





WATER DEﬁAND PROJECTION IN THE YEAR 2010

‘Candidate Hunicxpalitxes for the Detailed Survey

,In order to ola531fy the 96 munlclpalltles in terms of

supply shortage, INFOM suggested to. tentatively fix the

- unit water supply amount at 180 liters per caplta per - day

(ﬂ/o/d) for the progectlon of water demand.

According to INFOM s database on exlstlng service amount,

42 municipalities have sufficient water supply sources for
the projected population of 2010, as long as the unit
gervice -amount is fixed at 180 E/C/d. Therefore, in order

- to effectively - conduct . field survey, - these 42°

municipalities Werejeliminated from the long list of 96
municipalities, concentrating the surveys on the remaining
54 municipalities where water shortage is projected.

-_Thé underlined-54 municipalities in Table 4.1.1 are the
-municipalities selected for the detailed survey.

Further, the following 9 municipalities with comparatively

sufficient supply sources were excluded from the 54
candidate municipalitiés. The remaining 45 municipalities

~ became the subjects for the formulatlon of a water source
~development plan, under a new assumption of the unit supply

service level which was reduced from 180 2/c/d to 106 and

155 &/c/d, as described 1n the following section.

~ Gu 10 San Raymundo

“Gu 15 . Villa Canales

"8a 7 San Bartolomé Milpas Altas
Sa 15 San Antonio Aguas Calientes
Sa 16 = . Santa Catarina Barahona
So 6 °  Santa Catarina Ixtahuacéan
Qu 11 . Concepcidn Chiquirichapa
Qu 13 Almolonga

Qu 17 ‘Colomba

oPopulat;on Projection

'"The municipal population data shown in Table 4.2.1 was used
_to forecast the population . in 2010, for the evaluation of

water source development potential, water demand, and
socioeoonomlo conditions.

The growth rates used to prOJeot the future populatlon of

the municipalities were estimated on the basis of the 1981

. population census data and  the population estimates for

1993 and 1994 whlch were provided by INE, INFOM and the

“;‘muni01pa11ties.

dAccordlng to the foreoast populatlon dlstributlon of the 54

municipalities din' 2010, 20 municipalities will have a
population exceeding 10,000, 19 between 5, 000 and 10,000,
and 15 under 5, 000 (Table 5 1. 1)
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4.3

Water Demand Projection

The water demand in- the year 2010 was . eatimated by

multlplying the proJected population of ‘each municipality

by the - planned unit supply amount per oaplta per day by’

planned area."

The prOJected population of municipalltles 1s described in

Section 4.2 and tabulated in Table 4 2.1.

" The planned service level is usually determlned based on
_the existing service level. ‘and its grade-up plan. However,

' the actual water supply service level in. the:Study Area

greatly varies by munlcipallty, ranging from 15 liters per

' capita per day in San Antonio Palopd (S0 12) to 238 2/c/d-.'
“ in Colomba (Qu 17), and no partlcular criteria has. been

established by’ each '‘municipality nor by INFOM.. The
difference in the existing service level is mainly: based on
the financial capacity of each municipality and willingness

of the inhabitants to pay for operation and maintenance -
costs,. rather - than the capacity of the water: supply :

‘sources.  Given these. considerations, the- follow1ng three
service level plans were compared -and dlSGUSSEd during the
first Study Phase ; :

"1)]Maintaining, at least the exieting sefvicedleVel cf
‘ each municipallty o e Con e

2)'Fixing ‘the service level unlformly at 180 2/c/d -

3) Fixing three to four service levels in accordance w1th
the populatlon scale of the munlcipallties

Plan 3) was chosen as reasonable and service level
classification was determlned ‘based ‘on the crlterla below

recommended by COPECAS.

Level | Population & Public Tap (P.T.)

House Connection (H.C.)

I 100 - 500

© 40 2/c/d

40 ¢/c/d  100%

11 500 - 2,000 100 2/c/d - - 50%| 70.2/c/d

40 R/c/d ‘50%

-

111 | 2,000 - 10,000

150 ¢/¢/d° . 60%| 106 £/c/d
40 e/c/d- - 40%| -

+ »

Iv | 10,000 - 50,000 . 200 &/c/d¢ . 70%| 155 ¢/c/d

" “50 g/c/a .._40% -

wmjwx| | oxm{ U=
MmaolHRalaoc|EalE0

v 50,000 -

50 ¢/c/d” - 15% |

. .
K
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225 ¢/c/d  85%| 198 ¢/c/d

:iii.



- All of the 54 municipalities for the detailed survey,

mentioned in the former section, were projected to have a
population of between 2,000 and 30,000 and fall under the
Level 1II ‘and IV category of above table, with an average
unit service level of 106 2/c/d and 155 ¢/c/d. The water

demand of the 54 municipalities in 2010 was projected and
shown in Table 4.3.1.. .
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“Table 4.1,1  Candidate Municipality for Detailed Survey (54) -

GUATEMALA

' TOTONICAPAN

~ CHIMALTENANGO
No | Municipality = = < | [No|Municipality No |'Municipality =

1| Santa Cataripa Pinula 1| Chimaltenango - | TOtonichpan o :
-2 | San Jose Pinula 2 | San Jose Poaquil 2 | San Cristobal Totonic.

4| San_Jose del Golfo ~ 8 | San Martin Jilotepeque ‘3| San Prancisco el Alto
4| Palencia. ' 4| San Juan Comalapa 4| San Andres Xecul
"5 | Chinautla 5| Santa Apolonia - § | Momostenango .

6 | San Pedro Ayampuic 6 | Tecpan Guatemala 6| Santa Maria Chiquimula
T | Mixco 1| Patzun o 7| Santa Lucia la Reforma
' 8| San Pedro Sacatepequez 8 | San Miguel Pochuta 8 | San Bartolo Aguas Cal.
31 8an Juan Sacatepequez 9 | Patzicia ' . B R
10 | San Raymundo. 10 | Santa Cruz Balanya -

11 | Chuarrancho 11 | Acatenango o : '
12 | Fraijanes 12 | San Pedro Yepocapa QUETZALTE&ANGO
13| Amatitlan 13 | San Andres Itzapa _ :
14 | Yilla Nueva 14 | Parramos No | Municipality
15| Yilla Canales 15 Zaragoza o
16 | San Miguel Petapa 18 [ Bl Tejar - _
2 ' 1| Quetzaltenango
_ 2| Salcaja
SOLOLA 3 | Olintepeque
SACATEPEQUEZ . : 4| San Carlos Sija
No | Municipality 51 Sibilia
No | Municipality L 6 | Cabrican
1| Cajola
. 1| Solola _ 8 | San Miguel Sigulla

11 Antigua Gualemala 2 | San Jose Chacaya 9 | San Juan Ostuncaleo

2 | Jocotcnango 3| Santa Maria Visitacion 10 | San Mateo

3| Paslores 4| Santa Lucia Utatlan ' 11 | Cpeion. Chiquirichapa

4 | Sumpango 5t Nahuala 12 | San M. Sacatepequez

5 | Sto. Domingo Kenacoj 6 [ Sta Catarina Ixtahuaca 13 | Almolonga

6 { Santiago Sacatepequez 7| Santa Clara la Laguna 14 | Cantel

7 | San Bartoiome M. Altas 8 | Concepeion 15 Huitan

8 | San Lucas Sacatepequez 9 [ San Andres Scmetabaj 16 | Zunil

9 | Santa Lucia M. Altas 10 | Panajachel 17 [ Colomba -

10 | Magdalena Milpas Altas 11| Sta. Catarina Palopo 18| San Francisco la Union
11 ; Santa Maria de Jesus 12 | San Antonio Palopo 19 | E1 Palmar '
12 | Ciudad Vieja 13 | San Lucas Toliman 20 Coatepéque
18 | San Migue!l Duenas 14 | Santa Cruz ia Laguna 21| Genova -

14 | San Juan Alotenango 15 | San Pablo la Laguna 22 | Flores Costa Cuca.

15 | San Antonio Aguas Cal. 16 | San Marcos la Laguna 23 | La Esperanza
16 | Santa Catarina Barahon 17{ San Juan la Laguna 24 | Palestina

18 | San Pedro la Laguna BB
19 | Santiago Atitlan
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“Table 4. 2. 1 Urban Populatlon Prnaectxon and Growth. Rates, Mun101pal City (1)

' GUATFIA!A

No | Muniéipality Population Growth Rate (%)

