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. IRRIGATION REQUIREMENTS AND WATER BALANCE

ARENAL PROPOSED PROJECT, COSTA RICA

Introduction

The Instituto Costarricense de Electricidad, ICE, has completed
a prelimin#ry study for the construction of a dam and reservoir on the
Rio Arenal, a tunnel to the Rio Santa Rosa in the headwaters of the Rio
Bebedero and other appertinant works. The principal purpose is the
production of eiectrical energy.

The eventual construction of this major power facility will make
available an adequate supply of ‘ir;'ig‘ation for a large area of agricul-
tural'lands in Guanacaste, The needs for irrigation in this area have
iong been recognized. During more than thirty years vafious studies
have been carried out relative to the possibility of irrigating a large
area. Previously the main emphasis was on the possibility of using
wé.ters from the Tempisque rive.r.

Neither time nor data availability permit the completion of a de-
tailed analysis of irri‘gation requirements in this report. Requirements
are defined in a general manner and methodology presented so that the
study can be easily improved and refined as more information begomea
avaiiable relative to sgils, 'future crops to be gfown, and to the ﬁavkg’x‘,"arge

qlimaﬁc’_' conditions in the area. -



frainfall and other.'da.ta are not adequate for a complete water ;

balance analysis.

-J»Soil’é " j

'I‘he ‘smls of Costa Rlca have been rﬁapped ‘at a écale of 1 750 000
as showh on the map "er Potencxal de la Tlerra, Costa tha. " published
in Apt i1 1970 by thsterlo de Agrtcultura y Ganaderta. For .th'e-area
pvrop‘oqed{fo‘rv_cpnstdera_:(:‘qu} for.vdevelopment ,to irrigated agr‘{gulture the

pdtéxfzt{allzi,use is approximately as follows:

‘A-f'ea?I?fr : In‘tér'x’s'i ve Use; '

s P"

| 7 800° Ha I Pp Aréa.s‘-r'plana‘s o casi planas, de origen aluvial, con
vsuelos lige ramente pesados de‘ texturé. hrfxosa. a limo-arcillosa. Son

;aptas para: CULTIVOS PERMANEN‘I‘ES ylGANADFRIA INTENSIVA; re
l,it'quleren de facthdades de drena.Je y el empleo de metodos sencillos de

c‘on‘s“el;vacto‘n.;

Allu viai vs_p,:ildj.j planeornearlyp‘lane, medlum to slightly heavy in

texture. “suit.gb'i'e‘ for pe rmanen tcrops and i‘!iﬁfg‘hs ive-livestock use and

_ requiring simple'drainage and conservation practices.

_:,,.f'Area II Extenslve Use

:7 800 Ha II--Pp Area.s planas o ast planas. con. suelo; pesa

kr,textura arc1llo -limosa a. av vcdlosa. Son aptas para.,CUL'I‘IVOS PER



MAI}{ENTE»S.V‘GANADERIA EXTENSIVA; requieren de algunas practicas
simples de conservacion.
Plane and nearly plane heavy soils, Suitable for permanent crops

-

and intensive livestock and requiring simple conservation practices.

21,400Ha |II-P_y | Areas-de lomerios bajos, con suelos pesados en pro

ces.o de laterizacion, de te_xtufa arcillosa. Son aptas para CULTIVOS
PERMA‘NENTES y GANADERIA EXTENSIVA; requieren de algunas
practicas simples de conservacion.

Areas of undulating heavy soils in the process of laterization of
clay texture. They are. suitable for permanent crops and extensive live-

stock use and require simple conservation. practices.

Area IV Very Extensive Use

1

41,300Ha | IV-P | Areas con pendientes muy variables, con suelos de

muy escaso desarfollo y en algunos . casos de dificil acceso. Son lapta.s
unicamente para una GANADERIA MUY EXTENSIVA.

Areas with very irregular slopes with soils that are not well devel-
oped and in some cases of difficult access, They are only suitable for

very extensive livestock use.

14,100Ha |IV-M | Areas pantanosas cubiertas permanentemente de agua

aulce o agua salada, con vegetacion de mangle. No son aptas para usos.

agropecuarios.

Swampy areas permanently wet with mangrove vegetation in either

Balty orfresh water. Not suttable for agriculture or livestock. :



17 100 Ha IV-S Areas pantanosas de agua dulce. aptae, durante una.

'::"«pa.rte.de la._.epoca seca.. para Gna GANADERIA MUY L‘XTENSIVA
Swampy a.reas w1th freah wa.ter, dry durmg pa.rt of the dry season

’

~and Bmt,;able”szI!.Versv-f@xtenswe;l,westock use.

