;’ Meat Mifk g’g’{,‘ms E}‘ﬁ‘f:;s Meat
Canchis 17,426 2io,s':§ 'ss.‘};f)r' a5 A14 msii;gi.- 7 4§§. 4.”' 5 y b o sors £ 27 W I ad IV B i % e
426 : ¢ 23414 | 1033 ; 0 9. | o j wss? 3,035 95222 171,390 sopa8 1 839 | 280 | 20053 | 326960 566,315 18683 | 20816 14,660
Canay 1R _ :5.310 _ 986 15048 | i#bi_ﬁ_ 3,@__’25- . 6,420 _l.ész 142155 786,159 1&4,3)2 :1,133'- 1910 18594 ' 332,310 | 1,026,100 6213 7918 4,661
Acomayo - 814 2,660 | a2 7 *?s,’zisf 201 | 2998 s8 | e | 200 | 1r264 3670 .s'um_ 103224 | 13ase | ager b orenads | sz | aviass 189972 " asst s 811 $519
Chumbivikas 16221 40,190 _ '7_;16__16{' - _‘;.54_35 g R s,éio_,__ 3,026 éjm | 1930 | 1889 12;316 V;s:,-;si' 327,340 15699 | 3622 | oo | 42912 | sepwo ] 9sseso 26893 | 1793 15,325 |
Elnar 31,16 93476 | 337s 13983 | 184350 12088 as7338 | sosare 178,652 3658 | s56820 567,400 8052 8,349 6541
Yauri 1633 s,_’né-. 1518 '-,'_'10._5‘58 44310 2_3_14 74.12% 145,162 " $2.35) 7' 9349 162,690 203,050 B 3598 2,518—
Pickigus | ses | 2es | aer0 | remst | rat0 642 84,425 3403 2114 125,150 15,150 1485 1046
Polipata a7 | aaes ) o aase | v ams 'ifé..éoz i:,osz"_‘_ $7.255 1133ss | 39505 6463 117,260 ;so,eoo_k 159 881
Coporaque 3,338 ’19',55’5". 3224 1 14,356 s.i,iio. Y — 85913 90,934 31,619 5190 103,860 130,200 2269 3,568
Quorans 2,186 6316 | 2am | a9 | was | o 15,206 neor | wsn 1569 | npd 35250 210 159
Condoioma 16,552 si',q'sor‘ 35,989 | 3312 | 13902 "5!{ : 10,116 20,020 6950 e 31080 1900 67 15
Suy cutombo 1992 | 15336 ea1s | a9 |- 20661 | 2276 1 nsw 1913 2981 1089 19,140 24450 391 3
Tolal 122528 | 428493 : 138,507 161?361_— 423502 4'5.139' 3.'124 | eAn 2.I_St§ 63,040 22830 § 130,182 | L331,584 4:32,318 8706 249385 | 122889 | 3598018 | 3335647 | 61,092 60,240 45,766

Source:  Division de Estadistica Sicvani Agencia de Produecion Sicuani
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133 The livestock Rauing 'l'echniques

‘Ihe aalufal pas&ure in the hlghland segion does not seceive any specsal management at all, except
fox lhe bum]ng ol' the natulal paslure lands by the peasants

ln lh§ nalural pas!ure iands is found lhe van-ely ol' grass caﬂed “|chu " the ka\es of“.hrch afe sharp
and haid. hke thosns, and which i is not a suitable foddet foi the ‘domestic ammals To eliminate them, the pasiuies
are busot in the mo'lths of Seplémbei and October belore the rainy season, when the pastuse is in the most
dry state. Aﬂer lhe burning come 1he fains, and ‘thus, the more suitable pastuces for the livestock can grow
com%nienlly. However, lbe ‘buming ol’ the pasture is nol madé everywhere in the Project Area.

animals incteases smte lhey éat’ selechsely only the pasturés meetmg theit tas!e Ie.mng intact the wveds like
'iehu T : -