: {Census)|” ' . 2010/
1981 ; 1993 1994 1898 |- 2010 ] 93/81 | 94/93 | 98/94 93
_ 1| Santa Catarina Pinula * | 4.21:;’ 3,030 | 8,376 9,799 | 14,134 5.40 | 4.3t} 4.00| 3.10
o 2 | San Jose Pinula * 1 5,296 [ 10,743 | 11,277 {13,448 [ 19,970] 6.07 ! 4.97) 4.50 ] 3.3%
- 3 1-San Jose dél Goelfo » 8340 1,8751 2,070 2,484 | 4,185 | 7.45] 4.81 | 4.66 | 4.44
_,’ 4} Palencia 4 3,818 5,808 | 5,7347 6,252 ¢ 8,019 | 3.26| 2.26] 2.19| 2.11
: _ 5 | GChinautla » 2,027 2,135 2,161 | 2,220 2,438 | 0.43 | 6.60 | 0.68| 0.80
R 6 | San Pedra Ayampuc ¢ 3,842 | 5,561 | 5,680 | 6,163 7,770} 3.13 | 2.14| 2.06| 1.94
- 7.1 Mixco # 11,544 (19,176 }.19,800 | 22,302 | 29,984 | 4.32 | 3.25] 3.02| 2.50
L 8 | San Pedro Sacatepeque7 o 5,358 | 7,512 7,662 8,226 |1p,240 ) 2.86 | 1.86 | 1.82 1.76
' ' © ¢'[ San Juan Sacatepequez * | 6,726 | 9,825 [ 10,041 | ¥0,928 13,948 | 3.21| 2.20| 2.14} 2.06
10 | San. Raymunda * 2,519 ! 4,566 | 4,747} 5,643 ) 8,779 | 5.08 | 3.99 | 3.96] 3.89
11} Chuarrancho ¢ . 4,122 1 5,819} 5,801 | 5,925 6,927 ] 2.46| 1.49| 1.41 [ 1.30
12 | Fraijanes 3,121 4,697 4,812 5,291 | 6.978 [ 3.47| 2.45[ 2.40 | 2.33
13 | Amatitlan 20,407 | 37,177 | 38,682 144,733 [ 63,778 | 6.13| 4.05] 3.70 3.00
14| ¥illa Nueva # 20,236 | 35,677 | 37,432 | 44,468 | 65,663 | 4.84 | 4.92 | 4.4} 3.30
15 | ¥illa Canales * 3,605 4,745 4,809 5,064 5,386 2,92 1.35] 1.30| 1.23
16 | San Wiguel Petapa" - 3. 766 7.484 ) 7,842 9,280 § 13,701 5.89 | 4.78 ) 4.30( 3.30
TOTAL - {#) 191,493 {[70,429 |176,716 02,125 Ra2,27¢ ] 4.41] 3.69 [ 3.42} 2.82
(¢) Excluding Guatemala City
‘ SACATEPEQUEZ

No.| Municipality - : Population Growth Rate (%}

: (Census)| : ’ 2010/
© 1981 ! - 1993 1994 1998 2010 | 93/81 | 94/93 | 98/94 98

!} Antigua Guatemala 15,801 1 20,948 | 21,033 | 21,500 | 23,100 2.38 ¢ 0.41 | 8.5 | 0.60
2 | Jocotenange & 6,668 | 12,179 112,731 {14,997 | 21,885 5.156| 4.53 | 4.18] 3,20
3 | Pastores 2,996 { 3,858 1 3.897 ] 4,044 | 4,485 2.13 | 1.01| 0.93] 0.8l
4 | Sumpango 9,484 | 14,008 | 14,312 | 16,610 | 19,268 ¢ 3.30| 2.17) 2.03 | 1.82
5 | Sto.” Domingo KenacOJ 3,483 5,616 5,664 6,264 8,288 3.91 2.68 2.65 2.36
6 | Santiago Sacatepequez "B, 522 9,185 §,322 §,933 § 11,792 2.88 1.71 1.60 1.44
7 !.San Bartolome M. Altas # 1,970 3,253 3,347 3,728 4,980 4,27 2.8% 2.71 2.4%
8 i San Lucas Sacatepequez | 3,826 | 9,186 | 9,767 | 12,064 19,077 ;" 7.87 | 6.32 ] 5.40| 3.90
9 Santa Lucia M. Altas 1,186 173,660 1 3,738 | 4,348 | 7,545 9.09| 5.40 | 5.20 | 4.70
10 | Magdalena Milpas Altas » 2,685 ! 4,310] 4,431} 4,822 6,680} 4.02| 2.81| 2.66| 2.4%
11| Santa Maria de Jesus. # 8,287 110,971 | 11,107 p 11,165 | 14,890 | 2.37 | .24 | 0.13 ) 2.43
. 12 Ciudad Vieja # _ 9,435 | 14,405 | 14,786 | 16,161 ] 20,739 | 3.69 | 2.44} 2.,30] 2.10
S 13 | San Miguel Duenas 3,147} 3,996 | 4,083 4.162| 4,466 2.01 | 0.93] 0.79 | 0.59
- - -} 14 ] San Juan Alotenango §,761.0 9,630 ] 9,702 | 10,367 |12,350 2.91| 1.80 | 1.67 | 1.47
@ ' 16:] San Antornio Aguas Cal. o 3,698 ] 4,852 4,900 | 5,120 5,702 | 2,29} 1.17 | 1,06 0.90
k j 15 | Santa. Catarina Barahona | 1,437 [ 2,241 2,295 | 2,612 3,219 3.77 ] 2.41} 2:28 )| 2.4%¢
1 YOTAL . 87,375 {131,965 [136,044 {146,783 188,327 3.50 | 2.33 | 2.11, 2.10

Source l§81 1993 and 1994 data provided by the National Institute

"~ INFOM ‘and the Municipalities
1998 AND 2010, estimated by the Study Tean
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Table 4, 2 1 Urban Populat1on PrOJectlon and Growth Rates, Mun101pal Clty (2)

CHIIALTFKANGO

INFOM and the Municipalities
1998 AND 2010, estimated by the Study Tean:

4-6

‘1993 and 1994 data provided by the Natianal Institute

No Inhicipality o Populatzon Growth' llte {l) .
o |(Census) - e zoln/
1981 1993 1394' lsaa 2010 -93/31 94/93 93/34 .98
1 { Chimaltenango 14,957 24,933' 25,632 za,ssa 37,944 | 430 300 | 2.88 | 2.%0
2 | San Jose Poaguil ¥ T.o2,4147 3,784 ) 3,880 4,281 ) 5,704 3.82 | 2.54| 2.49] 2.42
3 { San Martin Jilotepeque # 6,508 ‘9,086 | 9,236 | 9,857 |11,968) 2.82 "1.66 [ 1.64 | 1.83
4.} San Juan Comalapa * 11,362 | 14,458 | 14,710 {16,760 {19,408 | 2.03 | 1.74 | ‘L.74 | 1.7%
5 [ Santa Apolonia 1,08371 3,949 4,352 {6,965 ) 10,835 [ 11,79,/ 10.21{. '8:28 | 5,10
& | Tedpan Guatesala 5,977; 8,326.] 8,461} 9,026 f 10,972 2.80°] 1.62 | 1.63] 1.64
71 Patzun ¢ . | 9,802 12,613 | 13,007 {14,594 | 19,398 | 2.12 | 3.12| 2.92| 2.49
8 | San Miguel Pochuta 1,697 ] 3,803 | 4,146 | 5.126 ) 8,208 7.73 | 6.23 | 5.45| 4.00
9 Patzicia * 7,628 | 11,347 [ 11,687 | 12,596 | 16,164 3036 | 2:12° 2.11 | 2010
10 | Santa Cruz Balanya 2,443 1 4,480 | 4,650 | 5,384) 4,268 G008 379 | 3.73 3.64
11| Acatenango - 2,029 | 3,672 3,807 | 4,392 6,699 | 5.07 [ 3.68| 3.64 | 3.58
12 | San Pedro Yepocapa 4,030 | 3,296 ] 3,689 | 10,283 {15,006 6.20| 4.74 [-°4.308 | 3.20
13 | San Andres Itzapa : 7,968 | 15,182°| 15,304 18,276 25,756 | -$.52 | 4.10 3.70° 2.90
14 | Parramas 9,069 | 5,452 5,645 5,473 ] 9,668 | 4.91 | 3.54 | 3.437 3.40
16 | Zaragoza » 4,440 | 7,578 | 7,821 8,837 |12,024] 4.86| 3.21°0 3.0 | 2.60
16 | Bl Tejar ¢ 3,260 7,123 7,499 | 9.1t {13,617 | 6.75 | 5.28| 4.70| 3.50°
TOTAL 88,522 (144,182 148,976 D68, 744 P31.638 | 4.15 | 3,32 3.16 | 2,68
SOLOLA
No { Municipality Populaticn " Gromth Rate. (%)
‘ (Census} . S B T . : 20107
1981 1993 1994 1998 | . 2010 | 93/81 | 94/93 1 98/94 { : 92
1| Solcla * 6,286 | 14,408 | 15,254 | 18,897 {30,960} 7.16 | 5.87 | 5.50 | 4.20
2 | San Jose Chacaya 114 267 272 292 161 7.35 | 1.87 1.83 fl.??
3 | Santa Maria Visxtacion 745 | 1,092 1,116 1,209 1,494 | 324 | 2,20 2,03 | 1.78
4 | Santa Lucia Utatlan ga9 | 2,871} 2,176} 2,650 ) 4,773 6.36| 65.07 | 5.05| §.02
6 | Nahuala ¢ 2,314 1 4,076 4,223} 4,870 7,494 4.83 | 3.61| "3.63 | 1.66
6 | Sta. Cat. Ixtahuacan « 1,396 2,227} 2,289 | 2,556| 3,569 | 3.97 | 2.78 | 2.80 | 2.82
7| Santa Clara la Laguna * 2,447 4,067 | 4,194 4.743 1 6,862 4.32 312 312 3.13
" 8 | Concepcion 947 1,367 1,394 | t.s10) 1,932 3.11( 1.98 ] 2:02] 2.08.
9 ! San Andres Sa-etabaj * 984 1,700 ] 1,760 | 1,883 2,603 | 4.66 | 3.53| 3.92| 2.29
10 | Panajachel 3,403 7.394 71,7937 9,3837 13,676 6.68 | E.40 | 4.75}F 3.19
11} Sta. Catarina Palopo * 1,649 | 1,641| 1,684 ] 1,867 2,540 3.80] ‘2.62 | 2.61} 2.60
12 | San Antonio Palopo # 1,834 ) 2,418 2,470 2,668 | 3,243 2,33 2,18} 17947] 1:64
13 | San Lucas Toliman 6,067 | 10,647 [ 11,029 [12,607 | 17,891 | 4.80 | 3.69 | 3.40 ! 2.96
14 | Santa Cruz la Léguna # 535 6§97 106 737} os12)oz.23% 129 1.0 omt
i5 | San Pablo l1a Laguna # 2,811 5,652} 5,918| 6,990 [ 10,189 | 5.99 | 4.701] 4.25{ 3.19
i16 | San Marcos la Laguna #* 927 0 1,348 § 1,375°] 1,496 1,972 .11 2,00 .2, 14| 2.33
17 | San Juan la laguna # 2,068 3,732 | 3.875| 4.496°| 6,965 s.04| 3.83°) . 3.78| 2.72
18 | San Pedro la Laguna 5,597 8,428°| 8,624°| 9,462 | 12,543 | 3. 47| 2.33 [ 2,35 2.38
19 { Santiago Atitlan 14,162 | 22,090 | 22,668 | 24,952 | 32,071 | 3.78| 2.62 | 2.47 2.10
TOTAL 54,665 | 95,322 | 98,820 113,409 }161,951 | 4.74 ] 3.67 ] 3.50} 3.901
Source: 1981, of'Stgtistics (lﬂﬁ}f:



Table 4'._2.1 Urban Population _P'ro.j_ectien and Growth Rates, Municipal City (3)

TOTONICAPAR
No | Municipality : - Population’ Growth Rate (%}
{Census) : 2010/
1941 1993 1994 1998 2010 | 93/81 | 94/93 | 98/94 98
o1 Totunxcapan : '__?;415 14,400 | 14,732 | 16,146 | 21,294} b5.61.0 2.31{ 2.32 3 2.33
2 | San Cristobal Totomic.. | 3,416 | &,917) 7,088 | 7,819 }10,523 | 6.06 | 2.47 | 2.49 | 2.51
"3 { San Frangzscq el Alto o | 3,404 3,892 9,560 § 11,978 { 18,748 3.33 7.561 5.80 .80
‘4 | San Andres Xecul & 2,493 "3.654 | 3,748 4,152 5,663 3.24 2.57 2.5% 2.62
5 | Momostenango ¢ - | 6,094 | 10,061 [ 10,390 | 11,764 | 16,740 | 4.56 | 3.27] 3.15| 2.98
. § | Santa Maria Chiquimula 1,365 ¢ 3,218 ) 3,323 | 3,782} G5.593) 7.39 | 3.26) d.28) 3.32
7 : Santa Lucia la Reforma 410 595 610 §72 886 3.15 | 2.52 | 2.44| 2.33
-8 | San Bartelo Aguas Cal. 8§74 § 1,273 1,30% 1,442 1,983 ] .18 2,61 2.53 2.56
TOTAL - 25,537 | 49,010 | 50,796 | 57,766 | 81,392 | 5.58 1 3.86 1 3.28 | 2.90
QUETZALTENANGO
No | Municipality - Population Growth Rate (X)
‘ . {Census}| . 2010/
1981 | 19393 1994 1998 2010 | 93/81 | 94/93 { 98/94 98
‘1 | Quetzaltenango 62,719{ 98,401 100,983 {111,997 j152, 730 3.82 | 2.62 | 2.62| 2.62
2! Salcaja“ 7,426 12,233 112,603 14,102 | 18,638 4.2%6 3.02 2.85 2.35
-3 Ullntepeque t 2,690 3,973 4,058 | 4,418 5,704 3.30 2. 14 2.18 2.15
4 | San Carlos Sija & 1,521 3,186 3,264 | 3,601 4,872 6.36| 2.45 | 2.49 | 2.55
.5 | Sibilia 467 | 1,067 1,101 1,248 1,813 7.13 3.19 3.18 3.16
§ | Cabrican 623 1,685 1,727 2,047 | 3,403 8&.48 4.35 | 4.34} 4.33
1.{ Cajola ¢ i 1,540 2,928 3,043 3,480 4,775 9.50 3.93 .41 2.567
8 | San Miguel Siguila 656 |- 1,023 | 1,049 | 1,162 | 1,588} 3.77 | 2.64 | 2.58] 2.64
9 | San Juan Ostuncalco 7,124 |.13,104 113,618 | 15,687 | 21,876 6.21 3.92 | 3.601 2.81
10 | San Mateo 1,041 1,968 2,004 2,190 2,859 8. 41 2.24 2.28 2.2h
il | Cpcion. Chlqulrlchapa | 2,819 4,906 | 5,078 5,818 8,762 4.73 3.47 3.47 1 3.47
12 San WM. Sacatepeduezr ¢ 1,813 3,089 3,191 3.626 5,274 4.54 3.30 3.25 3.17
13 i Almolonga * B 7,148 {10,679 | 10,808 } 11,7751 16,227 | '3.32 2.186 2.11 2.17
14| Cantel 2,491 | 3,316 | 3,361 3,549 | 4,190 2.41 1.35 1,37 1.3¢
19 | Huitan * 1,129 1,854 1,911 | -2,153 | 3,083} 4.29( 3.07 3.03 ! 2.9%
16 | Zunil 4,206 | 6,500 6,663 | 7,356 | 9,898 | 3.70 | 2.51 | 2.61 | 2.60
17 { Colomba * 4,282 6,157 6,316 | 6,967 9,191 .13 2.68 2.48 2.34
18| San Franclsco 1a Union o 1,06% 1,664 1,707 1,899 2,661 3.79 2.58 2.58 2.56
19| Bl Palmar 1,968 | 3,901 4,079 4,870 | 8,238 | 5.87 | 4.56 | 4.53 | 4.48
‘20 | Coatepeque 19,307 | 31,264 ] 32,1652 | 35,768 | 46,550 | 4.10|. 2.87 2.70 | 2.22
21| Genova # 1,826 | 3,633 ] 3,800 | 4,539 | 7,267 | 5.90 | 4.60 | 4.54 | 4.00
22 F}ores Costa Cuica . » 1.539_ 3,308 3,972 | 4,662 T.378 6.25 4.1 4.08 3.90
23} La Esperanza 1,695 2,603 2,619 3,010 | 4,296} 4.17 2.92 2.96 3.01
24 | Palestina + 1,128 2,954 ] 3,160 4,085 7,192 8.35 | 6.97 6.10 §_00
IOTAL" r38,383 225,748 232.325'259,919 (3157, 334 4.16 2.91 2.8% 2.89

_Source 1§al 1993 and 1994 data pruv:ded by the Nstional Institute of Statxstxcs (INE},
S U INFOM-and the Municipalities

_ISSS_AKD 2010,
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estxnated by the Study Team
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5.

' CATEGORIZATION OF THE CANDIDATE MUNICIPALITIES

5,1' Criteria and Procedure for Categofization

5. 1 1 F1na1 Selection of the Candldate Munic1pa11t1es for the

Detalled Survey

As stated in Chapter 4 51 municipalities were eliminated
because they were viewed to have sufficient supply sources
until 2010. Among the remaining 45 municipalities, the
following 10 municipalities were excluded from the detailed
Study, due to various reasons such as internal strife, lack

. of -interest in groundwater development or because of other
- ‘on-going or planned projects like Xaya- Plxcaya PrOJect

EMPAGUA Progect and others.

Gu 5 . . Chlnautla _Sa 2 - . Jocotenango

Gu 7 Mixco - Sa 10 Magdalena Milpas Altas
Gu 14 Villa Nueva Sa 12 Ciudad Vieja

Ch 15 . Zaragoza . To 4 . San Andres Xecul

Ch 16 - El Tejar . - Qu 12 San Martin Sacatepéquez

© The final number of_ candidate municipalities for the
‘detailed  survey and the planning of water source

development strategy was determined to be 35.

5.1.2 Criteria fof_CategdriZation

"~ The following factors are assessed for the categorization
- of the candidate municipalities. .

(1) Socideconehic conditions

~(a) Ablllty to pay/willingness to pay O/M costs

The actual water supply - service level in the
municipalities varies widely, from a minimum of 15
- f/c/d to a maximum of 238 &/c/d, mainly due to
- financial ‘problems. In many of the municipalities,
- budget shortage makes it difficult to develop new
supply sources, even though the development potential
is not -low. .Alsor_the inhabitants of some of the
municipalities prefer the existing service level at
low payment, rather than improved services at higher

. Therefore, socioeconomic condition was determined as
- one of the most important factors in establishing the
criteria for categorization. The classification of
'the municipalities was made based on the results of

. -the interview survey. : :



Requests - for - new'water'sourCe*development'and the
willingness to pay as well as thelr ablllty to pay.-

were categorlzed as:
_ ?a: 'high level SR
~b:  relatively hlgh level -
goH :1ow level SR
{b) Projected population scale in. the year 2010

-The 1arger the populatlon the blgger is the impact

. expected from the ' improvément of the'water ‘supply
service, - Moreover, . the unlt_cost for operation and
-maintenance shared per person becomes: comparatively

'smaller, if the populatlon is: large.-§~_Therefore,
population * scale is an important .- factor - for
oategorlzatlon {Table 5 1 l) - : TR
Projected population of the mun1c1pallty 15"

- “A:  more than 10 000 |

'B: 10,000 - 5, 000
C: less than 5 000
7(2)d Projected water shortage condrtron 1n the year: 2010

Since the water_shortage oonditlon is the most inportant

factor in the categorization ~of the candidate
municipalities, the following criteria on water shortage
condition was established based on the results of the water:

demand progection (Table 5.1.2). _
Presumed supply shortage in the year 2010 is:
A: more than 100 E/c/d
B: 50 - 100 &/c/d .
C: less than 50 2/¢c/d

(3}' Water source development potentlal

As descrlbed in detall in "Chapter 6", the exlsting surface
water and spring water sources in the 35 municipalities wil-

be replaced or supplemented by groundwater in. the future.
- Therefore, the:  following criteria was established to
determine water scurce development potentlal based on the
results of the hydrogeological field survey in Phase 1 of
the Study (Tables 7.2.2 and 7.2.3). :

A: High potential for groundwater development

B: Relatlvely high potentlal for groundwater development

C: Low potential for groundwater development but shallow-
aquifer development may be p0551b1e by construotlng'

shallow dug wells



'5.1.3 Procedure fér_Categorization_

. The following procedufe was applied for categorization and

“classification,

municipalities.

