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L. ESTMATON OF ROMOFF

. l Method of Estlmatlon
‘- The run- off records avallable of the mam stree.n.l.“of the‘Rlo f.atre

. j:were recorded at the Pusmeo Gegmlg Statlon on- the. mam stream in. March
.,through December 1986 (July records mlssmg) .However, '1n 1966; the pre: : ;.‘* ‘

' ".:-_'01p1tat10n characterlstlcs throughout Colombla dlffered‘ from normal yeers
and 1n the Rto Patia catchment ‘area the records at Phemeo Gagtng Statlon
show al great arn.oun.t .of rurt off in1 “\Iovember.and December Espeelally, the '_
‘ ".':"run o.fi' 1h Deeember wes abnormallgt great .In addthon, . the data recorded ..

at 13.Lls.1t1eo..(?ta.g1ng S.tetlon are not clontmuoue for one .year, and there.forer 1t

1s not approprlate to formulate the scheme of development based only on the

:;1966 records"_obtamed at Pusmeo :.A method to est1mate the long t(,rm run'—'off

E of the pro;[ec:t S1te to s‘upplement thrs def1c1eney should __'_e_‘studled' n tins eas_e,_

' .two methods sapel concewable

a .One"ls". 0_est1mate the run‘-.'off at the prOJect s.tte fr om the SpelelC run—f B

:oft based on the run off reeords of several gaglng stations on trtbutat 1es w1th

_\data over perlods of 3 to '7 years 5 ’I‘he other is to estlmate the run oii :11: th -
.:"-'-“._f'.:pr_'c‘_)Je(T‘.t 'Slte‘} _fr'_‘dr'n_ .ra;_nlalt:;data_ .obtal_,_n‘ed' :at-p_r_ecip'itation_ ob‘s\‘eryatio‘n _'St'atio.ns_-_ 2

w1th1n the cetchment.'aree ils'ihg""r'un'?'e'ff.' eeef‘f'i'eier'its" - T

Of the two methods. 1n the oaSe of the former, the gagmg statlons qre

:ot\e stdedly 1oeated and 1t beeo:mes heeessary to.estlrhate the run off at the

pro;]eot 51te, | \trlth a 'catchnteht qrealof 9 tJDO krh2 t‘rom the Tun- off.recordq of
-'_C‘anada. Gagmg Statmn on altrlbutarj.f, the Rlo Mayo,, t&hth a c“atch.ment area ot
"f_l-'_:616 km Smce the extrap.nolatlon ratlo 1s extremely great.anld hardly to eonflr'm

: ‘.'.j_-:"e.orrela.tlon,shlp__ __anjlon_g.‘_lthe.ron-;of_i:“;n _above: rn‘ehtlon'ed 'tw_o _sr_t_es.‘: __the __ace_uraey' : e




of the estimate will be lowered,

As for the second method, since there are precipitation observation

stations at various locations with records covering comparatively long periods
of time as descrihed hefore, if consideration is given to selection of the run-
off coefficient, it is thought a run-off of considerably high reliability can be
obtained. The run-off coefficient may be obtained from the correlation hetween
the average precipitation within the catchment area and the run-off records of
Pusmeo Gaging Station on the main river, The year 1966 for which run-off
records of Pusmeo Gaging Station are available was an exceptional hydrologic
year both in terms of rainfall and run-off, but since there could have been no
fundamental change in the run-off mechanism, it is thought possible to estimate
the run-off coefficient as a function of the precipitation. Therefore, in this
Report, the basic run-off to be considered from the project is estimated on a
monthly basis from the precipitation. The catchment area in question is that of
the Pusmeo Gaging Station which is immediately downstream of the Patia No. 1

Power Station,

2. Average Monthly Rainfall within Catchment Area
2.1 Representative Precipitation Observation Stations

Of the 23 precipitation observation stations in the Patia catchment area,
when those stations with only short observation periods and those with similar
rainfall trends are eliminated the 4 stations listed below remain fo represent
the main stream and niajor tributaries.

The average precipitation within the catchment area is obtained from the

weighted average using the records of these 4 precipitation observation stations.



Table N.I.1 Representative Precipitation Observation Stations
of Main River and Tributaries

S M cauomemara  Geodet
Sajandi Main river 6,000 km? 1955 - 1968
Lia Cruz Mayo 1,100 1960 - 1966
Buesaco Juanambu 2,100 1958 - 1968
Imues Guaitara 4, 500 1957 - 1968
Total 13,700

Note: Pusmeo Gaging Station included in the catchment area
of the main river.

