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CHAPTER 5 GEOLOGY

. 5..'1 '.Topo:.;l.'aphic'al and G.e'.ologi:cal Outlihe of Projact Area _
‘ .5.1.1 | -G'eherél
The pl'm..ys_iéa:l_featurea of Pera are stroﬁ_giy influenced by the Andes -
‘Mountgm Range which runa through wid.ely at the m.iddle part. of the c.c.)untry 1n.1
‘a northwest-southieast direction with more than 4,000 m in altitude. The Andes
m Pé'rﬁ 'él;é c‘.omp‘ose;cl of three_tﬁountéin ranges called from the'- Pacific Oceéan
éide toward th_é lf.&'tlan't.i'c' Ocean side, t_l_le' Cordillera Occidental, the Cofdille;‘a
.'Oriental ana the Sub—Aﬁc_les Mountain Range. With the Andes as the skéleton,
:the:'topogra'phy m 'P.e.ru may be é]dséified into e'ight regions, | Namely, {rom the |
Pacific. Oceqn si__de..t'hey are the Cordillera de la Costa, the Llanura y depre-
_.sion_e.ﬁs co_s:ta.'ne.zras, the Cordillera Occiden.tal, the Valleé y regibnes intérénd'inas, _
.Ehe Cuepcé del ;I‘iti:ca;:a.,- the Cordillera Oriental, the Cordillera Subandina., and

the Idanura Amazonica,

Due to the faci.: that the topography of Peru is governed by a. tectonic
rﬁoun.tain range {the Andes) with a predominant trend in the northwest-southeast
diréction,‘ the r.iv_ers.of the co.untry ma;l;.ba divided into three characteristic
g.roup_s's.' .They are,

| 1. .The. group of rivers havipg théir headwaters on fhe western s.lopes
_ o'fl the Cordillera de la Costa and flowing into the Pacific Ocean,
‘ \.vhi;::'h' ha;ve short watercourse but steep. river grédients.
2, | ‘riw ..grun of rivers .er.odin.g the slopeé. between .the mountain
: r#ng’éé ekténding in the northwest—sout_héast di;‘ection to form
dee'p,. er‘odec.i_ canyons and flqﬁfing either ’to.the north or to the

south to flow into the Amazonas River,
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3, The group of rivers of the Ydanyra Amazonica with their headwalers
~on the castern 's'l_opes of the Sub-Andes Mountain Range which have

vast drainage areas, gentle river gradients, and long watercourses.

The Yéngaé P.r'oj.ect a.rela is located approximatély 6.00 km ig;o‘the north of
.I;ima,j a:lud belongs to thé Cordil'le'ré. Occidenta.l Reéion 6f the {')revioué;ly. m..ét.u—.
;.ion‘ed-topogrqphiéal_diyisio:1é. Tﬁe ?aﬁéas River has its lle.adwatei's at an
elevation. of approximately 4., 000 m .in the Cordill.cr.a Occideatal, and is- one of
. t}ﬁe t'ributériés of the Ma.ra.ﬁon River which f.lo.wing to the noﬂ_h deep.ly e.l-oding
t’hc valley: bctwcgn the C§1~dille1*a Occidental _and the Cordil!qra Orienta.l‘,' and
whi&ll_ in its furn is a_‘ ﬁn-ibutary of the Amazonas Riv.er. The latitude and longitude

of the project area are roughly 6°50' south and 78° 10" wesl, respectively.

5.1.2 prography .

The Yangas Ri_ve‘r_ with a length of approximately 50 km and a catchment
area of 1,250 59, km flows down the eastern slopes of the mountain. range bending
and turaing in a generally north-northeasterly direction and flows into the

Maraton River, .

" The Yé,nga,s.. River is one of the inajor tributaries of.the Marathon River
along with the Llaucano River and the Crisnejas River and is a fairly rapid
V,Stream'_du'ring the 1‘éiny season. The _tjo'pdgra,phy in the vicinity of the riverhead
of the Ya.ngas Ri\.fcr is of a peneplain of very gentle undulations. Numerous
do_liu.{tlas which come from ké,z_-stic limestone of diameters ranging between several
t.en,s ('):f irhaters. to éévéral kilometers can be redqgnized in this hilly area. On a
.1/100,. Oi)O-sc.al.e t_oﬁog;'_aphic map,. these sinkholes are seen to be distributed in
the fd:-rﬁ o.f'.a ngmber of'belté, and the arrangement of these belts shows a frend

‘parallel to the Andes, that“is, in the northwest-southeast divection.

—-59—



Tﬁe valleys of the Yangas River and its. 'trib_intafies are generally of V-
“shape w_it]i t;ume.r'ous' placé_s where the ﬁdpuntain slopes .(Sn hoth sides arc stcgp,'
-and the topog raphy ié in.'la stage of fnaturitf in-which ¢rosive action is most
_ severe, Se‘v:éz'-al.te:rraces are formed at the rivei'sidc:é.nd'thoém of la:rge scale
- have h.eights of 40 {0 50 m. 'i‘hcrc are also numerous lzirgc scélc of land slides
at lpw pa.r_t._s of mountain slopes within the cat_chment area. . ) -
6.1.3 Gedr&gy.

The ge'olc.)gy.of l’éru is .composed of sediméntary 1;ocl<s, ignc_ous_roc'ks
and métaﬁmrphié rocks l;elon'ging to the age fro'tﬁ fhe, Precdn1briah Period to
f,he T_ertiary ?ériod and deposits of the Quatcrﬁarf Period which cover these

‘rocks,

Theg.f_‘.are grouped in the three divisions of the Coastal Belt Region, the
i.\nd'e.s Geotectonic _Re.g.io.n, and.the Sub-Andes Region from the standpoint of
geolﬁgical structure, The Yangas I"*‘roje.ct arca belongs to the Andes Geoteclonic
Region of the above, which is mainly composed of rocks of the Mesozoic Era.,

_ "I"he rocks distributed in this area are mainly sedimentary rocka such as sand-

stoné, slate and limestone, of which limestone has the widest distribution.

.Sed.ilnenta;-y i'oéks_ distributed throughout the Andes area are in general
-_extr_'em‘ely'r' folded, added to which faults are p-r'ominently developed, and these
geologic st_:‘-uc‘:tdr_es ‘ghow a northwest- southeast trend. However, compared with
_tl‘ié easte'rn.part ';}f th;z Andes, the gcolo.gic'structure of the project area is

" comparatively monotonous. -

In other wo.rd.s, it may be said, as for the geological features of the
" area, that the extremely thick sedimentary rocks (limestone and clastic rocks)

-'é;re v;-"i'de'l.y .distfibute_d while the distribution of igneous rocks ie very limited,
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and that these sedimentary rocks are influenceéd by the northwest~southeast (;rend
. of the geological structure to be arr.angec-l in relatively orderly rows so that the.

~ geology governs the topography to a great extent,

Ti\é_geologic for,ﬁ)ations which are 'distril.')'uted. in the Yangas River basin
bell..ong to the.Creta'ce'o_uls Ifcri.od of the Mésomic Era. and arc mostly cdrﬁposgd
pf iifnestoh.e é.nd sa.nd-f éo clayey li:;ne'stone wi.th iﬁ:te1’ca1a§ion.s of coarse to fiﬁe-.

._gr_ained.que;..r.t_zife.ro_us sandstone and _sllate. Of thcsc. rock.s, t_he'limy r'oc_ké :d:is—'.
tribu.ted over a wide area:, exc.e'pt for ﬂm sandsto.ne and slate _w.rhic.h.aré foundl
only in Iirﬁited siil:es, a.:_*el by their .lith_o.log.ical characﬁcrs su.sceptible. lt'o karstic
eroslion, -.ancl éc.coi-'di'ng to p};.otogeological interpretation, numerous dolines ha.ye.
been formgd atl: the top of mountains, Meanwhile, the sqlut.itsn caves .of‘-cii.a,meters

. rarn;ging [I-O;n lse.veral tens of (,;entimetei's to.several mc.tcrs are fﬁund at n_n.ar-w
_blaces al'(.)h.g ihe Yangas River durin.g the réconnaissaﬁcé and wat.crsprih.gs '.werc;

'_nc;ticéd frqni several of these caves. As for fhe branch valleys which join the
'S;’a,ngas River carviﬁg the surrounding'moﬁntains. there was no water flowing
in gpite of the rainy season and, in genefal, the ground in the vicinity presents

an extremely dry appearance.

5.2, Topography and Geology of Project Damsite

The damsite first proposed was the No. 3 site, which had been recom-
.'mendecilg by MOTLIMA S.A.. But since it was found as a result of reconnaissance
i;:y t?:iis Sﬁ'fvey' Mis_sion that ._th_is is not necessarily a good damsite from the view-

_ "p.oiin‘t'ot' tbpogr.a,.[):hy“at;d. geelogy, the Mission was _forccd__to widen the scope of
' investigationé tc; thé_N_o. 1 and No., 2 sites féfther upstream. These sites are
“called the No. 1, .No. 2 and No. 3 sites from the up_stream side, and as a result
o_{ b;;'ief'cémpa;fison st_udies of the rcservoif eff__icien_cy (refer to 7,2) the No, 1

'sitg was seleétgd as the projec_t damsite.
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“Regarding the topography and geology of the No, 2 and No. 3 sites, they -

. are ‘meaitione(l._in the altevnative sites in the next sub-secction.

621 “Topography

-The Yangas River flows down in a nearly straight line around this site,

The width of watercourse is approximatoly 40 m at the damsite with the moun ~

tains on both banks clqéing in on the site, but both upstream and downstream

‘this point the valley width is spread_with {lood plains widcly ‘distributed on both

banks. Unlike other places, the dams1te has no tel races and the both banks 0[
100 m hlgh present steep Cllffs with slopes of 76° ~ 80° and the shape of va.lley
is a symmetr:cal U-shape. _ There are few gullies in the mountain masses at
the abutments of the dam with precipices contl;mmg pal allel to the river flow,'
bw..tt-all)p.rommatel_y ZOQ m _dqwnstr_e__am from the damsite there are large gullies
jé)inir_lg thé river at both banks,
622  Geology.
{1} ' Sur.face De.p_o.sits.
| As sta;te(l in the segtion on topography, the mountains on both
banks form steep cli.ffs with sound bedrock exposed widely and only
verr.y sligflt overburdens ..o_f soil are scen at the ridges, Regarding
river deposit, .du.e to the cliffs closing in on both banks, | it is consi-
- dered to be not so0 degp at the damsite.
; .(2). 'I;_éundajfion léedi‘olck.
. ..;I‘h_e'&r'oc:k éiatribute_d here is 'lir'_n.e'stone. Be&ding planes are
d-_evé'l;;p.cd i:_x the hedrot_;k at intervals of 1 to 2 m, the strike and dip
.of the s.t';:at.a'are; zﬁ30°w,' 20 - 50°NE, :Acco.i:di.ngly, the strike of the
st_.ra'ta c?os‘sés.wit.h: the riv.er flow at an angle .bj 60° and the dip is

tov;rai‘d the downstream side. The IimestOhe prcée_n_ts brownish-gray
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to grayish-black colors and is a slightly impure limestone in terms of

' litholog‘icalrc'hara,cter, ‘while there are nointercalations of other i-oc_:ks.