" Thé growth of weads aol suited fot pasture, observed fn some réstricted areas, is presently not yel 2
szricus prob!em for lhe peasanis’ of the Asca. '

llov.-eve; d’ !he hwslock ramng meibods pre-emly in pracﬂce is kepl mdef‘uute}y, the naturat
-pas(u:es of good. qu:hly, suitéd as fodder, may suffer a decling, zesultirg into the delenonhon of the dautle
bieeding pmducimly per unit area ‘of the land. o

As shmm in Tab!e 84? lhe Callle b:éedmg p:bduclm(y ol‘ the natural pasiure ardds in the Province
of Espmar is 1 head of cheep pot hectare, and 3 head of cattle per 8 hectarcs. According 1o the data from the
La Raya hwaslc-ck Bxpe;mxnla‘b!e S!alum the aréa kequirdd to breed ahead of cattlz is 6.5 hectares, indicating
,lbal the Pm;ecl Aiea has unfwoura'ble .:ondnuons As for alpacas and Harnas, it is assumed thet, under more
nofmal condlhons an area ol' the OEdEl of 2 hecla:es is tequued tobreed a head

!n lhe mny season the paﬁures grow rap:dty, and sufficiem fodder is easily availebke for the domestic
a11mals. l{qﬁc\er, in the dry stason as the tempe:a!me decreases suldenly, the pastures decay, 1esulting in the

'shorlage of fodder; Since in the qua.l Area, there is o fodder storage facility at all, in order €0 cope with the

" fodder shoﬂaya dunng the diy séason. As a consequence, during the dry season the altlke becomes very thin,
and alniost all amma!s hawe “ﬂg,h!sb‘lo-a 120 kg

able§.17 Required Surface pes Head to Bréed Domestic Animals

L Regior . L] ) steep Cattke Alpaca Hoise
SR E T h | m | b |  ha
Ecpmar SR I R N | R 8 - 3 4
LaRaya 1 Good 03 |2 06 - 1.2

. | Bad 17 i | 34 68
- - = "A'\é:az,e R I I % 2 4
' Eslmnied Quanmyof “A\frage pgr ) o ‘ '
B K Pasiuré(by(‘alcu?ahon) Hestare ' - ‘:300"5

S{)u‘&- La Ra)a . .
S Aserlmdé Pudumon Espm-"
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1-34 Manageﬁment of Domestic Animals

The livesiock faising Is made by grazing them on the pasture lands extending thioughout the whole
Provinee of Espinar. Since no fenceés are used at all, these is atways 2 watchman taking care of the caliles and
moving them toward places where pasture is found. Children before school age, aged people and women are
generally used as walchnien. The catile is prazed freely ntil the sunset. Since the pastureé lands aié not ptdﬁded :
with wates supply facilitics, the cattle drink wates in the rivers existing fiearby. Dusing the night the catile is
accomimodated in énclosures surrounded by mud walls, Tocated clos fo the faravhouse of ¢ach peasant, As
additional care, thei¢ is the managément of the health of the cattle, Howe ves, the vaceination o prevent diseasss

bke aphthous fever, contagious diarthoca of calfs (salmonells) is used very seldom by the peasants.

Most of the shéep and calile beed in the Project Aéa are 'of the native varieties éxisting siiice before,
but theee are some inbréedingd with improved varictics like Holstein and Brinswick.. ' :

As described in the previous paragraph, the peasants do not have s-.t'fﬁciem fund, so they cannot
afford to acquire the expénsive improved biéed cattle. S s ' T

Domestic animals in this Area are reproduced by means of the natural <rossing, making it difficult
to contiod the process artificially. The breeding season lasts from the énd of the dry wason thiough the rainy
se3son, due to the fact that during the dry season the temperature beoomes low, resulting in withésing of the
pasture. With the shortage of the fodder, the growth of the calfs beeomes vesy difiicult during the dry scason.

