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·s~orx~o~1eoxp1q sa¡ex~uao s­eu 
-snbed 'E!:rnd soo1:3<?'[0.XP'J'.tl: sojpnase soj ua o+ua­p1msaooxd ns A u9¡:0 
-tl!IUOJU"J'. ep u9¡:ooa1ooai 'E!I e aiue¡¡mo¡:syq axa11ei as ieme:i t~ 

·so+uam­¡:pas sor ap ofauem A 
'u91oe1Asap h o+ua1ur¡::µaa ap seiqo ap o~as1p 'eJ8xaua á e1oua+od 
ap so1pn+sa so¡ ua o8ant uy.rez111+n as anb seo1i9+s1q sa1xas 
ser ap u9¡:­::reu¡:m.;¡;;r.¡ap l?I '!11-Sl?'q -e8an of­eqe.x:i ¡ap a:nwot'E! Ul: 

·s~nbad seouano ua soo1891oip1q so1pn+sa 
.rez1reax ap ­e:i.ei+ as opu­eno iopmi1mouap lJ!llllOo tasa e+sa anbiod 
e~osa u91o'el!r.:toJU1 ap ofauem ¡a ua SJSl?JU9 oqoaq l?'q as 

·s­e:iou s~sa ua 
uezoqsa as anb seo189¡oip1q seo1uo9+ set ua .rezrpun~oxd yx1+111Uad 
anb e11dme EJ,rei8011q1q 'eUn uoo ~uamardmoo as o+xa+ t~ 

NOI~KlfiCTO&I.N:I '1 

e.red sOOisJm so¡ uos eo1i+o91aoxp1q u91oexaua8 ap o+oa&oxd un ap 
oi+uap 00189¡oip1q 01pn+sa ta x11dmno aqap anb SOAJ+afqo so~ 

·e1qmo10~ 'y¡oiog ap reuo1oeN pEpJsiaa1un 'IJAJ~ oxe¡:ua8u¡ /1 
'S861/axqmeJAON ap Sl­aXqn+oO ap 8Z 'EJqmo¡ 

­O~ 'egUl?l!Je.reong '(lt)d) seo1x+o~1aoxp1H sa¡ex+ua~ s~anbad 
ap o~as1a ap oueo1xaumou1+?I os.­rn3 II ¡e op­e:¡uasaxd ofeqexi ~ 
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·sa1q1sod sa1qv1JU0:> sym 
SOPl?ltnsa.t so1.taua+qo1?.ll?d sep111do.tde sym s­eo1uo~1 s111 y.te:>Jtdl? 
.li. a1q1uods1p u91:>1?11LIOJU1111our¡:xym11? .ll?ZJI1+n y.taqap 080¡9.tp}q 
¡a soseo soqlll1? ua !apU1?.t8 oun v.red anb ouanbad ono.uesap un 

·sop~¡nsa.t so¡ ap p11p111q111JU0:> 
111 ua a+~.todm} ­ep1pi~d trps '.so1nouas soonymallllll so¡apom .li. 
sop1101111dm}s sopo+~m as.teo11d11 uapand sa¡­eno set ua s~anbad a+ 
­uaDll?AJll?ta.t s­e:>uano uoo s11p111oos11 uy+se .li. '­es11ose se ­eo189¡0.toa+ 
­amo.tpJq u9}:>1?11LI0JUJ 1?1 apuop s­euoz ua s11p11z1111001 uy+sa sl?:>J.ll 
­:>~1aoxp1q sa111i1uao s~anbad sv¡ '111.teue8 11¡80.t .tod '08.t11qwa UJS 
•soo1i10~1ao.tpJq so110.t.ll?sep so~nbad so¡ ap l?AJSnt:>xa 'a+ua.teJJP 
1?J8o¡oip1q BUn ap as.ll?¡ql?t{ apand ou anb 1101pu1 io1ia+U1? o~ 

• s­eo·p+onao.tp 
­}q S0t1?.tlUe:> s~enbad S1?1 ua S1?p1?ZJ11+n UOS anb Sl?l a.t4ua efl?l 
­ua:>.tod 01111 un ua.li.n111suoo sereno se¡ 'ZllDJ oot ­e+sl?t{ 's1"llanbad 
s­eouano ua 110189¡0.tp}q u9101?11LIOJUJ 111 ap ofalll?W .li. u91ooa1ooa.t 
1?1 e.tqos u9}:>1?nUJlUO:> 1? Y.t­e+l?.tl as 'mim.toUl?d a+sa ap oi+uaa 

:sa111d1ou1id SOA}+afqo sa.t1aua111101i+o~¡ao.tp 
­1q u91011.taua8 ap o+oa.li.o.td un ua 0018910.tp}q 01pn+sa t~ 

"1?J8.taua .li. l?J:>Ua+od ap so1pn+sa so¡ ua y.t}Aias 
anb sapipnl?:> ap u91:>11:tnp ap l?A:tn:> 1?1 .ttrurpsa 1?.ll?d 'u910 
­~dl?:> ap 01+1s 10 ua OJ.l 1ap so1pam sa111pn11:> so1 .rez11mxv 

·osaoxa ap sa.topa4.taA Á sauo10 
­l?}Asap ap o~as1p 11.red a+ua1:>a.t:> ap sa¡l?pnl?:> so¡ .ll?tn:>te;J 

·11+~ l?PJA ns a+trn:tnp 'u91o~d1?0 
111 ap 01ua1wt?Uo}oun1 o+oa.t.too Iª ueoJ+U1?.t1?8 anb sa¡­euoJ:>Jpl? 
sv.tqo set ~SJP 11.red 'pn+1u8"E!1ll ns .reuIJ+sa Á 111.todslll?.t+ 
OJ.l tª anb so+uaur¡:pas so1 ap o+ua}um+.todmo:> 10 ~}111.la+aa 
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'001i10~1eoip1q 011oiresap 1e ua ieqoaAoide 
e eA es anb ori tªP eouano et epez1teoo1 a11eq as reno et ua 
ietno11ied u918ei et uoo á s~ia1u1 ap mioz et uoo u91oetai op1ue4 
treÁeq anb seie1no11ie¿ á sa1e101JO sapep11~ ser ua eA11sneq 
­xe u91oe811saAUJ ;aun epuaidmoo 001891oip1q 01pn4sa re re101u1 

:so1oedse 
sa1ua1n81s sot yi1n1ou1 anb 01ie4ueAUT un 'saouo4ua 'yxeq as 

·euo2 e1 axqos seJJt!i8ouom esx1ntou1 uaqaa ·u918ei 
et ua VJie1ue8ur ap sottoiiesap aiqos saio1ia4ue so1pn4s~ 

·s­eu1oeA 
sauo1oe4sa ue á eouano et ap oi4uep 'eJi4ewo1Antd 'u91oei 
­ode4a 'pepawnq 'sein1eiedma4 eiqos sox1s18a~ ·eJ80t04'elll110 

ºOJi 1ep o8iet 01 e '01 
­ue1oaio ep smirai8oip1q a soauy4ue4su1 sour¡:xym 'so1ie1p so1p 
­ew satepneo eiqos u91omiuoJU1 vy epo4 eán1our ·sa1epneo 

•setqeuo1soie a4uawte1oua4od seeiy ap u91omI1w.::ta4ap 
et Á sotens ap seuo1oeo111se10 set uaÁntou1 es 04oedse a4sa 
ep oi1uaa ·u918ai et ue 'oin1nJ Á t­en1oe 'eiie11 et ap osn 

·1e101u1 u91oem.¡0JU1 et ~uewetdmoo eied se1iesaoeu odurao 
ep seioqet set uy;remei8oid es s1s11yue te ue eseq uoo i 'sop1u 
­e1qo so4ep sot ep pep1teo e1 ep uapuedep anb so4ua1ur¡:paooid uoo 
opianoe ap 'o8ent yre211eue es epe4oa1ooai u91oeu1aua4ep e1 

·01io1vioqv1 ep s1s 
­1t'fl.I"e i 'opUOJ ep so1ueur¡:pes ap sei1senm ep tl'1II01 'sop119s Á sop 
­1nbJt soio~ 'seteA1u ep se.tn1oa1 'seJi1aur¡:1eq 'soo11yi8odo1 so1 
­ue11111?1ueAat ueÁntou1 so1i~ueura1dmoo odurao ep sofeqei1 so1 
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·01pn¡sa ¡a ua uaoEq as 'a1uame1iesaoau 'anb sauo101sodns se¡ ap 
seun31e .xeqo.tdmoo Á setnIILl9J .reiq1teo e.t~d traA.IJS anb ue y¡sa eo 
­11oy.td pep111+n ns,\ 'sasam oi+­eno á sop ai+ua 'o¡.too opoJ.tad un 
a:iuemp a:iuawreiaua8 uenoiiesap as odweo ap saioqe1 Slns~ 