35 Candidate

‘Municipalities

and for the priority assignment to the 35

Classification by
Socioeconomic:
Condition

‘Classification by
Water Shortage
- Condition

Classification by
Water Source
Development

Potential

Categorization for the
Planning of Water Source
Development Strategy

Priority Assignment of
10 Municipalities for

‘gi_

‘the Feasibility Study

S 5-3 -



Table 5.1.1 Pbpulatxon Categorlzatlon (2010)

K Ohore Ban 0000 [~ B FATEND ooo) T C (Less than 5,000

No. . Municipality - | Popul. | No. -.Iunlclpallty 2 ‘[Pbpulf- Ho."VIunicipality © 7 |'Popul.
Guld Villa Nueva _ 65,653 | Qul7 Colomba =~~~ 9,191 |Sa 7 San Bartolome M. Altas 4,980 |.
So 1 Solola 30,960 | GulG San Raymundo ~ 78,7794 Qu 4 San Carlos Sija o 4,872
Gu 7 ¥ixco- 29,994 | Qutl Cpcion. Chiquirichapa 8,762 |Qu 7 Cajola.. - - 4,775 .
Sa 2 Jocotenango 21,885 Gu'6 San Pedro Avagpuc 7,770 | So 4 Santa Lucia Utatlan 4,773
Sal2 Ciudad Vieja. - 20,739 { Sa 9 Santa Lucia X Altas .1,545{ Gu 3 San Jose del Golfo - - 4,185
Gu 2-San Jose Pinula . - 19,970 | So § Nahuala - . 7,494 | So 8 Sta.Catarina Ixtahuacan 3, 569
Ch 4 San. Juan Comalapa 19,408 | Qu22 Flores Costa Cuca -~ 1.378 | Sol2 San Antonio Palopo - 3,243
Ch 7 Patzun . 19,398 | Qu2l Genova - Coeo. 27,267 | Salé Santa Catarina Barahona 3,219 |
To 3 San Francisco el Alto - 18,740 | Qu24 Palestina - - © 7,192 | Quib Huitan . : 3,053
To 5 Momostenango . 16, 740'| So17 San Juan la Laguna _'ﬁ.965- S0 9 San Andres’ Semetabaj 2,603
Ch 9 Patzicia o 16, 164: Gul] Chuarrancho - - 6,927 |Qul8 San Francisco la Union 2561
Qui3 Almolonga - . 15,227 | So 7 Santa Clara la Laguna - 6,862 | Soll Sta. Catarlna Palope - 2,540
Sall Sdanta Maria de Tesus 14,890 | Sal0 Xagdalena Milpas Altas 6,580 | Gu 5 Chinautla T 2,438
Gu | Santa Catarina Pinula 14, 134| Gul5 Villa Canales - . '5,865 | Sol6 San arcos la Laguna ~ 1,972
Gu 9 San Juan Sacatepequez 13,948 | Ch 2 San.Jose Poaquil -  .5,704 |{ Sol4 Santa Cruz la Laguna 812
Chl6 El Tejar 13,617 | Qu 3 Olintepeque - L5704 S
Chld Zaragoza © . 12,024 | Sal5 San Antonio Aguas Cal 5, 702
Ch 3 San Martin Jilotepeque 11,986 | To 4 San Andres Xecul 5,663 |
Sol5 San Pablo la Laguna 10, 18% | Qui2 San M. Sacatepequez =~ 5,274
Gu 8 San Pedro Sacatepequez 10,140 -~ .~ o oo '
Tabie 5.1.2 Water Shortage Condition. (2010} _
A (More than -100 1/¢/d) B (-100 ~ -50 1/¢/d) c (Less than =50 1/c/d)

: Yater . -| Yater | Yater .
No. Municipality Shortage | No. Hunicipality Shortage No. lunlclpallty _ Fhortage

. - 1/¢/d 1/¢c/d : 1/e/d
Sol5 San Pablo la Laguna -151.69 | Sol2 San Antonio Palopo . -94.81 [Gu 3 San Jose del Galfo ~ -43.24
Gu 8 San Pedro Sacatepeque -126.01 [ Qui5 Huitan -80. 25 | Sol6  San Marcos la Lagura -42.83
To 3 San Francisco el Alto -124.11 | Sol7 - San Juan la Laguna  -75.24 | Gu'l Santa Catarina Pinula -39.31 |
Ch 7 Patzun ' -117.36 { So 9 San Andres Semetabaj. -74.47 | Gull Chuarrancho .~ -36.59 |
To 5 Nomostenango 116,77 | Qu-T Cajola : ~72.71 | Qu24 Palestina - -28.57
fu 2 San Jose Pinula -114.04 [ So 4 Santa Lucia Utatlan ~T1.97 | Sol4-  Santa Cruz la Lagura-  -18.93
Ch 3 San Nartin Jilotepequ -111.78 | So | Solola : -70.16 { Sol1  Sta. Catarina Palopo -17.56
Sall Santa ¥aria de Jesus -108.59|So 7 Santa Clara la Laguna -66.72 |Qu 3 Ollntepeque ' AT
Qu2l Genova © -106.00 [ So 5 Nahuala -~ -§5. 99 : '
Qul8 San Francisco la Usio -106.00 | Sa 9 Santa Lucia W. Altas -60.19
Ch § Patzicia .- -105.341¢Ch 2 San Jose Poaquil -59. 35
Ch 4 San Juan Comalapa -100. 68 Flores Costa Cuca -51.94

San Carlos Sija . -56.34

San Juan Sacatepequez -55.89
$an Pedro Ayampuc -54.63 |

o DD
c = C @

a4
OB W Fe 2
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“.Classification by Socioeconomic Features

Tableé 5.2.1 shows the classification of the candidate

-~ municipalities (35) by projected population scale in 2010:

A_(mOre'than 10,000), B (10,000 to 5,000) and C (less than

'5,000). According to this table, the 35 municipalities
| were’ classifled as follows. '

A (30,960 - 10,140) 13 municipalities
B (7,770 - 5 704) ~-11 municipalities
.C (4,872 —_812) : .+ 11 municipalities

Table 5.2.2 shows the c¢lassification of the candidate
municipalities (35) by the two socioceconomic factors; (1)
intensity of desire for new water source development and
willingness to pay for increased 0-M cost; (2) projected

' populatlon scale.

- out of the 35 'caﬁdidate municipalities, 20  of the
ﬁ’mun1c1palit1es were classified as not having strong:desire
. for new water source development and not intensely willing

to pay for 1ncreased 0-M cost, while 15 municipalities were
classified as having = strong -desire for new source

. development. The latter group is mostly made up of

munic1pallt1es where supply shortage is severe, as shown in
Tables 5.2.3 and 5. 3 1. .



Table 521" Population: Categorization (2010)

o AU | S0
No. Municipality " N A _ N B
R R | Popu=-| - }Demand - Water
’ | lation | &fc/d | m3/day - [
oo s T m3day | Rieid
So1  |solod 30960]  155| . 4799|2172 ~706]
Guz - |San Jusé Pinuia | ro9m0| assy 00| 2277 14400
lena - |san van Comotapa 1 19408 155 3008| ~1,954] -10069]
T | X S 19398{ - 155|  3007| -2.277| -11736]
To3  |San Francisco el Alto- 18,740 155 - 2905 2326} ~12811
105 |Momostenango . | 16740 15s| zses| ~9ss| -nerry
Cho  |Pazieia 16164] 15| 250s| -1703| —l0se|
18811 [Santa Marfa do Jesis 1g90| * 155] . 2308| -1,617| ~10859] -
Gil  |Santa Cateiina Pinula 14,134 155|219t -ss6| -3931
{Gu9 - {san Juan Sacatepequez 13,048 iss| 262|780 s
Ch3.  [San Mariin Jilotepeque 11,986) 155 usse| -1340| -111.78
So 15 |San Pablo la Laguna 10,89 155{ 1579 -1546] -151.69
Gus  |San Pedro Sacatepdquez 10,40 155] 1572] 0 ~1,278] -126m
Gu6  |San Pedro Ayampue 77700 106|824 -a24| -sa63
549  |Santa Lucia M. Allas 7545 106]  so0|  -as4| 6019
So5  |Nahuala 7494 106] 4]  -a95| -65.99
Qu22  |Flores Costa Cuca 73781 106]  782| —427| -57.94|
Qu2l  |Génova 7267 106] 70|  -770] <106.00]
Qu24  |Palestina _ 7,092] w06} 762 -162| -22.57
S0 17  |San Juan la Laguna 6965) 106 78| -s24| 7524
Gu 11 Chuarrancho _ 6,927 106] 734 53| -36.59
$07  |Santa Clara fa Laguna 6s62] 16| 727]  -4s8] -6672
Ch2  |San José Pouquil 504 106 e0s|  -339| -s93s
Qu3  |Otintepeque 5704) 106] s c-43] 747
Qu4  |Smn Cados Sifa ag72| 106]  swe]  -275] 56341
Qu7 Cajola 4,775|. 106 so6]  -347| -7271
Sod4  |Sama Lucia Uatidn ams| 10| o sos|  -asa} -mer|
Cu 3 San José del Gbll‘n 4,185 106 444 =181 -43.24]
So 12 - |San Autonio Palapd 3293|106 44| -s07f sas|
Quis  |Hufmn | 3053 106|324 - -2es| -sozs|
So 9 San Andres Scmetabaj ' 2,603 106 276 ~194 .-74_.4'_7 .
Qu18  {San Francisco la Unidn 2561] 16| 2n| . -211| 10600
So 11  |Santa Catarina Palops 2540] 106]  269] 03] 013}
So 16  |San Marcos la Laguna 1972 70} 138 84| 4283
Sd 14 Saﬁla Cruz la Laguna -.812 70 57 ~15 .

