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ANNEX € : HETEOROLOGY AND HYDROLOGY
c.1  INTRODUCTION
C.1.1 The Objectives of The Study

Thefobjectives of the study is to learn the meteorological and
hydrological conditions prevailing in the study area of the Ariari
River Basin Integrated Agricultural Development Project for the

-..formhlatidn_of the development plan, and to carry out the analysis
forthe design of basic dimensions of facilities.

C.1.2 Summary of Meteorology

The meteorological donditiqns in the study area can be summari-
zed as follows: '

Climate : Tropical Humidity
Annual Rainfall : 2,500 - 3,500 mm-
(The variation depends on altitude)
~ Rainy'season from April to November
(85% of annual rainfall) _
- Dry season from December to March
(15% of annual rainfall)
Temperature : Hean Temperature of 26C is almost constant through-
out the year | . ‘
Hean Annual Haximum Temperature - 36T
~ Mean Annual Minimum Temperature - 17T
‘Relative Humidity : Mean-82%, Rainy Season-84%, Dry Season-75%
Duration of Bright Sunshine : Annual mean - 5 hours/day
Mean Wind Velocity : 175'm/s

C.1.3§Summéry of Hydrology -
(1) Rainfall Analysis

= The dorrelation'betwéen annual rainfall and altitude in the Ariari

basin was found out.

Correlation coefficient : R=84%
Correlation formula : (Annual Rainfall)=1428+4,688x(Altitude)

- C -1



- Cbrrelations of monthly rainfall between each rainfall station.
were studied and the lacking data were - supplemented by correla-
tions which have the correlation coefficient of over 7% ¥. Cor-
relations of 10 days rainfall between the rainfall stations were
also studied and no correlation was found out.

The probablllty analysis of the rainfall data was made for 15
stations where the observation period was made for a perlodof over
0 years and the annual rainfall patterns of droughty ‘year for
2,5,10 and 20 year return periods were analyzed. And,.u31ng the
result of- stations at _Léjanias'and"Caﬂot=Bl&nco; the annual
rainfall patterns and effective rainfall at Aguas Claras and la
Cooperativa were estimated.

The probability analysis of annual maximum 24 hours rainfall were
made for 13 stations and the annual maximum 24 hours rainfall of
2,5,10 and 20. year return periods were estimated. The results of
the study area are summarized below:

Annual Haxinum 24 Hours Rainfall (mm)

Station ~ Altitude : Return Period _

(m)} 1/2 /5 1710 1/20
Lejanias 800 111.3 143.6 164.1 183.1
Aguas Claras 520 100,86 134.0 155. 8 176.3
La Cooperativa 280 91.5 125.8 148.6 - 170.4
Puerto Limon 2556 90.% 124, 9 147.9 169.8

The continuous drought days at the 15 stations mentioned above
were analyzed by probability apalysis. The resylts ofthe stations
neighboring to the study area are summarized below:



- Continuous Drought Days

Station - Altitude N ~Return Period .
() 1/2 1/5 1/10 1/20

.-Leaanlas B 800 o2 .38 45 © h%

'Fueute de Oro 300 ) 36 50 60 . 68

Puerto L;mon A ' 24 38 50 61

(2)

Cafio Blanco 240 -1 52 64 78

Runoff Analyéis

The droughty discharge at the Angostura brldge of the Guape River
were estimated as shown below '

Droughty Discharge at Angostura

‘Return Period | 1/2 1/5 1710 1/20

River Discharge (ui/s) 18.0 12.2 9.9 8.4

Specific Discharge (1/s/kmd) 23.2 15,7 11.5 10.8

The annual river discharge pattern at the Angostura bridge and
atthe main small stream in the study area are estimated by
probability analysis.

Considering the condition of the river basin and rainfall, the
Storage Function Method was used to analyze the flood discharge of
the Guape River and the Ariari River. The coefficients for the
Storage ‘Function Method were determinedbased on ‘the actual
discharge data at Puerto Rico and Angostura.The flood discharge at
each point of the Guape and Ariari Rivers is shown below,



Flood Discharge of.the.Guapé and Ariari Rivers (ni/é) '

Place . Area of Basin _ Return Period
(ki) 1/2 1/5  1/i07 1/20
Lejanias 7755 296 363 404 44l
Puerto Caldas 1,697.3 457 521 857 588
Pyerto Lleras 3,790.8 380 995 1,061 1,120
Platanal . 4,657.2 846 951 1,010 1,061

Puerto Rico 6, 250. 4 1,026 1,154 1,225 1,287 -

The flood discharge at the main small stream in the study area aﬁ&
the relationship' between flood discharge and catchment -area are
estimated, ' ' ' ‘



.2

_AVAILABLE DATA

.sThere are. fifteen (15) rainfall stations, seven (7)_meteorologicdl
“stations and five (5)_hydfslogical‘fstatioﬁs in ‘the Ariari River
- Basin (See’ Table €-2-1 and Fig.C-2-1): However. among : these

:-statlons only two (2) rainfall stations, two - (2) meteorological

.statlons and oné (1) hydroioglcal station are. directly concerned

~with: the study area, -and the observation perlod of these stataons'

are short. For example, the stations at Aguas Claras_;and La

) Cooperatiba, both of which are ekisting in the study area, were

establishéd_jus; in- 1986 and " the data is an 'available_only_fof
more or less one year period. Therefore, -it is necessary to make

'uSe of the data compiled in ﬁeighboriﬁg stations of-the'study areag

The rlver dISChﬁFge of . the Guape Rlver has been observed at ﬁngos"

~tura- brldge since 1984 and about four (4) years of data is

available, “Therefore to ‘compensate the ‘shortage of- ‘observation
perlod at Angostura station, reference will be made to the data of
the Puerto Rico station of the Ariari River which have the data

) since 1979.

~In the pfe*feasibiiity'stﬁdyﬂ condusted by"HIMAT, hydfologicai

analysis was made based on the data collected up to 1984, while in

._the present fea51b111ty study, the same task is to be carried out
with data collected up to 1987.
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¢.3.1

HETEQROLOGY

Glimate

The climate prevailing over the study area is classified -as tropi-
cal humid. The annual rainfall pattern in dry season (from
December to March) and rainy season (from April to November) are
shown in Fig.C-3-1. Comparatively the relative humidity .-is high
throughout the year and an annual rainfall of 2,500 to 3,500 mm

~ can be expected.

C.3.2

Rainfall

Depending on the altitude, the mean annual rainfall varies from
2,500 to 3,500 mm in the study area. Rainy and dry $6aS0NS c¢an be
seen in the annual rainfall pattern and 85% of the amnual rainfall
is concentrated in the rainy season (from April to November). The
rainfall data in the study area are summarized below:

Annual Rainfall Pattern in the Study Area (mm)

Statien Cafio La Aguas Lejanias
Blanco Cooperativa - Claras .

Altitude 240w 280m 520m 800m

Observation

period 9 years 2 years - 2 years 9 years
Jan. 13 46 25 50
Feb. 108 142 225 150
Kar. 110 116 149 172
Apr. 269 156 304 388
Hay 285 269 239 448
Jun, 353 226 342 468
Jul, 266 410 381 431
Aug, 288 188 348 356
Sep. 194 238 271 346
Oct. 320 221 343 398
Nov. 192 202 178 184
Dec. 61 _ 99 8¢ 118
Annual 2, 460 2,314 2,883 3;508



'C.3.3 Other Factors

(1)

2)

(3)

(4)

The~data avai1able is insufficient for the study area and other
factors are estimated 'considerihg-the data of stations in the
neighborihg' area. Those meteorological data are summarized in
Table C-3-1 and Fig.C-3-2. :

Temperature

The mean annual temperature is estimated as 26°C and it is almost
constant throughout the year. Based on the data of stations in the
neighboring area, the mean annual maximum and mean annual minimum
temperatures are_estimated as 38 . and 17C respectively. Gene-
rally, the highest temperature can- be observed in March and the
lowest temperature is expected between June to August.

Relative Humidity

Hean relative humidity is estimated as 82% and is assumed to be
almost constant throughout the year. Even in the rainy season, of

relative humidity is expected as 8b% and in the dry season the

relative humidity is assumed as 75%.

Duration of Bright Sunshine

The duration of bright sunshine is estimated as 4.6 hours/day. The
bright sunshine duration in the dry season is estimated to be
almost two times than that of the rainy season; however, more data

is necessary . to make it sure.

Wind Velocity

Mean wind velocity is estimated as -1.5 m/s. A relationship is ex-

pected between wind velocity and altitude but the data is-
insufficient to correlate between these two factors. There is a
tendency of that the wind velocity of the dry season is higher
than that of the rainy season.



(%) Evaporation

Evaporation estimated in the study area is approximately 1,300
mm/year. However, the evaporation value will vary depending on the

altitude.
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C. 4.1

(i)

(2)

HYDROLOGY

Rainfall Analysis

'Correlation Between Annual Rainfall and Altitude

The cbrrelation*beiwéen annual rainfall and altitude for the 21

“rainfall ‘stations was analyzed and the following results were

obtained'(See-Fig.c~4—1).

Correlatlon coefficient : R= 842'

:Correiation Formula (Annual Raxnfall) 1428+4 688x(Alt1tude)

Correlation of Honthly and 10 Days Rainfall betwecu
Each Rainfall,Station and Supplement to Lacking Data

Correlatlon of monthly rainfail between each ralnfall station was
studled and the results are shown ln_TabIe C-4-1. The monthly

'iacklng data wereVSUpbfémented by Correlation_w1th the correla-

(3)

tion coefficient of 'over 75%. Correlation of_'10 days 'rainfall

between each rainfall stat1on was also studied and no correlation
is found out. '

Annual Réinﬂall'Pattern and Effective Rainfall of Drought Year

Probability analysis of the rainfall data of 15 stations where the
observation were made for a period of over § years were carried

out and the annual rainfall pattern of drought year for 2,5,10 and

'20 year return periods were analyzed. Based on these results, the

(4)

drought d351gn effective rainfall was estimated by the method of
U. S, Bureau of Reclamation as shown in Table C-4-2. The results
were shown in Table C-4-3 and Fig.C-4-2.

USing'thé result of the stations at Lejanias and Cafic Blanco, the

“annual rainfall pattern and effective rainfall at Aguas (laras and

La Cooperativa were estimated (See Table C-4-4).

Anpual Maximum Z4 hours Rainfall

Probab111ty analy81s of the annual maximum 24 hours rainfall of 15

stations mentioned above were carrled out and the annual maximum



94 hours rainfall of 2,5,10 and 20 year retﬂrn periodsdwere eSti—__
mated. The results are shown in fable C-4-5 and Fig.C-4-3 and for
each station related with the study area are summarized below:

Annual Maximum 24 Hours Rainfall (mﬁ)

Station Altitude Return Period

my 172 1/5 1/10 1/20
Lejanias 800 111,38 143.6 164. 1 183.1
Aguas Claras 520 100.6 134.0 155.8  176.3
La Cooperativa 280 91.5 125. 8 148.8 170.4
Puerto Limon 255 90.5 124.9 147.9 169. 8

(5) Continuous Drought Days

Probability analysis of the continuous drought days were carried
out at 15 stations stated in (4). The results of the analysis are
shown in Table C-4-6 and Fig.C-4-4 . and the results of stations in
the study area and it's vicinity are summarized below:

Continuous Drought Days

Station Altitude Retufn Period

(m) 1/2 1/5 1/10 1/20
Lejanias 800 21 35 45 55
Fuente de Oro 300 36 50 60 68
Puerto Limon 255 24 38 50 61
Cafio Blanco = 240 35 52 64 78

C.4.2 Runoff Amalysis
(1) The Basin of the Ariari
1) The Ariari River Basin

The study area is situated in the Ariari River system, The Ariari
River system originates in the Rastern Range beiﬂg'located“-at

€~ 10



fhé"deﬁﬁ?tméﬁtalrbbpndary between Meta and Huila and flows into

‘the Guaviare, Heta and Orinoco Rivers successively, This river

system has its own'outfall to the Carribian Sea in Venezuela. The

Ariari -River syStem flow _straight,thrqugh the deep:_valley of

mountain area because of their steep slope of river bed. On the
other hand'riverS'show large scale meandering through jungles and

_ plains.