Of :thqi_éreé‘ “p;z.'o;)os'écil{-’fo.r‘ irr:igation development, a tt;tal c;f approxi-
| ma.te’Al.y’ 37,000 k;letz.;fares .ar'e mapped aﬁ ideing éui;table for permanent’
'crqu@-aﬁ‘d“for livestock production. An additional 58,400 hectares are
(':o'n:aic.i‘e red to be sluitabllé. for very extensive livestock use. li;;y extending
the‘p'fo’posléd :area"w-e,st,,‘to the Tempisque river a total of from 5,000 to
10,.000 additional hectares of lands mapped as suitable for annual crops
k mtghtbemcluded ;w')vithin the prbject area.

-.'Thé soils mapping at a scale of‘ 1: 750,000 is of necessity very
approximate. wae?er. botlr; from an inspection of the area and from
the .soi‘l's'-‘map it appefa;ns.f~.that' use of the area for annual crops will be
. (i\;;ité‘:jlimited, The princ’ipalrirrigatiOn use should be for irrigated pas-
tur;e both for livestqgk_ and &ai:y production, Probably the total area

| -under irrigag{_c%n.a,t_-:the";etafze' of. full project development will not exceed

, 4(.)’.:000'_hecta1f'e‘év.

| k 'fCl'i‘ma'te"-‘;jf. -

g 'Weather data a’r 'fairly dequate‘ for defimng the chmate of the area.

Add\uonal h:_ mtdlty and wmd apeed‘fdatav uld be most desirable. Data



on temperature and precipitation are quite adequate for thi-.s study.
Based upo.n the available data, an attempt is mé.de to define the irriga-
tion reéuirements for the area that may in the future be irrigated and
the water use relationships for the watershed above the proposed dam.
The mean temperature for the proposed irrigatéd area is given in

°C as follows:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Liberia 26.7 27.3 27.4 28.9 28.6 26.6 27.4 27.7 26.4 26.3 27.2 26.4

La Pac-

ifica 27.2 27.6 28.2 28,7 28.7 26.7 27.2 26.5 26.3 26.1 25.8 26.9

P:;‘;zr‘ 28.1 28.2 29.0 28.8 28.0 27.4 27.3 26.8 26.6 26.6 26.4 26.7

Average 27.3 27,7 28.2 28.8 28.4 26.9 27.3 27.0 26.4 26.3 26.5 26.7

The mean values of relative humidity for the area are estimated,
based upon the available data, from readings at 0700, 1300 and 1800

hours as follows:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average
at 0700,

1300 and
1800 hrs

76 71 73 74 81 87 86 84 91 90 83 82

Class A pan evaporation data used -in this study are summarized as ‘

follows:



Evapotation fawam - .

A

‘.'Jz;n‘f“ Feb Mar ‘Apr May Jun Jul Aug Sep. Oct Nov Dcc Ann

i3gc‘l:;_';:gp;‘ﬁ"r‘;g;,zoz, 2‘35:- z'i? 254 227 144 125 133 120 120 109 153‘ 2101
’l’;’;‘é T““P“q“f | "170' 244 245 185 228 ZIOF 13 133 102 130 121 - 145 2026
“P'tin'la.'ré’m‘ta 19.76 | 118 203 189 176 126 101 94 101 97 115 102 119 1541
Are‘nil;vl%ai-;lo 74 86 115 1;1 103 94 86 99 102 77 60 68 1075
* Arenal 1970 83 62 100 104 110 107 92 113 97 61 41 61 1031

The*avai'la.ble‘p.rec':ipitation r_ecord'a were summarized for eleven
loéatioﬁs as shown in Table 1. The average values for Liberia, La
Pacifica and Puntarenas appear to be representative for the proposed
irrigatidn area and are considered éuitable fgr developing estima.tes of
irrigation rééuirements. The mean of thrée stations: Monte Verde,

: Pueblb Nuevo and Cano Negro isl shown as estimated mean precipitation
for the Arenai basin.' Déta coverage is not adequate for estimating the
mean precipitation ovf@ghfe"bé.rsin_with confidence. Rainfall in higher ele-
vations can bc.: q,uite~;ariéb1§. 'I‘he u's‘u‘a’.l‘f;t'endency is to underestimate
the raxnfallhfor the ungauged higher eleva.tton areas. It is therefore

possible that the average prectpttatwn for the Arenal dramage basin is

‘v’;signlhcantly greater than the values shown. Table 1 gives mean va.lues

.}, for precipttation for the full penod of record availa.ble at each atat\on.