+35  Disuibution of the Livestock Products

As éan be seen from Table 8-16 (mentioﬁed befose), the major product is the meal, coasisting mostly ©
of beef and multon. About 90% of the béef produced in this Area is shipped to Arequipa, while the semaining -
10% if {oz the local consumption. = T S SR R

Since  the cattle of the’ Province of Espinar is generally very thin, théy are transpdsted afive
to Arequipa by trucks of cattleback and then faiténed for a certain period. The skin, which is a by-prodoct of
the caltle staughtered in Espinar is oM in the semidried state (o the tannedes in Atequips, Puno and Julisca,
because there are o tanneries at alk in the Provinee of Espina. e o

As for sheep, 85% of their products ase also shipped to Aréquipa, as in the case of the cafile. Most
of the wool sheared from the shéep of the Provinee of Espinaris seal to Aréquipa and to Puno. '

In Marangand, of the neizhboring Provines of Canchis there is 2 wool processing factory, but only a

small quantily is sent to that faclory. This is because of the Limited capacily of the factory of Marangani. -

The meat of alpaca and Hama, saltéd or dricd (somclimés raw meal in smél]’quaﬂiily), is sold mostly
to Lirm. Since the Par-American Highway belwéen Arequ ipa and Lima is fully paved, thé transportation €6 Lima
is made via Arequipa. Since the transportation distanée to Lima is very long, the freight bacomes expensive.
The wool and the skin of the Hamas and alpacas are shipped 10 Puno and (6 Arequipa, as in the cawe of the
sheep. .

The quantities of the livestock products in the Départments of Cuzeo, Puno and Aréquipa in 1976,
21 shown in Table 8-18. In the Department of Cuzeod, the production of beef is mose than the double of the
production of the Department of Arequipa, and as for mution that r21io is 6 times. Those products in Cuzed
Depariment are shipped to the Deparimernt of Arequipa whee the population is larges. ' -

As for the meat of Hama and alpaca, the production is almost even 'Bethi-'e.e:'n'lhebepailrnenls of
Arequipa and Cuzco, and the product is mostly shipped to Eima., '

As showa in the Table 8-19, wool is produced alsd in the Depaitments of Puno and Are;;uipa. These
two Departments are provided with factories for processing of wool.

As for the Depastneat of Cuzco, the Provinces of the southemn highlands are not prosided with
factories for processing of wool with an exception of the Prorvince of Canchis. Thus, the wool sheated in the
Provinee of Espinat is mostly shipped to Puno and Arequipa,
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Table8. 19 Production of the Livestock Indstury in 1976

. Cuzéo Puno  Atequipa
Depariment Deparineng ‘ Department
[ Classification i Weight (1)  Weight (1) Weight ()
Alpaca Wool 21 is6s6 | 239
Liama » 85 124 o4
 Sheep - L6 4374 122
Goal Milk s : . 196
Catile » 34230 ) 14232 . 97,190
~ Chicken Eee 212 193 819

Source:  Anuario Es!adfslici:b Agtopacuario de Agsicultura y Aﬁme_!_'l'lacié&
1976-0SEI-MIN . )

136 The Trade of Cattle, Sheep, ete.

Most of domestic animals of the Priovince of Espinar are traded by the cattke deakrss of that Acea,
but 2 small poition of them is a%o traded in the local marked (feria) which opens once a_week. :

2. Goverament's Plan to Develop Agriculture and Livestock Farming in the Highlands

The list of ongoing projects in the Depastment of Cuzco, and projects presently in the early stage of
preiminary survey, which will be executed after stidies, is presented in Table 820, ' '

The ongeing projects include the irrigation of Tintaya and Mollapata. This pioject is being executed
by the Inter-American Development Bank, and the Tinfa irrigation projection project has already been complel-
ed, ard the completion ceremony was carried oul on Oclober 15, i978. The production activities utilizing that
irrigation facility is expected to stare this year, Tinta is located in the Provinee of Canchis, ard is an acea with
hizh agricultural productivity in the southern region, Molfapata'is located nofthwesl of Cuzco, an area with
telatively high agricultural productivity. Otker irsigation piojécts are presently being sirveyed, and their execu.
tion depend upon the results of feasibility studies. . ] :

There are also other projects intended 1o 1aise the led_m?{al Rvel of ihé_bﬁ_liz:!ion of watee resouices,
and to contsibute to more effedtive agricultural production, refated €0 the Tinta and Mollapata isrigation piojects.