Although there are numerous cracks duc to strahﬁcatlon and
Jomtmg, so fa,r a8 seen.at the damsxto, the contact of the strata are
'hght and there is no water. ep¥'ihg l.'r-:.xm”the bedrock while‘the évidenéeé
~that the rld‘ck has been subjected to igal;st'ic eréasibn such as s.olutidn-
'cavé cannot be seen. .Further‘mor_e; there are no especially remarkable

faults or sheared zones to be recognized,

_'5.'2.3 | Ggology .and_Watértight.ness of Rese_r‘u:roir Area

,The‘rocks_comprising the reservoir-area aro limesto:w, sandsto'.ne,
slaté and th.eir alternlaticns-. Of these, limestone is distributed on the river.
snde from the damsite to a.ppromma,tely 2 km upstream, wh1le upstream from
.th.ere, ﬁandetone, slate and their alternations are distributed and the propor-
: l;_lons of‘the limestone and the other clastic rocks covering tho reservoir area
éfe rbughly equal, The Strikesrand dips.of these rocks arve not constant, hut
as a géneral t.rend they,show N20° - 30°W and 50° - $0°NE, fllccording}.y,‘ the
strikes cross with the rivér flow at angles of 50° - 60° and dips toward the

downstream direction,

The ht.hologlcal chéracter of the llmestone, as described in 5.2.2,

E "Geology, i s, in most cases, sl1ght1y arg:llacoous and is a rock of uniform
.quallty with llttle mtercalatlon of other rocks 'I'hc sandstone presents white
:color, };arcl and dense, and is a quartzaferoa.ls sandetone of medium grade.
.The élate presents g.ray to gra.ylsh bla.ck color, fiaiengréined .and dense, .ancl

is a relativcly hard rock in which development of bedding is scen.

With respect to the watertightness of the reservoir, as siated in 5.1, 3,
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."Geplogy, " limestone generally is Hable t.o.be subjected to karstic erosion, and
| in areas in which limestone is distr:ibuted, it is not ra.relfor karstic topography
featured by ;io_li.n:e.s;_ underground.t_unnels,' .c;tc‘. to be developed. The s'ite‘in
_ques"t_ich ia no gxce.p_tion_, and _according .'f;o_phé'togeological interpr.etatiion,' there
flrx; 'ﬁqr’net}ou’é_rl,l_o'linés,. gltil§ugh outside: éf the reservoir area, _whicﬁ have
_be_eﬁ __fbr_r_né_d_ in :the rock of the moun.t_ainl mass of the same horizon #s
the .res%a'rvo.i_r_ area, .w'hile also, there are numerous p.iaces“ which are
thought fé_bé points ‘o_f v{zatgr springing in thc.reservoir area, Based on the
.ab'o'v.e, it ‘cain. wel'l"be cx‘peéted that tﬁere miéht Be a considerable number of soly-
'.tion_: caves in fhe: mountain masses of the reservoir area where limestone ‘is."
distrr.ibuted, and in regard to the wate:rtightneéé of the reservoir, careful inves-
t:igé.t-io_n's a,_n& studie's.. will hereafter be reqﬁired. However, there is ﬂowing
water in the Yangas River even in dry season, Thia phénomenon indicates that
at least at the rivei;bed bedrock level within the reservoir, there is underground
water thf'ohght‘out the year, Therefore, the pointis, even though it may be
assumed that all surface and underground water within the reservoir area is

- ﬁresently flowing into the Yaﬁgas River, when it happens there exist caves
.coﬁnect.ing'to other river basin or to the downstream of the damsite between

the éle'val':io.n of the present ground water level and the high water level of the
reservoir or when the materials presently filled these caves shoqld be flushed
_a,w'af as wator pres;fSU1'e increases with storage of water, there is a probability
of Tormiﬁé rié'w:l_éakage paths and causes very sériousg probleme. Investigations
to éplﬂrg thés,e'p‘roble'ms will require great expense, much labor and a long
pe_r:ilo.t_l. of time, b_ut this invgstiga.tions is one of the most important problem

for 'thisg Proj ect.
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624 - 'Views from Engineering G_aological Standpoints

I‘he problem w1th this site 11es in its geologm conditions ra.thel than -
topographlc condltions. Topogaaphncally, the river flows down in a straight
“line, the width is very narréw, while there are few_gu_lligs in the m_ouﬁtain
masses at-the dam abqtn‘;ents‘with steep cliffs continuing along the ':river c}.lan'nel,,

and the conditions are rather on the good side for construction of a dam,

Ge'ologic'ally, thgre are fow surface deposits such as o.f talus and river
'.gravel' and thg}-e.al:°e no evidences to be secn of the limestone comprising

the foundation qu_.roc'k') ha‘ying_been strongly subj‘_acy‘ed to karstic erosion such
as s;ﬁrihginé of water or formation of caves. However, as descirbed in 5.2, 3,
”Geology and Walcrhghtness of Reservoir Area, ™ the limestone whlch is dia -
trlbuted OVér a fa.u-ly wxde area from the damsite to the 1eserv01r area is ac-
co'mp_a.nicd by a very serious problem of Securin.g watertightness, In t‘aét,
although there are man.y rveservoirs whiéh have been built in limestone areas

in vari_ous:_parts of the world dependin_g ‘On lithological character, there are
.a.lsq many cases in which constructibn was abandoned because of watertightness
of the dam foundation and reservoir érea could not be guaranteed. There have
also been'.cqscs in .whic_h leakages of large guantities of water occurred after
cé'mpletions of the dams to impeiir-wa.tér storage capabilities so that the desired
' aim_s' wére not abhiévé’d or hﬁge suims of expense Were'required for treatment,

.' Co’n‘Sidering'fro‘m the geologic standpoint of this site, as there is some possi-

" bilities ff;r leakage“to‘occur from the dam foundations and reservoir area due to
 karstic aél;iogz, thorough iﬁ'vé.stigations and studies must be carried out in re-

gard to watertightness.

525 - Geology of Appurtenant Structures

Eﬁnphaéis was placed on investigating the topographies and geologies of the
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damsite.and the reservoir area in this. field reconnaissance. Therefore. with
: 1'Qspecf_ to the geologies of thé'watel-way and the powerhouse, outlines are given

hére mainly based on the results of photogeological interpretations.

The géblogy along the watcrway route is composed of limestorie and
“non-limy rocks (quarizif:e, sandstone, slate and their alternations) of the
‘Mesozoic Era and gneiss of the Paleozoic Era, of which the greater-part

consists of limestone.

Rega;ding thelllir_nestmle—distributed area, as deséribed in t_ﬁe sections
on the damé‘iﬁe and the reéervoir area, it .is a 'pr_ob]em whether.o.r not there )
exist caves. Therefore, thorough investigattioné will be necessary to be made
in the_ stage of-fe_ééibili_ty study on the caves,. aﬁd wé.tcr springs a.loﬁg the route
.ot’ the waterway t.unue.l. It .isr understood from the geology observed during this
" recoﬁn’aiss;nqe th;a.t the s’fl-etlgth, weathering and sheared zones in the lime-
stone a'.rouhd:. the tunnel route are not so bad as to impair the proje.ct'-. Geologi-
cal problems such as to be hindrances to tunnel excavation cannot be recognized

in particular in the non-limestone area of bedrock also.

. Four locations were compared and studied as powerhouse sites, and
other than lSite No, II, they ate located in the non-limesonte bedrock arcas,
while :;-ega;'ding the type of powerhouse, those other than Site No, IV ayve plan-
ned to be sui-fa.ce type_s. In case of a surface-type powerhouse, the bedrock
- existing Wili nbt-bring épecial difficult problem as the foundation of a power-
h.ou.se, but in éase_of.an underground powerhouse, thore will correspondingly
be a }neces_s:ity for thorough investigations to be made, Especia_lly, in case the
po_wex;hOlise is to_bg'__lo_ca.t'eﬁ in a.lime_stone area, .the existence of caves and
watéf springs will be a great pro.ble‘m as _wiﬁh th'e damsite, and it is necdless to
: say.\.tha_t.tlllor(.)l-xgh; invéstigations are_necessa}_y for the pdwérh'oﬁse site also
if ihe Projéét should _Be undertaken.
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B3 Altgn‘mtiva.l)amsites
531 Damsito No,2
This altc is located a.pp:ommately 2.5 km clownstream of the pfoposed

damsite (Dams1te No. U'. The Yangas River in this vic‘mity flows down in a |

roughly' straight line, I‘he wxdth of the watezcourse at the dam axis is approxl-
| ma,tely 50 m, the;e are terlaces of avcragc height of approxtmately 10 m at the

river b_anks w:th the widths of the terraces being approximately 10 m on the left

bank and approximate:ly .50 m on the rig.ht Baﬁk.I The slope of the left bank at the

dam axis is appr ox1mately 35°, while at the rlght bank the slope is approx:mately

60° from the riverbed to ground height of approxlmately 50 m above whlch the

slo;;e is at an angle of approximately 35°, Ther'efore, the shapg of the valley ié

a non-symmetrical V-shape R

I‘he topography of the reservoir area is that of w1denmg immediately
upstream of the damsite, with inflows from large gullies from both banks, there _
are formed flood plains, terraces and alluvial fans. Also, there iz a large-

scale landslide topography seen at the left bank upstream of the damsite.

(1) S_urfacé Deposits
The mountainsides at the damsite are‘wholly covered by exposed
sound bedrock and there is almost no overburden. Regarding river
;:leposi't's, since the riverbed is narrowed at the damsgite, a.nd itis a

rapid'po?tion of the river, the depoaits will be comparatively small.

(2) Foﬁnda'tibn'Rock
.Th_e bedrock consists of limestone, The limestone at this site
s of g:réy to grayish-black color with impure vock generally predomi-

nént and bedding and jointing cyvacks are developed, The strikes and
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dips of the strata are in the ranges of N20° - 30°W and 50° - 60° SW with
tﬁe strikes éros:_sin'g the_fi'\_rer flow roughly' perpéndiculariy and wiih the
dips; Being:tc;ward.the' sttream'side. I‘he important geoiogical pﬁeno-
meﬁa at i;hi_s sif;c are that there s watex springing from the bedrock at
the dlalm axis and its neighborhood, __aﬁd that scolution can be recognized
at bedd_ing_.pl.ancs,. joints and cracks gé'}elopéd iﬁ the bedrock. ..It 'caﬁ'
bexa.s‘suméc:l there aie éaygs in deep pé.r.iés of the moﬁntain and a problem
is Dos_éd with resp.e.ci to water.tightn.ess .of the fou:ndafion.' Locations of
pro:”niner.lt sp.ringing-are seen at the bedrock of the low.ér part of:' the
moﬁfit;i;lside at: the rigﬁt bank of the dar}x é.x-is fq-u.antit'y of apfihg water,
.a.'ppx_.:o_xima.teiy l_ténimin}, the part of ﬁerracé at the right Béhk (quantity,
a.pproxirria_tely 500 { /min) and hal[way of the left side 3teep'cliff aL.pprox'b
mately 200 :m do.w.nsltream of the dam axis {quantity, approximately 3 ton/

min).