·00189¡oip1q 01pn1sa ¡ap sapep1saoau se1 uoo opianoe ap 
'sa¡uamMUad o sarmI01s1ao.td 'sa1euo101pe sauo1oe:isa ~.tetlnSUJ 
as '01.resaoau sa 1S ·seu1oaA seaiy ua Á o:ioa,\oid ¡ap euoz e¡ ua 
sepe¡e¡su1 seo1.:tlS1W01AnlJ Á seo1l39101emJIº 'seo1i:i~mo1an¡d sauo10 
­~sa set ua eo11yma1s1s so¡ep ap ano¡ e¡ uoo .'tenU1lUOo y.taqap as 
sepeuo1ouam odweo ap saioqe¡ se¡ ue¡¡o:u:asap as anb ZaA et y 

v::>rOO'Im!O:.u.1WO~(IIH NOI::>~OANI V1 :¡[(I SISI1VNV • z 

·o:ia 'u91oeiq11eo ap seA.Xno ap u91s1Aa.t 'se11emoue ap 
u91oeo1111snf 'e1oua:is1suoo e.red esem a¡qop ap s1s11yue apuaidwoo 
reno ta 'so¡ep so¡ ap pep111qe1JUoO e¡ aiqos oanbaqo un iaoEq 
sa u91oemioJU1 et ap s1s11yue taP oi¡uap osed xawi:.td t:!I. 

·eau~8owoq sa a1ias et anb e.tn8ase as 1eno 01 uoo 
'sauo101puoo S'l?lllSJm se1 ua sopemo¡ op1s ueÁEq so¡ep so¡ sopo:i anb 
'sa o¡sa 'u91olnsa eun ap oi1s18a.:t 1ap so:iep so¡ ap e1oua1s1suoo 
et .reqo.tdmoo e.red ez1111n asesan atqop ap s1s11yue t:!I. 

·so:ie.rede so1 ap safo¡a.:t sot ai¡ua u91oez1uoiou1s 
ap lnleJ iod o eo1i1~mo1A111d pa.t et ap u91onq1i1s1p etlnll .tod 
i1.t.xnoo apand VJI'l?lllOue ~sa !9iaua8 VI anb o.taoVl'Úie Iª uei1s18 
­a.t ou a1ua1puodsaiioo a1ua11iaa eouano et ua sopet~su1 so1e.t8 
­91An¡d so¡ o.tad 'a1ua1oa.to eun ei1s18a.t o¡ei8Jt.nir¡:t un opueno e11 
­.;.emoue mm Á'.Etf 'otdmafa .tÓd • o:iuaaa opmqUI.Ia¡ap un ap so.x:is1l3ai 
ap o¡unfuoo 1ap o.t:iuap ue.tpenoua ou 'sopesaoo.td ias 1e o 'e1s1A 
a1dw1s e 'anb so¡ep so11anbe e uaia1Ja.t as se11ewoue se1 

­ln.rede sauo18a.t ua o 'so~anbad SOJ.t ap seouano ua soo189¡0.tp1q 
so1pn1sa .rez11ea.t ap ~ei¡ as opm?no 1e.:taua8 oseo ta sa a1s:¡¡ 
·sa1qeo11de uos ou pep111qe1JU00 ap soo11s1p~sa sopo¡~w sot 'se¡ 
­a¡dmoou1 ~¡nsa.t odma11 ap sa1.:tas se¡ o ln.tOO sa soi1s18a.t sot 
ap pn118uo¡ et opueno ~so 'eseosa sa u91olroUOJU1 e1 opUlm~ 
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·o+oaÁoJ:d ¡ap soA1+afqo so¡ ut_úJas 
'o~as­¡:p ap so14a~.red so1 i1u1Jap ­e.:t­ed o s­eo­¡:19:¡.s­¡:q sa­¡:ias set 
iapua+xa ­e.red v.x­¡:AJ:as anb e­¡:.re4ua[ll61dmoo u910EU1.IOJUl et yie2ai+ua 
Odmeo ap oreqeJ::¡. e:¡.sa !SOJpn:¡sa S01 J:eZJIE91 EJ:Ed a1q1uods­¡:p 
odm:a­¡::¡. ta Ottr¡:~ te 1EZ111+n e.red openoape odm:eo ap or­eq­e.:t4 un 
as.reme.:c2o.:td ~.:taqap Á 'u9­¡:oem­¡:xo.:tde e1am­¡:J:d eun ­e.red a1qe:idao­e se 
u910­emJ:OJUl et anb i­¡:wnsaJ:d o­¡:.resaoau sa 'soseo so+sa ~ •sauo10 
­eAJ:asqo s­e1 .remo+ ­eied osaoo­e ap pe:i1no111P ­et emns as eor~ 
­91oioa+amo.xp­¡:q pa.x et ap o:¡ua­¡:m­¡:iqno ap e:iteJ EI -e anb.xod 'sep 

·sa+ue:iiodm:­¡: s~ sor uos pep111qe1Jiloo 
ns Á oi+s­¡:2ai tªP pn¡­¡:guot et sat­eno sot ai+ua so+­¡:s­¡:nbaJ: ap 
a­¡:ias etm uoo J:Jtdmno uaqap seo­¡:19+s1q sa1.xas set 'u9ze.:t e:¡sa J:Od 
•.re:¡oaÁOJ:d e treA as anb seiqo se1ap11'.l~ ep­¡:A e¡ e sa¡ue­¡:puod 
-saiioo so~ so1 a:¡ue.Inp uaua­¡:+uem as 'eo­¡:194s­¡:q a11as e¡ ua sop 
­1u11ap sa¡epneo Á e1201o+em­¡:10 'se­¡:Ant1 ap so­¡:pam sauaWJ8ai sor 
anb auodns as '1ro1a1qoid tªP u9­¡:odaouoo e:¡sa ap oi:¡.uaa •­eouano 
e1 ep /i. op tap om+nJ o:¡.ua­¡:imqiodm:oo ¡ap soApew­¡::¡.sa so¡ ­eied 
as­eq Et ua/i.n+1+suoo sa1­eno set 'seo­¡:i9+s1q odme­¡::¡. ap sa­¡:ias s­et 
.1all.XOJUOO e apaooid as 'u9­¡:0Elll.:toJU1 EI .:t­eo111se10 ap 08an1 

·soiao~­e so¡ 
e eouano e¡ ap e+sandsai e¡ ap A se1An11 set ap 01io+ea1e o¡oadse 
1ª J:Od epwo1seoo pep1t1qe­¡:J:Eh Et ap opua1puadap 'S01:!9 o~ A 01 
a14ua e11oso enbiod 'a¡q­¡:uods1p e¡ anb ioÁem a1dm:a1s 1seo e+tnsa1 
a­¡:ias e¡ ap EWJ+d9 pn+12uo1 e¡ 'sa¡epneo Á se­¡:Anlt ap e¡ei+ as 
opmmo 'o­¡:qureo ~ ·swanq a:¡uama:¡ua­¡:o­¡:jns uos so~ oou10 ap SRO 
­1g91º4EW11º sa­¡:ias 'u9ze1 e:¡sa iod !oUR 0140 Á oun ai+ua seuo10 
­e1.reA s~anbad uoo 'tenURUJ'.ltnnt ¡ensuem tSAJU e sop1u1Jap e+uaru 
­Ro­¡::¡o~J:d saio¡eA uaua­¡:+ '·o+a '1e1oue¡odu91oe1odeAa 'iodeA tªP 
u91sua:¡ 'eA1+e1ei pepamnq 'ein:¡eiadme+ e¡ uos omoo 'em­¡:10 ta ue 
uaua­¡:AJ:a¡u­¡: anb sa1qe­¡:ieA se¡ anb e op­¡:qap 'se:¡J:oo seo­¡:291o+EWJIº 
sa­¡:ias ua e11'2ll: as u9101puoo e+sa soo­¡:29101p­¡:q so­¡:pn+sa so¡ 
~ ·u9­¡:oe¡qod e¡ ap 11eA­¡:+e+uesa.xda.:t e.:qsanm11 mm ­ew.:tOJUOO snb et 
sa eo­¡:19+s­¡:q a­¡:ias wanq etm anb eiap­¡:suoo as '1e1aua2 U3: 