Other projecis in ke southern region include: the Social Dexé!opmeﬁi Plin [leuispi.tan'dﬁs, the
mountainous segion, and the project for maintenance of the ditches for water service in Canchis and 6ther Pro-
¥inges,

As o5 the fivestock faming, a lypieal_bmjéct is the pmmol:on 'o_l:' milk b_rodi@clion and stabitization
of the markel in the Departiment of Cuzco, specificatly in the city of Cuzoo, wheie exist the targz population
of the capital city of the De pariment, and 1he tourists coming from many partsof the world,

According to ORDESO, there is ako a plan 10 develop the plantation of 1,000 hectares of cacao
in the low lying lands in the northem region of Cuzco. ' .

All projects mentioned above are intended 1o increase the pioduction in the farming centers already
existing in the Departnnal of Cuzéo, and areas like Espinar, where the agricultura) is temarkadly fow, are not
covered by those projects. However, we believe that in the lulure, those areas should be developped under well-
designed developnxat plans. :
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Table 8:20 Projects for Modernization of the Agricutture in the Depatment of Cuzeo

)

1. Ongolng frrigation projects

Name 6f_Projéct Tinta Mollepata
“(2)  Arca Prov. Canchis Prov, Anta
Dist. Canas Dist. Mollepata
Canchis
Tinta’
(3) Command area Totat 1,185 ha 1,800 ha
o Aseatobe - 1,400 ha
developed: Oha
Arca zﬁéady :
developed: 1,185 ha 400 ha
(4) Number of benefited 336 fam, 416 fam.
pRasant families
(5) Totalinvestrient 46,500,000 Sokes 16$,200,000 Soles
(6) - Agricultiiral prod&ﬂion 5351 ton 217,885 ton
- (7)  Livestock industry 0 1,175 ton
- . production
2. Projects presently under study
Project name Project area Benefited families
Pisac 500 ha 360 families
Maranura 1,300 ha Unknoan
Echarate 500 ha Urknown
Hantanay 1,700 ha Unknown
3. Agricultural development
Acea: ?r:)v_ Anta, Canchis
Puipose: i;reparation of the conditions and materials requized o inlroduce the
' _ products in the areas affected by the inigation projecis.
Affected area: 2985 hectases
No. of benefited o
peasant families: 742 families
Coaténts: Technical assistance for utitization of the water fesoutces by the 742

Famities. :

4. Sodialdevelopment projecis in the highland reglons

Affected aréa Prov. Quispicanchis

'Purpése: Sunvey in the whole area aiming to imprdve the zgricultural production,

by secusing wated resources and presanving the soil,

+  Srodics being presently canied out.
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5. Maintenanée of ditches for water service

Source:

Project area:

Puipose:

Execution:

Prov. Canchis, ete,

Prevention of innundatlon which can ai’l’eét thb h‘ibéﬁ' aréas and villages
inthe baqns of rivers. oot S

Enfargement of the bed of the Vllc-am!a siver in the dtea of Chacacupe,
of the Province of (‘anchls '

Miraflores-Pampa drainage project in Anta

Location:
Purpose: .
Project atea:

Exzcution:

Piov, Anta

Solution of 1he prob!ems inv o!\ed in dramage and <3h in order 1o converl
the land l’or agncu!ture and cattke breéding use,

1,000 ha o!'arable areas .

Under p:elimmar'y s(udy.

Pfojeét for seforesiation and formation of orchads

Projéct segion:

Purpose:

Prov. Anta -
Disl,hlollep'ata : - 7 )
Complehon of a nuréery of 29 ha and a lrmsp!antauon I}ed of 51 ha

with production of 1,750,000 saplings and: 100,000 . frujt Areés, The
developnént of 22% of the required asea is already ﬁmshe-i :

Projé<t for piomotion of production of milk

Projectaréa:

Purposa:

Prov. Cuzio

Promotion of the h\'es(ock farming of !he pegzon and ensurande of a
stable matkel !‘or lhe farmers. ,

Anua fic F,s!adlstlm Agropeq.uano I9?605EI-\lm de Agm ullum y Ahmenla-.mn _

.8.38
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3, Development Strategy for the Highland Agriculture and Livestock
3;1 Agnculture