ETY I R




- Table 5._2.2

.' Request for NWSD/Willingness tb Pay O/M Costs

_ Municibal_i_t}r:(l‘ate_goriiaﬁon by Willingness-to-Pay and Population Scale -

A B C
Gu2  Sa n José Pinula Ch3  San Marin lilotepéque |Gu 1 Santa Calarina Pinula
Gu8 . San Pedio: Sacatepéquez |Ch 4 San Juan Comalapa Gu 9 San Juan Sacatepe quez
AlSa 1l Santa Maria de Jesiis S ' ' Ch9 Paizicia
' 801 Solold ‘ Ch 7  Patzin
‘ To S Momostenango S0 15 San Pable La Laguna
: S _ To3  San Franeisco el Alto
1505 Nahuala Gu 6  San Pedro Ayampuc
_ |Qu21 Génova Gu 11 Chuarrancho
1 Qu 22 Flores Costa Cuca Sa 9 . Sanla-Lucia M. Altas
‘B SR Ch 2  San José Poaquil
o So7  Santa Clara la Lagona
So 17 San Juan la Laguna
Qu3 Ofitepéque
Qu 24 Palestina
Qu 18  San Francisco la Unién |Gu 3 San José del Golfo So09  San Andres. Semetabaj
. ~ i{So4 Santa Tueia Utatldn S0 11 Sta. Catarina Palopo
C Qu4  San Carlos Sija So 12 -San Antonio Palopo
: 1Qu 7 . Cajola ' So 14  Saunfa Cruz la Laguna
1 : S0 16 San Marcos la Laguna
Qu 15 Huitan

“Table 5.2.3 -

Municipality Calego

rization by Willingness-to-Pay and Wat_et' Shortage

‘Condition
© Reqgueést for NWSD/WiIlingness 1o Pay O/M Costs
A . B | C
Gu 2 San José Pinula Qu 21 Gendva To 3  San Francisco el Alto
Te S Momostenango |€h3  San Martin Jilotepeque |Ch 7 Patzin
ASa 11 Santa Maria de Jesos |Ch4  San Juan Comalapa Ch 9 Patzicia
Gug  San Pedro : So 15  San Pablo la Laguna
‘Sacatepéquez
Qu 18  San Francisco la Unién
So1 Solold S0 5 Nahuala Gu 6 San Pedro Ayampuc
' So 4  Sapta Lucda Utatldn Ch2  San José Poaquil
Qu 4 San Carlos Sija Gu 9 - San Juan Sacaiepequez
- B 4Qu 7 . Cajola So 7 -~ Santa Clara fa Laguna
Q Qu 15 Huitan Sa 9  Santa Lucia M. Altas
Qu 22  Flores Costa Cuca So 9  San Antonio Palopd
S0 17 San Juan la Laguna

5-7



|Gu 3 ' San José det Golfo. ~ fGu 117 Chuarra.ncho .
T Co oo IGu 1 SamaCa!armaPmula'”
s So 11 Sta. Catarina : Paiopn
So 14 - Santa Cruz la Laguna
So.16"- San Marcos la Laguna
Qu3 . Olintepeque =~

5.3

“1Qu 24 Palestina . -

C1a531ficat1on by water Shortage Condltlon

'Table 5 3 1 shows the class1flcation of the candldate

municipalltles {35) by projected water shortage condition

-in 2010; A {(more than 100 2/c/d), B (50 - 100 £/c/d) and. [+

{less than 50 Q/c/d) The 35 municipallties are classified

~as follows

A (151.69 -”100.69 2/c/d) 12_municipalities-
B ('54.63]-_194.81_2/c/d).. 15 municipalities -
C-( 0.13 - 743 24'2/c/d)' 8 municipalities"

Out of the 12: munic1palitles whlch are c13551f1ed under

group A, the 2 municipalities of Patzun and Patzicia will -
‘have : sufflcient water supply capacity until. 2010, as long

as the existing water service: level be it satlsfactory or

‘otherwise, is maintained.

The 2_ municipalities- of Sans Pablo la"Laguné. and_'San '
Francisco el Alto are situated in the areas where spring.
and groundwater = development are hydrogeologically

- difficult. These four municipalities were not = highly
prioritized, taking various factors into ~consideration,

even though supply shortage was evident.
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Table 5.3.1 Water Shortage Categorization (2010)

©Municipality

5&95

No. 2010
Popu-' | &/c/d | Demand Water Shbrtagc
lation m3/day .
m3/day 2/c/d

So15  [San Pablo Ia Laguna 10,189 155 1,579] 1546 -151.69
Gu8 . |San Pedro Sacatepéquez. 10,140] 155 1572)  -1278] -12601
To 3 San Francisco el Alto. 18,740| 155 2905  -2326] -124.11
ch7 o |pazin 19398] 15s|  s007|  -2277] -t17.36
To Moméstenango 16,740} 155 2,595)  -1955] -11677
Gu 2 San José Pimula 19,970 155 3005 22771  -114.04
Ch'3 San Martin Jilotepeque - 11,986 155 1,858  -1,340] -111.78
Sa 11 Sarta Mardd de Jesis 14,890 155 2,308 -1,617] -108.59
Qu 18  |San Francisco la Unién 2,561 106] 21| -271)  -106.00
21 |Génova 7267| 106 770 -10|  -106.00
‘lcn g Paizieia 16,164] 155] 2505 -1,703] -105.34
Chd ' |San Juan Comatapa 19,408 155 3008]  -1,954f -100.69
S012  |San Antonio Palops 3243] 106 344 307 —94.81
Q15 [Huien 3053|106 4| -245| 8025
So 17 San Juan la.Laguna 6,965 106 738 ~524 ~73.24
So 9 San Andres Semel_a'baj 2,603 106 276 -194 _74.47
Qué - |Cajola 4775|106 506 47| -mn

- 150 4 Santa Lucia Utatlin 47731 . 106 506 344  -7197
+[so1 Solotd 30960| 155 - 4799 2172 -70.6
|so7 Santa Clara la Laguna 6862|106 727 458 -s6.72
So 5 Nahuala 7494 106 794 -495|  -65.99
Sa 9 Santa Lucia M. Altas 7545|106 800 —454  -60.19
Ci2 |San José Poaquil 5704 106|605 339 -5935
Qu22 * |Flores Costa Cuca. 7378|106 782 -427|  -5794
Qu4  |San Carlos Sija 4872 106 516 -275|  -56.34
Gu 9 San Juan' Sacatepé qucz 13948] 155 2162 ~780|  -55.89
Gu 6 San Pedro Ayampuc 7,770] 106 824 4241 5463
Gu3  |San José del Golfo :4,185 106 444 =181 -43.24
s016 . |San Marcos la Laguna L2 70| 18| -sa| -sss
Gul  |Santa Catarina Pinvla 14,134] . 155 2,19 -556|  ~3931
{Gu 11 |Chvamrancho 6927|106 734 -253]  -36.59
Jou2s  |Palestia 7092|106 72| -ie2| 2257
So14  |Santa Cruz la Laguna szl 70| 57 215! -1893
Qu3  |Olintepeque 5704|106 605 -3l 747
So 1. |Sta. Catarina Palops 2540] 106 269 0.3 0.13
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'Classification by Water Source Development Potential
‘The water . source development potent1a1 of - the 35

munlclpalltles are hydrogeologlcally classified 1nto the'
‘follow;ng 3. groups ' : :

The following 5 munlclpalltles are . ola331f1ed as a groupf”
._with high groundwater development potentlal :

Gu 1 Santa Catarlna Plnula Gu 9 San Juan Sacatepequez

: Ch 3 San Martin Jllotepeque Qu 3 ' Olintepeque

Qu 7 CaJola -

- The follOWing-IB municipalities are olassifled as a'group

with relatively high groundwater development potentlal

. Gu 2 . San José Pinula’ 'Ch 2 San José Poaqu11

Gu 3 San José del Golfo - . Ch 4 San Juan Comalapam

Gu 6 'San Pedro Ayampuc Ch 7 Patzin o

Gu 5 -San Pedro Sacatepéquez. Qu 4 San Carlos SlJa :
‘Sa 11 -Santa Maria de Jesis. -~ Qu 18 San Francisco la Unién
Ch 9 ‘Patzica : . Qu 22 Flores Costa Cuca.