2)

The Stdd& Area o -~

The Ariari and Guape Rivers located at the northern boundary of
the study area show unstable wahdering'and meandering in - many
parts of their courses because of frequent flood and river bed
fluctuation, It is noted ‘fhat_many diyided traces are shoﬁn in
large flood plain area. Their river width is approximately 2 km in -

~ the section of each 10 km upper and lower reaches from the conflu-

ence between the Guape and Ariari Rivers.

Many Small streams (cafios) flow from west to east and have conflu-
encé‘ai'%he'Ariari River. The major:baﬁos are: Guanayas, Urichare,
Mucuya, Sardinata etc. Many meandering and oxbow lakes as scars of
meander could be found in the gentle slope near the river-mouth,

Specific Feaﬁures of the Main River

River | River_ Altithde River _ Remark
Cano Length (m) Gradient,
Guape-Ariari 83,5 km  250-780 1/70-1/800 Angostura bridge
_ . o _ ' -Puerto Avichure
Guanayas 64.5 kn  245-600 1/90-1/440
Urichare _ 62.5 kin  260-1000 _ 1/8 -1/210¢

- Mucuya. 32,3 km  290-540 1/70-1/180
Sardinata 64.5 km  245-520 1/85-1/150

(2) Droughty Discharge Analysis

l)

The Droughty Discharge (355 day droughty discharge for 366 days)

Pfobability_énalysis of the droughty discharge at the Angostura

c- 11



bridge of the Guape River and at Tuerto Rico of the Ariari River
were studied. The result is shown Table C-4-7 and Fig.C-4- 5 and

summarized below:

Droughty Discharge at Puerto RICO of the Ariari Rlver
(Catchment Area 6250 kni) '

Return Period 1/2 1/5 | 1710 - 1/%0
River Discharge (ni/s) 89,4 55.2  42.9 34,9
Specific Discharge (1/s/knf) 14.3 8.8 6.8 5.6

Droughty Discharge at Angostura of the Guape_Riyer
(Catchment Area 775 ki) ‘

Return Period 1/2 1/5 1/10 1/20
River Discharge (mi/s) 18.0 12.2 3.9 8.4
Svecific Discharge (1/s/kni) 23.2 15.7 11.5 10. 8

2) The Annual River Discharge Pattern

Probability analysis of the asnual ‘river discharge pattern at
the Angostura bridge of droughty year was studied and the result is
shown in Table {-4-8 and Fig,(-4-8. The annual river dlscharge
pattern is shown in Fig,{-4- 7

Probability analysis of the anhual discharge pattern was siudied
for the droughty year of main cafio in the study area. There is no
data available for the analysis and the result of the analysis of
the pre-feasible study conducted by HINAT is used in this study.
The results are shown in Table C-4-9 and Fig.C-4-8,

(3) Flood Analysis

1) Flood amalysis for the Guape River and Ariari River

Considering the condition of the river basin and raiﬁfaii; the
Storage Function Hethod was used to analyze the flood discharge of

- i2



the Guape River and the Ariari River. The analysis was conducted
by following manner: '

- Dividing the catchment area and the river

.- Selection of the typical flood in the observation history

a)

- Selection.of the rainfall station

- Determining the coefficient of the Method (using the actual

rainfaiiland'fiver discharge data}
- Calculation of flood for 2,5,10 and 20 year return period

Dividing The Catchment Area and The River

‘Considering the condition of the rivers distributed in the basin,

- the Ariari River basin was_divided ‘into 8 catchment :areas and the

b)

c)

river was divided into 4 sections to make a model of the Storage
Function Method (See Fig.(-4-9 and C-4-10).

Selection of The Typical Flood in The Observation History

Considering the data of river discharge at Angostura of the Guape

River and at Puerto Rico of the Ariari River, the following typi-
cal Flood data is selected for determining the coefficients of the
Hodel. -

- from 14/Hay to 13/June in 1982
- from 26/May to 30/June in 1885
~ from 1/July to 31/July in 1987

Selection of Rainfall Station

Considering the location and accuracy of the rainfall data, 8
rainfall stations were selected as shown below:

- Lejanias Angostura station for catchment area No.l

- Calime station for catchment area ¥o.2

- San Luis de Cubarral station for catchment area No.3

- Eueﬂte de Oro station for catchment area No.4 and No,b

~ Tierra Grata station for catchment area No.6

- Campo Alegre station for catchment area No.7

- Puerto Rico station for catchment area No.§

- la Holanda station for catchment area No.2, No.4 and No.5 of



d)

e)

2)

the flood from 14/May to 13/June in 1982

Determining The Coefficient of The Kethod

The coefficients for the Storage Function Method were determined
using the actual daily rainfall data and the actual. -civer dis-
charge data. The coefficients are shown in Table C-4-10 and con-
parison of actual data and the rosult of simulation is shown in

Fig.C-4-11.
Calculation of flood for 2,9,10 and 20 year retu;n-periods

Probability analysis of the rainfall data at the station selected
ig carried out and the design rainfall for flood was obtained for.
2,5,10 and 20 year return periods. Using the design rainfall, the
flood discharge was calculated for each return period. The results
are shown in Table €-4-11, Fig,C-4-12 and is summarized below:

Floopd Discharge of the Guape and Ariari Rivers {(nd/s)

Place - Catchment _ Return Period :
Area {(km2) 1/2 1/5 1/10 1/20
Lejanias 775.5 296 363 404 441
Pyerto Cardas 1,687.3 . 457 521 557 - 588
Puerto Lleras 3,790.8 880 995 1,081 1,120
Platanal 4,657.2 8486 951 1,010 1,061

Puerto Rico 6,250.4 1,025 1,184 1,22% 1,287

Flood Analysis in The Study Area

The flood discharge of main caflos in the study area was analyzed
using The Rational Formula and the results of rainfall analysis.
The result is shown in Table €-4~12 and relationship between flood
discharge and catchment area is shown in Fig,(-4-13.
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Table C-2-1  SUMMARY OF METEOROLUGICAL AND HYDROLOGICAL STATIONS

Station

Coordinates Elevalion

1960

Ubservation Periocd

74 80

00

o S o R

. Hesa de Yamanos
. Vistahermosa

. Calime

. Las Dantas
. Pinalito

. Puerto Lleras
. Tierra Grata
. Los Naranjos
. Puerto Limon
. La Holanda
. Puerto Rlico
. Puerte Rico
. Lejanias’
. Guape-Lejanias
. Campo Alepgre

. Catio Blanco

. Las Micos
. Fuente de (ro

. Penas Blancas

. San Juan de Arama
. Hesetas
3. Guejar Pinalite

. Guejar Piiias Blancas
. Guejar el Limon

8.

7.

Aruas Claras
L.a Cooperaliva

. San Luis de Cubarral (PN)

o
(co)
)
(PH}
(PM)
(rH)
(PH)
(0}
(c0)
(cO)
(LK}
()
(PH)
(L)
()
(1)
(1)
(P}
(PY)
(PH)
(0}
(L)
(LG)
(L)
(c0)
{CO)

0947, 7351
0393, 7452
0302, 7344
0340, 7352
0354, 7411
0259,7338
0317,7323
0312,7319
0328, 7343
0322, 7330
0331, 7343
0301,7310
0256,7314
0331, 7406
0332, 7405
0312, 7345
0315,7331
0313,7351
0328,7338
0319,7355
0321,7353
0321,7402
(257,730
0319,7355
0319,7100
0328, 7351
0322,7342

600
600
325

860

3996
248
245
IHH
220
255
J60
187
230

800

840
260
240
500
300
419
110
620
200
a1y
570
520
280

Note @ (VM) Rainiall Station

(LK}, (LG) Hlydrological Station

(CO) Meteorological Station
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Effective Rainfail {mm)

“Table C-4-2 RELATIONSHIP BETWEEN RAINFALL.

AND EFFECTIVE RAINFALL

Rainfall Effective Rainfall
inehes mm inches mm .% 1
| 25 .4 L 0.95 2413 95
2 50.8 1.85 4699 93
3 76.2 2.67 67.82 89
4 101.6 3.32 84,33 - 83
5 127.0 3,79 9687 74
6 i52.4 4.02 10211 67
7 I77.8 4.07 103.38 58
8 203.2 4.12 10465 52
9 228.6 a7 10592 46
o] 254.0 4.22 107.19 42
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Table C-4-3 (15)

falantation of Probability for Station at LA HOLANDR

G et | | | T
I N ea iRainfFall I M. Ipata{year)} Ratio iProhability]
! ; { ram I , 1 I mm ) I RisXn | fo] i
o f o | o e e == fm—m e f o e
I B WA | PR | 1 | 2400019791 0. 80 | _
Py S ¢ To B ? I2146{1978)1 0,874
Poo1mRn ! PARTY ! 3 J2FLS1aRg ) | 0. 73539
[ 1= | RS } gl jPRAS1as3) i 0, 916
I B i PRO0 i 5 j ARy (i9an) | (, 955
i } RN | A u

! ! i ¥ [ 2933(1934) 1,051
t I I a [ 27R7{198R) | 1,070
booOTERR 1 TR ] 9 2R7O{1987) 1. 087
L IS { : l ARTA(I9R1 ) 1.4310

1903 PR
75, 00
]S, 00

a5, 00

195 RIS

|
|
l
|
}
1 aas | 7E00 {1987 Y | 0,498 | 55, 00
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i
{
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o/
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rable C-4-3 (16)
Cabrulation of Frebahility for Station at PUERTO RICN

”}nﬁhhé}.“..i“”,...”q.”]fu.m“w”q”mww‘u.".w,p”qm.T..m..w"“q
Yo !Hﬁrnf%'l | Na, {Data{year)l Ratin fProbabi Uity
| : - ] t b Tmd I XisXo { %] |
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1930 ? |PR10(01987) 1 0. RA7

|

|

|

]

I

| 16, B
|oorEat ARYh 3 [ 2752( 1933 ) 0. a8
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Table €-4-4 (1) Rainfall Pattern and. Effective llainfall for Design Year
Station Cafio Blanco :

Return Period

Honth 1/ 2 1L/5 1/10 1./20
JAN 34 ( 32) | 30 ( 28) | 28 ( 26) 26 ( 25}
FED 3 ( 15) 76 ( 68) | 71 ( 89 [ 68 ( 61)
HAR 154 { 102) 136 ¢ o1 | 127 ( 94) 121 ( 92)
APR 306 ( 1035 270 ( 108) 253 (107 | 240-('106):
HAY 300 ( 108) 265 ( 108) M8 (107 | 235 ( 106)
JUN 355 ( 108) 314 ( 108) 294 ( 108) 279 ( 108)
JUL 269 ( 108) 237 { 108) 223 { 106) .21;_( 106) -
AUG 271 ( 108) 239 ( 108) 1 g (10w 713 ( 106) q
SEP 194 { 105) 172 { 103) 161'(1103) 153,('102)--
ocT 333 ( 108) 294 ( 108) 276 ( 108) 262 ( 108)
NOV 218 ( 108) _ 193 ( 105) 181  104) 171 ( 103)
DEC 69 ( 63) 61 ( 56) | 58 ( 53) 55 ( 50)
Annual 2589 (1130) 2287 (1102) 2144 (1084) 2033 (1074)




fable C-4-4 (2)° Rainfall Pattern and Effective Rainfall for Design Year
Station La Cooperativa

| Honth

12

feturn Period

1./°6 - 1/10 1/20
JAN 52:( 48) 46 ( 43) | 43 ( 40)- a0 (:133).
e 51§1 ( 103) 11 99) 132 ¢ 96) 125 ( Qa)f
dﬁénn 131 ¢ 96) 115 ( 90) 108 ( 87) 102 ( 84)
APR .177 ( £03)" 155 (102) 145  100) _137 (98
nﬁv 365(¢108) | Nﬁﬁ? ( 108) 250 (-107}" 235 ( 106) {
JUN 256 ( 108) 224 ( 105) 210 ( 106) '.138 ( 105).f |
JUL 465 ( 108) 408 ( 108) 381 ( 108) 361 ( 1?3)'
AUG 213 (-106)- 187 k'[Oﬁ) 174 ( 103} 165 ( 103) _
SEP 239-(_108)_ 236 ( 106) | 221 ( 108) | 208 (106)
0cT 750 ( io?) aE 220 ( 106) - 205 { 106)-' 134-( 105) |
NOV 229 ( 105) 201 ( 108) 187 ( 104) 177 ( 103) ;
Déc 112 ( -39) 98 ( 82) 92 ( ?8) 57 (__?5)
Annuai 2626.(1189) 2298 (1159) 2148 (1141) -1 2031 (1125)




Table C-4-4 (3) Rainfall Pattern and Bifective Rainfall for Uesign. Year
Stalion Aguas Claras ' : .