'ihe reason why lhe cuilmllon of \egetables and olhef aops in lba Plonnce of Espmar is exuemeb
dnﬂ:cuh in the Pro;ed Atéa is due 16 the Tow temperatuie occumng during the rainy season, which is the sead.
sowing season. In this Area the tempeature becoimes below 0°C during the sainy séason. The ovtdoors agnculwre
in llLs xeg;on suf fels $évére re;!rictions in view of lhese un I‘a\mab!e n2luial condmons

T‘he sla:l of ope;atlon of lhe pmpos:ed 4 mings mll ceﬂam!y Mean a rap.d inceease oﬂ‘he demand ol’ :
wge!ab!es mi Glhet foodstuffs with an increase of popu’auon the mine workess. The sole piethod which will |
be abk (o assure the supply of vegetables sequired by the mine workers will be the indoor agriculture 1o be -
dewbped in g.rcenhoue-es in order to cop-a wnh the sevese nats_ual c-ondmons

; As fo; the requued facdme: dunng ihe rainy scason s:mphﬁed gieénhous.es consiructed of pipe .

: smhlu:es and vinj'l sheels are sufﬁc;enl 10 grow vez,é:ab!és but during the dry season the lemperatures become

- below —ll °C; and as 2 conwquencé ‘heat sources are raquued in order lo zssuré the lempera(me 50 that the
growth of (he crops éOu?d be made po&sa’b}e :

Foﬂuna(ety, in Qu;sitol!o dulanl less lhan 40 o ﬁom ‘n'auu the:e isa hol spnng, and p{esen!ly
s(udles 2iming 10 vesily the possibility of wtilization of the geothermal encrgy is being earriad out. If the power
gene:anon ‘with_ utilization of the geolhermal erergy is possible, the high femperatwe steam, which is 2 by-
product of the geothenml povuel gene;auon could be uuhzed aia heal source for gréephouse agmu‘ltme

'ihe dereiopmem of the g;ecnhom ag,ncu!lure i lh-e Pm\mce of ESPS.rldI pre-aents th: l‘ollcv.vmg

i) 'lhe conshucuon of lhe fanhues lequues m\eslmeals and as2 c-:-nsequence the m:l of the \ebela‘bzes
© grown in lhe greenhouses will be expensive, mmpa:e& with those of Arequipa, in the low bying lands;

'i) The gteen!muse agncultme reql.ures high level of m!enme cu]nvanon techniques. Howewes, in view of the
extensive agiiculture being presently caisied oul in the Pro;ed Area, a long time is (equued until the
a.scmulahon of the techniques by the farmeis;and - . ,

3 _Extenncn semc-es foi the fa:mers iegarding farming management thou!d be strengthened snbs!anhal]y
- P(eﬁently, in the Pro;eo:l Area lhe serviges aré bemg pmnded on]y bya \flermalun arsd two assistants,

Presen!ly in lhe Pm,ecl Atea !be poulo:s ard (he camhm do ml feceive al{enuon by means of _
mlensne te;hruques Howe\et, if lhe ‘cultivation is made more m!ensne!y, with application of fertizers, efc,,
and lmgauon dunng tbe dr)' 22500, an increase of more lhm 40 in the tcop-.. is npe;led

ln addmon lo the lechmcaj pmbltm-s menuoned abme the s-eleclm of othér ctops besrdes potatoes
‘and amhua suited to the conditions of the area is’ alo requued Fos example, theté is the Jojoba (Note 3),
\\hlth Is 3 variety. suited tobe g,rovm in ¢old and dry regions. Tests with this proJuct should be made, in order
o venfy jts suifability in this Area ll‘ proved feAsible its tuluramn should be promoted, in o:der to improve
lhe agncu‘ltmal producln .ly. : . : ‘

.\ole (3)

: : Jo;ob: is 2 shmb m'iué of deeemc regions, and belongs o me o!e;gmous farml‘y ll béars fnms
' suml'a‘:- 16 acoins, which ¢ontain 50% of oi). The oit ol'jo;oba ¢an be used for dooking and cosmetic puiposes,
in addmon to industriat and painting usés. This shrub is exfremely stiong to droughts, and is smled to be phanted
in gandy soils with good drzinsze. An anaual rainfall ewéedmg 300 mm & sufiicieal o grow it. As for the
tempemure aduit thiubs resist temperatares below —10°C, but nuisery trees are damaged with temperatures of