sar1mo se¡ 'u91sa1ga1 ap seo1uo~+ a+ue1pam sa¡epneo ap so1+s1ga1 
sor iapua¡xa a+­¡:uuad oqoaq e+sa ~sa¡epneo ap anb se­¡:An11 ep soi+ 
­s­¡:8a1 saioram iaua+ e+uenoaJ:J se soseo so1 ap e110Aem e¡ u~ 
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·sa1ep1padns s­em!e se¡ 1e.rn41ro WLIOJ ua reuao\1111te e.red 
eouano e1 ap pep1oedeo l?t au11ap as A '·o+a 'eouano ~1 ap ei:pam 
u91oeAa¡a e¡ 'eiape1 e¡ ap e1pam a+ua1puad e¡ 'aoneo ap a+uai:puad 
et 'eouano et ap SOOJ.JY.I801s11 so.r+amyred so1 ue¡note­o as l?JJ'e.I8 
­o+.Il?o et uoo ·a+ua1+.raA eouano e¡ a.xqos a¡qi;uodsi:p eo1JY.l:80+.Il?O 
u9pWUOJUJ. e¡ .reatdma a1qesuadwu1 sa 1­eno at 'l?.xed 'e1Antt 
et ap sa+uauo<huoo s~t ap s1s11yue ta ua A oJi yap 0011nyip1q o+ 
­uai:me:iio<huoo ta ua sopeseq 'sooJ.lJt'B'l.Il? sopOlSKll as.Il?Z111ln uapand 

·sa+ 
­uai:puad A sapn+18uo1 ap so1no¡yo so¡ ua a+uam1e1oadsa 'u91s1oa.rd 
ap l?PJ.P.I?d a+ua1n21suoo ­e¡ uoo 'senv o 'sa1e:iuame:iredap s­edmu 
01dmafa .:tod 's~anbad Anm·se¡eosa ltOo .Illfeqe.x+ sa .raoeq apandas 
anb ºº1ll'tl 01 'sa1q1sod uos ou sauo1on+1+sa.r se1 opmm.o ·sepe1d 
­o.rde se¡eose se1 e s~.ra+u1 ap ea.xy ¡ap s~uo1on+1+sa.x se¡ .xaua+qo 
e.red so1.xesaoau l?J.I+aure.r80+010.rae ap sofeqei+ so¡ ·.re:inoafa a¡qep 
­uamooa.r sa 'a+J.Ul.lad 01 01pn+sa ¡ap o+sandnsaid ta JS ·sauo18a.I 
se+.ra10 ap o+ua1mi:iqno 1a ua e1oua101JtlSUJ . .IOd a+s1xa ou u91ol!ID 
­.IOJUJ. e:isa sat­eno so¡ ua soseo Áé{ ''l?JJ'ei8o:i.xeo et ua OOO'OOt:t 
l?+seq 000·01:1 ap se1eosa rez111+n eptra1mooai as opueno unv 

•sa1qe1JU00 
oood o soseosa uos so+ep so¡ opmm.o sa¡qepuamooa.r uos ou 01no1yo 
ap sopeioqe¡a sym sopo+~ so1 o sopeo1+s11os sooJ.+11(1la+'Ellll so1apoU1 
so1 'u9ze.x e:isa .IOd •so+ep so¡ ap JmP1­t~o e1 e o+afns ·a.:tdmeJ.s 
y.re:isa sopi;ua+qo sope:i1nsa.r sot áp aotrl?;)te ta o.rad 'omi:xym 1e 
asrez111+n aqap a+ua+s1xa u910­em.tOJUJ. e¡ 's­e.rauem sepa+ aa 

:u.N:iJ. 
-srxs NOIOVWHOmI V'I ~.tm:rm'IdWOCl VHV'd OdWV;) :a:a VW\l&X)Md • f; 

"uS'eA'f+ 
­l?+Uasa.rda.x s'é.x+sanm11 s­epe.:tapi;suoo ias e.red sep181xa sauo101puoo 
se¡ uoo u­e1dmno anb seo18910.xpi;q sa1ias .raua+qo e se.r1m uoo 
'sa1q1uods1p soo1.r9+s!t{ so.r+s18a.r so1 .re:iuama¡<huoo e.red ep1ianba.I 
u9i;ol1tl!.loJU1 e¡ epa+ auoi:o.rodo.rd anb odoreo ap 'ellre.I8o.rd un re11 
­oiresap exed a+uaJ.oJ.JtlS odmar~ ¡a uoo l?+uano as ou 'o+oaÁo.:td ¡ap 
sepezueAe sym sede:ia set ap o.x+uap ut\l? '1'1?.Iaua8 WLtou omoo 
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·eu101Jo ap sa1oqe1 set uoo 
opeu1pxooo 1e+Sa aqap 011011esap ns Á 'aluanmsopep1no as1exoq~ta 
aqap odumo ap guraxgo1d te 'sauoze1 se~sa iod ·04sandnse1d tªP 
U9!º'13'.l1lll"'Fl et uoo U?1qtm?l g+uano as odma1+ iolOEJ 1ap s~apv 

·sa+ua+s1xa sauo1oe¡sa ap so1+s12a1 ap o+ua1uresaoo1d Á ein+ 
­oa1 Á 'se111oues seo1291o+l<tll1tº sauo1oe¡sa ap u91oere+su1 'sop 
­119s Á sop1nbJt so101e ap u91oez11ea1 'seo11+?wo1AntJ Á seo11+ 
­?WOJAntd sauo1o~sa ap so+ep ap o+ua1umsaoo1d Á u91oe1ado 'u910 
­e1e+su1 et uaan1ou1 se1~uama1dmoo saxoqe1 se1 'olsando1d em 
­anbsa 1ap s~1a+u1 ap so1+1s sot ap Á eouano RI ap 1~1aua2 Olua1m 
­1oouooa1 ap s­e+1s1A s~t ap s~ap~ '00129101p1q odfilgo 1a U] 

·1­entrn1+tnm t""Emtrn 01paw repneo tªP ep1pam owoo asigz1t1+n 
uapand ou saioteA sosa 'sasam sop a+trn1np so11e1p so1pam sa1epneo 
Uli!UlO¡ as 1s 'otdmara 1od 'Jsv ·1­e+ omoo as1eraURW aqap Á 1­en+tmd 
­e+1nsa1 ep1ue+qo u91o"EmI.toJU1 et '0+100 Ánm sa odfilgo ap trurai2oid 
ta ua opez111+n odma1+ ta 1s 'anb a+uasa1d ánw asiaua+ aqaa 

·eseosa sa a+ua+s1xa 
u91olrul.10JU1 et opu­eno asxao­eq uaqap a+uaure11esaoau anb sa1e101u1 
sauo101sodns sgt o+oa4oid 1ap sepeztrnAe sede¡a sgt ua 1eqo1dmoo 
e,xgd 0Ai1S saoaA sm.m21e á '01pn+sa 1ap 01¡uap u­eo11de as anb 
se¡nm.t9J set ap s~1e 1e1q11eo a+1miad e11a anb ua ~+sa '0¡100 
opoJiad un ua gp­emo+ 'odweo ap u91olml.lOJU1 e¡ ap pep111+n g1 

•se1pam sauo101puoo 4 a+ua1oa10 ap sa1epneo 'are1+sa ap sa1epneo 
.reu1nua+ap e sop12111p 1e+sa uaqap '0¡100 sa a1q1uods1p odrua1+ 
lª opueno 'so10_¡-e sot !repneo 1ap sauo1oe11eA sgood ua1adsa as 
1­eno et ua good? -eun ua so11e1p so10.Jl! 1ez11ea1 a¡ua1uaAuoo sa ou 
'01dmara iod •t'lntos1ad 1ap u91oez111+n e1 1ez11'E1Uo1oe1 ap UJJ 10 
uoo 'o¡oa401d 1ª opez11eoo1?+sa1­eno er ua u912a1 e1 ap o gouano 
gl ap 001g9101oa+amo1p1q uafillg?1 1a e+uano ua opua1ua+ uaure1201d 
as odfilgo ap sa1oqe1 set anb ~puamooai oúanq sa 'afill+l~ ioa 
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NOIJVH:Dra~ iQ SOian.LS:!I 
\QIV'd SOI~ snvanVJ :!ICI :!!Im!S V'l i(l NOIJVNIWU!3a 'tr 