' 5.3.2 Damsite No.3

This site is located approximately 5 km downstream from the proposed
damsite. It is situated imm_ediately upstream of the conjunction with the
Yangas River and the Grande River at the right bank and with the Catalina canyon at

the left bank.

. The Yangas River which flows down in a roughly straight line from the
" No, 2 site mékés_a big bend immediately upstream of the No. 3 éite and changes
its course .to an_east-waest direction, The width of the river is approximately
1.00_ m at the dam a.xis and thére are wide terraces of heights from 40 to 50 m
at thé left bank.  The gradients of slope of the both banks are around approxi-
| 'mai';ely _60"‘ with the form of the valley be.in.g a wide U-shape symmetrical,

B The width of .the_vallcy in thé-reservoir area is increased at the upstream of the
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conjunctions with said tribuhries'immediately above the damsite with wide tor-

races formed at the river banks, Along the said tributavies there are continuous

distributions of wide laﬁdslideé.

(1)

(2)

Surface Deposits
Similarly to Damsite No. 2, bedrock is exposed over thc entire

mountam slopes on both banks and thene is almost no overburden of

so11 The thmkness of river deposne in the river channel 1s assumed

to be more than 10 m while the thicknesses of the terrace deposn’s

wulely dlstrlbuted at both banks are around 40 m. Therefo: e, the
thickness of the 1oose deposxt layer at the dam site combining w1th

the present rwer deposits and the terrace deposits will be more than

50 m at the highest point,

Foundation Rock

The_.x_-ock distributed herve is limestone. The lithological char-
acter and the degree of development of cracks are not very much
different from the limestone at Damsite No, 2. The strikes and dips
of the strata are in the ranges of N20° - 30°W and 60° - 70°SW with
the'sltrikes crossing the river flow at angles of approximately 50°
u}h_ile the dips are toward the upstream side.  Springing of water from

the ground is seen at the riverbed of the dam axis and at the terrace

'approximﬁely 250 m upstream from the dam axis {quantity of spring

water for Bqth_, approximately 2 ton/min each), and there is the same

problem as for the No, 2 site in regard to watertightness of the founda-

| tion. Another problem of the dam foundation at this site is the thin

ridge of the mountain on the right bank, which is moreover steep, and

it is assumed that loosening of the rock foundation has progressed to
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falrly deep parts,.

6_.3.-3 ' Views of Alternativo Damsites from Engln'e'ering_Gedlog'i'céi Standpoints

0

(2)

Damsite No. 2

As a damsite, this location involves a problem related to geologi-
cal conditions rather than topographical conditions. That is, there'are
large guantities of 3pring.'\'v.ate1- from several places in the bedrock at
this site, while there are many traces of solution having occurred in

the cra,cks developed in"the bedrock due to ground water and surface

water, from which it is fully.assumable that caves exist in the founda-~

tion, and therec is a big problem of the wate'rtightness of the dam

foundation and the ground in'the resérvoir area.

Ne:?t, in the reservoir avea, there are large scale landslides
seen on thé left bank immediately u,@strea.m of the damsite. If, after
storage of.water, there should be sﬁch an occurrence as laad sliding
throughout the entire landslide area, the safety of the dam and reper-
cussions due to impact waves of the stored water would be of very
d#ngerous, and even if crumbling should be held to a partial exteat,
there would be large quantities of soil flowing into the reservoir, and

the storage capacity of the reservoir will be lowered to a great extent.

Damsite No, 3

This site involves problems as a damsite, not only in the geologic

conditions, of the foundation, but also in regard to sedimentation within

the reservoir,

Topographically, the river width is reaching 200 m at the dam

— 70—



_'axis, ‘which 1.3 far. .widcr than the va.lley width of - the proposed
- d.a:_ns{_i;g, Gcologically, the -rqc_k fiis’t;“xbuted at’ this ‘damsite is
:lim-e.'a.tc;tj].e as, at. .Damsité No...?.:w.hiJOh ié susceptiblo tb f{&rétiC
._,'actlon, and w1th 1-ega1(} to watcx tightness of the dam foundation, it-is
assumed there will be a 3imlla1 problem. | Another problem which ls -
L to be. mentioned i that thele is enormous amount of deposit and torrace
: a;t fhe dam axis whlch should be 1'cmo.ved fox constnuctwn, and it \.v1ll

;mpa.u- the economzcs'of this site complet’ely.
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 CHAPTER 6 = HYDROLOGY

X Hydrologic Déta_

As s.h'ox.vn in Fig. 6-1, thére are ;:)fe'senltly no oﬁs_er_yation %tatipn for precipi~
. tation and 1'1=1hot;f, required in hy(.’frjologic analysi:s, within tﬁe Yangas Riyer. Basin
exéépt for.one runoff gaging station of f_ar.up‘sf.reahm H_owevér-, the.i'.e aye brecipi-_
| ~tation and runoff obs_éi'vation stations in the Llauvcano River Basin adjacent to the
Yangés River while there are several "p.recipitation observation stations in the
.C‘J.{i:‘_!nej‘_alis.ive:t‘ B_asiﬁ also. l‘he periods éf obéervat_ion, as shown in Table 6-1,
are all.ve’r& 5!1.01“1: be_ing ardund 10 ycars except for .rainfall.récords for C'a;jamarca. _
' City wvhich are available ff)z- appr'Oxiﬁately 40 yéaz-s. Furtherméré; for many of

the stations, there are periods during which observations are lacking.

. The frequencies of observation are dail_y for both runoff and precipitation,
while Eu_rt'rier, data on hourly precipitation have been obtained at Brillantana Ob-
servation Station. Runoff data have been calculated based on records of automatic

water gages..

‘As described above, data required for carrying out hydrologic analysis are

greatly lacking for the present.

6.2  Mateorological Canditions
The Yangas Project is situated in northern Peru on the Amazonas side of
the Andes Mountain Range and is subjected to typical meteorological conditions of
the Andes mountain area.
In gené.ral, the weather of the Andes mountailn area is governed by the

statiOné.'ry'Pacific Ocean high atmospheric préssure with its center off the coast of

‘Chile, the Humboldi Current which flows north along the Pacific Ocean coast to
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clos¢ to the border between Ecuador and Peru, and the atmospheric pressure -
situations of the Amazonas arca, and norinally, there are no moving Highs and

-Jows pressures,

':Iﬁ tha sumn‘ier.(from'October_to A[)l‘ilj, a heat Low, with its center in the.-
Amazonas area and dverlying a wide rang.c_ .to the eastern slopeé of the Andes
Mountain R_angg, is formed and violent ascen.d‘ing a,ir curirents are born. Mean-
whlile',. the ;se;ax.'so:)a\ Qinds fror_ﬁ tlhc high.attr:xospheric f)ressure over the Pé.ci{.ic '
O'ceaﬁ towards this low pressure becofne strong a.nd blow againét .the western
sioi:lbes. of th.'e .Andcs. Furthermoré, a frontogénesis exéends frém the Pacﬁificr
Ocear;-to fhc mountain area.... Due to the influences of t.he.se plxeaaéfneala, the
' ;.n;eather of l.:.he Andes Mount#ins is. much cloudy in th.e surﬁrﬁel' au.d. a r.a.in.y season

sets in.

"On the other hand, in the winter (from May to September}, the Amazonas
r'égion is éover_ed by the Atlantic Ocean high atmospheric pressure and with the
.Pacific Ocean high étrhosphérig pr.essﬁre with its center off the coast of Chile,
the pressure gr.;idiént becomes gentle betwéen these two high pressures a# a

whole, and the seasonal winds are wealkened, clear weather prevails, and it be-

comes the dry season.

' A_s mentioned above the climate of the Andes mountain area is distinctly

‘divided into a rainy season and a dry season, with extremely stable cycles.

' Héwever, in extremely rare cases, the Humboldt Current is averwhelmed
by ~a.‘\_.varm éurreni;_'f_lowi_n_g to the south along the coast. Such a phenomenon oc-
.Curred. in March of 1925 and there are records that high temperatures and heavy
.r.aia;s oci:ured in.the n.'ort.hex.'n éoast of.Peru, but it is not‘ clear what the influences

. Were.brought c;n thé mountain area and espec;ally the w,cmu.y of the Yangas Rwei

‘ The watel shed of the Yangas P!‘O}e(‘,f‘. area is mtuated at a altltude around 4,000 m
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which belongs to rathér low sido of the Andes Mountatn Range, aund thorefore there

is no snoew and ice in summar. .

_ Thg difference in quantities of pl'ccipifatiOtt for the dry and rainy seasons is
prominent similarly to other mountain areas as shown in Fig. 6-2, while influenced

by topography, there are large variations according to site.

Ag sh_OWn'-in Fig. 6-3, temperatures arc .more c;x- less. the sa..n.m throughou..t.
the year, Anniial mealn temperatures, 'maximu.m mcaﬁ temperatures.and mini-
rﬁum méan tclamper_aturles' exm:n'me(‘; in terms of relations with altitudes of obsarva-
' 'tio.n sta..t_io.ns' afe as given in Fig, 6-4, It is gencrally said tha,t temperaturé be-
'._comes 0.6°C lower with éverye 100-m vise in altitude, and the relations botween
the annual mean temperatures and the observation station altitudes in Fig, 6-4
are closé_ to tﬁis feé.tuar. The temperatures at the Yangas Dam (E.l. 1,550 m) are

estitated from this figure 1o be the following:

Annual mean temperature 19°C
Mean maximum température 25°C
Mean minimum temperature 152 C

As for humidity, it is generally high being 60 to 90% for the whole Project
arx_-e_:a, and at Celend{n City, it is between 70 to 85% throughout the year as shown

Cin Fig. 6-3.

63 River Run-off at Project Site
831 Method o.f' ..Estimation
It is extremely difficult to estimate the daily and monthly runoffs
ne.c.e;'ss,aryj for éxaminati.o.n_ oi.the'.Yangas Projr;zct. because of the almost complete

lack of both runoff data and preé_ip_itation data for this drainagc arsa. Therefore,

~78--



the _averé.go precipitation within the Yangas Basin was firstly estimated omploy-
ing existing. data of ﬁeighbo_ring basing, and by multiplying this by the runoff

coelficient estimated from the necighboring basins, the runoff was catimated.”

For checking whether or not the prebipitatipn data used for this an_lalya'i's'
would have éhang‘a-d dur.ing the obscervation period kwith var_iati_Ons in Obsqrvation
m.ethods aﬁd suriounding con_ditions, the =ciouble masé carve technique was ap-
plied. An{l it was found that all data have linear relations and. there exist .a.mple

reliabilities as shown in Fig. 6-5.

‘Howevc.r, the greater pé.rt of the p.recipitatic:n data is available for only
an .obServation period of the recent ten yeérs {1964 - 1973) and the daia are
insufficient for long-range estimation, Therefore, it was attempted to extend

the period using thc 40-year data at Cajamarca to he reléted, but sinée the
cél*felﬁtioxms be.tw'een Cajaimarca data and other stations ones were poor at 0, 12
- 0.73, this method could not be applied. Acordingly, it was decided to investi~
gate only the trend of precipitation for the recent lb vears Ifrom the 40 years

data of anhual precipitation of Cajamarca station.