Roturn Period : .
Nonth 1/2  1/5 1/10 L22Q
JAN 25 ( 24) 21 ( 20) 19 ( 18) | 15 ( '17) :'
FED 23 (108 | 189 ( 105) 3 (o | 16n (103 |
HAR 148 ( 101) - 125 ( 93) 114 ( 90 106 ( 8?i,
APR 302 ( 108) 25 (108) | 233 ide) . 2;7 (108) o
MAY s7 (108) | 200 (lo) | 184 (10a) | 170 (103)
JUR 339 ( 108) 287 ( 108) 263.( 108) 244'('fosy |
L 31 ( 108) 319 ( 108) -| 293 ( 108) 272 108)
we | 343 (108) 290 ( 108) 266 ( 108) 247 ( 106)'.
SEP 269 { 108) 227 ( 105) 208 ( 106) | 194 {11053 |
0CT 349 ( 108) 287 ( 108) 263 ( 108) 245 ( 106)
NOV 177 ( 103) 143 ( 101) 17 (9 | 12 (. o) |
DEC 9 (0 | 67 (6D 51( 56) | 57 ( 83)
Annual 800 (11ST) | 2068 (1131 | 2169 (1112) 2019 (1095)

C - 54




Table Cf444 (4)'ﬂainfa11.Pattern'and Effective Rainfall for Design Year

' ‘Statiqn Lejanias

I

Return Period

honth | 1/ 1/5 1/10 1/20
Hﬂ;;ﬁ = 64 (. 58) | {'52:(*‘43) 47 ( 44) 43 ( .40)
Hgéﬁ 1?5 ('”93)'_' | 1oi ( 84) 91 ( 78), 83 (1D

AR 151_(_104)f'5 w7 (100 |82 ( 98 | 120 ( 92)
_—AﬁR ?332 (.108)' 770 (.108) | 242-('1bs)—— 221 { 106)
_—;;; 7555 (fiﬁg)i 798 ( 108) 267 ( 108) 244 ( 108)

JUN 372 ( 108) | 302 ( 108) 271 ( 108) | 247 ( 106)

oL | 302 (108) | 245 (106) | 220 ( 106) 201 ( 106)

AUG 294 ( 108) 239 ( 106) 214 ( 108) 196 ( 105)

Sip 289 ( 108) _234 (108) .| 210 (‘106) 192 ( 105)

ocT 957 (108) | 289 ( 108) 259 ( 108) 237 ( 106)
oy 215 ( 165) 175 ( 103) 157 ( 103) | - 143 ( 100)

DEC 119 ( :91) 96 ( 81) 86 ( 75) 79 ( 70)
fnual | 3019 (1209) 448 (1168) 2194 (1142) | 2005 (1114)

C - 55




{24 Max. | - ' . - i N
: Year  |Rainfatl | Me. jDatal{year) | Ratis [Probabilityl
| 1 [em) [ T A 1N I RisKe : i%]

Jomm s s e e fomm P m e fo— e | T e _
} 1979 ; BB 0 | 1 1168, 0{19a7) | 1.455% |} B, 5% -
| -19g0 i BS. 0 } 2 1148, 0(1986) ! 1.282 { 1G6. 67 i
o198’ i 1020 i 3 1136, 0{1983} 1 1,178 |, 27.98 I
| 1982 1102, ] 4 130, 0(1985) 1 t.126 | 8. 89 |
{ 1983 i i36.0 ] 3 P10z, 0(1981) b 0.884 b 50, Q0 |
| 1934 | 100, 0 | e 110Z.0(1982)] 0.884 | 61,18 1
| 1985 1 130.0 | ‘% j100.0(i984)1 o0.886 | | vz.22 |
| 1986 | 14,0 | ‘a1 ag.of(1973)y  0.782 |  83.33 |
| 1987 | 168.0 i Q { 65.0(1980)1 . 0,563 | 94. 44 l

Total ¥g= -1039.0 mm Average Ho= 115, 4 mwmm
Hazen Plot
1 | Returw | | i
IFrobabilityl Peried | Ratie | Raijnfall §
| i [rear} | Xi-Xe | [mm] |
|~ | = - ==t
| o ] 20 | l.s@s + 1a3.% " |
i 10% | 1o | W -~ S R N = O B
} 20% § 3 i L. 244 | 143. 6 !
| 25% t 4 I 1.183 | 136.6 i
{ 33% ! 3 ! 1.i02 | 12%.%2 i
| 50% 1 Z A 0.3684 1 111.3 |

i 124 Max. ] | i o | i
] Year iRainfallt | . Ho. iData({year) | Ratio iProbabilityd
i t [mm] | { {mm]: I RisXo [#] {
L fmmmem e [ = i fom e f o il Rt
| i9c8 ! 1d44.0 t 1 1151, 2{1979) | 1.579 z.78
| 1989 ! 87.2 | 2 {144, 0{1968} 1 1,503 | a.33 ]
1 197e [ ) 1 3 1134, 0(1981)1 1.393 | 12,89 - |
I 197l i ii6.7 ! E J118. B{1974} | b.240 .1 . 19.4d

N I 4 4 | 10d.0 | 5 116, T{1971) i.z18 | 25,00
{1973 ! 80. 0 | [ 1111.5(1930) ) 1. 164 | 30. 56 1
[ 4=V | 1ie. g J 7 iLod.o(1972)1- L.0e8 1 3611 i
T U ) | ag. L | a P o, 1{1973}1 i.0zd4 | 41,67 1
[T 5= 74 = i 96. O f ] { 96.0(1976)t - 1.002 | A7, 22 |
1. 1a77 | BO. O f 10 | @2.2(1970)F . 0.963 | 52. 78
[ s 2! i v7. 5 i 11 1 82.5{1984) | 0.934 ] =8, 33 1.
i 1979 ! 151.7 | 17 | B7.5(187@) i 0,914 . 1 €3.09
| Lloao I 1i1.9 | 13 1 80,.0{1873)| 0.R3S | B9 dd |
1 1990l I 134.0 . i 14 I 80.0(1985)1 0.835 | 75, 00
bo19a2 334 15§ 8%.2(1969)1 0.702 | RO.S6 )
1 19a3 1 B0, O i 16 I 60.0{1377)1 0. 826 | 86 11 1
| 19gd i 89, 8 | 7 | 60 O(19E3) ] 0.626 | 4. 67 f
i 1985 ] 80,0 1 1 I 33.4(1982)1 0.349. | Q7. 27 }
i 1986 ! ——— ! I | 1 i
I 19ay i - i ! | | T

Total, Xe= 1724, 1 mm Ruerage Xo= 5. 8 mm
Hazen Plot

| | Return | | wh_mukﬁ?
I2rebabi lityl feriod | Ratioe | Ratnfall |
! ! [year} | XirsXe } [me] i
Jor et |~ e = i
! 5% l 20 i 1.7793 | is9.B i
l 102 { io | 1.544 | 14%.9 §
[ 204 f s 1.304 1 - 124.9 |
| 25% i o 1 f.224 } 117.2 |
i 33 } 3 } .19 1 107.1 1
t 504 1 Z | 0.945 | a0, 5 i



Table C-4- CU Caloulation of Prabability for Station at MESA DE YAMANES

| - i24 Max. { i | | i
! Year - {Rainfall | Ne. jData(yrear) | Ratio IProbabilityl
: : : [mm] ': : {mm] | XisXo | [%] |
T T T T T T e e | e el | N SO S
i 19?9 21 1490 | 1 175, o(xavs)t 1.433 : 3,33 :
| lEfQ | 140, 0 | 2 1150, 0(1984)) 1,310 | 10, Q0 |
i 1951 | 1200 | -3 1150, 0{1981)] 1,228 | 16,57 !
[ 1972 | 1030 |- 4 t1d49.0(1889)1 1,220 4 23.33 |
P97z 1 129.0 ! 5 1145, o{1970) | 1.18% | 30. 00 !
| 1974 ! “13g.0 |- & 1140, 0(1970) | Lo1d6 1 36, B7 !
| 1?:5 [ .o178.0 | F 1138, 0(1974) | 1.130 | 43,33 !
| 1976 I 8,0 I a 1129, 001973) | 1.096 | 53, 00 I
I I 75,0 ! 9 1120.0(4971) ] 0.8983 | 56, &7 }
boa7a s 145,00 10 1103, 0(19%2))1  0:843 | 63. 33 !
I 1979 | 95. 0 | 11 1100, 0{1983) | Q.819 | F0.00 i
| 1980 R 12 1.35.001979)1 . o.7vm | TR B7 I
i o198l 1 150.0 f i3 I.78.0(1982)F 0.839 | 033,33 !
| 199z | . 8.0 I 14 b 75,0(1976)1  0.614 | Q0. 00 1
| 1983 I 100.0 | 15 I 75.0(1977)1 0©0.614 1 . 96.67 I
I 1934 i 16o.@ { ! I ! ]
I 1985 i s i | I [ |
i 1986 | -——- I ] | I |
Tatal Re= 1832.0 mm Rverage Ko= 122:1 mm
Hazen Plot

i b Return | | fﬁ%Hi

IProebabitity] Period | Ratio I Rainfall |

] ) [year] | XisXeo } {mm] I

=== e |~ e |~ | = e |

j 5% } 20 ! 1.596 | i192.4 t

| 10% | 10 I L4151 1728 |

| 20% i 5 I 1.240 | 151.5 |

| 75y ) P ! 1.180 | d44.1 {

] 33y 1 3 I 1.400 | 134.4 i

1 50% ! 2 I 0.9%4 | 117.0 |

e e e e et Y o o e e o e e

} 153 Hax | ] ! i i
] Year |IRainfall | Na. IData(year) | Ratie |p\0babllltyl
1 I fmm]) | ) i o ] I XisXe i [#%)} !
fm—————— | == e e | = e | = et
] 1969 | 150, i 1 f212,0{1970) i 1,424 - | 2.B3 |
! 1970 ] Z212.0 i z 1186, 001978} } 1. 316 { 7,89 !
| 1971 | 140.0 - | 3 |180{0(1981}| 1. 209 | 13,16 ]
| 1972 i 154, 0 | 4 (166, 0{1979)] 1.115 ] 18, 42 |
) 1973 14320 ‘5 J1BO.0(1977)1 4.07% | 23.82 |
| 1974 t 142. ¢ I 5 1154, 0(1972)1 1.034 | 28,495 |
i L1975 | 144, 0 i 7 1150, 0(1959) } 1. 007 | 3d.Z1 |
J 1976 ) 113.0 ] B 1150.0(1984)] 1. 007 I 39, 47 i
| - 1977F i 16C. 0 ] = |148.0(1980)|_ 0. 994 ] 4, 74 ]
i 1978 | 196.0 | 10 144, 001975} - 0.987 | 30, 00 |
i 1979 H i66. 0O ] 1i jid2,.0{1974)| 0. 954 J 85, 76 i
| 1980 | d4a@a, 0 | 12 1140, 0(1974) | Q. 940 1. B0, 53 t
| 19381 i 180. 0 | 13 {140.0(1985) 1 0. 940 } B5. 79 |
i 1982 ! 137.0 o 14 1137, 0(1982) | 0. 920 . 71,05 I
| 19843 i 130, 0 | is 1132, 00197%3) 1 0. 887 | . 37 i
| 13944 | 150,80 | 16 130, 0(1983)1 0,873 | 81,58 |
| 1985 i 140.0 | 17 |118.0(1397}| Q. '793 | 86, 84 ]
| 1996 i 117.0 i ig 117, 0(1986) | 0,786 | 92,11 |
] 1987 | 1ig. o ) 19 1113, 0{1976) 1] 0.759 | X7, 37 |
Tetal Ha=' 23290 mm Average Xor 1482.9 om
Hazen Flot
| -l Return | | t
IProbability] Period ! Ratie | Rainfall
i ' i [year] | XisXo | fmm] |
- | e | e |
j 5% i Z0 { - 1.302 | 193.8. |
i 10% | 10 | 1,229 |_ 182. 4 !
| Z20% | 5 t 1.137 | 169, 3 |
| . 25y i d | 1.106 . | 184.7 |
l 33% i 3 | 1.063 | 158.3
| 508 | 2 | 0.987 1 . 146.93 |