•e.tqo ey ap tT:+~ ep­¡:11. et a+uemp 
op ¡ap é¡qeqo.td o+ua1m­e­¡.:i:odiuoo ta uauuap anb so.z+~xed .remnsa 
l@'.l}IJJ,,la!f Jre1ouanoa.t;¡: ap s1snyue so¡ 'op ¡ap sa1epneo ap uami:8si.t 
lªP e,1q:4­e­¡uasa.xda.t sa /i. a­¡si;xa apas e¡ optrsno '08.reqma ut s 
!sosip · so¡ ap e1.tokem ue.:i:8 e¡ ua a¡q­¡:sod sa ou o­¡s:¡¡: ·u9p­e­¡d'I?=> 
ap oi~1s ¡a ua so­¡::re­¡:p so1pam sa¡epneo ap "1?01.z91s1q a1ias eun uoo 
.re)UP:>' sa l?J8.taua /i. 'l?Joua­¡od ap SOJpn­¡sa SO'{ e.ted reapi: t:g 

:soo­¡:jy.t8 /i. so.t4amy.red sa­¡ua­¡:n8­¡:s sot ua amnsa.t 
as .$ll­¡:ouanoa.tJ ap s1s1tJU:e ¡ap ­e­¡¡nsa.z anb u91oeuuo;ru1 e~ 

·emuen ap o ~uom 
ap SO'f.Z ap st101dn SRA..Ino ap /i. !a­¡uaure;q:­¡oadsa.t 'sa1enue 
o sa¡vnsuam •so1.:re1p uos sope­z1tl?lm so1pam satepneo so¡ 1s 
ttmue o rensuam 'epe­¡:p u9pe.xnp ap seA.tno ap e¡q­eq as 'JSV 
•s191tYllF exed opemo+ opo¡.tad ta uoo op.tanoe ap /i. 'a4ua1~a11. 
~ouatt> ~t ap u91oe.t'.4t1JU1 ap /i. seo1JY.t801s1J seo­¡:­¡sJ.ta:+oe.teo 
$~t ~s U!Ú3ªs 'seo1dJ'.4 sem.tOJ aua11 u91oe.xnp ap eA.tno 

·:wri ·&,s~ anb ten21 o .toA:em 04ua11.a un a4uasa.td as anb ap 
~P1t1,eqo.:i:d et 04ua11.a un ap e1oua.t.tnoo ap pepi:t1qeqo.td omoo 
au1J~p:~ •so­¡:paw satepneo ap e­¡:oua.t.tnoo ap pep­¡:¡­¡:qeqo.td et 
v.iua!f3~d anb oo­¡:,Jy.t8 un S:!J: ·sa¡epneo ap u91oe.tnp ap eA.t~ (e ~~ 

·o.z­¡ 
....s"F3.~~·Iª opo1 ap sopei;p sowam sarepneo soy ap 01pa1110.td te 
a:+~xo~e are11.1nb:!J ·03iv1 o.:ns18a.t un ua 1enu­en1nm », "l 
tetlUll q¡pam 1epneo re a.tana.t as oupn.tsi­¡ rn: ·01pam 1­epne:) (q ~-. 

·o.ta.zqa~ ua sope.t1s18a.z 
so1p~ satepneo sot ap ozetd 08.:tet e 01pamo.td tasa 'o.ta.zqa~ 
ep .. {1!~ o 'o.:ia.zqa,! ap ¡enuen tnm ¡vnsuam owam repneo 
te '~t•ra .zoc1 ·a.tqmou oms1m ¡ap sasam ap sayensuaw so1pam .. 
sa¡ep"l"lti!f.) soy Ti a.Ia!Ja.t as ·1­enuenynm ¡tmsuam ojpem repnt?:) (o 
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·v.:ta¡.nba.x as U"!ft!as 'sarentre¡.~¡nm sa¡­enue o 
'sa1enue¡.1 tnm sa¡ensuaw sa¡:ias eied o 'opmc­¡:wa:iap sam un ap 
so­¡:ie¡.p so¡.pam sa¡­epn­eo so¡ e.n:1d asie¡no¡eo apand ezue­¡:.:teA 
e¡ l?J~iaua ap u9¡.oe.:taua8 ­e.red so¡:paw sa¡epneo ap s¡.s¡:¡y¡re 
so¡ ua ·a­¡:.:tas e¡ ap o­¡:pam io¡­eA 1e o:i~adsa.:t uoo 'a¡..:tas -eun 

·­eo¡.1s~oo1sa u9­¡:o 
--eiaua8 e¡ ua a1ue:i.:todur¡: sa U?¡.qme1 '1119 as¡­eqma ¡ap 
u9¡.oeu­¡:m.ta1ap ­e¡ ua e11.¡.s¡.oap sa sa¡epne:> so¡ ap ­e¡.ouanoas 
e¡ sa1eno so¡ ua '01ua¡.meuao­em¡e uoo so1oa/i.oid ap s¡.s¡.¡yu­e 
v~ ua a1ue:i.:todur¡: OU'J'.W.I?l un SR ·a¡..Ias l?I ap sopesv;¡:sap o 
soA­¡:1noasuo:> SOU'J'.W?l ai1ua a:is¡.xa anb e¡.:>uapuadap o u9¡.o­e1 
­a.:t.:to:> ap opei8 ¡a ap¡.m O.:t19111\?.:ttld a:isg ·1e1xas u910­e¡a.:t.:to~ (a 

·oiao -e 
¡ln\8¡. ­eJi191111s­e ­eun sarenue so¡.pam sa¡epneo ap sa¡.ias s­e¡ e 
'f!IJ2¡.se as 'sa¡enue sa¡.ias ua º!:!9nbad Á so¡..re¡.p sarepneo ap 
sai:ias e.red apu­ei8 ioreA un auan anb e o¡ueno ua renur¡:s 01 
­ua¡.~odmoo un e¡uasaid l:!Zue­¡:reA ­e¡ anb.:tod symap­e /i. 'u9z­e.I 
tllSa .l'.Od ·sa¡enue sa¡­epneo ap sa¡.ias ua oun ­e our¡:x9id 
/i. so­¡:re¡.p sa1­epneo. ap sai:ias ua 011­e sa 11){11 ap io¡eA 
¡a '01oa1a ua !saio/i.­em uao­eq as s¡.s¡.¡yu­e ap sopoJiad sot 
anb ­ep¡.pam ­e aonpai as i!J.l'.1aur¡:s­e e¡ '08.reqma u¡.s 'OA¡.11sod 
'eltnsa.l'. oonsJp'elSa u'eJ.:r;+aur¡:s1'! ap a¡uai:ouaoou Iª 'reiaua8 
o¡ .wd 'apuop s­e¡.ouan:>a.:q ap s¡.snyu­e ¡a ua a1uaorn::rr:1:~m 
­a1­em as.reqo.:tdmo:> apand anb 11l?A1lí­SOd 'E'J.I1aur¡:s­e11 o 11­eq:>a.:tap 
e¡ ep­eq o8sas11 onoc aui:Jap as anb e¡:.do.Id ­e::i¡.:isJ.:ta:p­ereo 
eun so­¡:pam sa¡epne:> ap sa¡.ias s­e¡ e ep otpaq a1sR ·soA 
­11e8au saiot\?A .:t¡.¡s¡.xa uapand ou anbiod 'o.:tao .:tod SOPtllí­W!I 
~sa sour¡:uJm sa¡epneo so¡ anb se.:t1ua1m 'a¡.ias et ap o¡:.pam 
1epn­eo ¡a anb sa.:to/i.­em saoaA 11}(11 uos ­epezneue a¡..:tas l?l ap 
sour¡:xym saio¡­eA so¡ anb aidma¡.s eA:tasqo as so¡.pam sa¡­epn­eo 
ap se¡.ouanoa.:tJ ap s­¡:s¡.¡yu­e so¡ ug 'l?}.:t1aur¡:se o o8sas (J 

•u9¡.o­enu¡.1uoo e ­e+u~so~u as omoo asi¡.urnsai apand 
.re¡n;:rp.red osao epeo ap 01ua¡.W'el'e.l'.l 1a !11as¡­eqma uo::i11 o 11­erúi­e 
ap ºIí­1 e11 tn!'!:1as¡.p es so1oa/i.oid so¡ '¡­e.:tauag Rl!UOU .l'.Od ·01oa/i.oid 
1ap s­eo¡.1sJ.Ia10­e.reo se¡ uoo opianoe ap 'oin1n1 ¡a e¡.o­eq oo¡.g 
­910.xp¡.q uaur¡:8?.I ¡ap u9¡.ooa/i.oid e¡ ao­eq as 's­e¡.ouanoai1 ap s¡.s¡.¡ 
-ytre ¡ap sop¡.ua¡qo 'so1sandxa saio¡eA so¡ sop¡.u¡.1ap za11. trun 
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sen2e 0+1s9dap un a¡uam1­euo1~eoo eS.IetIUOJ apand opu­eno unv ·e.Iop 
­eA­¡:.Iap esa.Id eun ap o­¡:pam .Iod aoeq as W10+ et oseo a+sa ua 