As methods of estimating the average precipitation within a basin there
are generally the Thieseen Method and the isohyctal Method, but in this Report,
the Elevation Method {tentalive term) was added and studies were _made using'

these three methods.

. As fo.r.r_uno'ff data of neighboring basins, those of Llaucano Derivacién
‘Gaging Station (C.A. = 341.0 sé.'km) and Corellama Gaging Station (C.A, =
597. l. 8q. kmﬁ If_urth_er downstrcaﬁl in th_e Idaucano River Basin are available,
: A_lthoﬁgh the latter station has a catchment area close to that of the Yangas

.Praject site (637. 1..sq. kmy), therc is big influence of i.rri_ga.ti_on-\;va.ter intake

“and it is judged ln,approﬁn-iate to apply its data to the Yangas site. Therefore,
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't}_l.e IUPSti'_ea'm Lléqéano Ijé;'iVac_iéh Gaging Station was adopted as the runoff gag-
ing sfation for estimation. | |
_ 632 _ Examinétiqﬁ o:t'P‘recipite.lt'ioﬁ Cycle
F.ig. 66 sh.ows t_lle. #l_xﬁ\lal precipitation for each year and ﬂldVé.riétiOh _
Cin five-term n;_o@ring ave:rage values alt Cajamarca for the 40 years from '1§34.-
through 1973, Acc_:_ording to.this. the precipitation cycle at Cajamarca is ap~
proximlate.ly 30 years and it is seén that the recent 10 years (1964 - 1973) used
fdr céiculating »rgnof[ corresponds to a dl;y period. In cffect; in contrast fo
the avé}aée anﬁuai f)i-ecil)itafioh of fM? mim for the 40 years, thé average aﬁ»
nual pfecipita.tion of the r@ent 10 years is 690 mm, or épp;-oxitinﬁtgly 3% les's,. '
whilé'the .E.i_g'ur'e. for 1968&3 441 ﬁtn, the minimum fox; the 40-yéara. p‘grioc.l.- _
Since therefore the data used arc understood to be of a drf period, the
results of runoff calculations will be or'; the low side for a long-range forecast.
However, it was decided not to make any .mo'dification in this .Repm-t for
é'oni%ervaiive purpose.
8.3.3° Thiossen Mathod

This is a method which is used most generally and it is possible to

determine monthly runoffs of each year with gase.

_Uéing the Thiessen Method and dividing the Yangas Basin as shown
m Fig. 6-7 and dc.term'ming the area controlled by eac.h of the observation

gtations, the rafio thercof, are as indicated below,

Observation Station Area Controlled ~ Ratio
Celendin 1193.0 sq. km 0,303
Brillantana | 249.4 0.391
Hda Negritos : © 33,5 -0.053
La Llea . S 161.2 0.253

Total | 637.1 1. 000
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The éggreézﬁte of the rﬁon_thly averago precipitations of the above 4 ob-
scrvation stations for the recent 10 years multiplied by the respective drainage'
areca ra.tios is the monthly.avcia.ge p1 ec1p1tat1on of the Yangas Basin, Ag
showu in ‘l;.abl.e 6-2, thls value zanges bel,wen 17.8 mm and 146 1 mmn fon each
month‘,_ and the #vgrage annual precipitation f.o.r the most. reconﬁt 10 yéz_ws is

I,020 ;.

Usi.ng the sa:ﬁe method, the a.uverage precipitation was obtained féi' the
basin of Llaucano Derivacién Gaging Station (C. A, = 34.1 sq. km)} on the adjai;df:t
Llaucano Riv.'e'r for which runoff data are available. The monthly ru'nofl' coéffi-l
cie;lt was calculated'frdm _t'.hi"s area precipitation value.s and the observed runoff
data of the Gaging Station. ¥t was botween 0. 199 and 0'..7.60 déy.).endin'g on the
month,  Applying _this runoff coefficiont without modification to'the Yangas basin,
the monthly average runoffs of the Yangas River can be obtained from the previe
ously mentioned monthly average precipitatiOns and the catchment area (637, 1}
sq. km) at the Yangas Dam site._ The:results, as shown in Table 6-3, are 2.15
cu.m/sec - 22,93 cu.m/sec as monthly average 1_'1190f£s and 10.15 cu.m/sec as

. annual average runoff,

834  lIschystal Method

Based on the data of precipitation ohservation stations in areas surround-
ing fhe ﬁver .ba.si.n,- an.d. ta.E_cirng into coﬁsideration topography, wind direction,
"etc.,.,_'- 1t is possible to plot .:.m isohyetal map for the Yangas l’;iver Basin, Since
th.e. am'ount. as_\d- distribution of precipitation differs every month, an isohyetal
mal; is dré.wu for each month,  Typical isohyetal m.aps are indicated in Fig,
6-8 and Flg 6-9, Determining the areas surrounded by isohyetal lines for
each month from the maps and by t‘nultlplylng by average py ectpltatlons of the

“respective areas, it is possible to calculaté the average 'monthly precipitation
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within the basin,

From there on, the method of obtaining the runoff of the Yangas River
is the same as with thg Thicssen Method, The resulls, as shown in Table 64,
are 1,65 cu,m/sec to21,77 eu. m/see for monthly average vunoff and 9.46

cu.m/fsec for anmual average runoff,

8.3.5 E!avatioh Meth_od '

The distfibut_io:x of .precipitation in the area concerned ié thought to véry '
~in.a cmnplex:r.ﬁa-n'ner depending on topography, wind divection and othc_ar facto?s. .
Ai’nong th.'ese, the ._re_z_la;tio.n between the elevation o.f each observation station |
{which is conéidgred t6 be simplest parametor among the topographic factors).
aaad_p_re(;ip_itation {divided, into rainy and dry season) was .gxa'min_ecl. And a
linear relationship was fbu_nd to exist between altitude and zainfall _.as As.ho_wn

in Fig, 6-10..

In the rainy season (from Octobe.r to April}, I')'r'ecipit'ation. (total for the
7 months of the rainy season) increascs by approximately 25 vun for every
lOOuﬁl rise jin elevation, while in tbe dry season {from May to September),
there is ,s'ome difference between the Llaucano River Basin and the Crisnejas
River Baéin {Cajamarca River Basin and ‘Cor_{debamba River Basin), and precipi-
: tation. _{tétal foy the 5 months of the dry geason) increases by approgimaﬁely 12
mm for the former and approximately 5 mm for the laitel‘ with each rise of 100

m in elevation,

" The coefficient of correlation between elevation and precipitation is
0.77 ta 0, 90 so that it cannot be said there is a perfect correlation, but it is
thought the velation between topography and precipifation can be roughly grasped

by thisﬂ method.,
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‘Since élevatidns in _the Yangas Ri'v.er Basin axe in a relatively wide range
of 1,500 to 4, 000 :m, it was dec_id.ed.to utilize the above 1-01ati6n to c'a;.lculatc pre-
ci.pitation. of the. Yangas River Basin by selc.t.:t'uj]_g.representative precipitaﬂor_w -
observatioﬁ station data', correcting them to obtain typicél pfécipitatioﬁé of each
elc'vatién :banct and multiplying these by area [:)crccntages of the res.;p‘ective cleva-
tion bands of the ba,siﬁ and aggregating the rosults.. This is,te.ntatively-:calleld.

here the Elevation Mathod,

Th.e elevation.b.a.nds, typical élevations, typical obs.erva.tion stations,
correction ‘_factoa.-s.a:nd the drainage are.a, ratios of the Yangas Rivcr.Basi‘n'and
ti_lé basin of the Llaucano Derivacion Cag'mg StatiouI for th.is Klevation M'ethoc_l.
are giv_en.i.n Table 6-5, By ué’mg this method, it is possible to compute monthly.
runoffs of the Yangas River Ba,s.in through calculation of .precipitatio'n in the

_ ba.s:in, And similarly applying the runoff cocfficients of runoff gaging statioﬁs
without modification, The.a.'eSults of such calculations, as shdwn in Table 6;6, :

are 1.77 to 23.29 cu.m/sec with annual average runoff being 9.69 cu. m/sec.

The merit of this method is that topographic factors are taken into ac-
count to some extent and that, similarly to the Thiessen Method, meonthly run-
offs éf each yeay are easily obtained, The defect of this method is that Precipita-
tion distribution qharacterj.stics and discharge characterfstics from outside the

Yangas River Basin arc applied without modification to the basin,

6.3.6 'Cdrriparison of Estimation Methods

L The 10-year average moﬁthly precipitations and runoffs of the project
sit’é caleulated by the thr_ee mef:hods {Thiessen Method, Isohyetal'Mcthod and
'-E.l.e‘;at.ioﬁ ‘Method) described in the preceding sections a‘re'summéd up in Tables
6-3, '6.-'4 and 66, 'Ex,.(:'erpting the annual average .pl‘ecipitatio:tas and émmja_l

average ru_s.aoffs at the Yangas Dam site from these tables, they are the following:
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Annual Average Annual Average

Calculation Metbod' : Precipitation {mm} 'Runoff {cu.m/sec)
Thiessen Method o 1,026 - 10,18

| -Isdhyetal Méthod | A 963 | _ | 9.46
Elevation Method : | 1,095 _ C 9,69

In effect, c':pmpa.l-ecl.with _the Eievation Me_thod, the annual a,\'rerage;_
precipiltation is smaller for the two other methods. Thisg is thoqght to be due to
the big effect that applying the pbservati_on statior.:. data of low elevét‘ion and s'm_all.-'
precipﬁation {even thougﬁ they are close-by to the Project site) to the Project

site which is at a high elevation in case of the two methods.

However; runo_ﬁ coefficient ﬁsled for Calt.:.uléting ru.no.ff frﬁm precipifation
is the unmodified runoff coefficient of the Llaﬁcaﬁo Caging Stati.on computed from
‘the precipitation obtained by the same method and actua.lly. measured runoff.
’fllex-efofe, the tendency is strong for the precipitation error caused to be offset

when computing runoif,

As for the values of annunal ave.rage runoff, all values are smaller com-~
pared with the value of 10,31 cu. m/sec which is converted using drainage area
ratio for the Project site from the average runoff at the Llaucano Derivacién
Gaging Station. This is due fo the }.‘act that the precipitation of the Project site

basin being estimated to be smaller than for the Llaucano Gaging Station basin.

For 'Egu‘ch reasons that there are no large differences beiween the calcu-
lation results by the three methods, and that it has been clarified that the Eleva-
tion Met_hod _Bas a gbéd correlation for the dry season which carries great weight

in a power development scheme, the Elevation Method was adopted for the study

‘to follow.
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“6.3.7 River Run-off

The calculations of monthly or daily runoffs of each year required for
establishment of the power development scheme are per:tfo_rmed using the follow-

ing equations in accordance with the Jlevation Method:

. AL Ry M : _ o
Qly, m = Qy, M) (Wmﬁ) .monthly runoff
AL Ry M o
Q'y, M, D = QY, M, DOy ('ﬁm‘) daily runoff

where,
Qy, M Q,Mm monthly runoffs of Yangas site and Llaucano

Derivacion Gaging Station in M month of Y year.