Table C-4-5 (8) Calculation of Prebability For Skation at CALIME

T A Mk, { | Lo

| Year IRainfatl | Me. |Data{year) | Ratio |Probability]

l b [mm] I } [ mm] | HisXo : 1§81 : {

e [ g | e T el B Pailey

: 19732 : 1340 1 1 FL73.0(1980} 1 - 1.330- | 5.5 1

P1979 ST A20.0 ! 2 1148, 001981 ) | ELA3T 16, 67

] 1320 | 173.0 | 3 o Hi3s.o(tER3)i roo3r | ¥ A

| 1a21 i 143.0 | < (139, 061985) ) 1.038 | 3q.849

po1eaz | t25.0 | 5 1134, 001979} | £ 030 50.00

Po1983 i. 135.0 [ & itze.o(i9ag) ! . 0.984 I Bl.11

boo1sad | 713.0 | T 1125.001982} 1 0.951 | TR

] 1985 '} 135.0 ] & P20, 001979}t Q.922 i 83,33

l 193 f 178, 0 1 2 Po73.0{1984) 8 Q. 561 i C el ok
Tatal Na= 1L71.Q mm nunvaqe Wo= 130, 1 mm

Hazen Plot

| | Return | H i

IPFrobability] FPeriod | Ratie | Rainfall |

L l {year] 1 Xi-Xe 1 [me] i

fommr e e | == | - | f

} 5% ' 20 i 1.%70Q § 147,38 1

| 10% ] 10 H 1.330 b 1%9.6 t

i . 20% f ] i 1. 22 ] 199.9 i

| 255 | ] | 1.173 + 152.86 |

] 33% | 3 | o101 | 143.3 i

i SO% i Z ! Q. 8%8 L 127.3 {

i T 124 tlawx. I i ! l I
] Year |Rainfalt | No IData{yrear) | Ratio iFrobabilityl
| i fmm) H 1 [mm] 1 L ®isNe i t=#y i
|- foom j—————— R e R |
1 1978 ] Zatl.o | 1 jzo1.0{1974)} | 1.773 14 .00 - F -
i 1973 } 149,00 ! Z 1148, 00197911 1.315 | . 1500 . {
foo19s0 | Q4.0 i 3 1140, 01984} | 1.235 | 25,00 I
fooigal H £g8.0 1 4 1125, 0{ 198G} | 1,103 35. 00 {
[ == ¥ i 54,0 i S 1114, 0(1987) 1| t.a0e ) 45,00 i
I 1983 | 100.4 I = 1100, 4{1983) | 0,888 55..00 !
| 1994 i 14, Q i 7 i 9d.00193001 Q. 229 | .00 |
I =121 | FH.0 I ] | 78.0{1985) 1 o.B38 | T, 00 !
1 19en 1 1Z5.0 I 9 }osR o{19e1) Q. 500} a5, 00 !
i iaa7 i 114.0 H 10 I Bd. U(qué)i 0..565 | 95, Q0 i
Total Hs= L133. 4 mm 'Ruerage Xo= {13.2 am
Hazen Plot

f | Return ! i - T

[Frobakilityl FPeriod | Ratio | Rainfatl |

| | [year} | NisXo t {mm] |

o fom e e i o~ i

| S i zZ¢ H 1,735 | 96,7 |

1 Lo } HEL 1 L3710 RE.0 !

| 20K i 5 i i.288 | 143,19 |

| 254 I 4 § .24 1 13%.2 |

{ 33 § 32 ! Lty 0 125.8 l

| S50% ] Z § 0. 9d1 | 106, 7 |



Tah}e!?4‘5 (7)C§leulation of Frobability for Station at PUERTD LLERAS

i ) 124 Max, [ | I o } o
I Year IRainfalt .| Me IData{year) 1 Ratio iProbabititytl
: - '} fmd ! 1 [mm] | Xisde I %] I

BSOS il e e D YR }
| 1872 1 950 1 bia3, 0(1393)1 1,695 | cs.58 |
}o 1980 T 1oy Y | 2 1134,0(1982) ] .24 4 16.67 |
| i98b | . 7d.0 i 3 1zo.7{1987) | T B e |
poo1aez . 1 130 4 fio7,o{1980) 1 ©.991 " | -38.89 |
b 1983 {193, I S 1 97,0(1984)1 - 0.898 | S0.00 i
i 1984 (- I "B lar,o(198%)1  o0.843 1 &8l.11L I
i 1385 I . S1.0 | 7| 85, 0(1973)1  o.987 1 222 |
{ - 1386 {  BOLO G 8  |'Bo.0{1988)1  0Q.741 | - 8333 |
| 4387 yo120.7 { G ] 74.0(1981)1F  0.685 | 34,44 |

Total - Xeg= - Q71,7 mm Rverage Xo= 102, O mm
o Hazen Flot

T T T T T T T Rekwrn, 4T T T
{Probability| Periad | Ratie | Rainfalll |
1 o . fyreavr] I Xi<Xe | [mm]
[ ity B Rt = | m e |- |
| a4 | 20 ot 1.5%1 1 159.6 |
i 10 I 10 P- L.dit 1 152.3 |
I 204 I 5 I 1.23% | 133.5 |
1 25% 1 A4 1 1177 4 1271 1
I 33% | 3 i 1.097 | 1i8.5 |
1 50% 1 2 i o.982 | 103.9 i

| 174 Mawx. | | [ { 1
H Year JRainfall Ho IData{year} I Ratie iProbabilityl

[ 1 Tmm] 1 ) {rom} . ®isXo } (%1 {

Rl T e e { o jo—— - | }

! 166 I 1100 | 1 lida, 0( 188} i.361 | 2.85 |

H 167 Po.iz22.0 | 2 1135, 0( 185) | 1,244 | 11.54d |

i iem 1 148.0 } 3 1134, 0( 187} | 1.232 i 19,23 |

| 169 ! Q9. ¢ | 4 113z.9( 174)} 1.222 1 26.92 1

i 1790 i 178, 3 { = 11z2z.0{ 167)1 10122 1 . 34.862 i

i i74 ] 88. 0 ] & 1128, 3( 170)1 1.115 1 42. 31 1

i 172 1 B, 0 i 7 1110.0{ 166)1.  1.01y | S0, 00 \

i 173 } 80.6 ] a faa, of 189){ 0.910 | S7.62 i
i 174 | 132:9 | ] | BE.Of +71)1 Q.809 |} £5. 38 |
i 175 | 2.0 1 i0 I BB.0{ 172)1 0.791 | 73.08 i
i 176 } ———— | 11 | 85.0( 198)1 o.782 | a0, 77

i T ] —— | iz b e0.6( 173) 0. 741 | a8, 46 !
} /e ———— } 13 | 72.0( L79)1 0.667 ¢ a6, 15 }
] 179 ] ——— i i | | }
} 1RO 1 o i | \ ! |

I 181 1 ———— 1 1 ! i |

! 182 ! ——— i i I | i

} 183 } ——— 1 I | ! l

{ 184 | o i i ; ! i
i 1R . 1350 t | i | |
! 186 | as. o ! ! ] ] i
! ie7 I 134.0 ! f i i I

Totat - Na= 14138 mm flverage " Xeo= 108. 2 mm

Hazen Flot

i { Retuwrn

. | [ {
iProbabilityl Feried | Ratio | Rainfall |
I T .1 iyear) 1 XisXo | [mm] }
| o m e f-mmmmmomms e !

1 b | 20 | 1.460 | 15g8.8 |
T Ve i 10 I i.336 1 145.3 |
t 203 | 5 | i.1938 - | 1304 {
t 254 } A i 1.451 t+ 125.2 l
} 23K | 3 i i.087 . ii@. 2 |
] G0 l Z | Q.97 | 106.0 }



Table C-4-5 {9) Catculation

of Probﬂb\l\ty tor Statton at LA HOLANDA

Hazen Piot

| }qd MHax, ) ! |

} Year IRainfall | Mo lData{year) |

I 1 o) i | [mm] |

|- | e s | = | smmm e 1

i 197a { 4%, 0 i 1 |1:0, O(iqa?)l

i 1ava | 1i0. 1. | 2 [13b: 2(1984)|

T Rz (=1 \ az. 1 | 3 [127.9(1987}1

| 19al | 110.0 I < 1110, 1 (1979} |

i 1982 1 160.0 | 5 1110 0(1991)|

| 1983 |  64.4 1 & | 9z.1{1980)!

l 1984 | 136, 2 I 7 | 91.9(1985)!

I 1985 i g1.9 ] a | at.a{1986)1l

| 1936 ] 91.8 | = | Bd, 4(1983)1

| 19a7v | 127.5 i 10 a7 0(19?8)\
Tetal Ka= 1031. 0 mm Average

1 1 heturn § |

[Probabil trl Peried | Ratio | Rainfall

] } [rear] | XisKe | [mm]

| ——m e | = |———— = | ———mm

] o) i 70 { 1. 767 { i81.7

| 10% | 10 | 1,538 | 158.5

i 7O l = | 1. 302 | -134.2 -

i 29% [ o | 1.223 | 1zZ6.1 -

| 33% I 3 | 1.119 | 115, 4

i 50% | Z | Q. 948 | Q7.7

Frobabilityl

—

|
Ratie |
NisXe L L%)
___________ [
i.582 | 5.00
1.321 0 15,00
1,237 | 25,00
1. 0BRB i 35, 00
1. 087 { 45, Q0
0. 893 | 55, QQ
0.9t I - BS,00
0. 890 | 75, Q0
0,825 1 a9, o
¢. 456 i Qs5, Q0
¥eo= 103. 1 mm

i |2d tlax I | t H .
i Year iRainfall | He Ihata(yzar) § Ratie {Probability]
: : [ ram ] { | [ ram ] I XisXo { (%]

T B I i e
I° 19va i 230 1 1 | 176 0(1982): 1,314 ; 5, 56
b 1980 I 1150 1 2 [1Z73. 0(1979)1. 1.282 . 18.67
! 19g1 | ao.o | 3 [115. 0(19a0)] 1.192 | 27
{1983z | 1z6.0 | 4 1100, 0(1983)1 1.043 |} 38, 89
} 1983 | ic0.0 | 5 | ad.g(le@6)| ©0.947 | S0.00
| 198 I S0.0 ] & I-ao. 4{1985) ] 0. 943 Ei.11
I 198s i Q0. 4 | 7 [ ae, o{1987) | 0.918 | 2. 22
| 1986 ! a0.8 | a |"mo.ofigal) ] 0.834 | 23, 33
I 1987 | ag. 0 | Q I 50.0(1984)] 0.521 | a4, 44

Fotal Ma= BE3. 2 mnr Averaae Ko= 9%3.9 mm
Hazen FPlot
‘ ‘ RE‘IUTH ‘ “"_"H“T”"‘—"‘“_“‘“'R_T
|Probabilityl Period | Ratie j Rainfall
: : {rear] 1t ¥XirMe N S

—————————————————————— { e ——— ' ——— e e
i 50 i 20 i 1.599 . 1 153.4 :