·aseyo \?:lS0 ap o.I¡uap sope.Iap­¡:suoo uy¡sa 
e.Ied safepuod so1 ·arqe­¡:oa.Idsap e.Iap­¡:suoo 
e.Iopeyn2a.I pep­¡:oedeo et 'esa.Id et ap eq­¡:.Ixe 

e­¡:ie.Ioq u9­¡:oe1n2a.I 
as 0+1s9dap asa ap 

·e11e1 ap o8sa­¡:.I ap safe¡uao.Iod 
soy A e­¡:iepunoas h e­¡:~.Id seJ8.Iaua ap u9­¡:o~.Iaua8 ap so8ue.I 
so1 'o.In2as repneo ta uaonpap as 'e.Iauew e+sa aa ·so­¡:xe­¡:p sa1ep 
­neo ap u91oe.Inp ap eA.rno e¡ ap s1s11yue 1ap ue+1nsa.I e­¡:8iaua h 
e­¡:oua+od ap so­¡:pn+sa so¡ eied soo­¡:syq soo­¡:891oip­¡:q so+ep so1 

·1mio­¡:8a.I s1s11yue ap 
o­¡:pam .Iod so.I+s18a.I ap u9­¡:sua+xa o so­¡:ie­¡:p satepneo ap 0+1suy.I+ 
'sa¡epneo ap u9­¡:oeiaua8 ap sotapom 'u91sai8a.I ap seo­¡:uo9¡ opu­ez 
­111+n u9­¡:oe.rnp ap eA.rno et .I1onpap ap pep­¡:saoau Al?q 'ewo+ ap 
01+1s ta ua so­¡:ie­¡:p sa1epneo sot ap se­¡:ouanoa.IJ ap s1s11yue sot 
.Iaoeq exed epenoape sa ou a+ua+s­¡:xa u9­¡:ol'!W.IoJtI1 et opuen~ 

·asyeqma ya 
e+oaAo.Id as 'ua.Ia­¡:nba.I ot OJ.I 1ap pep­¡:oedeo et ap Á epuemap et ap 
s­¡:s­¡:yyue sot Á satqe.IoAeJ uos seo­¡:,ni.I2odo+ sauo­¡:o­¡:puoo set opueno 
'o2.:mqma u­¡:s !satei¡uao s~nbad ap oseo tª ua et8a.I et anb u910 
­daoxe et sym uos .Iope¡n2a.I as1eqma uoo so+ua­¡:wm.¡oaAo.Ide so1 

·se.Iopeiaua2 sapep­¡:un set e treA anb so­¡:paw satepneo 
ep sa­¡:.Ias treW.tOJtIOO 11sep1 res11 Sl?'J • 01.:m1p o tmiaou­¡:nb '1ens 
­uam .I\?:ltnsa.I apand teno ta 'a+ua­¡:uaAuoo sym opOJ.Iad ta t?:ldope 
as 'sope+1nsa.I so1 uoo op.Ianoe ap 'a+ualll.lo­¡:.Ia+sod 'A sarensuaw 
sopoJ.Iad uoo .:mfeqe.I+ e ezua­¡:woo as 'teiaua2 01 .IOd ·as1eqwa 
tªP eiopetn2a.I pep­¡:oedeo e1 ap uapuadap anb sopOJ.Iad o soteAia+u1 
uoo 'so­¡:pam sa1epneo ap sa1e1ouanoas sa­¡:.Ias .IOd sepl'!W.Io¡uoo uy+sa 
11sepe.I+ua11 set ¡eno ta ua u9­¡:oettlll1Js ap oo·pyma¡WI oj epotn un ap 
epnAe uoo uez1tea.I as as¡eqma tªP u91oe.Iado ap so­¡:pn+sa so1 
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'sa¡~i¡uao 
01110::) 

­eu1nua+ap e¡ 'a+ua101Jap sa eo1i91s1q u9101?1IUOjUl e¡ 
seuanbad ap so1pn+sa ua 'soseo so¡ ap ~J."lOÁl?W et ua 

:as.ll?z1n+n 
uapand anb sopo­¡~ sot ap sot.m8t­e ueuoi:ouam as u91ol?nu11uoo 
v ·a¡q1uods1p u910­em.:i:OjUJ ap od11 ta uoo opianoe ap asiaAtosai 
aqap anb ­ema¡qoid un g­¡uasa."lda."l ep­e,'llua ap a1ias e¡ ap u910 

•s­epe.tapi:suoo 
sauopg­¡sa s­e1 a.t­¡ua op 1ap Ollm."ll 1a iod 11pe¡"furn ­epanb 
anb eouan.,qns ­e1 ua ueiaua8 as anb sa1epneo soy ap Á af­eJA 
ap odmai:+ 1ap OAJ+­euri:1sa un ."laoeq aiai:nba."l as 011suvi+ 
a+sa e.ll?d !u91og­¡d­eo ap 0141s ta e+seq a1ias e1 .reAatt 
end sa1epneo ap 0+1suvi+ .:i:ao­eq a1q1+0­eJ sa 'oJi oms1w 
1ap sauo1ooas s­e.t40 ua sa¡epneo ap so."l­¡s18a."l ua1s1xa opmm:) (~ 

•so1pam sa¡epneo ap a1."laS et ap seo1+s1ia+ 
­o­e.:reo se¡ 011a e.red opuez111+n satl?nsuam sa1epneo ap a1ias 
111 nxaua8 sa¡vnue sa111pn110 so1 ap .:q­¡nd e Á 'sarenue 
seJAntl se¡ ap x1+.:red e sa1ll'nue sa1epneo ap a1ias eun 
n."laua8 sa a¡qepuamooa.:i: 01 .:re¡no1+.:md oseo a+sa u:¡¡ ·so1.x 
-ll'!:P o sa1ensuam sa.:i:otl?A e.Tild sa+uapi:Jap uos oaad 'sarentm 
saioteA e.red ua1q treUOJOUOJ sauo1sa."l8a."l se1 anb opei+ 
­somap eq e1oua1."ladxa 'e'1 ·e1Antt Á 1­epneo a."l¡ua u91sa."l8a."l 
ap sojpnase uoo g­¡uama¡dmoo as 041SU'!!."ll ap opo+~m ta 'op · 
oms1m 1ap so1+1s so."l­¡o ua o u91oe¡deo ap 0111s ya ua 1epneo 
ap so,'lls18a."l soood Á l!'J'.Anll ap so,'l"¡s18a."l souanq ua+si:xa 1s (q 

•satlnlsuam sa1epneo 
ap ­ep'etalXO."lde a1."las eun .:rew.tOJ e.red o8ant as.rez1t1+n uapand 
satlnltm sa1epneo so1 ·sepJp."l~d Á s­e1Antt 'u91oe."l1dstm."l­¡odeAa 
ap SOA1+­e1IJ1+sa o sox+s18ai ua sopeseq 'soo189¡0."lp1q saoue1eq 
ap u91oeo1td­e a4ue1pam satentm satepneo .;umr¡:­¡sa sa asxaoeq 
apa~d anb 001~ ot 'e1Ant1 ap soi1s12ai ua4s1xa 0¡9s opu­ena (o 

sym s1s1tvue ap sopoJ."lad uamo+ as anb ua ep1pam et ua aÁnu1ms1p 
pep1t1qe1JU00 g­¡sa !eo1i91s1q a1."las et ua pep111qe1j\loo et truJW 

­ia­¡ap sa1q1uods1p so+ep sot ap pep11­eo et 'eA.tasqo asomo~ 

ºSOl."lOO 
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b) Aplicación del método racional. Además de la dificultad de 
estimar un adecuado coeficiente de escorrentía, su aplica­ 
ción a cuencas de más de 1 km2 de área no es recomendable 
porque no considera el efecto del almacenamiento en la 
cuenca durante el proceso de escorrentía, lo cual hace que 
sobreestime los caudales picos en magnitudes importantes. 