A', A : catchment arcas of Yangas site and Llaucano

. Derivacion Gaging Station

Ry, M, Ry, M : monthly precipitations of Yangas site and
Llaucano Derivacidn Gaging Station {determined

by Elevation Method)

Q'-Y, M, D Qy, M, p ¢ daily runoffs of Yangas site and Llaucano Deriva~

’

cion Gaging Station on D day, M month of Y year,

In other words, the monthly runoff or daily runoff of the Yangas site is
equal to the observation data of Llaucano Derivécién Gaging Station multiplied
by the respective drainage avea i'_atios and monthly precipitation ratios, The
reason for usin_g the monthly precipitation ratio for calculéting daily runoff is

_that precipitation and runoff do not correlate to cach other in a single day.
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6.4 Flood Discharge
84,1 Method of Estimation
There are neither procipitation observation statione nor adequate gaging
© stations in the Project basin, while hourly records over a long term are lack-
ing for adjacent river basins, and it is difficult to estimate the flood discharge

of the Project site with high accuracy.

: Here,. a study is ﬁade by the mét'hod of calc_:ulatiné peak flood discharge

'using .the Rational formula and triangular unit hydrograph analysis, based on the

~ data of ﬁei.ghbori_ng precipitation observation stations, and aiso by the method of
.calcu_lating daily flt;od discharge from the data of neighboring runoff gag'ing_ :

ptations,

In order to (:)bta._in {lood discharge w:th hiéh accﬁracy, it will be neceésary
for.ét:)se-rva.tion stations for precipitation and runoff éapabie of hourl.y recording
to be provided at sevéral ﬁlaces as well ag coﬁtinuing recording.at thé.existing
statio.ns‘fér an even Icsnge1-'_peri§d. | |

i
1

8.4.2  Probabla Point Precipitation

- The probable point precipitation was determined from the records of
‘maximum daily precipitation {19 - 61 mam} data for each year during a i5-year
_period. for Cajamarca using the Gumbel Method. The results are as shown in

. Fig. 6-11, and the'v_zﬂues are arranged as following.

' -Rétﬁrn Period - - Probable Point
(vears) Precipitation (mm)
100 70
500 83
1,000 - 90
10, 000 110
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With regard to data of other observation stations, they were not used for
the reasons that their observation pericd& are all shorter than that of Cajamarca,
while those for relatively long periods are not very much diffefent from the above

r.e;su'.lts . .
6.4.3  Probable Area Precipitation

it is inconceivéb_le for the previously mentioned poinﬁ precipitation to

occur uni_fqrmiy throughdut: the catchment area. In fact, on investigation of
rainfall distributiou in the neighboring Llaucano River Basiu, the ratio of point
.px.'ecipita.ti_on to area precipitatiou was a ﬁqaximum-d 0,80, Meanwhile, In
"Dgsi_gn of Smau Dams, " US Bufcau of Reclamation, the ratio of point preci-
pitation to area pre.cipitation in mountainous areas is given as a function of the
c.atchment area, and acé&rding to this method, the ratio hecomes 0.85 for the
'_approxima_tely 640-s§|.km catchment area of the Yangas site. It is deci_de.d here
‘to._ use th.e latier figure which gives values on .the conservative s_idé, | s;;\nd proba.-
ble area precipitation is determined by multiplying probable point precipitation

obtained in 6,4.2 by 0,85,

Return Period _ Probable Arca
(years) Precipitation {mm)
e 60
500 - 71
1,000 S SR T
10, 000 o 94

644 - Peak Flood Dischargs by Rational Formula
Th.e'l‘dr,mula.'e generally used for caleulating flood discharge are the

following:
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-g..i.()‘. : lt [ rt . A L .l 3 (Ra—tional fOl'lTl‘u]a.) .
vy = 24 (%?-)2'/3 cieviresieriiav. s (Mononobe formula)
N S I
rl‘.: "{""’1} L I A R R I B A )

1. Wi . .
‘ {Rziba formulal"
e Hj 0.6 .
Wi ]2'(—“") LI R R I N R Y B A Y N )
I.Ji

where
"Q : peak flood dischavge
f ‘ runoff coefficient
ry ¢ average rainfall intensity within flood arrival time
Rz4 : probable area precipitation
A ! catph_ment area
T : .floocl arr;wal time
' W :I. fl.ood pro;laé.gation velocity

L.

i ! distance of watercourse section

H; elevation difference beiween watercourse sections

1

Cilculating the i-iver bed gradient. of the Yan'gas River dividing it into
. tilree se:c.tions and usiﬁg these formulae, the flood arrival time will be 2.92
hours, f‘Qr the run.(.)ft' é_oeffi_cient dur.ing floéds, the value of 0. 80 generallf
u_é.e.d is a.doi)_tea. The‘ péak flood discharge for each return periéd was obtained
as below addiug base flow of 30 cu, m/sec. Aﬁd also, probable daily runoif ceould

be calculated by using T = 24 hours for the above equations.

Return ?er'iod Probé,ble Peak o o Probable Daily _
{years) Flood Discharge (cu.m/sec}) Runoff {cu, m/sec -day)
| 100 1,500 380
500 ' 1,650 - 450
1,000 1,900 : S 480
10,000 2,300 ' 580
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645 Peak Flood Discharge Using Tr_ianqulér'Unit Hydrograph Method

Hydx'og;a1>lls aré prepared from the probable 'é.r"ea precipitation listed
in 6.4.3 in accordance with above meationed "Design of Small Dams ", '_I'.he foilo'wér-
ing forrnula is us_od for intrbducing ciimulative diséharge from cmﬁu!ative preci-
pitat'ion:

L - 2.674)%
CETP 410,695

- where
Pt cumulative precipitation

Q : cumulative discharge

This equation has been formulated so that the runoff coelficient will be
raised with increase in cutmulative precipitation (see Fig. A-4, Design of Small

Dams}.

The result of calculations of 100-year probable flood discharge based on
the above ﬁnethod, as shown in Fig. 6-12, is that maximum [ood is reached at
4 hours after start of pz-ecii)itation, and tha;t there is sudden decrease durving
next 4 hours, following which there is a gradual decrease, It is also possible
to 6§)tain the 'daily amount of this flood discharge by measuring the arca within

the total hydrograph from the same Figure.

The probable flood discharges other than the 100-year return period when
th_e'y are assumed to be proportional to area precipitation will be the following.

In this case also, 30 cu.m/sec is added as base {low,

.



Probable Peak Probable Daily

Return Period Flood Discharge - Flood Discharge
(years), : {cu, m/sec) . (cu. mfsec)

100 - 1,100 360 -

500 | 1,30 420

1,000 1,400 | | 450

10, 000 : I, 700 - 550 -

8.4.6 Daily. Flood Discharge

The _;x.’ia.xim.um daily sunoff for cach year is extracted fyrom tl;e dai.ly
II'U!I'IOff data for 10 yea.r.s peri(-)d at .Lla_ucano D;eriv-acic').n Ga.ging. Sta;tiorx_ and the
prébabl.e:da.i.ly'..flc.)od disci&a:rg_'e is obtained‘using the Gumbel Method, The result
is as shown in Pig, 6-I3‘,_z.a.nd converting this to the. éatchment area of the Yangas
sito, the results are as given below. The conversion rate in this case is §37.1

sq.km/341,0 eq.km = 1, 868 .

Return Period | | l5robal>le Daily
Ayears) ~ - Flood Diacharge {cu, m/fsec)
100 260
500 | 360
1,000 400
10,000 500

6.4.7 Summary

On arranging the results of calculations by the above three methods for

lo, 006-year probable flood discharge, the following are obtained:

Peak Flood Daily Flood
Discharge {(cu, m/sec) Discharge {cu, m/sec -day)
(1) Rational Method 2,300 580
(2} Tyiangular Unit 1,700 . 550
o Hydrograph Analysis :
Meth_od'
{3) Daily Flood Discharge ' 500

L9~
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The (lifféreiii.-ces in the results of {1} a_;nd {2) are t.(') Se due to the difference
with reg.ar"d to r'unot‘f. co_eif'icient. In otliél' words, the diffc_zfenc'e lies in the fact
| _ _thgt whei*eas_a.' uniform 0. 86 is used as the_.1'unoff.coe_ff'1cicnt in {1}, it s varied
in (2) bétWGenu 0,03 and 0.96 depending on cumulative precipitation. The differ~
- ence betwecn (2.) and {3} fs' due to the data used, precipitation in one at.md'runoff .

in the other, .

As the design flood d1scha.rge to be employed for designing splllway,
2,300 cu.m/sec, the 10, 000-year paobable flood discharge according to the
Rational Method is used Whlch is on the conservative side in consideration of

effects on the downstream area and of the lack of data,.

Evapotranspiration Loss

With f'egar_d to evaporation, the data measured for periods of 4 to 20 yéars at

scven observation stations in the vicinity of the Yangas River were used, The ob-

servation data, as givén in Table 6-7, show annual evaporation to range between

660 and 1,590 mm for an average of i, 130 mam..

Evaporation ffom a free water surface generally is proportional to the differ-
ence between the vapor pressure possessed by the water itself and the vapor pres-
sure of the atimosphere contacting to the water, and varies according to wind speed

and altitude {atmospheric pressure).

The equati.on by Carl Rohwexr is used to estimate the evaporation from the
_alﬁover%le"ntioned observation data.

E = 181 (ey - oq)(1 - 0.0005 B){1 + 0,60 w)
wher.e | |

E : annual evaporation (mm])



satﬁra.t’ed vapor pressﬁrc at water surface temperature

.(té_mpebz‘tfure here assumed to be eqhal to'tcmpe_ra.tt_u-e of

atmo.?._.ph.er.é) _(mang) .

€a : va'por_p:f.e_ssurc of atm_osphere (sa.turate.d vapor i)ressure at -
t.empe.i_-amre pf atmogphere multipli_ed by relative humidity)
{rmamHg) | |

B : atmosphe‘ric pre.ssmfe'at the location cgncerned (mmI‘lg)_

w i average wind speed {(m/sec.)

Now, the respe:ctiyc Qé_\lues are calcui_dted from the beforemehtione_d observa-
tion 3tg§i_on data 3‘.3 ind_ic_ated in Table 6-8. In effect, S and e5 are obtaineé from
annugl mcan:_ te_:ﬁpex’-at:ure #nd_ a.n_r._mal average rela.tive humidity, and B is obtained
as standard #tmosph§1-ic pressure from the altitude of the observation station, and
X = (e.\.., ~ ea}(l -~ 0,0005B) is c_alcuilai:ed. The relationship between the value of X
;and the data of ann'ua:l evapqrait.ién, és shown ir; Fig, 6-14, are more or leas propor-

tional ones.