Table 1.. Mean Precipitation in mm

Station ti- Longi- Elev-

Total

‘Station Number tude tude ation Jan Feb -Mar Apr May Jun  Jul Aug Sep ch Nov Dec
Arenal 059-514 10°28' 84°51' 520 138 62 62 70 154 298 345 280 323 317 255 231 2535
Pueblo Naevo 069-522 10%27  84%4" 516 346 240 185 207 365 396 389 521 415 389 274 434 4161
‘Cano Negro 069-525 10°24' 84%50' 1027 547 340 244 244 306 375 399 577 392 484 569 591 5068
Liberia 074-001 10°37 85%26' 144 2 1 2 16 197 271 159 140 356 339 104 13 1600
Hacienda Tempisque 074-011 10°30' 85%4 12 1 6 4 56 212 329 213 197 367 400 87 11 1883
Tiliran 076-002 10°28' 84%59' 562 65 27 28 41 184 344 350 250 364 381 182 .131 2347
La Pacifica (Canas)  076-005 10°25' - 85°07* 95 4 27 11 44 92 327 123 163 322 307" 100 24 1544
Tierras Morenas 076-006 10°34' 85%02' 650 123 68 39 48 180 351 264 290 321 447 232 326 2688
Las Juntas (Abangares) 078-001 10°17" 84958' 140 3 2 23 101 223 336 265 361 440 404 186 31 2375
Monte Verde - 078-002 10°19' 84°49' 1380 66 45 27 46 221 363 213 261 372 460 198 155 2427
Puntarenas 078-003 09°s8' 84°s0 ' 3 2 11 8 46 157 223 248 212 293 285 100 25 1610
*Mean P;ecipitagion for proposed irrigation area ’ 3 13 7 35 149 274 177 172 324 310 101 21 1588
*+Estimated mean pr;:cipitation for Arenal basin 320 208 152 166 297 378 334 453 393 444 347 393 3885

*Average for Liberia, La Pacifica and Puntarenas.

**Average for Monte Verde, Pucblo Nuevo and Cano Negro.



_Irrigation 'Requirements :

£ Irrigattonreqmrementsmay be-eksii:-iti’i'a.fedz*‘f\"i'bmirhéa.'éu'red‘Cla'.'s's;A
"’pa.n ew}ai:oratton, EVPM a.nd from computed- potent1a1 evapotranspl ratton.
ETP. Pc;tentlal eva.potrénsptrat\on as used | in thts study is evapotrans-

: Plraglén ,‘e’qvuwalc.anf;fto the amount of wafer transpired by and evaporated
fr;;fﬁ?an “é.ctivély' growingv stand of sho’it grass with a continuously ade-

quate moisture supply, An"équa‘tion for estimating ETP can be written
ETP =35 x RMM x CT x CH x CW x CE (1)

in which

RMM = monthly extraterrestrial radiation expressed in ei;uivalent
mm of evaporation by dividing the radiation (cal /cmz /day)
. by the heat of vaportzatton -at the mean monthly Lemperature,

'I‘M, and convertmg to.mm per month (Table 2)

CT = .40+.024xTM | | (la)
(TM = ‘mean monthly temperature in oC) |

CH =.05+1.42 (1,00 - HM)1/2 - (1)

(ﬁlﬂ = meah"monthly relative humidity, expressed decimally,
measured ap'the mean of readings at 0700, 1300 and 1800
hours) ’

CW =;.‘”80~‘+'.o'zs x W6 - - | , (1c)

(W6 mean monthly wmd speed from totalized wind move-

ment atan inatrument hetght of 6 meters converted to- km/hr).

CE 1 00 +. 00004xEL R ()

(EL = eleva.tton m meters)