So 1 Solola o Qu 24 Palestina

‘So-4 Santa Lucia Utatlén Qu. 21 Génova
~So 5 Nahuala . : : o '
. To 5 'Momostenango |

Group III:

The following 12 municipallties are 013551f1ed as a group
with low groundwater development potential by deep well
construction, . but has probable potential for shallow
aquifer development except for the 2 nmnlclpalitles of
Chuarrancho (Gu 11) and San Antonio Palopo (So 12):

So 7 Santa Clara la Laguns_ S50.9 ﬁSan Andres Semetabaj

So 12 San Antonio Palopo* = So 11 Santa Catarlna Palopd
So 14 Santa Cruz la Laguna To 3 San Francisco el Alto
So 15 San Pablo la Laguna - - Qu 15 Huitan

So 16 San Marcos la Laguna Sa 9 Santa Lucia M. AltaS'

Sc 17 San Juan la Laguna - Gu 11 Chuarrancho*

* Chuarrancho (Gu 11) uses surface water, but INFOM

recommends a water supply plan by groundwater development

in - the municipal area of San Raymundo, about 12

kllometers southwest of Chuarranoho
* San Antonio Palopo (So 12) uses sprlng wéter” and a new

spring source has been developed by INSIVUMEH about 5
kllometers east of the munlolpallty.-“
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5.5

-Categorizatioh for the Planning of Water Source Development
'Strategy

Based on. the above 016531f1cat10n and the present situation

-of existing water sources, the following categorization was
“made to prepare the water source development strategy:

A' rf T ilization

Although surface water pollutlon is becoming progressive in
the Study Area, the river water of the following 5
municipalities is kept comparatively clean. Although the

"development of additional surface water sources is not

possible ‘in the future, river water in these places can

- still be- used effectively by adoptlng anti-pollution

' measures..'
. Gu 11~Chuarrancho | Gu 4 $San Carlos Sija

.Ch 2. San José Poaquil Gu 7 Cajola

So 57 Nahuala .
B:  in - 1 ion

Spring water is the most important .and economical water

- supply ‘source in the Study Area. Thirty of the 35 candidate

municipalities use spring water as public water supply
sources, 21 of which are entirely dependent on it. Since
the springs in the Study Area have been almost fully
exploited, the additional development of springs will be
very difficult in the future. A rare exception, however,
is the new spring source recently developed in San Antonio
Palopo by INSIVUMEH.

r : 11 _'r lopmen

The 10 municipalities which have relatively high potential

for shallow aquifer development by dug well construction

~are categorized under this group.

T D: - Groundy T lopmen

Twenty-four of the municipalities are categorized in this
group and classified into the following 3 sub-groups in
consideration of socioceconomic, water shortage and water
source development conditions.

- Class I,_ 6 munlclpulltles with relatively high
groundwater development potential and with desire for
new water source development.

"Gu 2  San José Pinula So 1° Solola
Gu 8 San Pedro Sacatepéquez . To 5 Momogstenango
. Gu.18 San Francisco la Unidn Sa 11 Santa Maria de
L - Jesis

- Clase-'II, 9 municipalities with relatively high
‘groundwater development potential but not so strong

5-11



"desire for new source development s

San José del Golfo - s'-:IQu 4 San Carlos Sijafs

Gu 3C

Ch 3 San Martin Jilotepeque . Qu 7 Cajola -~

~: Ch'4 San Juan Comalapa - - Qu 21 Génova ...

" S04 Santa Lucia- Utatlén ,-C-.-Qu 22 Flores Costa Cuca
"800 b : ' ‘ _

' Nahuala

- Class I11, 9 munioipalltles with 'relatlvely hlgh
-groundwater development. potential - and suff101ent water

'supply capa01ty ‘until 2010 as long as the. existing

service level is maintained. Therefore requests for
_ new water ‘source development are not very high.‘-: '

“f-Gu l :Santa Catarlna Pinula _-C_Ch 2. San Jose Poaqull
. Gu 6 San Pedro Ayampuc ‘Ch"7 Patzun -
“Gu 9 . San Juan Sacatepéquez - Ch 9 Patzicia -
Gu 1

1 Chuarrancho. " . Qu 3 - 0lintepeque .-
R - ' ' Qu 24 Palestlna
Priority Assignment of 10 _Huuioipal;ties. for the
: Feasxbility Study o - S e : G
out of the 15 municipalities cla351fied into Class I and
Class II of Group D in the former section, the Study Team

and INFOM decided to carry out a feasiblllty study on the -
following 10 municipalltles' :

Solola

Gu 2 San José Pinula so 1

Gu 8 San Pedro Sacatepéquez So 4 Santa Lucia Utatlan
Sa 11 Santa Maria de Jesus. ~To 5: Momostenango = . '
Ch 3 San Martin Jilotepeque Qu 18 San Francisco la Unién
‘Ch 4 San Juan Comalapa Qu 21 Genova

The final results of the "Categorlzation of Candldate
Municipallties" are summarized in the follow1ng chart. '
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6.1

o WATER SOURCE DEVELOPMENT STRATEGY BY CATEGORIZATION

il-The ba31c strategles _for water source development
.'recommended by INFOM are summarlzed below.

(a)'Spring and river water whlch can be conveyed to the

storage tank by natural flow are given first priority.

'(b) Sprlng and river water pumped_up from lower areas and

~conveyed by booster pump are given second priority.

:(C) Groundwater pumping by tube well construction is third

._priority

This strategy was determined based on the econcmic aspect
-of .the operation and maintenance of facilities. The

shallow dug wells are considered for places unsuitable for

' deep wells.

.Surface Water Utilizatlon

" The. rivers and streams flowing through or near the
.munlclpalltlas are .tertiary or smaller tributaries. The
:flow in the dry season normally becomes very small and is

generally seriously polluted with sewage or waste, making
the utilization of river water as supply source for the
majorlty of the area increasingly difficult.

However the following areas where river water is

;comparatlvely clean are still dependent on surface water:

*(a) Domestic use (drinklng, bathing and washing)

1 Chuarrancho (Gu): . (conveyed by booster pump )
'~ San José Poaquil (Ch): (conveyed by natural. flow)

'(b)rDomestic use (limited to bathing and washing)

_ -'Nahuala {So) -
. = San Carlos Sija (Qu)
- Cajola (Qu) '

" The area around the municipality of Chuarrancho is composed
‘of metamorphic rocks and classified asg a "difficult area"

for- groundwater development. In addition the area has

" unstable river flow and deteriorating water guality making
the prospect of increasing river water intake activities
in the future seem difficuit.

' Since any type of water source development is hopeless in

this . area, development should be carried out in other

~areas, such as .San Raymundo, about 12 kilometers southwest

of Chuarrancho (Fig. 7.2.1(1)), where the groundwater
development potentxal is high, to aoqulre the supply scurce

for service expansion. -




'Patzung(Lh).

Santa Catarina Palopd (So):

San Pablo la Laguna (50)}:

-San Francisco al Alto (To):

~Génova (Qu):

_'The municipality of: ‘San’ José Poaquil is heavxly dependent"
-on -surface: water. for. domestic - and agrioultural use;

"Groundwater_ “development is : recommended = as’ -the "’
‘municipality's future water supply however, -because the
contamination of surface water in the area is- worsening.

Although the surface water utilized by the municipalities_j
- of Nahuala, ‘San Carlos 5133 and Cajola has enough quantity
reven:in’ the dry season; it will no longer ‘be used for
’drinking, as surface water contamination is worsening 1n
. these areas: . :

Spring Water Utilization_f

-Thirty out of the 35 candidate municipalities use: spring
_water ‘as public water supply source.  There are also many
" springs, either used privately or JOlntlY by a- community,

for domestic and agricultural purposes

The total number of spring water~sources for public supply;

in 30 mun101palit1es is 90, and the average discharge is
about 1.84 1l/sec. ' Out. of the 90 springs, -the water from

.78 is conveyed to the storage tank by natural flow,: while

. water from the remaining 12. is conveyed to the distribution
© tank by booster pump .

The follow1ng 21 municipalities are- entirely dependent on.’
spring water mainly for domestic purposes

springs (16 90 2/sec)*
springs (18.15 Q/sec)*
springs (30.40 %/sec)
springs (1. 88 L/sec)
“springs (3.47 /sec)
springs (0.95 &/sec)
springs (3.13 £/sec)
"springs (0.42 ¢/sec)
springs (0.80 g/sec) -
springs - (0.39 &/sec)
spring (0.62 £/sec)
springs (4.15 £/sec)
springs (3 12 2/sec)

Pazticia (Ch):

Solola (So):

Santa Lucia Utatlén (So)
Nahuala (So): :

San Andres Semetabaj (So)

San Antonio Palopd (So):
Santa Cruz la Laguna (So):

San Marcos la Laguna (So):
San Juan la Laguna (S0):
Santa Clara la Laguna (So):

springs (6, 70 2/sec )
Momostenango (To): springs. (14.20 ¢/sec.)
springs (2.8 &/sec.)
'springs (1.84 £/sec.)
springs (0.91 2/sec.)
‘spring (0.59 f/sec.)*
springs (3.03 2/sec.).
'spring (2 20 Elsec )

San Carlos Sija (Qu):
Cajola (Qu):

Huitan (Qu):

San Francisco la Unidén (Qu)

quNmQ Mb:mwmwpwmmwﬁmww

Flores Costa Cuca (Qu):
ik Conveyed by booster pumpjto distribution tank

As mentioned above, spring water has been the most
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6.3

important and economic water.supply source in the "Central
Plateau Area", and has been almost fully exploited by the

inhabitants for a long time. With population growth, these.

springs will not be able to meet the water demand, except

. for ' San Antonio Palopd® where a new spring source was

recently developed. by, INSIVUMEH about 5 kilometers east of

- the. munlclpallty. o

The remalnlng 20  municipalities, gwhieh. are entirely

dependent: on sprlng water, are places where ‘groundwater

. ..should be developed as a supplemental supply source, either
_by shallow well or deep well . constructlon

Shallow ﬁquifer'Develdpment

In municipalities with relatively small water demand in

2010 and where deep well construction is physically

difficult due to poor hydrogeological condition or poor

- accessibility for drilling equipment, the development of
~.ghallow -aquifers. . of alluvial dep051ts (Qa) and pumice
‘'sediments (Qp) is recommended.