Meanwhile, if the Rohwer eqpation _result are plotted as shown in Fig., 6-14
with average wind speed as the parameter, it-is indicated that average wind speed
at the meésufement time was between 2 to 3 m/sec for the above data.
Although there are no measurement data on average wind speed, the above value
mé.y be judged to ‘b.e‘ reasonable judging from the average \;vind speeds data at 7. Od AM
1.00 PM and 7.00 PM. Therefore, it was dgcided to adopt the line for w = 2,5

_ m/sec shown in Fig. 6-14.

The following values are used for estimation of the evaporation at the Yangas
site: elevation, 1', 550 m;} avérage air temperature, 19°C [see 6,2); relative humidity,
.TO%Eaverage value for observation stations 75, 1% (Table 6-8) but 70% on the con-

‘servative side taken]; asfei'age_wind speed 2.5 m/sec., DBased on these values, the

—Goen



following calculations are made!

16,5 mmHg (19°C)

u

Sy

ea = 16,5 x70 + 100 = 11,5 mamHg

B H

B = 630 mmHg (EL 1550 m)
W o= z.'s m/fsec ' |
Ch 0 E o= 181 (ey - e)(2 - 0,0008B)(1 + 0., 60w) |
= 18k x (16.5 - 11,5) x (L - 0.0005 x 630) x {1 +0.60 x 2.5)

1,530 mm

=

Since this value has been calculated based on cvaporation data by evapori-
metérs, this value must be converted to evaporation from the reservoir surface.
As the cOn'vei's_ior_x factor, the generally used 0.70 was used. Consequently, the

annual evaporation from Yangas Reservoir will be the following:
"Hp = 0,70E = 1,070 mm

The actual water losé .due to evapotranspiration' from the reserv_oir ia
oxpressed using the following equation:
Hy, zl Hp - (1 -} Hy
where | -
Hy, ! water loss through evapotranspiration {(mm)
G ¢ annual runoff coefficient in case of no reservoir
Hyp ! annual precipitation {(imm)

Hy @ annual evaporation {mm)

- Puttin.g”the abbvemeutioﬁéd annual evaporation, the annual average runoff
- coefficient of 0,436 calculated in Table 6-6, and the annual precipitation of 1, 095

mm into the equation,

1,070 - {1 - 0.436) x 1,095

i

Hy,

1.

{150_ mm
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that is, the annual water loss through evapotvaispiration from the reservoir is to

be 450 mm.
¥or a more aceurate estimation of the loss through evapotranspiration from the

‘resorvoir, it will be necessary for aix température, water temperature, humidity,

- ~atmospheric pressure and evaporation to be measured at the Project site.
6.6 Sedimentation

it is rai?ier difficult to make a rcaéonable egstimation since neither data for
méasured sedimentation at the Yangas site nor sedimentation data at other sites are
av_ailahle.. Howevér, .it is presumable that weathering praducts w_hic!_l comedown to
the reservoir will be large in ﬁ(xantity since there are comﬁarati@ly many land
" slides in the Yangas._Basin, ahd there are prominent ups and downs in the terrain
and the vegetatioﬁ index i.s low. .And' also considering the fact that moving and trans-
porta..tion_ of wea.th.ered products witl be prom{uent due to stecp river gradients, it is |

understood there will be a relatively large amount of sedimentation.

The results of actual measurements of sedimentation in reservoirs in the
Western part of the United States arranged in ':c,he form of comparison with drainage
area are as shown in Fig, 6-15, According to this figure, specific sedimentations
(cu.m/sq. km/year) are scattered by as much as about 10 times depending on the
reservoir even with eqﬁal reservoir aréas, but generally speaking, there is a trend

: fér specific seciimentation-tc be reduced the larger the drainage avea, fl‘he upper
. ‘limit of specific sedimentation in case of a drainage area equal to that of the preject

_s'ite: (640 sq.km) is 800 cu.m/sq. km/year.

Applying some margin to the above figure in consideration of the conditions
abovementioned, the specific sedimentation of the project site was estimated to be

: ;1,(50_0 cu. m/sq. kim/year.. Therefore, the total sedimentation for a period of 100

.yea__rs will be the follpwizlg:

.



1,000 Cll-mfsq,km/year x 637.1 sq,km x 100 year + 64 x 108 cu.m.

However, by installing & suitable equipment of sand flushing, the rescrveir

can ‘be operated in a manner not to be a hindrance to power goneration.
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Fig. 6-2 'Monthly Average’?recipiiation
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Fig.. 83
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' Fig. 65  Doble Mass Curves
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Fig. 6-7 - Thlssen Diagram
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Fig. 68 ~ tsohyetat Map (Mar.)
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Fig. 6-2 {sohyetal Map (Aug.}
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'Probable Point Rainfall {Cajamarca)

 Fig. 611
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_Fig. 8-13 Probabie Daily Ruhoff {Llaucano Derivacidnl) :
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| Flg. 814 . Observed Ev'apora"tion Data and " Rohwer Equation Lines”
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Tabhie 6-2  Mean Monthly Precipitation in Yangas River
Estimated by Thiessen Meothod

Unit; mm

Celendin ‘Brillantana  Hda, Negritos . l.a Llica - Yangas River

Mor_]t.h - . e
o .l ll‘ 2 .21 . 3 3‘; 4 4| l'+2.‘+2'+4'

Jan.  B5,7 26,0 134.8 52,8 105.1 5,5 80.2 20.3  104,6

Feb.  88.5 26,8 136.9 53.6 105.6 5.6 86,7 21,9 107.9
Mar. 130.7 39.‘6' 170.5 66,7 160.2 8,4 1?.4.1- 31.4 _146..1.
Apr. 117.9 35.7 130.9 5L.2 130,3 6.9 100.9 255  119.3
May 33,6 10,2 54.6 2L.4 684 3.6 43.3 1L0 46.2
Jun. 19,8 6.0 38,9 15.2 343 1.8 26,1 6.6 29.6
Jul. 0.0 3.0 21.2 8,3 22,9 1.2 20.8 5.3 17,8
Aug. | ,_.16.7 5.1 29.1 114 17.2 0.9 24.1 6.1 23.5
Sep.  52.9 16,0 66.Z 25.9 53,1 2.8 63.8 l6.1  60.8

Oct, 108.1 32.7 158,33 62,0 143.4 7.5 136.4- 34.5 136.7
Nov. 148,2 44,9 125.4  49.1 10L.8 5.4 113,0 28.6 128.0

Dec. 102.9 31.2 1i2.6 44.1 81,7 4.3 80,0 20,2 99.8

Total 915,0 277,2 1179.4 461,6 1024,0 53,9 899%.4 221.6 1020, 3

Coelfi- 4 2529 0.3914 0.0526 0.2531 1. 0000
cient ‘ _
néticé; 1 ., 2., 3, 4 ”arc the data observed at respective station.

1 ', 2 ", 3 ', 4 ' ave the calculated area precipitation.
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Ta‘nle 8-3  Mean Monthly Streamflow at Yangas Dam Site’
Estinated bv Thiessen Method

_ Llaucano Defivacién G.'S-. (Llauca_no River) l Yangas l').._am_.Site |

Month Aréa : (R Runoff(Q) .Runoff S prea R | Runoff‘Ql}'

Precipitation o _ Coefficien_t Precipitation

mm cu. m/fsec mm  cu.m/sec

Jan,  l0L.% 6.83 0.529  104,6 13,15
Feb, 105. 8 8.14 0.546 107,9 15.51
Mar. 153.0 12, 85 0.660 146, - 22,93
Avr. 124.4 12.44 0,760 119.3 22,29
May ' 59.9. 5.01 0,657 46.2 7,22
Jun. 33.1 2,34 0,837 29,6 3.91
Tul. 24,0 1.56 0,511 17.8 2,16
Aug. 22,3 1,09 0,384 23.5 2,15
Sep. 60,5 1.58 0.199 60, 8 2.97
Oct, | 141.4 4.10 0.228 136.7 7.41
‘_Nov.. 109.7 7,37 0,511 28,0 16,07
Dec. 88, 3 3.22 0,286 99.8 6.80
Total  1,023.6 (5.52) (0,499  1,020.3 (10,15}

w0t @

Q= a - 82.‘4“ | gl |

A =341.0 sq. km D; days of month

CA'=637.1 sq. km
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Table B-4 Maan Monthly Streamtlow at Yangas Dam Site
Estimated by Ischyetal Maps

:I.;lau(:ano Derivacibn G. S, (L.l'aucéno River) | Y:a.uga,s. .D.a'm Site
Mont.h. Ar_cé - (R) Runoff @) Runoff (d_) Area (R") - Runoff(Q') '
Precipitation - Cocfficient” Precipitation o
m:ﬁ- e m/iseec . ' mm  cu,m/sec
Jan.  106,0 6.83 0.506  96.5 1161
Feb, 106.8 8. 14 0.541 100.6 14,32
Mar, 154. 0 12,85 0.656 137.8 21,49
Apr. 128,5 12, 44 0.736 120. 4 21.77
Ma.y 59,6 5.01 0,660 43,7 6. 86
Juﬂ'.. : 34,1 2,34 - 0.522 24,4 3.12
Jul, | 26,0 .56  0.472 15.8 1.77
Aug. 25,2 1.09 0,356 19,5 1,65
Seb; 62.8 1.58 0.1 59,3 2,78
Oct. . 138.8 4,10 0.232 122.0 | 6,73
Nov. 113, 2 7.37 . 0.495 126.0 15, 40
Dec. 96,3 3,22 0,263 - 96, 6 6.03
“Total 1,051.3 (5. 54) (0.469) 963, 2 (9. 46)

._“4__ K
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Table 4-8  Mean Monthly Streamflow at Yangas Dam Site

Estimated by Elavation Method

Month -

_Lia_ucauo Der_i'-racién G.S, (Llaucano River) N

Y anga?;_ Dam Site -

Area

{R) ' ()

Runoff

Precipitation

Runoff ()

- Coefficient

Area
Precipitation

(R7}

)
Rianoff-

cu.im/sec

mm cu.mfsec mm mim
Jan, S 119,5 6,83 0. 449 109.6 Ny
Feb, 122.3 8.14 0,472 114.3 14,21
Mar, 169.3 12,85 0.596 157.9 . z‘a.sé
Apr. 134.3 12, 44 0,704 1'34.'6 33,29
" May 76.6 5,01 0.514 67.7 8.28
Jun, 45. 6 2,34 o.3éo 39.4 3,78
© Jul, 29.0 1,56 0,423 27.1 2.73
Aug, 29,0 1.09 0,295 25,2 1,77
Sep, 75,5 1.58 0.159 68.0 2,66
Oet. 153,1 4,10 0.210 144,8 7,23
Nov, 117, 6 7.37 0.476 112.4 13,15
Dec. 99.9 3,22 0,253 94. 3 5.67
Total = " 1,171.7 {5,562) (0.436) -~ 1,095,3 {9.69)
S S s AR
AR - A R
gD

A5 341.0 s5q.km
A'=637.1 sq.kmm

D : days of month
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CHAPTER 7 POWER DEVELOPMENT