Table2. Mean monthly values of extraterrestrial radiation

Latitude Expressed 2s Equivalent Evaporation in Millimeters Per Day
Degrees Jan Feb | Mar -Apr May Jun Ful . Aug Sep ' Oct Nov | Dec
North ’
‘60 1.41 | 3.36| 6.88 |11.31 |15.14 [17.06 |16.25 |13.03 | 8.67 | 4.58 | 1.92 | 0.96
© 55 2.55 | 4.62| 8.08 | 12.18 | 15.55 | 17.18 {16.50 [13.71| 9.77 | 5.85 | 3.11 |'2.02
50 3.77 | 5.89| 9.23112.98 [15.93 | 17.30 {16.73 |14.34 [ 10.79 | 7.09 | 4.35 | 3.21
45 5.04 | 7.14/ 10.30 | 13.69 | 16.23 | 17.38 |16.91 |14.87 [11.74 | 8.30 | 5.63 | 4.46
40 [ 6.32 | 8.36| 11.30 | 14.31 | 16.45 | 17.38 |17.01 [15.32 [-12.59 | 9.45 | 6.90 | 5.75
35 7.59 | 9.53 | 12.21 | 14.82 | 16.58 | 17.30 |17.01 |15.66 | 13.35 |10.54 | 8.15 | 7.04
30 | 8.84 {10.64| 13.03 |15.23 [16.60 | 17.13 |16.92 |15.90 | 14.01 [11.55°] 9.36 | 8.32
25 110.05 [11.68| 13.75 | 15.52 | 16,51 | 16.85 |16.72 |16.02 | 14.56 |12.48 |10.53 | 9.56
20 |11.20 [12.64| 14.37|15.70 | 16.32 | 16.48 |16.42 |16.04 | 15.00 | 13.33 |11.63 | 10.76
15 |12.29 |13.51| 14.88 | 15.77 | 16.02 | 16.00 |16.02 |15.93 | 15.33 |14.07 |12.66 | 11.91 |
.10 |13.30 |14.28| 15.27 | 15.72 |15.61 |15.42 |15.51 |15.72 | 15.54 |14.71 |13.61 |12.98
5 | 14.23 [14.96| 15.55 | 15.55 | 15,09 | 14.74 |14.90 |15.39 | 15.63 |15.24 |14.47 | 13.98
--9- | 15,07 |15.53| 15,71 |.15.27 | 14.47 14.19 [14.95 | 15.61 |15.66 [15.23 | 14.90

13.97 |:




| Tabie 2. (Continued)

Letitude | .

Expressed as Equivalent Ew;aﬁqraﬁor; in Millime

QerSfPéfdjéY“f'i; f;f

Degrees

Feb

Mar

Aps

May

~Jun

: Jul‘

Aug

Sep

" Oct

“Nov.

"Déc. |

 Scuth

€ ?€:; 5’:

15.81
16.45
15 |16.98
t:ii;i7s7i_
50, |17.91

. 17_99
l17.98:
s 17,86
_ { ;1%;66;
55 |17.40
0 17,12

15.98
16.33

16.55

s6.66
16.65
16,52

16.27
15.92
;15,46
‘14;90
14.25
13.54

15.75

15,67

"15.48

15,16
1 14.73
14,19

13,54

‘12?79

11,94
11,00 |
 9.98

8.88

14. 88

14.37
13,76

13.05

12.2¢4.
11.34

10.36

- 9.31
8.19 |
7.02
5.81

4,57

13.76

12,95

12.06

10.05
. 8.95

7.80
6.61

5.41 |

4.20
3.01

. 1.88

13.12

12.18
11. 17 o

10..10
8.97

' 7.80

6.61

'5.40
4.19

1 3.02

1.90
0.91

13.39
12,51

11.54

10.51
| 9.42
8.28

S 7.10 |
5,89

4.69

3.49
2,34

1. 28

14.41

13. 76
13.01

12.17
11.25
10.25

92.18

8.06

6.89

5.68.
4.46°

3.24

15,46

15.20°

14.82
"14.33

*13.73
13.03

12.23
| 11,33
10:35"

9.29
8.16

6.97

"15.96

16.15
16.21
16.16
15.99
15,70

‘15,29

14. 16

13.45
12,64

11.76

15,89

16.45

16.89
17,22
17.43
17;54ﬁ

17.52
17.40
17.18
16.87
16,49
16.07.

15,72
16.44
17.06
1757
17.97
18.27

118.46
fi5?54:
18.54
18.46 |
18,33 |
18,20 |

ot



Potentlal evapotra.nsplratxon, ETP, ca.n also be esttma.ted from
Class A pan evapora.tton, EVPM.. Eqr'i_ghr__nattc condttlons su'm‘la.'r'tov |

. those .in-Guanacaste-the . relatmnsht‘,g is a.pproxim.a.te‘ly
,.ETP#.B‘ZE_Vi‘?M | o o (2)

The Clra'.s's' A pa.n. evaporation éata. from the station at Puntarenas are'
somewhat lower than typi\é_al for the area. The location is cléls.e t§ the
ocea.ﬁ, isina ylow are;andthe pan is protected from the wmd by trees,
vege‘tation‘, a wall aﬁd.thé. sta.ﬁon building.

The average values for evaporation from the record at Hacienda
T_emp’isque" appear to be eo‘mewhat abové typical for the area._' This is
more ._no‘tiyc‘:-e‘abylé during the dry months and probably can be explained as
the rééﬁit of iﬂcreésed advection during dry months.