Table N, 1.2 FPrecipitation Record of Major Cbservation
Stations in Rio Patia Catchment Area

{Average for 1962 - 1D66) {mm)

Obser-
X R Yearty
vation o
hopret River Jan, Teb, Mar. Apr. May Jun. Jul, Aug, Sep. Oct. Nov. Deec, Total
Sajandi Main 115 168 137 247 212 148 83 38 12 258 428 322 2,198
river
La Cruz Maye . 54 107 81 152 130 44 a7 43 28 181 267 249 1,407
Buesacoe  Juanam- 80 87 78 157 12 78 16 27 - 42 163 208 151 1,187
but
Imues Guai- 78 115 135 133 155 107 22 37 41 127 318 236 1,534
tara .
Weighted 55
Average 95.6 128.6 123.4 187.0 169,3 115,86 38,5 28.6 53,4 196,59 343,4 287.3 1755.2




2.2 Examination on Represgentative Precipitation Records

The precipitation records of Sajandi Precipitation Observation Station
from 1959 to 1961 are abnormally low in comparison with the records of
Sajandi Gaging Station, Taking the data of Imues and Buesaco Precipitation
Observation Stations for the three years between 1959 and 1961, and compar-
ing thern with data of other years, it is not conceivable that this 3-year period
was exceptionaliy dry. Therefore, it may be considered the records of Sajandi
Precipitation Observation Station for these 3 years should be eliminated in
present study because they are lacking in reliability.

The average monthly precipitation of the catchment area with Pusmeo
Gaging Station as the downstream end for the abovementioned 5-year period

obtained by the previously mentioned method is as given below.

Tahle N.1.3 Rio Patla Catchment Area Average Monthly Precipitation

v eﬂﬂ:on{h Jan,  Feb, Mar, " Apr, May Jun. Jul, . Aug, Bep. Oet, Wov. Deg, ‘;gf:lal'
1962 165,¢ 130.4 182, 4 128, 7 158, 5 8O, & 4.5 64,1 6g.0 152.3  220.5 142.0 1,496, 9
1963 133, 2 321.7 86,2 173,5 138.5 . 109, 8 82.5 7.2 28,17 161. 6 259.7 162, 6 1,665.0
1964 41,2 125.5 8.8 215.48 105.5 278,23 54,9 54,2 50.3 211.7 238.7 349.0 1,773.9
1965 108, 0 3.0 80,7 240, 7 183,2 2,2 5.0 33.3 80,1 231.18 513.5 190, 1 1,72.6
1966 30.4 33.4 213.9 176.5 259,.8 107.5 G0, 4 24,3 29.7 225,00  482.8 492,9 2,126.8

Average 95.8 128.8 122.4 187,90 169, 3 115. 6 9.5 3B.8 53,4 196.5 343.4 267.3 1,756, 2




3. Run-off Coefficient

Concerning the relation of run-off actually recorded monthly at Pusmeo

Gaging Station from March through December 1966 {July records missing) and

the average precipitation of the catchment area estimated as abovementioned,

taking the run-off characteristics of the catchment area into consideration and

employing the trial and error method, it is judged appropriate to assume that

the precipitation of the preceding 7 months will result in the run-off of that

particular month according to the run-off coefficient given below,

Table N.L.4 Run-off Coefficient of Precipitation of Preceding 7 months

Month

Precipitation Particular 1 Month 2 Months 3 Months 4 Months & Monthe 6 Months 7 Months Total
puate Month Previous Previous Previous Previous Previous Previous Previous
Conditions
Normal Cages 0.11 0,08 a,0§ 0,04 0.03 0,02 0.01 a.01 0,35
Particular
Month 250
. 0.21 D.08 0,05 0,04 P.03 0.02 0.01 0.01 0.45
Preceding
Month 250
Particular
 Month 250
. w050 0, 20 0. 05 D. 04 0.03 .02 0,01 0,01 9, 86
Preceding
Month 250
Table N.I.& Comparigon of Monthly Cheerved Rug-oif and Eslimated
Run-off at Pusmeo Gaglhg Station
{March - December 1968 {m3 fsec x days)
Jan Feb RMar Apr Jun Jul Aug Sep. Oct Nov Dec Total
. i : ar. A : ' . . : * Mar. - Dec.
Estimated ‘9101 7240 9041 9358 9360 6938 6215 4123 G810 2072t 57581 139825
Run=-o{f
Observed - - 11482 8851 6687 - 5504 4104 §819 24081 58217 143611
Run-off "




4. ESTIMATION  OF MONTHLY RUN-OQOFF AT PUSMEO GAGING

STATION

The monthly run~-off at Pusmea Gaging Station was estimated from
the monthly average precipitation within the catchment area during the
beforementioned 5 year period from 1962 through 1966 and the run-off
coefficient mentioned in preceding paragraph,

The monthly average run-oif at Pusmeo Gaging Station thus obtained
is given below. For the periods from March through June and August
through December 1866, the run-oif actually recorded at this station are
used. The monthly run-off below are to be used as basic values for the

present study.