Entre estas vale la pena mencionar 
Myers. No son recomendables; hay 

físicas de la cuenca. 
las de Creager, Fuller, 
opciones mejores. 

a) Uso de fórmulas empíricas basadas en algunas características 

Como la falta de información adecuada es la norma general en 
este tipo de estudios, los caminos a seguir para determinar los 
caudales de creciente para diseño de vertederos de exceso y obras 
de desviación son los siguientes: 

Por regla general, no existen registros suficientes para 
aplicar los métodos de análisis de frecuencia y duración en 
series de caudales máximos o de aguaceros de corta duración, 
cuando se trata de hacer estudios hidrológicos en cuencas peque­ 
nas. Sin embargo, cuando esos registros existen pueden aplicarse 
las técnicas convencionales basadas en las distribuciones de 
probabilidad de Gumbel, Pearson o Log Pearson, combinadas con la 
aplicación de los hidrogramas unitarios deducidos a partir de 
análisis de crecientes y sus correspondientes aguaceros. 

5. CAUDALES DE CRECIENTE 

Una vez establecida la serie histórica de los caudales se 
procede a hacer un análisis de frecuencias y a calcular sus 
estadísticos, los cuales sirven para estimar los parámetros que 
se aplicarán en el proceso de generación de las series estocásti­ 
cas que se utilizarán en el modelo de simulación. 

poco aceptables, a menos que resulten de registros limnigráficos 
en el sitio de captación. 
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La determinación de la carga de sedimentos que va a llegar 
al· embalse o a las estructuras de captación vuelve a constituir 
un paso difícil dentro del estudio hidrológico porque la infor­ 
mación sobre sedimentos es más deficiente que la información 
sobre caudales líquidos. Además, debe tenerse en cuenta que la 
construcción de las obras de derivación y captación afecta el 
régimen de transporte de sedimentos en el río. 

6. TRANSPORTE DE SEDIMENTOS 

d) Hidrogramas unitarios sintéticos. La determinación del 
. hidrograma sintético en una cuenca pequeña, menos de 100 
km2, es confiable cuando se cuenta con un plano topográfico 
que permita caíci-tar las características fisiográficas de la 
cuenca con buena aproximación. Estas características son: 
área, longitud, ancho, pendiente del cauce, pendiente de la 
ladera, lagos, red de drenaje y elevación media. Los hidro­ 
gramas que resultan de aplicar el método de isocronas son 
pref~ribles a los que utilizan coeficientes deducidos en 
otras regiones; en este aspecto, los hidrogramas de Snyder y 
Taylor no son recomendables a menos que hayan sido debida­ 
mente calibrados. Son mejores los hidrogramas de Clark y el 
del Soil Conservation Service, SCS, cuyo desarrollo se en­ 
cuentra en la bibliografía que se recomienda en estas notas. 
La complicación en la aplicación del método consiste en la 
escogencia de la lluvia apropiada, pero esta complicación es 
común a los otros métodos. Por lo general, hay necesidad de 
trabajar con lluvias máximas diarias registradas en la cuen­ 
ca o en la región, y utilizar criterio~ que nacen del cono­ 
cimiento que se tenga del régimen de aguaceros de la zona, 
para convertir una l~uvia de 24 horas en un aguacero de 
corta duración. 

c) Métodos hidráulicos, aplicación de las fórmulas de flujo en 
canales, con base en la geometría del cauce y la pendiente 
hidráulica. Presentan un buen procedimiento cuando se lo­ 
gran establecer rastros dejados por crecientes históricas. 
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Como la relación entre caudal sólido y caudal líquido en una 
sección de aforos no es única, la realización de pocos aforos 
simultáneos no representa mayor utilidad en el desarrollo de los 
estudios. 

b) Daducir una carga de sedimentos en suspension como porcen­ 
taje de la erosión pluvial o pérdida de suel9 anual en la 
cuenca, en caso de que ese dato haya sido establecido. ·A la 
carga de sedimentos en .suspensión se añade una parte que 
oscila entre el 20 y el 30% de ese valor, para tener en 
cuenta la carga de fondo, con lo cual se determina un valor 
aproximado de carga total anual. Los porcentajes que deben 
utilizarse para aplicar este método dependen de la dis­ 
tribución de áreas potencialmente eros ionab l-is en la cuen­ 
ca, distancia entre la fuente productora de sedimentos y el 
río, pendiente de la ladera, capacidad de transporte del 
río, régimen de lluvias, pendiente del cauce y granulometría 
del material de fondo. 

a) Asignar .una carga ·específica en toneladas por kilómetro 
cuadrado por año, para el sedimento total, con base en estu­ 
dios de tipo regional cuando existan estaciones de aforo 
de caudales sólidos, o por medio de comparación entre las 
características físicas, geológicas y meteorológicas de la 
cuenca en estudio y otras cuencas que tengen registros de 
sedimentos. 

Como consecuencia de lo anterior, lo único que puede hacerse 
es determinar una carga de sedimentos probable a nivel anual, 
para lo cual puede utilizarse uno de los siguientes métodos: 

No puede pretenderse, entonces, que, con una información 
deficiente se logren buenos estimativos sobre la cantidad y 
calidad de los sedimentos que van a llegar hasta las obras. 
Mientras no se mejore la información histórica no es recomendable 
utilizar métodos sofisticados ni modelos matemáticos en el cál­ 
culo de los sedimentos. 
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* Document presented to the Seooftd L~.tin American Course 
on Design of Small Hydropower Stations (SHPS), Bucara­ 
manga, Colombia., October 28­November 15, 1985. 

l/ Civil Engineer, National University of Bogota, Colom­ 
bia. 

Within a hydropower project, the aims to be met by the 
hydrological study are the same for a sma.11 development site 

1. INTRODUCTION 

The present text is supplemented by an ample biblio­ 
graphy which makes it possible to delve into grea:ter depth 
in the hydrological techniquestouched upon herewith. 

F.mphasis has been placed on the management of scant 
information ~:nce this is the coDlllOn denominator of hydro­ 
logical studies carried out in small basins. 

The scope exten51S up to determination o.f the historical 
time series to be used later on in the studies on energy and 
power, design of diversion and sp~llway structures, and 

­ management of sediments. 

l'his article refers basically to gathering and pro­ 
cessing information in hydrological studies for small hydro­ 
power bas íns , 

SUMMARY 

Gustavo Silva Medina l/ 

HYDROLOGY F.JR SMALL HYDROP.OWER STATIONS* 
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The search for basic information required to start the 

1.2 Information­Gathering 

To determine the behavior of sediments carried by the 
river and to estima.te their magnitude in order to 
design the additional structures which would guarantee 
the sound functioning of the intak.e during the pro­ 
ject1s lifetime. 

To calculate the flow of water­leve! increases for the 
design of spillways. 

To analyze the mean flow .. of the river at the intake 
site, in order to estima.te the f.low­duration curve, 
which will aid in power and energy studies. 

The hydrological study for a hydropower project has 
three major objectives: 

1.1 ~ of the Hydrological Study 

Collection and management of hydrological information 
in small basins (up to 100 km2) will be discussed below in 
this context. Such basins constitute a high percentage of 
the ones used for small hydropower stations. 

Thus, one cannot speak of hydrology different from 
• f that of small hydroelectr1c developments. As a general 

rule, however, small hydropower stations are located in 
zones in which the hydrometeorological information is scarce 
and which are associated with relatively small basins where 
simplified methods and simple mathematical models can be ap­ 
plied without any important loss in the reliability of the 
results. 

as for a large one. In both cases, the hydrologist should 
ta.ke maximwn advantage of available information and should 
apply the most suitable techniques in order to obtain as 
reliable results as possible. 
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The complementary field work includes topographical 
surveys, bathymetry, reading of levels, liquid and solid 
flow measurements, sampling of sediments at bottom, and 
laboratory analyses. 

The infonnation gathered will then be analy&ed ac­ 
cording to procedures which will depend on the quality of 
the data obtained; and the field work needed to supplement 
the initial information will be programmed on the basis of 
this analysis. 

Current and future land use in the regíon: Within this 
aspect are included soil classifications and determina­ 
tion of potentially erosive areas. 

daily flow and maximum instantaneous flow, as well as 
hydrographs for water­level increases, along the ríver. 

Including all of the informatíon on average Flows: 

Climatology: Records on temperature, humidity, evapo­ 
ration, rainfall, wíthin the basín and in neighboring 
stations. 

Previous studies on engineering projects in the region, 
including monographs on the area. 

Aerial photographs: Flights during different seasons. 

Cartography: Maps with level curves, preferably on 
scales between 1:10,000 and 1:100,000. 