Dependa,blé'.'p're'cipitatic'm, PD, is-défined as that equaled or exceeded
during thfee yéar,s o‘ut- of four. It is best determined'from a gamma
distribﬁtiqvn;_svéhﬂyg.isvof a long perio& of record, The 75 percent prob-

_ability of ﬁ,}e/cjipitai.tion. PD, ‘can be approximated from the equation
PD = -10:'4.70.PM . . - (3)
in whxch o

: PM mean monthly premp\tatton in mm frorn the. full pertod of

! available records :

Dependable prectpltatlon 18‘ used m evalua‘tmg theld‘ependabthty:of

v Pa.mfal in meetmg mmsture requx rements of-"c ropsor native vegetation,.



12

The soxls map of Costa tha mdlcates that abou'”37 000 hectares rn

? the propose' rtgatton‘ ser,,vtce-,- a rea a,ren svuttable ‘-for‘--'pe rma.nent c rops.‘ E

:’:’:;Thls area"could be somewhat expanded and smce».the 0118 map 15 very

, 'g‘eh'e ral.' : s _omej ,relatwely; mexten swe,{airea‘s;of ‘-s‘olls s ul_table,:‘fovr : annual .

crops are included.  Under full development some annual crops will be.

| Inv1ewof thelackofprectsesorlsmformatton and of'p:rojeetiohs.of |
Pbs stblefuture cropsxt seemssaf é r'i ,to’ base ilan‘ estimate -Oi" future ir rig’a -
'ftton” requlrement\s upon those necessary tor pasture. , 'Past'ure“; requires
_A'»more water than annual .creps and therefore the analysts will be on the
-C_él‘!'ae,rrvia‘tiﬁrei’alqe. R
o »I:Cr‘op":e‘o:e’fvfri‘ei'e’xitsii?forl‘;a;"eo.ri'.sitieirable irar.iety-of crops are given in
','ffr'Table 3. bThese eoe‘fﬁcten.ts are suggested fo'r uge’ when more detailed
‘Vvsods mformatloh anct better proJecttons of future crop patterns become
ayailable.v B : -
Wind data sre not given in the climatic summary. Data are not avail-

- .

_able, An estimate!of imonthly valaes in km/hr was made bascd upon data -




TABLE 3. Cr2P C"E’FlCi:nTb K

Full Crop Cover o 'Séa566éijffif

. :Qig;,v*;ﬂh ) o - Range : Averagé o :;'i ;'i f   };;f¥@,
“CROP . S Root Depth in Meters in K K. - ' ) Range - Mean

;fﬁféfﬁfaﬂawbilicfops .00-1.30 1.10-1.32 .22 73-.99 .89
‘1Fru|Ts o | N

- Grapefruit | .20 19 T 1

~ Naval Oranges | .07 65 | ,r_f}§5"-
>Grain:and Forage Crops 1.12—1.35‘4 o 1.08-1.70° 1.37 ~.J95-1.15 ~ 51;64

‘Grass Crops M

" Bermuda Lawn .19 . 1.05 : .05
‘Blue-Panicium Grass .20 ' .11 1.11
VG(een Manure Crops .86~-1.31 97-1.22 bt ' .85-1.18 .Qé
Winter Yegetables .64-.95 i.22-1.86 1.45 . .85~1.18 1.0l

Summer Vegetables .86-.95 1.22-1.40 1.28 .82-.84 .83

!No+45. _Root depth is zone from which 90 percent of soil moisture depletion occurred. Coefficients are to
R .~ be used with estimated potential evapoiranspiration, ETP. '

%{Source.‘ 'Erne, L.J., Orrin F. French and Karl Harris, "Consumptive Use of Water by Crops in Arlzona"
B (Tech. Bulletin 169: University of Arizona Agriculfural Experiment Station, 1965), 44 pp.

‘ ,2ﬁ|ddleTon, J.E., O. W. Pruitt, P. C. Crandall and M. C. Jensen, “"Central and Western Washlng.01 
“Consumptive Use and Evaporation Data, 1954-62", (Bulletin 681: Washington State University -
Agricultural Experiment Station, 1967), 7 pp. ' -

€1
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e#tfaté_?tegtrial radiation for latitude 10°25' North and for thev mean
" tempé}'atur;:s, expressed in mm of evaporation per month, RMM; evaporé'-
btion calculated witl.loui: correcting for wind speed, .EVPC; evaporation
corrected for estimated wind speed, EVPC2; potential evapotranspira-
tion calculated without using wind, ETP; potential evapotranspiration
corrected for estimated wihd speed, ETP2; dependable precipitation,
PD; the evapotranspiration deficit, ETDF = ETP2 - PD; and the mois-
ture availability index, MAI = PD/ETP2.