_4°%C, ity lransplar.!allon bﬂrg therefore réquired afier gelling strong enough agamsl low temperatuces. This ciop
is récently afracting the altention in view ol its bn,,hl prospeed o match the weather conditions of the Poject

Atea,

©8:39



3-2  Livestock Ralsing

The cultivation of agricultural products In the Province of Espinar is restricled, due fo the severe
climatic conditions of the cold highlands, but the livestock ralsing uiilizing the natural pasture is peifectly pos-
sible. Thus, it & more feasible €0 teansform this area into an impoitant livestock raising center than a plan to
develop the cultivation of agriculiural products. K :

The first step for the modemization of the livestock raising in this area is the improvemient of the
pasture. The natural pasture lands available in the area for livesiock raising is approximately 325 000 héctares.
Assuming thal an area of 6.5 hectares is required to bieed a head of cattle, the capacity of the Province of Fspinar
is limited to 50,000 heads. Since the quantity of domestic animals existing presently in this area is compostd of
31,000 heads of alpacas, 44,000 heads of famas, 257,000 heads of shéep and 31,000 hzads of catike, there is

very Eittle room for expanding livestock raising on the natusal pasture lands in the area.

Acvording lo the data oblained in La Raya Livestock Experimental Station, the adoplion of
improved breeds makes possible the cultivation of the quantities of pasture listed in Table 821,

As breeds espedially svited for cullivation in cold highlarnds, can be mentioned the Lolium Perenne
“823", the Lolium Perenne “Alemana,” the Lolium Muliflorum “Tetraploide Tetila,” the Feetuca Rubia, and
the Feetuca Rubra “Estoniffers” belonging to the Graminacede, and the Trifolium Pratense “Kendland " the
Trifolium Pratense “Akmana™ and the Trifolium Praténse “Lading," belonging to the bean family.

The yiel of fresh pasturé per hectace is kis than |,300 kg in casé of the mative 'nél:uflaf_t pasture,
while in ¢ase of improved breeds suvited for highlands that rat¢ is of the ordér of 8,230 kg through 23 341 kg,
i.e., more than 8 tinws,

While in case of natural pasture an area of 6.5 hectaie of pasture land is tequired to bresd a head
of catile weighing approximately 180 kg, in cace of improved breeds of pastuse that aréa rangés through 0.5
hectare through 1.4 hectares, depending updn the variely of pasture, (6 breed a head of cattle of 250 kg ¥f
1he (arget weight of the living cattle is 200 kg, the eequired area ranges from 0.6 through 1.7 hectares.

As can be seen from the descsiplion presented above, the livestock breeding with utitization of
improved pastuce increases the breeding czpacily pr area of the pasiure lands (0 at Jeast 3.5 times the <apacity
prevailing with utilization of the ratural pasture, The Plantation of imptovid breeds of pastuies, however, re-
quires the application of fertilizess. :

Preseatly, the livestock farming is perfoimed freely, without adoption of fences surfounding the -
pasture lands. However, the improved pastures require a management with adoption of fences to separaté the
pasture Fand into various seciions. The various sections of the pastuie land should be used i rotation, with the
pastuie of one section being eaten by the <alile, while the pasture of the other teétions BIOw.

Presently thin catile are shipped from the Project Asea and fattened in Atequips, resulting there-
fore in very low economical efficiency (0 the cattle farmers of Espirar. However, the plantation of improved
pasture will make possible the Mattening of the caltle in thd production surce, contribuling tharefore to the
more effective tivestock raising in the Project Area, and to the increase of production 6f wéol, ete,

After increasing the quantity of the native domestic animals by means of (he prodéss deseribed -
aboye, it is recommendablke to intzoduce Impréved breeds, with higher productivity of meal, wool, elc,, in écder ‘
to improve furthermote the efficiency of the fivestock industry in the area, o

The summary of the plan for 1= livestock farming in the Provines of Espi‘hé_r with the adoption of
the proposad Improvermments is presented in Fig. 84, ' o co
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