{ 10% i 10 | 1.432 | 137.4 I
i 20% i 5 t 1.282 | 1761 i
| 25 1 | } i.190 | 114..2 |
! 33 ] 3 | 1.408 | 106.3 !
! 50 ! z f 0. 969 | 9z.9 i

C - 860



Table €-4~5 (11
: (1) Cateulation of Probabitity for Station. at CAMPO ALEGRE
I |ES"HQQT“"“T““““"“”‘"T““_"""““‘T“""“""““”‘T‘“”““““"‘?
: Year :Pa'“fali ! Ne. iData(year) | Ratio . |Probability!
| I [} .: ] {mm]_‘ " Xi/Xa i [# 1
T T e | e e e | e I | s e |
I .ig79 I 74,0 { 1 t165. 001981} | 1.333 | 5,56 {
I 1qBQ b 134.0 | 2 1150, 0(1982) | 1.28% | 16,67 |
| -;agi b oies e 3 ii50.0{1983)1  1.217 0| - 27,78 |
\ *1%1{ b3S, 4 1135.001986) 1| 1,006 1 38,89 |
! 1&L3 50,0 ) 5 {134, 0(1980}] 1,087 1 50.00 |
! -584 I9s0 .| & [103.0(198S}| . 0,835 | G1.11° |
Po1a\s 1 1030 7 1loo.o(1987)1 o.812 | 72,22 |
iolges 1 1350 a  pes.o{1984)t  0.79% . 83,33 |
V1987 i 100,90 i 2 1 74,.0{1979)) 0.801 Q4,44 |
Total Xs= 1109.0 mm Average Ko= 122.2 mm
Hazen Flot
_T_‘""“_"ﬁﬁ—"Th_EEIG?;—“Tf"“’“""‘"_T"““'"’""'T
IPrababilityl Period | Ratio | Rainfall |
; ; frear] t XisXeo I fmm] {
e e e R | =~ f
| 52 i 2 ol 1.534 ) tez.0
l Lo i to I i.388 | 17t.0 i
| 20% | 5 I L2271 154.2 i
i it i 4 I 17172 1 144.4 |
| 334 i 3 I 1,099 | 1353 i
| s0% | 2 1 0,97t L tta.s i

Table C~4-5 (12) calculation of Probability for Station at LAS HICOS

} 124 Max i i } i : i
§ Near JRainfall Ho iData{year} | Ratio {Frobabitityl
! I [mm]) | ! [mm} I XisXo i (%] |
R |- | = I il etk bt | == i
i 19732 | 1i26.0 i 1 1 id0.0{1981) | 1.33L 1 5. 56 1
I t980 { 53.0 | 2 1135, 0(1985) | 1.283° | i6. 8% |
Ioiset I 140.0 1 3 1134, 001987} 1 1.273 | 27.78 [
{ 1992z ! T0.Q I 4 11z6. 0(1979) | 1,197} 3a. 89 i
| 1983 | 100.0 | 5 [iod. 01984 ) | 0,888 | 5¢. oG i
i 1984 | 104, 0 | 1=} 1100, 0(1983) 1 0, 950 | 1.1t |
| 1985 { i3%.0 { 7 | 85.0(1966) ! 0.808 | v, 22 }
I 1986 i a5.0 l a2 | 70.0(1982) | 0,665 | .83, 33 i
i 1937 i 134.0 } 9 | 53.0(1980)1 Q.504 | Ad, 44 !
Total Xg= Q47,0 mm Nvevage Ho= 105. 2 mm
Hazen Plet
! | Return | ! |
IPrabability}l Feriod | Ratico | Rainfall |
i | {year} | XirXe | [mm] ]
[~ e | m e s B Rt bt fomme i
| G | 20 | 1,720 b iBL.O |
| 10% | 10 | 1.512 | i39.0 1
1 . 20% I <) } t.2aL | 133.8 ]
i 254 | < | 1.217 |- 128B.0 ]
| 33% | 3 | 1,119 | 1377 I
i 50 [ 2 ] 0.955 | 00,5 )

¢ - 61



Table G-4-5 (13) Caloulation of Probability for Statien at UISTAHERHOSA

= e e ot e 2 T A e S e

I f24 Max.

] t '
I Year {Rainfall | Mo. IData(year) I Ratio o | abil
' 4 [wem] bt [om] : RisKo : ' {4]_- o :
| = e | e — e — | | e e | T T A
| 1959 } ge. 0 | i 1zii.8(1978)1 1,883 2.B3
| 1970 PoTnz 2 1igo.o(1973)1 L.E0L L T.R3 |
| 1972 i 5.5 | o |17, 4(1981) ] 1.311 ) 18,42
boo1973 ] 18t 0 | 5 {i30.0(19ee)l L.156 12X 6R
| 1974 | 740 | 6  l1z27.0(1984)1 1,123 1 288
I197s | 10z.8 | v |izs.afisve)) 120 3402
|olaTe |o2i1.8 g [11d.5(1982)1 1t.oie 1 3947
boo19v? | 84,0 | : p111.6{1971) 1 ©0.392 | Ad.Fa |
(I =32 Io1z25.9 | 10 110S.i{1ae3)1 0,935 | S0.00 |
Io19va bos.2 13 [loz.8(1a7s)]  0.914 | 95,260
| 1980 boo1s2.2 | 17 | 9d4.4(1987)] D.839 1 BO.G3
(B §= =1 | 147. 4 i 13 | ge.0(1962) 1 0. 765 | B5,. 7 |
| 198z | 1145 | 14 1 85.8(1972)1 0 0.760 1 7L.05 |
! 1983 | -105.1 | 15 1 B4.0{197T)L 0. 747 L TB.3Z2
[ 1984 | 1z7.0 | 16 | 77.2(1970)1  o0.687 1 81/5R
| 1985 [ 52.0 | 7 )] 5.2{1979)1 O0.BBR | 86,84 |
I 1986 booa3o.0 | 1@ ) Fd.0{19vd4)t 0.858 1 92,10 |
| 1987 | 9d4.4 | g ) s2.o(19ess)  0.462 - 97,37 |
Tetal Ka= Z136.6 mm Auerage ¥o= 112, 5 mm
Hazen Flet
| | Return | ! i
{Probabilityl Peried | Ratie | Rainfall |
: | [year] 1 XisXe | [mm] i
——————————— B e e e bl
| 5% | 20 ! 1.672 | ie8.0 i
! 10% i 10 } 1.475 | 1BS5.9 |
| Z20% 1 5 i 1.266 + 142,39
i 25% I 4 | 1.195 | 134.4 |
| 33% | 3 ! 1.10z | 123.9 |
i 50% t A | 0.a45 | o 108.3 |

C - 62



Table G-4-8 (1) Probability of Continwous Drought Days
) {Station SANM LUIS DE CUBRARRAL)

e e T R 8 R 58 T R e A A e o ek e A4 T $5¢ < e 7 Bt e A e g e e e e b £ o T o e

! Year  {Maximum | No. IDbata{year) | 'Ratio IProbabitity]
: : [days] ! I [daysl I XisXeo ! (%1 |
e | e e e T f = ]
[ - 199 I 16.0 b c1 t 43,&(19?3){ 2.224 | 2.8 |
I 1970 L. 160 7} 2 I 36.0(1985) | 1.862 | 8. 33 |
1odare ) 10.0 ! 3| 2e.0(1983) | 1.dd48 | 13.89 |
I 1972 | 17.0 j d I 27.0(1998) 1 1.39% . | 19. 44 §
11973 | e } 5 { 2z.0(1982)) 1.138 4 25. 00 t
[ 19% I 7.0 1 & 1 2z.0(1981)1 1,138 |} 30.56 |
VoLaTse 16,0 \ 7 i 1a.0(1978)) Q.983 | 36, 11 {
1976 ] -3.0 i B i 17.00197%)1 0.879 | 41, 67 i
1497, | i7.0 } 9 17 o{1a72)) 0,879 | 47,22 |
i i97a t 19.0 | 10 | 16.0(1975) | o.828 | 52.78 !
Y1979 i 43 0 | 11 I 16.0(1970)1 o.Bra 55, 33 i
| 1980 i 14.0 1 12 1 18.0(1969)1 0.828 | - B3.83 i
1 1A ] 22.0 | 13 bois.0(1se?) Lie £9.44 |
to19ez. Z22.0 I 14 | 14.0(1984)1° o0.7%24 | 75.00 I
I 1983 ] 28. 0 ] 15 | 14.0(1980)}  0.724 | BO. 5B 1
i 1984 i 14.0 I 16 Io1o.0(1971} ] 0.317 a6, 11 i
I 1985 36.0 ] 17 | a.e{19%h) | 0. 466 | Q1. 67 !
I 1985. f 27.0 I 18 I 7.0{1974)1 0. 362 | 97, 22 I
} 14987 | 15.0 i i | N !
Tatal Xgz 3248.0 mm Average Ko= 19. 3 wmm

Hazen Plot
L I Returwn | o { 1
|Prebabitityl .Period | Ratio ! Rainfalt |
1 . . [rear] | XirXa i [rmm] |
[rmmo e o | | ~——i e fe {
i 5y | 20 N 1.952 | 37.7 |
; 10% | 10 | 1,649 3.2 {
i 20% i 5 1 .1.342 | - 25.9 i
§ 25% } 4 i 1,241 | 24,0 i
i 334 ! = | 1.413 | 21.5 |
i S0% } 2 i 0.905 | 17.3 i

Tablé C-4-8 (2) Prnbabrllty of Centinuous Drought D&rs
(Statnon MESA DE- YAMANES)

1" Vear [Haximum | Ho. iData{rear) I Ratia iProbabatntyl
[ j [days] i | [darsl I %isXo : 1) :
N T formmm o e | oo f o R
| 1969 1. 170 1 1 | 70.0(1975)| 2.482 | 3.33 |
b 4970 |\ 340 | 2 |- 43001974} 1.52% |~ 10.00 |
| 1971 I 18,0 - | 3| 39004977}  1.383 | 16.687 - |
1 .1972 (IR 2 4 | 39.0{1%8i)! :.383 | 23.33 |
Pota73 { 29,0 | 5 | 34.0(1970)| 1.206 | 30.00 |
i 1974 1 43,0 & | 3z.0(t97a)l 1.138 | 36.87 |
{1975 | 0.0 | 7 1 31.0(1976)1 1,092 | 43.33 |
1 199 1 3.0 | a | ze.o{ig9?3)l  1.02¢8 |  S50.00 |
Pl | 39.0 | 9 | z6.0(1986)1 0,922 | 56.67 |
| 1978 1 22,00 10} 18.0(4974)1 o.63@ 63,33 |
| 1979 | 7.0 | 11 | 17.0(i9s9)] ©0.G03 | 70.00 |
i 1980 | = ] 12 ) 17.0{1972)1 o©.603 | 76.87 |
| i981 i 39.0 1 12 | 14.0(1984)1 ©.4% | 83,33 |
1o1eez L 14 ] 47.0(1979)1 ©0.248 } 90,00 |
| lae3 1m0 15 | 7.0(1983)] 0.248 | 96.B7 |
| 1oed. I 14,0 | 1 | } {
| 1985 | —— { § | | |
| 1ues | 260 | ] . ) §
Tetal Xe=  423.0 mm Ruarage - Xo= 28.2 mn
Hazen Flot
1 T ] Return | | ¥
IProbabiLityl  Peried | Ratio .. | Rainfall |
] | [year] 1 XisXe | fmm ] }
R s et {——m fom e | m
I 5% I Z0 I 2.551L § TL.9 |
i 10% Y+ : 1,93 | S56.4 |
i 20% I 5 i 1.484 |} 4i.8 |
1 25K i 4 } 1.326 7.4 |
i 334 I 3 ] .12z | 31.9 I
] 504 1 2 | 0.B40 ) 23,7 |