The computer program, including the equations used in printing out
Tablve-4., is given as Appendix 1.

Iz;rigat'ion requirements may be calculated from ETP2 by use of crop
coefficients given in Table 3. For irrigated pasture a coefficient of 1,25

is assumed. Water requirements are summarized as follows:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

1. ETP2 124 135 155 152 123 91 100 108 76 78 95 103 1340
2. ETP2x 1,25 155 168 194 190 154 114 125 135 95 - 98 119 -129 1676
* Deficit 155 168 194 176 60 -68 11 25 -122 -109 58 124 672
'xmgauon_nenet{ 155 168 194 176 60 o " 58 .124 935
*#Irrigation Reg 310 336 388 352 120 ' 116 248 1870
*Deficit = (ETP2 x 1,25) - PD .

** Asgumco 50 percent overall efflciency including transportation, application and use,

The above analysis indicates a gross requirement of 1,87 ‘meters

depth Qf&énnuall irrigation water or 748 millions of m> per ann'@ Thi

value! is éoﬁ’sidered; to be a maxlmum requii’émentigundé‘f condition



:{f'full progect dev lopmen to a;htgh water use crop. It assumes surface

” '_urigation. For much of the area land preparatlon for surface 1rr1gat\on‘

H .

w;ll be dtfflcult. ‘;-._“Constderatton needs to be gwen to the use of sprmkler

‘ ’gcqulpment. . Thle will permit 1rrigatton eﬁ'tcienc\es in the order of-70
to 80 percent thereby rnaterially reducmg 1rr1gatron requlrernents.l |
Although the avatlable water supply appears to be roughly twice the
. vpossxble requirements under full development to irrigated agriculture,
the tlmmg’ of power releases is of importance, Peak power demands
ma.y not;necessarrly colnctde wrth maximum rrrtga.tton requirements.
Irrigatton requtrements occur in only seven months, and 21 percent of
'the annual demand is ‘estrmated for the month of March. If power re-‘.
leas‘e‘s are at a uni{orm rate then during the month of March irrigation

requirements could-exceed power releases.

Water Balance - Arenal Watershed

Dat‘a,are i’na‘de‘quate for defining the waier balance for the wate rshed
";-Tabove the proposed dam on: the Arenal river. .Some conditions can, how-~
y.:ever. be defined in order to prornote a better understandtng of the hydro-

logic conditions. ,7 | |

| Th.e Arenal station‘ is not located so as to provide representative

Weather data for the watershed., \

Its"location in the lower portlon next -

to lhe river would normally be ,expected to reeult in lower than typlcal



values of evaporation. This location is somewhat protécted vfrofn the
wind aﬁd mve'a.su'red wind velc»cities’are quite low, .

From an inspection of the area by auto and by plane it appears that
about two-thirds of the drainage basin remains fairly green the year
around, and therefore water use remains fairly high throughout the year.
The existing Laguna de Arenal is more like 2 marsh than a lake and is
covered_ over most of its area by dense ;/eget_a,tive growth. It is roughly
estimated that water use from this vegetation will be about 1.3 times the
measureq evaporation at Arenal weather station.

Lake evaporation is normally less than pan evaporation, This is’
largély due to the effect of advective heating of the evaporation pan.
Advective effects on the existing pan are rather minimal. Under these
conditions it would be expected that lake or reservoir evaporation would
bé in the order of .80 to .85 times pan evaporation. The net result of
creating a storage reservoir can thus be expected to be an increase in
water yield, Present evapotranspiration losses or uses from the pro-
Posed reservoir area may be in the order of 10 to 20 percent higher
than future evaporation from the water surface area.

Considering the pan lecation, the dry months for part of the area
and their effect on redt;ced water use, it would see;m logical to assume
. that evaﬁotranspirational losses from the'watershed area are about equal-

to'the maasured evaporation at the Arenal station which averages 1075mm -

-

‘anhually, Probably this estimate will be within plus ormtnus ten percent



18

_ of the true value,. If this is true then either the mean annual rainfall -

A e‘:é‘c'éed*i;"fzé‘és;..i'ﬁrﬁ‘ as giirehvin%'rabl'é’* 1, or r'neé’é&*r'éd{ values of streamflow
a.re somewhat on the lugh side. Although evidence ls currently incon-
'_!“cluatve, it is beheved that the mean annual precipltauon for the water-

"‘rahed 18 probably about 4200 mm. With-thts value £or mean re.mfall an

approxlmate water balance can be developed.