This shallow aquifer development will be attained by the
construction of dug wells shown below. The detailed design
is shown in the Supporting Report.

Shallow well

" Shatlow oquifer ' Collecting water
_ Shu“ow pipes
. aquifer
A type B type
.The munidipalities_ classified in fhis category' are as
follows.
- Santa Catarina Palopd (So): A Type
‘- Santa Cruz la Laguna (So0): A Type
- San Pablo la Laguna {(So): A Type
- San Marcos la Laguna (So0): A Type
- -San Juan la Laguna (S0): A Type
-~ Santa Clala la Laguna (8So0): B Type
‘- ‘San Andres Semetabaj (So): B Type
: - .San Francisco el Alto (Tb): B Type
. - Huitan (Qu) . B Type
-- 8an Carlos Sija (Qu)*' B Type
. .= San Francisco la Unién*: B Type

' _*_Deep'aquifer development may also be possibie by

. 5-3
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construction of a deep tube well.

Groundwater Development

-Besed"'on . the "Categorization Cof “the Candidate .
"~ 'Municipalities”, and with the exclusion of- the prioritized
10 ‘municipalities for the Fea51bility ~ 8tudy, the

municipalities for groundwater development by deep well
construction ‘are ' summarized* ‘Table - 6.4.1. -  The

‘groundwater development strategies for these 10 prioritized
'muniCipalities are described in “Chapter 7 (7.3.2)" based

on the test drilling and pumping test results 'and:wate:

- balance analy51s

As shown in Table 6.4.1, ~ five of. the municipaiities'are

- classified under Group D - Class I, while 10 munlclpalitles
- are- classified under Group D - Class II

' _Electrical re51st1vity soundings were conducted. during_.
Phase I of the Study, and recommendable drilling gites and
" depth were examined in the 5 municipalities in Group D -

Class II. Test drilling was not carried out however.

6-4
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7.

7.1

vSURVEYS FOR GROUNDWATER DEVELOPMENT
Hydrology

'The obJectlve of the hydrological survey is to evaluate

groundwater potential based on water balance calculation in

C the Study Area.

7.1.1

The rainfall and river discharge records obtained by
INSIVUMEH, &and other reports on: the Study  Area, were
reviewed and analyzed.

The field survey covered all of the .54 municipalities

- selected for the detailed survey, except for the few places
:whlch could not be visited.

“Rainfall

The principal ﬁetéorological.stations in the Study Area are

" distributed. as shown in Fig. 7.1.1. - The number of

operating stations have decreased since the 1980s, and the
latest - "Datos Meteorolégicos de las Cabeceras
Departamentales"” published by INSIVUMEH in 1992 only shows
16 stations in 6 Departments.

The general features of the 16 stations are shown in Table

- 7.1.1. The station with the lowest elevation is Potrero

station at 1,120 m above sea level, and the highest is
Labor Ovalle Statlon at 2 380 m. - '

 Ra1ny season 15 generally from May to October ‘and the

monthly rainfall peaks in June and September. As a typical
example, San Martin Jilotepegque Station has .1,200 mm of
average ' annual rainfall in the 1928-1989 period. The
largest monthly rainfall is 263 mm in September, and the
second largest is 253 mm in July. The collected monthly
rainfall records are attached in the Data Book.

Annual isohyet was made using the average annual rainfall
of these stations and other stations shown in Fig. 7.1.1.
Observation periods were  different for each station.
Taking this into: consideration, it was concluded - that
annual rainfall did not significantly vary based on the
medium term annual rainfall figures obtained from
INSIVUMEH, San Jeronimo and Labor Ovalle stations as shown
in Fig. 7 1.2.

As indicated by the isohyet lines, a heavy rainfall zone is

~located in the southern skirts of the Central Plateau, at

around 1,000 - 2,000 m elevation. This phenomenon is

explained by the fact that humid air from the Pacific Ocean
. rises up the mountain slopes, and the rain clouds, caused
by the resulting change in pressure, bring about heavy
'_prec1pitation in llmltEd areas. :

Because of deflc;enC1es in the meteorological observation
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network, it is difficult to-estimate the'preC1se rainfall:

‘distribution in the entire municipalities concerned. With

‘complicated topographlc undulations, the annual- rainfallﬁ"

data also varies. with elevation and the mlcro climatic
'conditions of each station.n-’ : S

In order to conduct water balance analysis in: the target

~municipalities, the -annual rainfall records . of - the

neighboring - meteorclogical station of  each. municipality

-~ were selected and used as shown in Table 7.1.2.°

River System and Discharge
{1)~ Surface Water

- River and River Basin.

The territory of Guatemala is divided 1nto three prinCipal

‘river basins: ‘' the Pacific Ocean, the Caribbean Sea ~and
Gulf of" Mexico. SR . '

:Most of the rivers in the. Study Area are in the Pac1f1c

Ocean basin, flowing southward from their source in the_

" Central Plateau ‘Area.

The following table shows the river ba51ns in. the Study
Area,

Code of Principal Rivers /- )
Watershed | Lakes - o | Remarks
1.3  |Rio Naranjo = 'Paci}icﬂoce;g-
1.4 ‘Rio Ocosito 7 _ --'Pacific-Ocean:"
1.5 . |Rio Samala | Pacific ocean
1.6 Rio Icon = | pacific Ocean
1.7 . Rio Nahualate . 'Pacific'0cean"
‘1.8 |Lago de Atitlan | Pacific Ocean
1.9 Ric Madre Viejaf.. .f Pacific'Ocean
1.10 Rio Coyolate :__, t:':-Pacific 6ceao'f]-
1.12 Rio Achiguate - = Paciﬁiceoceang
1.13 Rio Maria Linda _ Pacific'Oceao.
(Laguna de Amatitlan): e K
2.2 Rio Motagua fﬂ_' ' _;_.Caribbean Sea
3.1 | _Rio Cuilco e '.}: Gulf of. Mexico
3.7 . | Rio Chixoy o Negro T Gulf of Mexico L




The - target rivers to be reviewed in the Study Area are
secondary; tertiary or smaller: trlbutarles with very small

"_'flow in. the dry season.

-Flg. 7 1 3 shows the locatlon -of the gauging stations,
‘where river dlscharge observations were conducted by

INSIVUMEH:. Many gauging stations were installed in the

© .. 1960s to carry out periodical observatlons.' Unfortunately,
-however most of these statlons were closed in the 1980s.

. Lakes.

Lakes Atitlan and Amatltlan are the principal lakes in the
Study Area. - Lake Amatitlan is situated south of Guatemala

'.:City and. ‘has a surface area of. around 84 kmé. Sewage
drained from the surrounding. municipalities flows directly

into the lake, thereby contaminating the lake water. As a
countermeasure, the Government has been plannlng the
constructlon of lake water treatment plants.

Lake Atltlan is 31tuated in Solola Department and 1is an

- important. natural resource for tourism. < The surface area
~is about 125 km? with a total catchment area of 548 km?.

Since this lake has no outflowing rivers, all sediments and
materials flowing in from the basin accumulate in it

. Therefore, the treatment of waste water is vital for this

lake. The lake water level record 1n 1948 - 1976 is
attached Aine the Data Book. :

.(2) R;ver-Dlscharge Analysis

‘As . only a few river discharge observations have been

conducted in the Study Area in recent vyears, the records

-~ from the 1960s tolthe 1980s were reviewed in order to
~understand.the general river condition.

‘The 'folloWiﬁg_'table' shows the general features of the

principal gauge stations which have been installed in the
Study . Area (details are shown in Table 7.1.3) or in
adjacent areas.

_ Catchment | Elevation
- Station | River | Area (km2) | (m.a.s.1l.)
Cantel Samala - 701.0 2,454
s.c. o - o
Ixtahuacan’. Nahualate - :144.7 1,670
Jaibal - . |Quiscab 146,51} 1,550
'Panajachelf - | Panajachel | = 51.7] 1,600
-jAlotenango "Guacalate .. 328.5 1,350
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:_Table 7. 1 4 summarizes the average monthly discharge in the
Study Area. The peak discharge occurs in. September—October

. and the minimum discharge in- February ‘March: ' These

‘months and the values for the lowest and peak discharges_

'-correspond to monthly rainfall variation.

The discharge values at the Cantel and Candelaria stations
~-are 'shown .in Fig. 7.1.4. 'The catchment area of the- Cantel
Station is about 700 km?, while Candelaria has about 850
kim?, 1.2 times the size of Cantel. However, the annual

dlscharge of Candelaria is almost twice as much as that of
Cantel. ' This is explained by the fact that a part of the -
.catchment area of the Candelaria station: is. covered by a .

“heavy . rainfall zone with an annual: average of 3,000 mm.