Table C-4-8 (3) Probability of Cont inuaus Drounght Days
{Station CALIME)

e e e e e e e T S i 2t e S

h““—ﬂ——~_~*”“—*T“f"—““‘"“*““""”""*_W_T . Ratio I
1 Yeay jrlax imam Ma {Data(year) | : N
| | {days) | | ldays] 1 XicRe O (%) |
e S o [ b T T |
: . 1a85 1.610 | 5025
| 1978 ) 230 | .1 33.0¢1985)1 1.6l I
i 1979 | o28.0 ! 2 | 30.0(1983)| 1 483 | 18,795 )
b 4980 ! e ! 3 | 28.0(1979} 1 l 36k} 31.25 [
| 198l 4500 4 | 23.o(1e7e)l-  1.122. 1 4395
I =12 | 11,0 i 5 | is.0(1981) CO0R3Z2 SEB. 25 I
{1283 1 30.0 | & | 13.0(198s)] 0.634 . 1 . BB.IS )
-t i TR o) it.0(1982)] 837 1 BL.25
[o188% i 330 | g | t1.0{1984)| 0.537 | Q3. 75 .|
| 199e | 13.0 | [ ! 1 I
Total Ka= 1654, 0 mm Auerage Xo= 20.95 mm
Hazen Plot
T_"——""“_FQ"T—_EEEE?;_‘T"_—f"““_—“T""‘"w" )
IProbabitity] Pevied | Ratioe | Rainfall |
| i [year] | XisXe | [mm] 1
e [ mm o [ mmmem e | = m = |
| 5% } 20 j Z2.057 |} 47. 2 ]
I 10% [ 10 | 1.924 1 3m.3 |
{ 20% ! s I 1.384 ) z@.4 )
! Z5% | 4 ! 1.275 | ZB.1 1
f 33% ! 3 i 1.136 ) 23.3 |
I 50% | 2 ) oo0.9i3 1 18e.7 |

Table C-4-8 (4) Probability of Continueus Drouwght Days
{Station PINALITO)

! Year Jrtas imum | Mo ihata{yrear) | Ratio 1Probability]
| i (daysl] | I [days] i Xi Yo ] {%) . }
- o [ o I il Ikt
| 197 | e | 1 | 59,0(1979)] 2.280 | 6. 25 i
b ta79 ] 59.0 | 2 | 36.0(1982) | 1,391 | 18,75
I 1980 i 27,0 i 3 { Z7.0(19320)] 1. 043 I 31.25 |
bo19al | 19.0 | 4 ] 25.0(19886)} Q.96 | 43.95 1
| 1982 i 36.0 } = | 22.0(1987)} 0, 850 1 56, 29 i
| 1983 | 9.0 } & I 19, 0(1981) i 0. 734 } 58,75 i
| 1984 | 0,0 i 7 ] to.o{19@4)l  ©.386 |} 81.25 |
i 1985 } ——— | B8 ] 2.0{1983)} 0,348 i 93.75
P98 i 25.0 | 1 i ' i |
i 1987 | 2Z2.0 | I 1 '1 i
Total He= SO0 m Average o= 25,9 mm
Hazen Plet
i I Return | TV ﬁ~_“_T
iProbability! Period | Tatie i} Rainfall |
: : frear] | XisXe } {omm] }
[N ‘ ____________ l [
i a¥% i Z0 H 2,442 } 63.2 :
! 10% } 10 § 1.836 | 50,1 }
i 20% i 5 i 1.4%8 | 7.7 §
i 25% i 4 i 1.310 ) 33.9 i
| 33% { 3 {o1zZ7 v 2907
i SOH i 2 | 0,848 | Z22.0 \

C - 64



Table C-4-6 (5). Probabllttr'ni Cnnllnunus Drought Days -
_ (Station PUERTO LLERAS)

.: ?ga; . } [dq u : Ne lDat%(yeqr) l Ratio {Probability]
N lhd_:z;h_m_l uuuuuu ; {days ] ‘_: Xir Ko : [%] N
{ _igggi | 8.0 1 1| 51.0(1980)1  1.878 | 5. 56 :
|- 1380 :;. gé,o | 2 I 45.0(1986) |  1.478 | 16. 67 |
| a8t ;;.o I 3 { 44,0(1985)} 1.445 27.78 ]
) 1302 i 2 L0 41 3T.0(rem7) 1,215 | . 38.89 |
193 I 10,0 i 5 P 35.0{1981)1 7 1,150 | 50.00 |

: 1@3; N 20. 0 ! = | 24.0(1982) 1 0.788 ) gi.11

| 1383 | 44,0 | 7 | 20.0(1904) 0. 657 | T2.22 |
Laes i 45.0 { a P10.0(1983) 0.326° | B83. 33 |

l_H}:?f ) | 37.0 | q I 8.0(1979) 0.263. | a4, 44 i
Total . Ks= 274, 0 mm Average Xo= 30.4 mm

Hazen Ptaet

I S !' Return | TyTTTTTY

IPrebabilityl Period. | Ratie | Raintali )

{ : [ ¥esern | | W S ] { matn } 1

il Tl [ L E O SRS R IR Y |

P 58 i 2007 | 2,789 | 84,9 I

I L 1ox I io i 2.14% | 65, 4 !

i 20% ! 5 I 1.8559 | 47, 5 ]

i 25% i ] | 4,38z | 42,1 [

| 33 t 3 i 1.166 ) 35.5 !

] 508 ] z I 0,847 | 75. 8 i

Table C-4-8 (G)Probabi(ity of Centinucus Drought Days
{Station LOS NARANJIOS)

e o e e e e e o e o e e e e e e e e e R e e b e e s

| Year IHax i mum | Mo Ibata(year) I Ratio IProbabilityl
I | (days] | 1 {daysz] 1 XirsNe | [%] |
[ = |- | ———————— | === jr——— e e !
i 198Y7 | z1.0Q i 1 | 41.001273)1 - 2.24% | 6.25 |
I 19e8 i 16.0 | Z i 21.0(1967)} 1.151 | 18.75 |
| 1959 I id.0Q | 3 [ 20.0(1972) 1 1.096 |} 31.29 |
| 1970 | 10,0 { 4 1} 1e.0{1968) 1 o.8%% i 43,75 i
I 1971 | 15.0 ] 5 I 16, 04971} 0.877 | a6, 25 i
| 1972 | . Z0.0 | & | i4.0(1969)} Q. 7B 1_ B8, 75 |
I 1973 | 41,0 [ 7 I 10, 0{1370) ¢, 548 i 21.25 i
| 1974 | 8.0 l. a I B.0(1974} | Q. 438 | Q3. 75 i
Fotal Ha= 146.0 mm Average No= 18. 2 mm
Hazen Ploat

1T T T T Y TReturn 1T Ty

IProbabi lity] Periad { Ratio | Rainfall |

| | {yeav} | Xiske | lom] |

[ il I | ——rm e — i

{ 5% | 20 | Z. 082 { 38 Q0 |

} 10% | 10 | 1,729 | 31.B6 ]

i 20% | ba | 1. 377 | 25.1. |

I 254 } < { 1. 764 | 23. 1 i

H 334 ) 3 | 1.120 | 20, 4 |

{ 508 | z i 0.892 | 16. 3 ]

C- 85



Table C-4-B {7) Probability of Centinunus Drought Dars
(Gtation PUERTO L IMON)

T Vear T TRawimum 1 fo. iData(year) | Ratio IProb?billtrl
{ i {days] { | [days] : XisXeo :_ (%] _ :
R pESESE S S S | e i | e e | e i
: L1968 : 7.0 : 1 | st.o(rave)l 1 8ad { 3.33 |
1 1969 ] 15.0 | 2 1 48.0(1380}1 L.yt 10, 00 |
Iorare ] 16.0 | 3 1 43.0{1975) ] 1,593 | 16,67 |
A= y 27.0 | o | 40, 001974} 104001 23.33 |
| 1972 { 16.°0 | 5 i 3L.o019v)| {1,142 ) 30. 00 {
| 1993 i 29,0 I G | 29.0(1973)1 1.094 4 36, 67 \
| 1974 ! 40,0 ! i 127, o197 1.0 | 43.33% .}
1 1975 } 43,0 } o i ze.0(1999)Yl 0.983 S0, 00 i
{1976 { 51,00 | 9 boEk. 0{1381) | 0,983 1 96,67 i
T Y-\ i 3.0 I 10 | 10 0(1978) | oo BB7T £3. 33 i
| ta7a I 18.0 I 11 | 16.0(1972)1 0.593 1 70,00 i
i 1avg I 26.0 ! 12 1 16.0(1970))F 0.533 | 6. 67 |
i 1980 ) 48,0 ! 13 pors.o(lagall 00855 | &3, 33 |
v 198t ] 26.0 | 14 | 1z.0(1884)] 0. 444 | 90. 00 i
io1aa2 | ——— f 15 i 7.0(1968)1 0.259 | 96. 67 ]
| 19a3 | ———— i I | ] ]
| 1984 ! 12,0 | ! ! i i
| loes i - 1 i | | 1
I 1386 { e | ! l I i
io19av | e j | I I T
Tatal Xg= 405. 0 mm Average Ho= Z7.0 mm
Hazen Plot

1 I Return | | ]

|Pvrobability! Peried | Ratie | Rainfall ]

I 1 [year] 1 XisXae | fmm] i

fmmmr e . R e {

| 5% | 20 | 2,260 | Bi.0 !

i 10% ] 10 | 1.835 | 49.5 |

! 20H i 5 I 1,423 | 38.4

i 25% 1 4 i 1.223 | 34.9 1

} 33% | 3 } 1,129 | 30.5 !

{ 50% I 2 ! 0.875 | 23.6 i

‘Table C-4-6 {8) Probability of Centinueus Draught Days
(Statien LA HOLRNDQ)

| Year [rlax imum f Mo iData(year} | Ratio [Probabilityl
f i Tdays} t I [days) 1 MisXe } {%] 1
i fmm e e f e | e e
I oaTe ! - 1 ) I 48.0(1979)1 1.623 1 . 7.1i4 }
| 1972 ! 49. 0 ] 2 | 45.0(1986) | 1.522 | 21.43 I
| 1980 ) 44. 0 i 3 | 44,0{1980)]| i.489 | 357 )
| 1984 ! e ] 4 1 26 0{1985)1) 1.21%7 1§ 50. 00 \
R == d i 9.0 i 5 |19, 004982} Q.643 | 4. 29 |
| 1903 | - l & | 1o.0(19a7)1 0.338 | 8. 57 |
| 19ad I 5.0 | 7 I S5.0(1984) 1 0. 1569 | 92, 86 I
[ §=t 2 ] | 356.0 | ] 1 i ’ f
Po1986 f 45. 0 } 1 1 i i
i 1987 i 10.0 H } | } i
Total Xg= 207.0 mm fflverage Ko= 29,6 mmn
Hazen FPlot
i | Return | VT
iProbabilityl PFeriod | Ratio | Rainfall |
| | [rear) | ¥XirXo | Fam ] |
o fmmm e frmmmr s fomm |
! % i 20 i 3.788 1 112,90 )
i 10% { iQ ! Z.8TL | 79.Q |
! 20% | 3 | t.744 | 51.6 {
' 254 I 4 ! i1.485 | 43,9 i
I 33% J 3 I 1.184 | 35.0 I
] 50% } 2 [ 0.773 z72.8 }



dble(ld -6 “D P\obab1lzty of Luntlnunus Drounht Days
(Station PUERTO RICO)

| Year INaxlmum | Neo. IDa+a(year) | Ratio {Prababilityl
| | [dars] | | [days) I ¥Hi Xe i [%] :
e L [ T B hai S

| 1972 | oz4.0 i 1 b 54, 0{1985) | 1,968 | 5. 56 |
i ig80 ' 24.0 ; 2 | 31.0{(i9R5)| 1,130 | 1867 |
| o1o@y 1 ozeeo | 3 ) ze.o(tagl)r  t.ozo o 27,78 |
| 1982 1 270 | g | 27.0(1i982) | 0.984 ~ 38.89 i
i 1983 } S I 5 1 24.0(1979} | o.874 | 50,00 ]
[ 194 ] 19. 0 1 & | 24.0{1980)1] o, 874 | 51,11 !
I 1985 i 54.0 | 7 | 23.0(1397) | 0.238 | 2. 22 3
| 1986 | 31.0 I a | 19.0(1984)| 0.692 | 23, 33 |
|o1aav | 23.0 | Q | 17.0{1983}) | 0.6819 1 94, 44 |