" Summary and Conclusions

V' Soils and ’o-rop information are currently less than adequate for a

: ._sat‘isfac'torv irrigation requirement study of the proposead irrigation pro-
ject e.ree. | When euch data.:become available this study “should be updated,

Wi’ndfdata are not available, Future availability of wind data will
»permit more precise estimates of potential evapotranspiration,

Currently available soxle information indicate that probably not more
;t‘llen 30,000 to 40, 000 hectares are suitable for development to irrigated
- agjriculture and thet the pryinc“lp_a',l*eee should be for permanent crops,
‘For that reaeon the enalvsis is based epon requirements £or’lrrigated
pasture, a high watsr use crop. - Assuming that the entire area of 40, 000
hectares could be pla.nl:ed to‘peeture,: then the available water supply is
fairly 'adequate for the area‘ proposedk for lrrigation.

Additional etudy and investigation is required on the feaetbtlity of

"l‘_lrrigation development. B Assuming that the hYdLOQlBCtriC development B
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will proceed through the normal steps of feasibility studies, approval,
design.and. construction, then it is not too soon to initiate pre-feasibility

- studies relative to irrigation of the proposed project area.
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REAL MATX
DIXENSION NAHEKS)oTM(IZ)rHﬁ(IZ)'PREC(IZ)OH'(l?)-DEC(lZ)-ES(lZ)v
| 2DMI121. AV (1 2)
DATA (DM‘H)Q M:l. 1?’/310! 230!31 .:-3).-31..3{1.' 31.' 31.' 30_.'31.' mo'
1310, ' .
DATA (DEC(M) eM=1+12)/-2060S4Se-13.5530-2 s683¢9.207 +18.606¢23.016¢21
T o1960 1352312 783¢-2.565r~-18.85 4y-2 Z.0% O/
DATA (ES{M)I M1 ¢12)/ a971047981 3594936530 1.01313»1. UZGZSvl 032511
$ o798 79101 31 6e1e0N387e88533¢a9735% 368127
PROGRAM 20 GHH TC COMPUTE POTENTIAL EVAPOTRANSPIRATION FOR CENTRAL
AMERICA INCLUDING CLIMATIC DATA
NAME = STATION ID FRCM FIRST 40 COLUMNS OF FIRST CARD OF SET OF FIVE
T™ = MEAN MOMTHLY TEMPERATURE SECOND CARD SX+12FS.l
HM = MEAN MCGNTHLY HUMIDITY THIRD CARD S5Xe 12F5.2
PREC=MEAN MONTHLY PRECIPITATION FOURTH CARD 5Xe12F5.0
EVPM = MEAN MONTHLY PAN EVAPORAT ION FOURTH CARD SX» 12FS.0
WE =MEAN MONTHLY WIND IN KM/HR AT 58 5Xe12F5.1 ¢
EVPC = MEAN MONTHLY PAN EVAPORAT ION CALCUL ATED
NP -CALCULATED PRFCIPITATION AT 795 PERCENT PRO3ABILITY
DEC AND ES ARE MONTHLY CONSTANTS
DEC IS THE ANGLE OF THE SUN AND ES IS EXPECTED SUNSHINE
DM = NUMBER OF DAYS IN THE MONTH
RMM = MEAN MONTHLY RADIATICN
CT = COEFFICIENT FOR TEMPERATURE
CH = COEFFICIENT FOR HUMIDITY
CE = COEFFICIENT FOR ELEVATION . 2
CH= COEFICIENT FOR HIND -
ETP = EVAPOTRANSPERATION CALCULATED
RMC = EVYPM/EVPC
RPM = ETP/EVPHM
AY = THE AVERAGE ACROSS MONTHS
LDSLDM = LATITUDE IN DEGREES AND MINUTES
LOsLOM = LONGITUDE IN OEGREES AND MINUTES
LE = ELEVATION
XLA = LATITUDE IN RADIANS
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CONVERT DEC FROM DESREES TO RADIANS
D0 1 I=1v12
1 DEC(II=DEC(T) /5 72958
DATA AV/12¢Q./
MAIN LOOP READ DATA FIRST
JJ=0

2 READ{S» 100+ END= 99) NAYE:LD:LDMvLOvLOH'LE'TMuHﬂoPRECoHS i

JJdzJdd+1

100 FORMAT(GAG: B 0T 20 I3 +sS5SXe IZ¢I3+T5 2> I‘l»/
15Xe 12F501/5Xs 12F5.27/5X%X» 12F5. 0/5Xs 12F5.1)

AT END OF DATA STOP

. 5?* :
53&
Sgs -

.. 552

SR
T 87e

‘SRe .
Sq’f
60s.