7.1 Outliﬁe of B.iver Bﬂsfl.l

: Thel fangas River is onc of the t.'ributarie.s of the Maraton li_}ivéi_’, the source
of the Amazonas, and is a r;*tpid cuvrent with an avel;age river gradient of 1/15, .
length of river channél of approximately 50 km from its Ioun_tain__hga.’d at clevation
of 4,000 m in the Andes Moun.tains to its junction with the Maranon River at approxi-—-
mat_el_y 700 wm of el.evation,. and according to a 17200, OOQ—scale. topogx-apl;ic.mai>, its

total drainage area is approximately I, 250 sq. km,

The hasiﬁ may be divided into three écctions in accordance with elevation,
.Th'ey_al-e.th%a..[)iat.ea.u area of eievatibn of 4,000 m to 3, 400 m iéénsisiing of gla,éial'
and karstic..top'ographies, with relatively plentiful bi‘ecipitatioh, gentle slope's and
abundant vegetation so that there is high water rotentivity), steep slopes bet\véen
elevation of 3,400 m and 1,500 m (steep~sloped land having some amount of agricul-
tural fields and grasslands'or bare rocks, but with poor water retentivily and steep
river gradient), and a gently-sloped arca from 1,500 m to 700 m (partly including a
ateebly-slopedarea, but mostly with gentle slopes and adjacent to the Amazon tropi-

cal jungle area),

The Yangas River Basin, as shown in Fig. 6-1, is adjacent to the Llaucanco
River Basin on its npfthﬁestern side and to the Crisnejas River DBasin on its south-
western side. These rivérs .are all tributaries of the. M:ara'ﬁon River, and the Yangas
"River Basin is not directlyin coqltz;Ct with the watershed between the Pacific Ocean
_and the-Atldr;t_ic éceén. ;\fillages and p'ultiva.ted area are mostly concentrated in the

iﬁighlands around an eie'vation of 3; 000 m, and can be seen rarely below 1, 500 m.
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7.2 Seté'ct_idn of Damsite

R The.dar.ﬁ;siterx;fhich' hac:l been proﬁosed in prev.ious' e;fudies.(Site No. 3
‘partly mentioned ins. 2)is located at the J.urlxcti'on of the Yangas River and the
Graﬁd‘e R..i.ver‘,' :and'a(':'cqrdi'hg‘:‘ to an old 1120.0', Ddd-sg:ale r_ﬁap it had been consi-
'de.réd that if would _:be [SOSSible .to obtain a storagé capa.c.ity of approxi'ma,telly
50 x 106 cu. m 1.3.y céns:tr'ucting. a:'dam of héighf o'f"éd m, However, as a result
".of pr eparatxon of the new 1720, 000 -scale topoglaphm map and of field reconnais-
‘slemo:e,. it became quesnonable whether it is a damsite advantageous as said in
.previous report and the survé’y area had to be enlarged _for gelection of the
opt'irr;.um d_a_méite_. | |

_ Ity éonsic_leration’_qf catch.m_ent area, \effecti\.re head, water stovage efficiency,

--geol_ogy, etc,, the three sites below are conceivable as indicated in Fig. 7-2,

Dawsite No, 1~ The Platanal site," the conjunction of the Jadibarmba

River and the Sendamal River

Damsite No, 2 The Trapiche Viejo site approximately 2.5 km down-

streamn from Damsite No, 1

Damsite No, 3 The Hda, Yangas site approximately 4.5 km downstream
of Damsite No, 2 {the site selected in the MOT LIMA
Report)
Upstream of the above three sites, the river is bifurcated into two big
branche.§ and it is not economical fo cl:onstruct iwo dams or otherwise the drainage
area is greatly reduced, while. th_e downstream, effective head is reduced and the

storage efficiency lowered because of narrow river width, and there are no suitable

sites for a dam frém engineering stand point,

On‘-compariSOn of the siorage efficiency of the above three sites, within the

'scope of a 1ea113t1c dam height {below about 120 m), as shown in Fig. 7-2, Damsite
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No, 1 h.a,.szs:il storage n.c'a..pak_zit.ty. of two to thr.ee ti?nes compared with the No. 2 and No.
3 damnsites at eqq’él dam heights, .lwlyile_th:e_rive'r width at No. 1 dam site is about
l/_l'.S - 1/3 of No. 2 a,n_,_d.No.. 3, and as a result,.__ the storage efficiency (ratio of ef~
[e.ctive_sporage 'c_apa‘ci_ty'_to dam yolil.uhe) of No, 1 is appi-_o:'cinjal;cly 10 times those of
N_;,‘. & and No, 3, lWif;h respect to the No.. 3 site which had bg_en considered to be
the optimum q_a'ﬁ}slte in the previous studies, sinc_g there is a differcnce in eleva~
.ti_qn, .of_approxim_lately.40_m b{(lat'weeln the 1~iverhéd and the Yangas deposited d_eifa, the
effective l‘e.ight of the dam woﬁl_d. be redu_ccd by that axnouti;, and the dam height and

volume to secure the required storage capacity would become cnormous.

The drainage areas for the No, 2 and No. 3 sites are increased accordin‘g
to the .extc_an'ts they are located downstream from Dar’hsit;} No. I, but the increases
arc slight,' a.,ud when the decroases in head are considered, they are thought not to
-be__of such magnitgdes. a.e_;:_to reverse the oyerwhelming differences in stovage effici-

ancy.

Regarding the influences on society in the vicinities such as submersion of
cultivated land due to construction of a reservoir, these are extremely small and

there are almost no dit‘ferent:z_as between the three.

And, as described In Chapter 5, marked water springs are seen at the
“riverbeds of the No, 2 and No. 3 damsites and it is anticipated that great technical
difficulties will be encounteréd in constructing high dams and storing water at these

two sites,

As a result.of the above cor_msiderationé, and based on the viewpoints of the
_ characteristics of the sites concerned such as topography and geology, as well as

the ebohomics, Site No. 1 at Plantanal is selected to be the most suitable.
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7.3 Study of Development Scale

In ‘Selectihg the dam height and pdwer house location, it.is necessary to find
the optnnum development scale of whmh the ratio {B/C) between the annual benefit
(B) determmed by the accompanymg reservior 1cgula.tlon capacities available dxé—
charge', ‘effective head, ‘elc,, an'd the annual cost {(C) determined by construction
co_ét of\structurzes.a.nd operatiOu_ ahd maintenance cost _wo'uld be a maximum, For
this purpose considering four dam heights {storage capacities} of A to D (25, 60, 80
and '100:_m) and the four powerhouse locations of I to IV at each elevation of 1, 350,
.1, 070, 900 and 800 m, the B/C ratio for. a total 16 combinations from A-Il to D~
IV were s.tudied. ‘i‘hg pa.r,ticﬁlars fon;' the respective combinations are as indicated
in Téblq =1, Combinations other than this range ar.e _inconceivable from the_ actual

topographic condition,

- Galculations, were made for these combinations according to the criteria

indicated below.

(1} Topographic maps ,.... 1/20,000-scale topographic maps made
available by INIE

(2)  River runoff ...,. as mentiéned in Chapter 6

(3) ; Basic:ou'tput and energy production ..... nine-year average for

~dependable output and power energy (sce 7.4)

{4)  Alternative thermal power plant ..... as described in Chapter 8
{5}  Load factor ..... 60% as mentioned in Chapter 4
(6] - Construction cost ,.... as described in 7.7 (provided that power

transmission facilities are not included)

{7} Intereat rate ,.... 10%

From the results of calculations, as shown in Table 7~1 and Fig. 7-4, the

e"co_nomics' {3/ C) will generally. be improved the larger the scale (the higher the
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dam height, the g_reater t'he:' head, and the larger the installed capacity), but when
the scale is crilaréed a}'bo-vé'é. certain point, the cconomics ave conversely impaired,
‘This is mai.nly due to topographic factors, That is, even generation scale is in-
creased-, ‘the fi:_{ed ¢costs such as access roa..ds do not change, and on the other hand,
when dam height would be too high thé storage efficiency becomes worse, while
wh.en thg waterway would he too 10;1g the head ga.in'ed by it will not be so much as
the riverbed gradient is gentle ;it the d_ownstr_eam area,

Cons;e_qucntly, as i.ndicated in Table 7-7 and Fig. 7-4, the plan B-III with
dam-height of. 80 m, ‘effective head of 620 mi, and effective output of 50 MW, the
benefit~cost ratio (BfC); which weré ;:alculated applying the basic data of 8.1,
a.nd 8.2., is a maximum of 1.09. and therefore, this is the optimum scheme in

‘case of load factor of 60%.

7.4 Powar. Generation

For the amount of powey getieration, the mass curve indicated in Fig., 7-5
is prepared based on the damsite inflow described in Chapter 6, and the energy
generated for ecach month is calculated from the available discharges and eifective
heads on the basis of optimum operation of reservolr, and the 9-year average was

considered to be the energy generation.

The evapotranspiration loss from the reservoir is not considered in the
calculations owing to the fact that the annual water loss by it at the damsite of
450 mm (m_entiéme& in 6.5}, when applied to the reservoir area of 1.3 sq. km at
.t_h'e mediﬁi‘n watér level, means an énnual water loss of 585, 000 cu.m which is

only'a very small quantity of 0.2% of average annual inflow.

“As for the effective head to be used in calculations, taking the intake water
level at the rhediumwater_level for the available drawdown of the reservoir, a head

of 612 m was used,
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As a .resu_lt, the power generation was calculated to be 346 GWH (9-year

“average) as indicated in Table 7-2.

That is, on the precondition that there will be a thermal power plants
within the system, it was assumed that in the rainy season the Yangas station
wouid ba op'erate'.d‘ at a high load factor {60% or higher) within the limits éf maxin-
mum a,va_,ilable discharge 1-¢ducing tbe operation hburs of abovementionad thermal

power planta., Therefore, the annua_,i average plant factor becomes approximately 80%,

Meanwhile, the energy loss in transmission line from the power station to
i:hé substation at the 'M{chiquillay Mines calculated from the electrical resistance of
the transmission lia_aé of total length of 55 km and abovementioned plant factor is
anhually 25 GWH, The energy used for station service and losses due to transfor-
mers are assumed to be'épproximately 4 GWH. Consequently, the total energy loss
will be ZIQVGWH {approxi.ma.tely 8% of power generation), and deducting this value
from the energy production of 346 GW[-I, the balance of 317 GWH will be the salable

energy at Michiquillay Substation,

75 Large-Scale Davelopmant -

As statéd in' Chapter 4, it will be appropriate for the load factor of around
60% f;r- the power station to be constructed in the 1980s for power supply to the arvea
con.cerne_d., and_ in 7,3, power generating facilities were considered which could
secure a load factor of 60% even in the :dry scason, However, in the 1990s and
thereafter, with increases in both demand and peak demand, it is anticipated that
the incorporation of a pow'er station with a supply c;—;pability at load factor of around
30% 'evern_in the dry séas’o_n w_ould be economical from the viewpoint of the system

© as a whole,

: pr:efqre, as one proposal, a peak power station of load factor of about
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30% on the Yangas River wa'é studied,

.'I_‘hé ofJ.tinium d.e.‘x.’e‘lof)'m;smt scale in.c_a.se_ of load factor of 30% can be obtained
by selecting a,'pla;u of which thd_beégfit-coét ratio {B/C} will be the maximum as in )
7.3, By ch&ngihg‘thé load factoy from 60%'{.:0 30%, the maximu'nh available discharge
‘of each plan w111 be doubled and thc benefit’ I)y kilowatt doubled but when the reser-
voir capacity is constant, .the !.>ene£1t by k1lowatt hour would not be nmreascd S0
: mu.ch. Meanwhile, t‘ho_constl.'uct'ion cost Will be i‘ucréaséd by thc;,'amounts of increase
in th.e inner dlameter of thc tunnel and in generating capacity. As the result of this
' Calculatwns, the highest BIC was for a mod:ﬁcatlon of plan B-III in 7.3. The pa.rl;i-
culars are ae. gwen in Table 7-3; (;md maximum avallable dischar ge will be 19 cu. m/sec
'a.ud maxm;um output 100 MW, The be'nefit’-cost ratio (B/C} is 1.33, and compared

with BIC of 1. 09 for the pla.n of load factor of 60% and output of 50 MW, the ccono-

mics a-l'e-EOund to be slightly improved.