Tetal Xg= 247 mm ﬁvemage Ho= 27.4 mm
Hazen Plot

] ] Return | I i

IPrubab:l!tyl Pevriod | Ratio { Rainfall |

] i [pear] | XirsXo I T min ] 1

jr— [ el e j—— |

| 5% { 70, | i.702 | 46,7 )

| 10% ! 10 f 1,497 | 41.1 |

} 20% o 5 | 1.279 i 35,1 i

] 25% | 4. | 1,205 33.1° i

| I3x } 2 i 1309 1 30.4 -

| 50 | Z H Q. 947 | 6.0 t

Table C-4-6 (lo)Prnbabalaty of Lontlnuouq Drought Days
{Station LEJANIAS)

_..__..____...._.____.__...,»..._.__..‘.,‘___,H...‘___..._.......___._‘.._____"._1_..—_......__._._.___»___..“H..-—__—__—-__”-

i Year Ihlay i mum | Ne. |pata{year) | Ratie IPrebabilityl
I I [days} ! I [dare] 1 HisXe | R 1.
e | s |~ | == e |~ |- |
i 1979 | ——— N i fo47.0(4985)1 i.345 i ], 33 I
| 1980 ! ke S z { ZQ‘O(LQBS)I i. 200 | Z25. 00 |
| 1981 | - | 3 { Zd.Q(quE)I 0.993 | 41.67 {
| 1982 I 4.0 | 4 } 2&.0(1q87)| ¢. 069 | 58, 33 1
} 1983 i 29;0' | 5 | 15.0(1q84)3 Q. 621 | 73, 00 {
i 1984 i 15.0 | B I 9.0(1982)! 0.372 | 31.67 I
I 1985 { 47.0Q | ! i | |
| 1986 | 240 | | ! ; !
{1937 | 21.0 | | | i I
Total Ks= 145.0 mm Rverage XKoo= Z24. 2 mm
Hazen Plot

i | Return | i ]
IProbability|l FPeried {1 Ratio | Rainfatl }
| | Iyear) | NisXeo | [mm] }

e | mmm e | r e e e ]
[ 5% | 20 | 2.2v6 1 =55.0 |
i 104 | 10 | 1.848 | d4. 6 |
H 20% | o} ] 1.432 i 34.6 i
i o25% 1 4 1 1.300 1 3.4 i
I 33 I 3 | 1,136 | 27.5 i
| 50% | Z ! Q.880 | 21.3 1

¢ - 67



RN : ~ - ht Days
Tz -4-8 (11) Probability af Centinuous Droun
fable C-4-6 (1) Fra (Station CANRPO ALEGRE)

e e Y ar) | Ratio IProbabitity]
i Yeas | Mlaximtm ) Ma s I xioxa. (%] '
! | [days] I : § tdaysi 0 Ol | et i E
:H_I;;;"_mkgnwrii::“_—ih Ly 4dR.o(19aE)|  t.4Bd 8.33 |
| 1980 ) == ] > | zd.0(1982) 1.097 1 0 25.00 |
| 1981 P 5 | 3o.0(i1983)( 0.988 1 . 41,67 |
| taez 1 3.0 ) S { z0.0(l987)1 ©0.968 1 58.33 |
| 1983 | 30,0 | s ) 7o.o{la@E}i 0,903 | 5. 00

| 1284 | 1B.0 © | is.o(is8d)] ©0.581 | 8167 |
| 1985 | aB.D i | | 5 o
| 1986 I 25.0 i { . | i i
| 967 b 30.0 i | | #_"h___,_______ﬂmﬁh_l
ﬁﬁﬁﬁﬁﬁ ;;;;I’“—_ Hs= 185, O om Auearage Keo= 31.0 mm

Hazen Ftot

7T TRekwen b b I

|Probabilityl Pericd | Ratio | Rainfall d

] i [rear) 1 HirKe { [mm] |

| e R P s P t

| o ; 20 | t.632 | So.8 |

] 10% 1 10 | 1.458 | 4s.2

| 20% s 5 {  t.268 | 39.2 |

i 2% a d | 1.199 | 372 |

1 33% | 3 | 1111 3d.d4

1 S0% 1 2 | 0.983 | 29.9 I

Table C-4-6 (12} PFrobability of Continueus Drought Dayrs
{Station LAS MICOS)

} Year {iHax i mum i Ma { | Ratio iProbabilityl

} i {days] { | [daysl I XisXo i {%] ;

o p R | | mm ==

b 1973 i - | 1 | B52.0(19867 i 1,438 | 8. 33 [

| 1980 i —— { z .49, 0(1985) | 1.355 | 25.00 |

I 1931 | 44.0 | 3 | dd. 001921} 1,217 i 41, 67 |

} 198z { ——— ! 4 | 30.0(1983) | 0.829 | 58. 33 }

| 1933 | 20.0 { 5 | 23.0(1987)1 0.6836 | 75. 00 I

| 1984 § 19.0 ! 6 | 19.0(1984) | Q.5259 | 91,67 ]

L qgas I 49.0 | ! : { I [

{1988 82,0 l i ! !

(I 12 | 23.0 | | | i |

Tatal Xe= Z17.0 mm Average Xo= 36.2 mm
Hazen Flot

I I Returmn | | —_“_m_—T

[Frobabitityl Feriod |} Ratio } Rainfall |

: : {rqar] i Xi-Xo § {mm] |
—————————————————————— |~ e

i S5% { Z2Q | 1.8939 70,1 {

{ 10% | 10 } 1.651 | 59. 7 |

| 204 } 5 I 1.35% | 49, 1 !

t 755 I 4 | 1.260 | 45.8& |

| 33% i 3 i 1,135 | 41.0 {

! 850% i 2 ! 0,932 | 33.7 ]



{able C-4-8 (13)Prnbability of Continuous Drnught Days
{Station VISTAHERMOSA)

i Yean {Mlay imum | No. |Data(yrear) |  Ratie [Probabilityl
: L ; [days] ] [days]l | XirXe | [%])

o e | e — J o T SRR PRSI { o e e \
11869 | 16,0 I 1 | 8l,0(1979)] 3.23% ) 2.78 I
| 1970 I Z20. 0 I 2 | 45, 001977} 1,796 | 8.33 |
I 1971 1 - i4.0 ] 3 I 43.0{1974)1 1,716 4 13.89 )
I 1972 | 19.0 ! 4 | za.o(1eR0)t 1,159 | 19. 44 ]
1973 ! Z28.0 | 5 1 28.0(4973)1  1.118 ) 28. 00 i
| 1974 ] 43,0 i & I 27.0(1983}1  l.078 | 30.56 |
bo197s I 1B.0 I 7 | 22.0(1982)1 0,878 | 36,1t |

1 1976 | 130 } e} | 2z2.0{1981) 0.B78 ||  41.67
{ - 197 . 45,0 | =] | Z1.0{1988)1 0.838 | 47.22 l
Iodavae e i 10 fo20,0(1970)1° 0.798 | 52. 78 |
R = - T | 21.0 ] i1 1 18.0(1a72yl a.vse | - 58.33 {
i 1980 i 29.0 I 12 I 18.0{1987)1 0,718 '} - B3.89 ]
TR R=T- W 72.0 P13 |- iB.0{1969) | 0.539 | 6. 44
1 1982 | 22,0 1 14 1 16, 0{1999)1 0.639 i 5. 00 |
jo1ae3 ! 27.0 | 15 i 14.0(1971)1 0,853 | B806.56 ]
I 19sd { 10.0 i 16 I 13.0(1976)1 70.519 | a6. 11 t
;1985 f 7.0 I 17 i 10.0(1984)1 0,399 | a1, 67 }
{ 1986 I 21,0 I 18 I 7.0(4985)1 0 0.279 | 97. 22
booiarvy ! 18. 0 I } | ! I
Tatal Ke= 451. 0 mm Average Ho= 25,1 mm
: Hazen Pleot
| b Return | . } . !
IFrobabilityl Peried | Ratio | Rainfall |
i | [year] | XirXo ! [ mm] i
el D | momemni s e i
! 5% | 20 i ?.203 | 85, 2 |
! 10% ! 10 i i.786 | 44,8 }
I 20% ] 5 ] 1.383 | 34, 6 I
i 25% ! K [ . 1.256 | ~ 31.5 i
| 33% | 3 t i.096 | 27.5. |
I 50% ! z i 0.848 | 21.2 I

177 Vear  TiMawimum 1 HMo. ibata(year) | Ratio  [Frobabilityl
i ! [days] ! i [dars] 1 XisXe ! 141 :
| mm- e m | ——— = oo | o Jom i | m m e
{  tomt | 38.0 | 1 | 7R.0(1986) | Z:044 | 8. 33 ]
| 1982 { e I z | 38.0(4981}} 0, 996 ) 25. 00 1
| 1983 I 27.0 i 3 { 33.0(198%)1 0,865 | 41,67 I
1 1984 i 22.0 \ 4 | 3L.0(1985}| o.812 | 58, 33 i
| 1985 | 3.0 } 5 P27 0(1983) 1 0,707 | 75. 00 |
{  i98& i Q. 0 | 6 { 22.0{1984) | 0.576 | 31.67 I
| 1987 | 33.0 1 i \ N l___,_______i
—;otat Ks= 229, 0 mm Average Ko= 39,2 mm
Hazen Plet

T T Revwen 10 i

iProbabilityl  Period | Ratio | Rainfall |

! i {year] | XirsXo I [mm] |

| mmm e | | m=m e m = | e mm— {

f 5% } Z0 ; 1,983 | 76. 1 I

] 10% | 10 | 1.679 | Bd. 1 i

i 208 H 5 I 1.362 | 52,0 |

| 5% i 4 ! i.259 | 40,1 }

I 334 I 3 ] 1.127 A 43,0 !

i 50% i Z i 0,314 | 4.9 I

C - 69



Table C-4-6 (15) Probabi lity of Continuous Draught Days
: {Station FUENTE DE DRA) ©

1T ear | IHaximum o  "iData{year) [ Ratio . IProbabilityl
| _ {- (days} | I [days) : XieXo l| SR
| o=t = el Bt | o m o] s e fee e e |
| 1981 I 45.0 | 1 | BB, O(1985}%) 1730 1 ad
11982 13m0 | 2 45.0(tgei)t - 1,180 4 .. 21,43 "}
boo19u3 \ 79,0 t 3 | 43.001988)) L1271 35.71 |
{1984 | Z0.0 | 4 | 35.0(1882)1 0.918 -} 50.00 [
| 1985 | 6.0 i 5 | z9.0(1983)1] 0760} £4.29 |
| 1986 [ 43,0 | & | 79.0(1987)1 . 0.%50 -} . 78,57 |
I 1937 | 2.0 1 7 i 20.0{1384)1 Q.524: | 92,856 [
Taotal Xs= Z267.CQ mm Avyerage xo= 38.1 mm
Hazen Plok
! | Fetuvn | | |
|Prabability]{ Period | Ratie | Rainfatl |
! I [year] |- XisXo i [mow] |
oo | - | e === e 5
] 5% ] 20 ) 1,794 1 BB.4 !
! 10% i 10 ] 1.856 | - 53.4 !
i z0% . 5 { - 1.308 | 49,9 I
! 25% | 4 | 1.225 | 4B, 7 f
| 33% i 3 [ 1,117 ) 42. 6 ]
[ 0% ] P ] 0.938 1 3%.8 }