Table N.I.6 Estimated Average Monthly Run-off
at Pusmeo Gaging Station

Year Jan. TFeb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct, Nov. Bec. Apnual
Average

1962  231.5 266.0 270.9 272.4 271,1 243.6 159.0 145.4 141.0 176.3 250.1 247.0 222.9
1963 243 .4 574.1 301,3 309.9 293.3 272.7 224.0 154.0 124.5 166.8 271.3 269.0 267.0
1964  205.4 230.8 180.6 251.9 231.2 469.9 247.8 193.,3 175.2 233.2 310.1 574.2 275.3
1965 340.3 271.3 222.6 301.6 302.8 205.6 119.7 113.8 129.5 213.6 728.9 275.5 270.4

1966 293.5 258,5 370.7 298.4 327.0 222.9 245.8 177.5 136.8 220.0 802.7 1,878.0 436.0

Ave- 262.8 320,1 269.2 286.8 285.1 282.9 203.3 156.8 141.4 202.0 472,6 648.7 294.3
rage

Ave-

( rage 255.2 335.6 254.0 284.0 274.6 298,0 192 .6 151.6 142.6 197.5 3%0.1 341.4 258.9
558y




run—off {m¥sec-d)

Estimated

5, FLOOD

The peak flood at the time of the December 1966 which is said to

have been the greatest in several decades is estimated to have been

approximately 4000 m3/sec. Based on this data and taking into considera-

tion other factors necessary, the design flood for the Patia No., 1 and

Patia No. 2 sites will be taken at 10, 000 m3/sec.

20000

10000

Correlation between estimated and observed run - off

O Nov,

May
JunO Aprg, O Mar.
Oct.
Aug.
Sep.
10,000 . 20000
Obsarved run- off {(m¥sec-d)
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US$ 7KW

Benefit-Cost Ratic (B/C)

|70
Unit Cost Par Prime
Energy { KWH)
)
230
- 50
usmilt/
220 - KWH
40
Unit Cost Per Installed
2107 Capacity ( KW
- 30
zooJ
190
180
i B/C
1604
140 NOTE
. b4
gffective Storage Copacity
a e 2,200x{0%m3
120 a 1400 x10% m?
' x 800x10%m®
A 340 %xi0%°m?
100 — . . .
520 550 ' 570 600

-

H.W. Surfoce {(m)
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I WGROSEOPIC DESGRIPION OF ROCK SHNPLE AT PATIA PRUIECT

-'Sample Not L
Locahtym Road.mde botween Agroyaco and.Guaoca.brldg.e .
Macroscoplcally redchsh brown m color." somewhat phylhtl.c. The e
- :'.""._3'01“1gma1 rock 1s con51dered to be tuﬁ o . | . 3 |
| .Mlorosco.pléa.ny; ihe r;ock is c.:.onsutut.e.d ‘u.uth the followm.g“ .m m.orla.ls S
.'__hematlte,__ muscovne, chlomte a.nd quart.a Beca.mse. of very fme gromed .I‘I\E;.tUI et S :
of the rock the e\act consutuent.mmerals .axe not cértam oxcept those hsted

above-._ e

‘_:-"Séfﬁiizi;e;lﬁo;_':'2'_'_',.".{‘- T

o, l;i'td aiﬁ“:sit é.

Macrcsccp'icauy, me gramed mfmsswe gx een T ook WJ.th numu ous

:‘matteredi'black Spots (t1tan auglte)

The c(mstltuent mmerals ar e twmned tltan augltc (r ehc), chlomte.

'calcxte, z0181te, garnet and quartz Ft*om the tex’tural ev1dences suc_h ‘as .

- - aphltlc d1str1butlon of alter ed 1'1’11]’161‘8.133,: the omgmal rock 15 cons:ldered to

R ﬁbe bas alt

- '.}_TSample No 3 5 e
Locahiy A‘L Patla No 1 dam Slte |
Macroscopmally,- a llttle tlssﬂﬂe red greon t;,li;fc.a,ceous I.OCi{ v\.‘uth =

':':1.::-ﬁ‘.':.s.c;attelred 1arge black py1 oxene amolubote mmerals. : a

The const1tuent mmerals are tehc t1tan auglte, rehc pale brown

. .._.-_:':'colored hornblende, ep1d1te. ca1c1te prehmte chlomte Sphene opaque L

' 'fi:-. L.'m;ner._al Rehc glassy texture 1s observable




Safnple No. 4

Locality: At the Pusmeo bridge site.

Macroscopically, pelitic phyllite with abundant small carbonate
lensges.

The constituent minerals are calcite, muscovite, ~chlorite, opaque
minerals, quartz, plagioclase and sphene,

The preferred orientation of constituent minerals is very conspicu-
ous. The sedimentary texture, however, is recognizable throughout the
rock. Therefore, the phyllitic texture may mainly be due to the sedimen-

tary structure, and not to metamorphic, which only modifies the original.

Sample No, 5
Locality: At the Pusmeo bridge site.
Macroscopically massive green rock with white veinlets. From
the textural evidences, this rock musgt be originated from clastic rock or
at best fré)m tuff,
The constituent minerals are chlorite, pumpellyte(?....... «ea. . too
fine grained to determine only with microscope. Since this miperal is very

important, further investigation is required.), sphene, with quartz vein.

| Sample No., 6

Liocaliiy: Outlet of tailrace,

Thin alternation of black and white siliceous rock (chert). Very fine
grained. The constituent minerals are quartz, oligoclase, calcite and opaque

minerals,

Sample No, 7

Locality: Near the Patia No. 2 dam site.

12



Black phyllitic slate with chert inclusion. The rock is constituted of

qQuartz, plagioclase, chlorite, calecite, muscovite, graphite and pyrite.
Clastic grains, sand-silt sized are scattered. Recrystallization is very

weak or non-existant.

13
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