1~I_oweve'1", in cas'e_oﬁ load facf:ol- of 30% the peal duration time will be short-
ened, and careful consideration of the trend in the demand and supply situation must

be._ paid in pushing ahead with such a plan.

7.6 Preliminary | Desigh

Preliminary design of power generation facilities was performed as indicated
‘below in accordance with the optirmum plan ‘described in 7.3. The preliminary design

drawing is as shown in Fig. 7-6.

| .(1) o W1th legard to the type of the dam, since the transverse profile of the river
at the da.ms1te is a pr omment V- shaped valley, an arch dam would be conceiv-
"~ able, but _b_ec_aus_e th.e geqlo_glc ¢conditions are not necessarily favorable, and
in 'Céﬁ“‘airc:lcl.-#ti_oﬁ, of disposal of sediment flowing into the reservoir after start

" of operation, a concrete gravity dam was selected for the purpose of this
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: prefeasibility study, The height of the dam will be 82 i and the volume

- of the dam 240, 000 cu, m.

In (_:éh_sidei'atidu 91’ the gc.ologi.i: conditions, _it was planned that grout-
in'g t(S_ pl_‘,evé.nt'lea.kage.o'f..thé stbr_a.gc should be carrifad_ out very carefully,
bl}t dependi.ng on thé ré.s.ults of future ;lctailed. geologic surveys, there

- might be_ a@’possib_ility tiiat_a.n even mote ié.rge—scale foundation i:reattﬁe_nt
' wﬁuld be nrizc_es;sai'y.. The dam will be pr.ovid‘ed with a spillway capable of
s.af_e.ly.diéch.arg’in.g the désiéxx' flood of 2, 300 cu, m/scc and 3 gates will be in.~

stalled.

. The dead water sforage below the low water level of 1,528 m of the
reservolr is .5‘, 000, 000 cu. m, which WOLild be filled by sedimentation in
approxi.mately 8 years, Therefore, after the sedimentation plane reaches
the low water level-,. effective Sthage capaclty must be secured by operating

suitable facilities of sand flushing.

A The inner diameter and route of the headrace tunnel were selected for most
economical passage of the maximum available discharge of 9.5 cu.m/sec. The
}1e$d'ra<';é'._tunnel is. a ciréu-l#r pressure tunnel with an inner diameter of
2,30 11; and tofal lengtﬁ of 15 km, having work adits at three places along
the w.é,y‘.. Ré.gal;.di:.lg.tc.) dra,in':i.ng.of sedirﬁent flowing into the headrace tunnel,
.a (.h.a:tailed'examiné,tion must be made at the stage of the feasibility study.

It .will be possible from the standpoint of topography and also econo-
i‘hicjs that a 'vef:tical-shaft‘surge tank is provided at the connection poiat
'I_)étw?éen th'e.he'adli'ace tgnnel and the penstock.

The.pen.s_t.o.c'k is to be a surface-type steel pipe and high-tensile steel
ca.p_ab_ie ‘qi.‘--with.stauding maximum internal pressure of 83 kg/sq.cm is desir-

able. Since the penstock would bé very long as 1, 460 m, it is to be
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bifurcated at close to the powerhouse and the two branches connected to

“the respective turbines. -

{3) With regard .to the powo.rhOuIBe, a surface type was sclected, since from
tho s'ta.ndiooints of topagraphy and geology, it is ppssible to select a location
where there would be no danger by land sllido at the time of earthquakes,
while-imprdvemeﬁt iﬁ économy by makinéthe powerhouso an underground

type cannot be expécl;cd.

For turbines and generators, considering the fact that the scale of
the electric bbwér system in the northeri;} part of Péru is éomixarativcly
small, it was docided that two units of unit capacity of 25 MW should be
ins.ta.lied. Since the cffective head is high, the turbines to be used are

dual-jat Peltons.

it will be possgible to secure an adequate area for a switchyard and
construction yard in the vicinity of Bombén where the powerhouse is to be

located.

(4) Concefning to access roads, the existing road of approximately 15 km
' braﬁching from the high\vay belween Cajamarca and Celendin and reaching
to Huasmin is to be improved, while for the approximately 50 km {rom
"Huasmin to the powerhouse via the damsite, a new rcad is to be

constructad,

(5) In order to connect Yangas Power Station with the clectric power system
for_the northern part of Peru, a transmission line is to be newly constructed
from Ya.al_g_as Powcr Station fo a substation planned to be provided near the
M;clxiQLtil_lay_Mines. |

This transmission line s of 66-kV single circuit considering the
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7.7

projected maximum output of 50 MW of Power Station and in keeping with

the voltage us.ed in the existing power system. The conductor of 330.s8q. mm

ACSR will be economical from the standpoint of corona and power loss.

The tran'smission capacity will be 70 MW with the length of the line being
approxin'iately 55'_l_<m long.

The route of the transmission line is shown in Fig, 7-1, and the
drawing of a standard steel tower for this transmission line is shown in
Fig. 7-7.

The route of the transmission line is in a mountainous area from

clevation of 900 m to 3, 750 m, and in design of the route, considerations

were given to lowering of insulation capacity of air and to wind pressure,

Construction Cost

The construction cost was estimated based on the following criteria in

accordance with the preliminary design of the preceding section.

(1}

A{Z)

(3}

The date of estimation of construction cost is taken to be in July 1974, and
variations in the foreign currency exchange rates thereafter are not taken

in account,

It is deemed that the materials procurable in Peru such as cement, aggre-
gates, reinforcing steel and fuel, and the greater part of labor costs are
all be paid for with domestic currency, while other materials, construction
machineryaﬁd electrical equipment which can be imported are to be hudgeted

for payments with foreign currency.

The construction cost is expressed entirely in terms of domestic Peruvian

“currency {S/0). As the exchange rate with international currency at this

time, the official rate of $1.00 = Sf/o 43,38 in July 1974 i3 used.
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(4} 'l"h'é'con's_t_ruction coﬁt was estimated based on recent pe rforma.n’cés in
coné.t)."\.ic'tibn o'f hydroelectz*ic power s_tétio;ms, other construction costs,
and materia_ls costs, 1n Pei'ﬁ, 'ne_ighl)bring South American countries and
in Japan, 'a,nd.. the ‘é:stimates were made taking into account the regional

conditions,

(5} The constriuction cost includes the costs of civil works and clectrical
equipment installation works, engineering and administration costs required

for supervision of work, contingencies, and interest during construction.

{6) Taking int':o consideration the accuracy of the t_opographic'map {scale,
1/20, 000}_which__ s'_elr\red_‘as the basis for calculation of work quantities,
_ cont_ingeﬁcy funds in the construction cost are 15% and 10% for civil works

and electrical equipment installation works respectively..

{7} The construction peried, as indicated in 7.8, is considered to be 5 years
from start of constryction of access roads to start of power generation,
and the interest during construction is included assuming an interest rate

of 10% per annum during the period,

The construction cost calculated based on the above criteria, as shown in
Tdble 74, ié_ 2,988 million 8/o including construction cost of 2,873 million S/o of
power 'gen.eration V_facilitics including a switchyard and 115 million S/o of construc-
tion cost of the transmission line. Of this amount, 998 million §/o would be the
“domestic currency req;ﬁreme_ﬁt and 1, 990 million S/o ( ¥ $43,6 million) the foreign

exchange requirement,

78 Construction Schedule
The éoh’é}tr_uc_tio_n schedule for the Yangas Project, as shown in Fig. 7-8,

must start with basic surveys such as geologic investigations, topographic surveying
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| and hydrcélogic data_coliectioﬁ,l followed by pre;ﬁaratory work such as a feasibility
study, .ra_i.s_ai'ng funds, detailed designing and contracting of work, after which con~
struction would' be.dommencod; and 1t '137.'cstima'ted that approximately 8 yoars will
" he requued as fhe entire perwd ﬁp Lo com.m.lssmmng of the power station, Of this
period,- the constructmn _p(;:rmd from staft of work of access roads to start of power
:genei'qtibn would _l.)e 5 ycéi’s as stated a;bové. _ It is considered that the schedule as
a whole will be governed'by'. the construction scheduie for the long headrace tunnel,
It might be possnble to étudy to shorten the abo{rementioned construction period at
the stage of feambthty Bt.udy', raising Iunds, detailed design and award of contract
for 'cqnstructiop, but since the damsite_geology consists of limestone, it is conceiv-

able an unexpéctedly long pé‘r_idd of time may be required for geological studies of

the dam site.
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. Fig. 7-7  Transmission Steel Tower
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Tahle 7-3 Comparison with Larga Scale Davelopment

Item Unit Selected Plan Alternative Plan

Installed Capacity MW 50 100
Annual Energy Production GWH 346 440
Load Factor % 60 30
i-leiglmt of Dam m 80 ﬂ
HoW. L. " 1,575
Available drawdown " 47

* Bffective Storage Capacity lﬂﬁcu-m 36
Tailwater Level m 900
Total Length of Conduit " 16,460
inner Diameter of Conduit "’ - 2.30 2.90 -
mMaximum Discharge cu -m/sec 9.5 19
Annuwal Discharge 106cu.m 238 304
Cénstructiou Cost Mio s/. 2,873 3, 568
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.- .Tajmé 7-4 | Sumndar'y of Construction Cost

Unit ; million s/o

1 Génera‘i:ing Facilities

: 1. Direct Costs |
: Access Road 4
- Construction I'aml:txes
‘Dam o o .
Héédfa’ce Tunnel with Intake and Surge Tank.
Péhst'oc'k E _ o .
: __Powelhouse and Sw1tchyard
Gates and Valves
' Flect1 omechamcal Eq\upment
‘Contmgency ' _
©Sub total |
2. 'Engi‘nee:rihgi ‘and‘Ad_rriihiétr'atiori' _
§ _':3. Interest during.(jonsti"uct_i'on .

Total

H R Tran_’énﬁis:;‘iio_n Line
1. ) 'Di‘r'ect-(:‘o.s_fs' )

2 Engineelri'ng' and Administration
' 3 :Intereé_t during (Ejon_str.uction

’I‘ota.'l '

Grand Total

el
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