Then an inventory is done, including the following 
aspects: 

hydrological study includes an exhaustive investigation in 
public and private offices which have been involved in the 
area of interest and in the particular region in which the 
river basin to be tapped for the hydroelectric development 
is located. 
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When information is scarce, i.e., when the length of 
the records is short or the time series prove incomplete, 
statistical reliability methods are not applicable. This is 
the general case when dealing with hydrological studies in 
small river basins, or remete regions, because the lack of 

The anomalies refer to those data which, at first 
sight, or even after processing, do not fit in with the set 
of records on a given event. For example, there is an 
anomaly when a limnograph shows a water­leve! increase but 
the rain gauges installed in the corresponding basin slope 
do not record the rainfall which brought it about. This 
anomaly can occur dueto the poor distribution of the 
pluviometric network or dueto the lack of synchronization 
between the clocks of the devices. 

The double­ma.ss analysis is used to verify the consis­ 
tency of the data from station records, i.e., that all of 
the data have been collected under the same conditions, so 
as to assure series homogeneity. 

The first step within the information analysis is to 
check on data reliability. This calls for a double­mass 
analysis for consistency, justification of anomalies, review 
of adjustment curves, etc. 

2. ·ANALYSIS OF HYDROMETEOROLOGICAL INFORMATION 

stations may be installed, whether provisional ar permanent, 
according to the needs of the hydrological study. 

If necessary, additional area and in neighboring areas. 

Meanwhile, during the field work, systematic data­ 
gathering should continue in the pluviometric, climatol­ 
ogical and fluviometric stations installed in the project 

This field work is generally developed over a short 
time period (between two and four months), and its practica! 
utility lies in the fact that it aids in adjusting formulas 
and verifying some of the assumptions which must necessarily 
be made in the study. 
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In most cases, it is common to have better rainfall 
records than flow records. Flow records can be extended by 
means of regression techniques, and can work reasonably 

ries are good enough. However, when dealing with rai7ls and 
flows, the optimal length of the ser­í.es is almost always 
greater than that available, because it fluctuates between 
10 and 50 years, dependingon the variability occasioned by 
the random aspect of rain and on the basin1s response to 
showers. 

For these purposes, five­year climatological se­ another. 

In general, it is considered that a good historical 
series is comprised by a "representative sample11 of the 
population. In hydrological studies this condition is found 
in short climatological series dueto the fact that the 
variables involved in climate, e.g., temperatura, relativa 
humidity, vapor tension, potential evaporation, etc., have 
values defined practically at the monthly level over multi­ 
annual periods, with slight variations from one year to 

After the information has been classified, historical 
time series will be formed te constitute the basis for 
estimates of the river's and the basin1s future behavior. 
Within this conception of the problem, it is assumed that 
the average regimes for rainfall, climatology and flows 
defined in the historical series will remain the same 
throughout the lifetime of the project structures. For this 
reason, the historical series should meet a list of require­ 
ments, among which the length of the record and its relia­ 
bility are the most important. 

coverage of the hydrometeorological network rnust be added to 
the difficulty of access in making the observations. In 
these cases, it is necessary to assume that the information 
is acceptable for a first estimation, and adequate field 
work must be scheduled in arder to maxiruize the time availa­ 
ble for carrying out the studies. This field work will 
provide the complement.ary information which will aid in 
extending the historical series or in defining the design 
parameters, according to the project objectives. 
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As a general rule, even within the most advanced pro­ 
ject stages, there is not sufficient time to develop a 
program of­·field work which would provide all of the infor· 
lllQ.tion required to complement the available historical rec­ 
orps, in arder to obtain hydrological series which would 
meet the conditions demanded for consideration of a 11repre­ 
e;.entative sample11• 

3. PROGRAM OF FIELD WORK TO COMPLEMEN'.I EXISIING 
INFORMATION 

The existing information should be used as much as 
.poes ib le , but the soundness of the results obtained will 
always be subject to the quality of the data. For this 
rea~on, when data are scarce or not very reliable, sophis­ 
ticated mathematical models or more elaborate methods of 
calculation are not reCollllllendable. 

Although it is recommended that scales oí 1:10,000 up 
·t9 1:100,000 be used in mapmaking, there are cases in which 
tb,ir¡¡ information is lacking, dueto insufficient coverage of 
certain regions. If the study budget so permits, the neces­ 
sary aerial photogrammetric work should be done to obtain 
restitutions of the area of interest on appropriate scales. 
When restitutions are not possible, the only alternative is 
to work on very small scales; for example, using department­ 
ar maps or an atlas, with the consequent loss of precision, 
especially for the calculation of lengths and slopes. 

'will for annual values. Analytical methods based on the 
hyoraulic behavior of the river and on the analysis of 
rainfall components can also be used; for these, it is 
imperative to use the cartographic information available on 
tll.fl basin. Through cartography, the basin1s physiographic 
per{l)lleters are calculated (e.g., area, length of the river's 
W:<!t­ercourse, average basin width, slope of the bed, average 
s Iope of the banks, average basin elevation, etc.) and the 
l;lasin's natural capacity for storing surface water can be 
~ffoed. 
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Finally, it is good to recommend that the field work be 
programmed taking into account the hydrometeorological re­ 
gime of the basin and/or region in which the project is 
located, in order to rationalize the use of personnel. For 
instance, it would be.wise to do daily measurements during a 
period in which little variation can be expected in flow; 
when available time is short, the measurements should be 
geared to determining flows during dry periods, during 
flooding, and under average conditions. 

The utility of the field information compiled over a 
short period lies in the fact that it permits gauging sorne 
of the formulas applied within the study and, in advanced 
project stages, sometimes serves to verify the initial 
assumptions which must necessarily be made when there is a 
paucity of information. 

It should be kept in mind that if the time used for the 
prograJD of field work is very short, the information ob­ 
tained will be "spot" information artdshould be handled as 
such. Thus, for example, if the daily mean flows for two 
months are taken, these values cannot be used as a measure 
of the average annual flow overa multiannual period. 

In the field of hydrology, in addition to general 
reconnaissance visits to the basin and to the sites of 
interest for the proposed scheme, the complementary work 
includes installation, operation and processing of data from 
pluviometric and fluviometric stations, realization of liq­ 
uid and solid measurements, installation of simple climato­ 
logical stations, and reading and processing of records from 
existing stations. 

con­ 
work 

should 

there are also budget 
the program of field 
its implementation 

Besides the time factor, 
straints. For these reasons, 
should be carefully prepared and 
be coordinated with office tasks. 
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This is a measure of the dispersion of a Variance. d) 

e) Average monthly flow over a multiannual period. This 
refers to the average monthly flows in the same month 
of more than one year. For example, the multianpual 
monthly flow in February, or the February flow, is the 
long­term average of the mean flows recordad in Febru­ 
ary. 

b) Mean flow. This term ra.fers to the average annual flow 
over a multiannual period when there are long records. 
It is approximately equivalent to the average of the 
daily mean flows for the entire record. 

a) Flow­duration curves. This is a graph showing the 
probability of occurrence of mean flows. "Probability 
of occurrence" is defined as the probability that an 
event equal to or greater than this one could occur. 
The duration curve has typical shapes, according to 
the physiographic and infiltration characteristics of 
the basin, and according to the period of analysis. 
Thus, one can speak of daily, monthly, or annual dura­ 
tion curves if the mean flows a:nalyzed are daily, 
monthly, or annual, respectively, and of mountain or 
plains rivers. 

The informa.tion which results from the analysis of 
frequency can be summarized in the following parameters and 
graphs: 

The ideal for the studies on power and energy is to 
have an historical time series of average daily flows at the 
intake site. This is not possible in most cases; however, 
when the series exists and is representative of the riverts 
flow regime, the analysis of frequency makes it possible to 
estima.te parameters defining the probable behavior of the 
river during the project's life span. 

4. DETERMINATION OF THE SERIES OF MEAN FLOWS FOR 
ELECTRIC POWER GENERATION SIUDIES 
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Each one of these river installations or with a reservoir. 
cases is summarized below. 