C-170



Table C-4-7 {1) - _
Cathiatﬁun of Peobabidlity Tor Blation at PUERTO RICO

AR s i = ot % w5 e S oy Y k1 S P A 4 A i o o, ekt . e e e e S s o A i A} oy e PP LA AL St e i sl e e

| I M, ] i R [ ‘ | - |
Vear o FDischarge | Mo, 4Data(yeay) 1 Ralia iPyabaldililyl
o Cleirsec] o T3 sec]) [© KisKe (%] I
R hh,Hmlnﬁmﬂﬂ_m_-*]___mmm_WWEMﬂﬁ“mh_ﬂh;hm|he_?,____,}ﬁ__my~ﬂ___u!
B 5= X b 135 R T 2= I & 1= I R A b3 = B S5LER
1aga | dosio | 2L Se,0(1886) ] L o 5a2 | 1B.87 .
Ager oot dorea 31 .e(1aes)l o918 1 2778 |
gz oz 4| 101,0(1981) 1,030 - 38,233
S1ee3s ot |- 5 a0 401933y - 1. 03% 50, Q0 l
2 iak S B B b R e = Pas i adtaao) | o LLoT o T etail
1923 {300 Sl F iz e(1e8z) ) - o Lowd3 r 0 TRE2
igas o1 08,0 ) 8] 137.9501972)} 1,403 1 83033
187 1 237 9 | 14a,001984) L 1,520 | Bd.dd
Total Wes= SiE Average Ho= 3R, 0 w3 ze

Hézen Plol
""""""""""""""" F"f;}f;f"“”““""’“‘_"”’_“““"’"""__"""
Pardald
{year]

S Rabio.,
SR AR

;

Table C- 4 7 (2) o _ . . : :
Faltnlattun of Probability for Staliewn al LEJAHIAS

12,50 |}
37,50 H
£2. 50 |
2. 50 |

Reburn
Fecind

[y=ai}

=
-
: .
T
u
-
~{

([ i
i {
o I
-1 S o - _
| b . 20 1 0.434 2,4 . .
I 3% ! m 0,513 .9 [
{ 0% | 5 TR A P == 12,2 b
P20y i 4 I 0,673 13.2 I
o 33% i 3 | o, 7T 14,7 I
l TIRE N 2 | N, 928 ig.0 - |

L
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1) Feobability of Mean River Dischavge
' ' '(Statian“GUHNH ‘AS)

can - | b S YT
scharge | Na., IDatafyear) | Ratic [Frotabitlityl
‘13-*"5] | } ['nﬂ 5 : I RisRo | ] }
ik el f = e o R ——— e el
& 1.04 | L | .ql(iq”b}l 0,535 | 4,17
70 91 2 [ .52(1997)1 0.606 | 12, 50 !
71 t.oa 300 o7 {19va) | 0,731 | 20, 83 i
42 . 80 I | ! .20(1974)1 S 0.933 | - 29017 f
3 = 3 - .ao{19v2) | 0,233 | 37.50 |
¥E LB & | .8&(1934) 1.003 45, B3 i
5 1,04 7 [ .31 (19%0) | 1,081 | G4, 17 I
I 5 I 8 7 1 .89{1373)) 1,185 ) BZ. 50 |
7 a2 | 3 1.04(1989) 1,213 [ 70,83 |
a e ; 10 | L.04(1275)1 1.213 | e Y |
q B? | 1l 1 toar{1aal) | 1.248 | a7, S0 |
, —— ! 12 Io1.08(41971)1 1,259 | 95.83 |
1.07 | | o ! i
T {. | | | |
— | | I ] !
, 95 | - | I I |
Re= 10 m3rs RAuerage RBin= 9 m3s s
Retuwrn | | Mean I
Period | Ratio | Dischargel
fyeavr] | Ri-¥o | (w371 |
——————————— | o e | S e
20 b 0.B0S | .82 |
10 ! Q. 867 ] . o8 |
5 i a, 76z | . B5 |
4 I Q. 792 | . B3 !
3 | 0. 855 | 73 |
2 I 0,370 | . 83 !
W Pattern 4nd Specifie Rizcharge foy Dezxign Year al BUANAYAS (w34
2 Years o} Relutn Ferind |
Mont o AU a T A gD | e e e e e e e e e e e o s e e e e i
o 172 f 105 j is10 I 1720 1
e Rt e fmm e e o J o e —==
1 15 1S 50180 L1 4.07)) 10{ 3.88)| .03 3.23)|
2 LAD L C3A013.83) 0 L 30010.85)F L 270 9.868) 1 L 24{ 2.62)1
3 AT L dB(IRI28) T 38 (12,.75) ) J32(14.23) | L2s(l0.12)y
4 1,49 ] 1.45(51,.50) 1 1014640, 42)1 1, 00{35,.60) ] . 20(32,. 03}
=R 019 L ie{4i013Y] 0 L 91{3z,28)Y) . 80(28. 44 L T7R(23.83Y1 -
G 4LF0 | L BS(H87E) | 1.30(46..12) 1 1.14(40.62) 1 1.03(36.62)
7 a9 ) UBe(30.958)1 LRB(24.14) ] L 80(21.27)  .54(19.17)1
8 VB2 ) L BO(ZRV3ANT JB3(220Z8) 0 . 88(18.58) | L S50(17.86)
3 LAE L a3((33.0148)Y1 L 73(2E.04) | L B4{22.94) 1 . 58(20.88)]
) 1,07 § 1.04(38,93) .82(29.03) .72{25.57)1 .65(23.05){
.88 ] . 893042 . e7(23.87)1 L59(21.03) 1 L S3(18,.95)]
LZR L 2S(8.a3) ) o200 7.08) ] 17 B.Z1)1 L15( S.60)|
——————————— J et e |t e [ e | e e |
Bia BR2261) 1 L RE(23.24)1 . 58{20.47)| S2018.4%) |

._-"Fi'.?-' Disdrf‘ EE'.' {E kaz]
| - 73
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Table C-4-10 Coeflficients of The Storage Function Method
(1) Coefficients of Catchment Area

Saturated Accumulate Rainfall Rsa =800 mn

Runoff Ratio F1 =0.5
ﬁ;atchment | Area Valﬁc of | Value of Deiayéd Base
Area No. | (kmi) K P Time flow
{(hr) (rd/s)
v | s | 10000 | 033 | 2.9 37.22
o, “ __922: 95.20 | 0.33 | 2.57 14.95
N 3 1315 121.50 0.33 4.84 “ 63,12
4 79 | 1ss.80 | 0.33 | s.or | 37.37
5 391 | 271,20 | 0.33 1.29 18.75
6 475 | 314.60 033 | 2.5 | 22.82
7 w244 | 285.60 | 0.33 | 4.88 59.69
5 | 350 | 249.60 _0.;3 1.75 16.79

(2) Coefficients of Rivers

River 1 Value of | Value of { Delayed
: No. K p Time
(hr)
1| ass.20! 0.60 1.56
2 807.00| 0.60 7.68
5 | 1398.60| 0.60 4.64
1 289.20 | 0.60 0.96
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Table C-4~11 (1) Result of Flood Analysis
{for 2 year Return Period)

Saturated Accumulate Rainfall Rsa =800 mm
flunoff Ratio ¥l =0.5 o
Catchment | Area Value of | Value of | Delayed | Haximam Time_of Base
Area No. | (kni) K p Time Discharge Hax%Q flow
(hr) (n/s) (hr) ~{ni/s)
1 775 104.00 0.33 2.92 146.03 174 37f22
yA 927 95.20 0.33 2.57 460.00 360 44 .25
- SN SRR S ; _ ) . _ —
3 1315 121.20 0.33 4.84 A11.70 174 63.12
4 719 185.80 0.33 5.07 303,24 366 37.37
_ . . . _ B
5 391 211.20 0.33 4.29 113.06 386 18.77
b 475 314.80 0.33 2.25 35.03 720 21.82
7 1244 285.60 0.33 4.88 134.88 336 59.69
8 350 | 240.60 0.33 1.75 71.82 896 16.79
River | Value of | Value of | Delayed { Haximam Time of
No. K P Tinme Discharge Max.{
(hr) (rd/s) (hr)
1 469.201 (.60 1.56 457 .4 372
2 807.001 0.60 2.68 880.0 390
3 1398.60{ 0.60 4.64 846.1 438
4 289.201 0.60 0.96 1024.8 459
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Table C-4-11 (2) Result of Flood Analysis.

{for & year Return Period)

Saturated Accumuiate Rainfall Rsa =800 wm
: Runoff Ratice Fl =0.5
T T - N _
Catchmenbt ] Area Value of | Value of | Delayed | Naximam Time of Base
pea No. | (ki) K Pl Time Discharge Max.Q flow
' : (hr) (ni/s) (hr) {(m/s)
| 715 | 104.00 0.33 2.92 190,22 168 37.22
9 922 | @s.20 | o0.33 2.57 591.31 360 | 44.25
3 1315 | 121.20 0.33 4.84 S 4777.48 174 63.12
4 779 | 185.80 0.33 5.07 347.31 366 | 37.37
5 391 | 271.20 0.33 4,29 133.20° 365 18.77
6 175 314.80 0.33 7.25 37.09 720 22.82
7 1241 | 285.60 | 0.33 | 4.88 158.02 336 | 59.69
8 360 | 240.60 | 0.33 | 1.75 85.04 696 16.79
River Value of | Value of | Delayed | Maximam Time of
No. K P Time Discharge Hax .0
(br) (ni/s) (hr)
1 469.20 | .60 1.56 520.9 379
2 - 807.00] 0.60 2.68 994.9 390
3 1398.60 1 0.60 4.54 951.0 432
4 289.20 | 0.60 0.96 1154.0 444

c-179




Table C-4-11 (3) Result of Flood Analysis
(for (9 year Return Period)

Saturaled dccumulate Rainfall Rsa =800 mm

¢ - 80

Runeff Ratio Fl =0.5
Catchment | Area Value of | Value of | Delayed | Maximam Time of Dase
Aroa No. | (knf) K p “Time Discharge Max.Q flow
(hr) (ni/s) (hr) (m'/s)
i 7715 | 1oa.00 | 0.33 | 2.92 218.57 168 37.92
2 922 95. 20 0.33 2.57 555.61 360 44,75
3 13156 121.20 - {.33 4 .84 509.63 174 683.12
4 719 185.80 0.33 5.07 371.79 366 37.37
5 ag1 | 27120 0.33 4.9 144.48 366 18.77
8 415 314.60 0.33 2,25 38.64 438 22.82 1l
¥) 1244 285.60 0.33 4.88 172.08 318 58.65
8 350 | 240.60 0.33 1.75 92.98 598 16.79
River | Yalue of | Valve of | Delaved | Haximam Time of
Mo . K P Time Discharge Hax.Q
(hr) (mi/s) (hrj
| 169.70 | 0.60 1.56 557.0 372
Z 807.00 8.60 2.688 1061.3 384
3 1398.60 | 0.60 4.64 10096 437
4 289.20 1 0.60 0.96 1975.0 444



Table C-4-1i (4) Result of Flood Analysis
(for 20 year Return Period)

Saturated Accumulale Rainfall Rsa =800 mm

Runoff Ratio - F1 =0.5
Catchment Area Valﬁe_of Value of Delayed Haximan Time of Base
prea No. (kﬂf)_ K - P Time Discharge | Max.Q flow
' ' Ahr) - (ni/s) (hr) (ﬁf/s)
r,w; 775 | 10a.00 | 033 | 2.92 24453 168 37.2
o 922 | 8520 | 033 | 2.57 58484 360 44.25
3 1315 121.20 |- 0.33 | 4.84 537.50 174 0312
o 779 | 185.80 | 0.33 5.Q7A 392.59 366 37.37
s | am | wiae | om | e | isaos | ses 8.1
8 475 | s14.60 | .33 2.25 10.13 438 22.82
7 iy i-zgs.sﬂ- —“(9.33 ses | 18550 | 318 EETH
8 350 | 240.60 o3 | 1.7 100.24 312 16.79
River Value-of Value of | Delayed | Maximam Time of
. No. K. P Time Discharge Hax.(
(hr) (mi/s) (hr)
1 469.20 | 0.60 1.56 588.3 372
T 307.00| 066 | 2.68 1119.5 444;;;;g~—
s | meseo| 060 | 4.6 10609 176
4 ~—-289.20 0.60 0.96 1287.4 _u@;;é
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