€]

62

63e

Bhe
65

€6+
67s

8=
- HQAe
700

71=

72s

73

_ Tas

C"t.“ttttt#t"‘9#**0".#“‘#‘*'##‘3#‘ % & k% 3#*
C

IF(MO0CUU12) eE01) PRINT 1094
104 FORMATI(*1")
PRINT 101 +NAME«LD L DM +L O LOMSLE
101 FORMAT(® "//BAGB+e® © LAT *eI2+s1I3 ot
1 °0 Mo ™ HM N6 PREC RMM -
1 ETOF HAI /)

CALCULATE AND PRINT MONTHLY VALUES
DO 3 I=1e12

Z=-TAN{XLA)=TAN(DEC(I))
OMZATAN(SORT( 1.~Z«2)/ABS(Z))
DL=0B/. 1302

IF(Z.LT.0.) DL=24.-DL
RULDZ120.+{CL*SIN(XLA)sSIN(DFC(TI)) +7
+SIN(OMIIZES(I)
RMMZDMII)¢]1 0a*RLD/ (595.9-55+TH{I))
CT=.4+, 0245 THLT)

CHV=.05+]. 4 2¢SORT(1.~HM(I))

CH=CHV

IF(CH.GT.1e) CH=1.
CH=.8Q0+.0282WE(])

CHYZ. 72+.0392u5 (1)

XLAZ(FLOAT(LD)~ FLOBT(LDHIISU.DIS7.ZSS8

-

LONG 'oIZcIS; ELEV '-Iall

EVPC EVPCZ f:ETP' E1P2

AND SUM FOR AVERAGES

PD

*6 33 4% COSC XL A} +COS(DEC (L)1

t*ttt*# ****t‘ t##’.#tt###at‘t#

22

tiiyttﬁtig:iﬁi}#}§§ig§h}ioea:;c

-
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‘00221 75» IFI(NE(I) el Teafl) CW=1.00 .
pu223 76 TFIWE(TI) el Teafll) CWV=1.m3 ° ‘

0022s T7s CF-l.+.0000usFLOATIILE)

00226 782 CEVZ1a+.0UDO7+FLOATI(LE)

80227 79+ _ EVPC=.4 3+RMMU+CT+CHV=CEV

80230 R EVRCZ2ZEVPCxCU YV

10231 B1» ETPz=. 35xRMN+«CTxCH+CE

gg232 82= : ETP2-ETPsCW

00?33 8= PD=-10.4.73«PREC(I)}

gge3y Ru= IF{PD.LT.1.0} PD=-0.0

00236 85= ETDFZETP2-PD

ga237 86+ MATZPO/ETP? .

g0g2s 0y 87 AV( 131=AV( 1)+TM(CI)

ggrul 88= AVE 21ZAV( 2)+HM(TI)

0Qg2u 2 89+ AVI 3)1ZAVI( 3)+HE(I?

Doz 3 90 AV{ a)=AavV({ 4)+PRECILI)

thh g Sl AVt SI-AVL S)+RMM

gn2us 92= AV( BY=AY( G)+EVPC

D0?u b6 93s AVI T)=Av( T)+EVPC2

go2u? Que = AV( B)=AY( B)+ETP

gg2s0u 95+ AV 914Vl Q)+LTP2

00251 S5 AV(10)=AV (1 Q) +FD

00252 97=* AVEI11)ZAY (1 1) +ETOF

00253 98e AVvi i2i=Aavil 2} «MAd

00254 93» PRINT, IUZGI'TM(I)'HM‘I,'PS(I)'PREC(I"RHH'EVPC'EV?CZ'F’TPQETPZOPD'
0azsy 130 IETDF:NQI

00273 101 102 FORMATI 2XsI 2+ FR, lvFEoZ'FOoIOBFSoDOFG-Z!

007274 10 2= 3 CONTINUE

pg27a 103> C _
00274 104> CeE22 222222220 XEX RS XS R E 2RI CHCRREAB RS TR EF ER AB S XL CH XS BB ER ST LR L RSB EREETERB T ERER ¢
80274 105 - C ) COMPUTE AND PRINT AVERAGES

00?276 106+ DO & I-1e1?

00391 107Ts .4 AV(IY=AV(I)/1 2.

00333 108+« PRINT 103«(AVII)eI=1s 12)

00311 10qs= 103 FORMAT(SOAVE® oF Gel1vF5e2 ¢FGalvBF 6ol FB a2 ¢/ 7/
00311 . 110 C

g0o311 111+ C REINITIALIZE AV AND LOOK FOR NEXT DATA SET
‘00312 112= 0O 5 I=-1e 12

00315 113» S av(I)=n, >
00317 114+ GO TO0 2

00320  115s 98 STOP ‘

00321 116G - END
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