Once the values have been defined and obtained from the 
frequency analysis, the hydrological regime can be projected 
to the future, in keeping with the features of the project. 
As a general rule, the projects are designed as run­of­the­ 

f) Bias or asymmetry. In the frequency analyses for mean 
flows, it can be seen that the maxinrurn values of the 
series under analysis are always "k" times the mean 
flow of the series, whereas the minimum flows are 
li.mited by zero because negative values cannot exist. 
This fact implies that the series of mean flows is 
characterized by a bias to the right, or by positive 
asymmetry, which can be preven mathematically in a 
frequency analysis, where the statistical asymmetry 
coefficient usually turns out positive. Nevertheless, 
asymmetry is reduced to the extent that the periods of 
analysis become longer; the "k" value is actually high 
in daily flow series and close to one in annual flow 
series. For this reason, and also because the variance 
has similar behavior in terms of the fact that it has a 
large value for daily flow series anda small value for 
annual series, the series of mean annual flows is 
assigned an asymmetry equal to zero. 

e) Series correlation. This parameter measures the degree 
of correlation or dependence existing between conse­ 
cutive or non­consecutive terms in a series. It is an 
important term in the analysis of projects with storage 
facilities, where the sequence of flows is decisive in 
the determination of useful reservoir. It is also 
important in stochastic generation. 

series with respect to its average value. In the 
average flow analyses for energy generation, the vari­ 
ance can be calculated for the average daily flows for 
a given month, or for monthly series over multiannual 
periods, or for annual series over multiannual periods, 
as required. 
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The studies on reservoir operation are carried out with 
the aid of a mathematical simulation model in which the 
inputs are made up of sequential series of mean flows, with 
intervals or periods depending on the reservoir's regulating 
capacity. Generally speaking, work begins with monthly 
periods and later on, depending on the result, the most 
convenient period is adoptad: this can end up being month­ 
ly, bi­weekly or daily. Tile outputs include series of mean 
flows that reach the generating units. 

The sites having regulating reservoirs are more the 
exception than the rule in the case of small hydro stations. 
However, when topographical condidions are favorable and the 
analyses of demand and river capacity so require, a reser­ 
voir can be planned for. 

4.2 Reservoir Sites 

When existing information is not adequate for the flow 
analyses of the daily flows at the intake site, it is neces­ 
sary to deduce the duration curve using regression tech­ 
niques, flow generation models, daily flow transfers or 
extension of records by means of a regional analysis. 

The basic hydrological data for the studies on energy 
and power are outgrowths of the analysis of the daily flo~ 
duration curves. Hence, the "sure flow", the ranges of 
primary and secondary energy generation, and the percentage 
of defect risks can be deduced. 

are considered within this group. 
The pools used for hourly regulation sidered negligible. 

In this case, the intake is made through a diversion 
dam. Although a deposit may occasionally be formed upstream 
of the dam, the regulating capacity of the deposit is con­ 

4.1 Run­of­the­River Sites 
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As can be seen, the quality of the available data 
determines the reliability of the historical time series; 
the shorter the periods of analysis, the lesser the relia~ 
bility. Thus, annual flow series are better than monthly 
flow series, and daily flow series are not very acceptable 

e) When there are records exclusively on rainfall, the 
only thing that can be done is to estímate the annual 
flows by applying hydrological balances based on rec­ 
ords or estímates of evapotranspiration, rains and 
losses. The annual flows can be used to forman ap­ 
proxímate series of monthly flows. 

b) If there are good records on rainfall and few records 
on flows at the intake site or at other sites along the 
same river, the data transfer method can be supple­ 
mented by regression studies between flow and rain­ 
fall. Experience has shown that regressions function 
well for annual values but that they are deficient for 
monthly or daily values. In this particular case, 
what is recommended is that a series of annual flows be 
generated from annual rainfall and that on the basis 
of the annual flows a series of monthly flows be gener­ 
ated, using the features of the mean flow series. 

a) When there are records on flows in other sections of 
the same river, it is feasible to transfer data on flow 
series to the intake site; for this data transfer, it 
is necessary to have an estímate of the time of travel 
and of the flows that are generated in the sub­basin 
which is bounded by the section of the river between 
the stations considered. 

Since in most cases of studies on small hydro sta­ 
tions the historical information is poor, determination of 
the input series represents a problem which must be solved 
in keeping with the type of information available. Sorne of 
the methods which can be used are listed below. 
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b) Application of the rational method. In addition to the 
difficulty of estimating an adequate runoff coeffi­ 
cient, their application to basins larger than 1 km2 in 
area is not recommendable because it does not consider 
the effect of st.orage on the basin during the runoff 
process; this leads to significant overestimates of 
peak flows. 

a) Use of empirical formulas based on some of the physical 
­features of the basin. Among these, it is worthwhile 
mentioning the Creager, Fuller, and Myers formulas. 
But these are not recommendable; there are better op­ 
tions. 

Since a lack of suitable information is the general 
norm in this type of studies, the paths to be followed to 
determine the water­level increases for the design of spill­ 
ways and derivation dams are as follows: 

As a general rule, when hydrolo~ical studies are being 
carried out in small basins, there are not enough records 
for application of the methods of analysis of frequency and 
duration in series of maximum flows or short­term showers. 
However, when these records exist, conventional techniques 
based on the Gumbel, Pearson or Pearson Log probability 
distributions can be applied, in combination with the appli­ 
cation of the unit hydrograms deduced on the basis of an 
analysis of water­leve! increases and the corresponding 
rainfall. 

5. INCREASES IN WATER LEVELS 

Once the historical time series of the flows has been 
established, an analysis of frequencies is done and sta­ 
tistics are calculated to aid in estimating the parameters 
that will be applied in the process of generation of sto­ 
chastic series to be used in the simulation model. 

unless they grow out of limnigraphic records at the intake 
site. 
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Determination of the load of sediments that will reach 
the reservoir or the·intake structures comes to constitute a 
difficult step within the hydrological study because in­ 
formation on sediments is scarcer than information on liquid 
flows. In addition, it must be kept in mind that construc­ 
tion of the diversion dam and intake works affect the riv­ 
er1s sediment­transport regime. 

6. TRANSPORT OF SEDIMENTS 

tion of appropriate rainfall, but this complication is 
common to all of the other methods as well. Generally 
speaking, it is necessary to work with the daily maxi­ 
mum rains recordad in the basin or in the region, and 
to use criteria growing out of knowledge on the rain­ 
fall regime in the area, in order to convert a 24­hour 
rain into a short shower. 

se lec­ 

as­ 
not 
The 
Ser­ 
the 
The 

coefficients deduced from other regions; in this 
pect, the hydrograms of Snyder and Taylor are 
recommendable unless the have been duly adjusted. 
hydrograms of Clark and the Soils Conservation 
vices (SCS), the development of which is found in 
bibliography recommended herein, are better. 
complication in applying the method líes in the 

d) Synthetic unit hydrograrns. The determination of a 
synthetic hydrogram in a small basin, less than · 100 
km2, is reliable when there is a topographic map per­ 
mitting calculation of the basin1s physiographic fea­ 
tures with a good approximation. These features are: 
area, length, width, slope of the waterbed, slope of 
the banks, lakes, drainage network and mean elevation. 
The hydrograms that result from application of · the 
method of isochrones are preferable to those that use 

e) Hydraulic methods, application of canal­flow formulas 
based on the geometry of the watercourse and the hy­ 
draulic slope. The procedure is sound when it is 
possible to establish evidence of past water­level 
increases. 

Organización Latinoamericana de Energía



106 

Since the ratio between solid flow and liquid flow is 
not unique, several simultaneous measurements will not yield 
greater utility in the development of the studies. 

b) To deduce a load of sediments in suspension as a 
percentage of annual river erosion or loss of soil in 
the basin, in the event that this dat•11I1 has been 
established. To the load of sediments in suspension 
is added a part which fluctuates between 20 and 30 
percent of this value, in arder to take into account 
the load at bottom, with which an approximate value 
far total annual load is determined. The percentages 
that should be used to apply this method depend on the 
distribution of potentially erodible areas in the ba­ 
sin, the distance between the sediment­producing sour­ 
ces and the river, the slope of the banks, the river's 
transport capacity, the ~ainfall regime, the slope.of 
the waterbed, and the grain size of the material at 
bottom. 

a) To assign a specific load in tons per square kilometer 
per year far total sediments, on the basis of regional 
studies when there are measuring stations for salid 
flows or through the comparison of physical, geological 
and meteorological features of the basin under study 
with those of other basins for which sediment records 
exist. 

Consequently, the only thing that can be done is to 
determine a probable load of sedi.ments atan annual level, 
for which purpose one of the following methods can be used: 

historical information, it is not recommendable to use so­ 
phisticated methods or mathematical models in calculating 
sediments. 

As long as there is no improvement in the reach the works. 

Ihus, witb deficient information, one cannot expect to 
obtain the quantity and quality of the sediments that will 
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