" _From this point, it is clear that.even the base flow, which

-‘is' regarded as groundwater. recharge, dlrectly reflects the
amount of annual rainfall if the hydrogeological structure
corresponds with the river baS1n

Fig. 7.1, 5 shows the specific discharge at statlcns in the -
Study Area: ‘. Cantel, Nahualate, Jaibal, Alotenango, and.
o Panajachel stations. These stations are: located downstream
‘of the concerned muniCipalities, and the discharge records.
~were observed in different ‘years. = Therefore, these

discharge data only generalize river condltlon

JThe peak ‘discharge in “the rainy season is around 35 - .45
2/s/km? at S.C. Ixtahuacan, Jaibal, and Alotenango stations,

and 15 - 20 &/s/Km? at'Panajachel and Cantel Stations. Two.

peaks, in June - July and another in October were observed

‘at Jaibal and Panajachel stations. The difference in the

maximum and minimum- discharges at Cantel -and Panajachel

stations is. smaller than that of other . stations. The

discharge decreases ' from November  to. May. " The -values

remain nearly constant from - February to May, at about 7:
2/s/km’ at Naualate and Jaibal staticns and 4 - 5 2/s/km in -

other stations.

-Table 7.1.5 shows the runoff calculation of these rivers.3

Runoff coefficients are 30 - 50% in. the. Jaibal and
Panajachel Stations, 12 - 28% in the Cantel and Candelaria
Stations and 10 - 18% in Alotenango Station

“In the case of the Jaibal and. PanaJachel Stations, a"high
proportion of rainfall  in  the upper. reaches of the

catchment area infiltrates-into the ground. :The basement, -

composed of compact & massive welded tuff, is deep beneath

the ground upstream and shallow downstream, and outcrops at

Solola. Jaibal Station is  located in the lower: part,

thereby showing high flow values. ' In comparison with -
these, the runoff coefficient of other stationg are
relatively low, because their catchment areas are covered
by highly permeable materials. and because the water that

1nf11trates these areas recharge the rivers downstream.

Most of the concerned muniCipalities belong_to the latter

condition. The rainfall infiltrates into the grounds of
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'highly'elevated.areas, and spring out to form small streams

in the Study Area.

,(3) Fleld Observatlon and Spot Measurement

Hydrologlcal field surveys were conducted in April - May

and August - November 1994, in order to grasp the general

'conditlon of the river ba51ns.

-Except for some munlclpalltles llke San Raymundo and - the

southern part of Quetzaltenango, the surrounding lands of
the majority of the municipalities have been excessively

‘cultivated for agrlcultural use, resulting in the reduction

of recharge and increase in erosion. .

5-Spot measurements were conducted at the points considered

useful to evaluate river basin - capacity. Table 7.1.6

‘summarizes the. results of dlscharge by rivers. These
_results do. not include the amount of water taken in the
~upper reaches for drinking and irrigation purposes.

The SPElelC dlscharge in April - May at most of the points
is very small. One reason is that the groundwater level is
lower than the river bed in the dry season due to the

-geological condition of the area. For example, the
discharges at Jaibal and Panajachel, where measurement
.points are covered by alluvium deposits, are 2.9 ¢/s/km* and

less “than 5 1 2/s/km respectively.

3Dlscharge measurement in the ralny season was conducted in
. the selected 10 municlpallties in August and November
1994, The discharge in the rainy season was 2 to 6 times

blgger than the:amount. in the dry . season.

For the river basins of San Jose Poaquil, Cajola and
Nahuala, the survey focused on the possibility of spring
water use. These municipalities were selected from those
entirely dependent on spring water for domestic use, and
have larger catchment areas.

The follow1ng pornts were noted from the exlstlng field

. condltlons.

C - Many small communltles exist in the upper reaches and

their drinking and domestic water is taken from springs
. or streams.  The population of these communities has
been - 1ncreas1ng in recent years.

- Land owners in downstream Cajola have the right to use
spring water within their property, while communities
“obtain the right to use spring water in the upper
reaches.

ft Springs and streams are used as sources for domestic and

“irrigation purposes. Domestic waste water and drainage
water from the agricultural lands, possibly containing
residue of fertilizers and insecticides, flow back into
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"ﬂthe river system."°

- Most ‘of - the water for San José POEQUll is taken from the

e The river bas1ns of ‘San Jose Poaqull and Cajolé no

©7.1.3

~.mable 7.1.7 shows results obtained from research on water

river stream and some from spring water. The amount in
~_the dry season is almost half of that in the ralny
_eseason. ' ' : CE DT S

* longer have enough surface water to meet the. demands of
~ these municipalities. ‘For. Nauala, new surface water
'f'sources w111 be- considered around the "Paquix area.

Sé:iﬂg_Fiow N

sources conducted by INFOM in 1987 ‘and. the JICA Study Team

"‘in 1994. According to ‘this table, the water. source has

been converted from spring water to a ‘combination of spring
and well in the Departments of Guatemala Sacatepequez and
Chlmaltenango.- .

‘The munlcipalitles in Solola Department only use spring
water at present. ‘The municipalities in Totonicapén and.
. Quetzaltenango Departments depend- exten51vely on sprlngs:

'_;when compared with other Departments.,

" while larger springs, like those in. So6lola, Almolonga and.

Flg. 7.1.6 shows the distrlbution. of the sprlngs and
discharge amount. Small springs tend to decline in number,

_ San Juan Comalapa, have been developed in the past 7 years.

7.1.4

"Pinula has been periodically measured by use of handy water
level meter from June, 1994. This well was drllled by the

Groundwater Level and Monltoring Facilities
Automatic rainfall- recorders and .groundwater “level
recorders were installed at the wells of 3 municipalities,
San José Pinula San Pedro Sacatepequez and Comalapa.

The groundwater level at the: exlstlng well in San José

municipal government, to a depth of 213 .m, ‘but was

abandoned because of its small productivity of 0 76'l/sec._

The automatic water level recorder was 1nstalled ‘at this
“well and a continuous record has been taken since: ‘November
16, 1994. Groundwater level was around 31.6 m below ground
surface from June to September. The water level has been

rising since October.



 Tab1e 7.1.1

'List of Meteorological Stations

Elevs.[_ Lat.

TE Station .. Regist. Long. Municipality Departament
T, SAN MARTIN JILOTEPEQUE | 31101 | 1800 | 14.45.43 | 90.47.19 | SAN MARTIN JILOTEPEQUE | CHIMALTENANGO
"2 | STA. CRUZ BALANYA "31401 | 2080 | 14.41,12 | 90,54.55 | STA.  CRUZ BALANYA CHIMALTENANGO
3 | INSTVUMER : §0100 {1502 | 14.35.11°] 90.31. 58 | GUATEMALA GUATEMALA
4 | FLORINDA §0117 | 1470 | 14.38. 12 | 90.29. 35 | GUATEMALA GUATEMALA
§ | 0JO DE AGUA -§0124 | 1260 | 14.31.50 | 90.33.28 | SAN MIGUEL PETAPA GUATEMALA
§ | JARDIN MIL FLORES =~ | 60203 | 1189 | 14.23.12 | 90.37.45 | AMATITLAN GUATEMALA
7.1 LA SOLEDADO - §0803-( 1550 | 14.30. 10 | 80.23. 50 | SAN JOSE PINULA GUATEMALA
8 | SAN PEDRO AYAMPUC 1201 | 1200 { 1446.35 | 90.27.17 | SAN PEDRO AYAMPUC GUATEMALA
9 | CHILLANI o 61304 | 1400 | 14.43.20 | 90.32.10 | SAN PEDRC SACATEPEQUEZ | GUATEMALA
10 | POTRERO - 61606 | 1120 | 14.21.12 | 90:31.40 | VILLA CANALES GUATEMALA
11 | LABOR OVALLE 131401 | 2380 { t4.52.12 | 91.30.50 | OLINTEPEGUE QUEZALTENANGO
12 | LA SUIZA CONTENTA- | 1611012106 { 14.37.08 [ 90.39.40 | CIUDAD VIEJA SACATEPEQUEZ |
13 | SANTA MARIA DE JESUS 161501 | 2065 | 15.29.34 | 90.42.34 | SANTA MARIA DE JESUS SACATEPEQUEZ
14 | EL CAPITAN 191005 | 1562 | 14.38.36'| 91.08.26 | SAN LUCAS TOLIMAN . | SOLOLA
15'| SANTIAGO ATITLAN 191904 | 1560 | 14.37.54 | 91.13.53 | SANTIAGO ATITLAN SOLOLA
16 i SANTA LUCIA LA REFORMA | 210701 {1840 | 15.07.57 [ 91.14.38 | SANTA LUCTA LA REFORMA | TOTONTCAPAN




 Table ?;1;2; Estiﬁateﬂahhpuai Rainfai}_

RRAIN

No. De;i;ir_t.aent.: ' ManicivaIit.Sr_. N ’ﬁ.RMH{r‘o. :| - Depatrtment. . llunicipaility' EE
| Guatemala - | Chinautia 1135 | 28-Bolola | solola: 1081
2. © "I Chuarrancho 1063 29 | Nahuala - 11341
3 Mixco- e a0 San Andres Semetaba © | 1810
n San Jose del Golfo 1063 { 31 San Antonio Palope : | 1010
5 San Jose Pinula 1650 |32 | San Juan la Laguna 1010
B San Juan_Sacétépgquez' 103233 San Marcos la Laguna .- - |.1010
T San Raymundo’ ' 1122 {34 San Pablo la Laguna 1018
3 Santa Catarina Pinula ~ | 1342 | 35 Santa Catarina. Ixtahuacan [ 1341
9 Yilla Canales 1524 | 36 | Santa Catarina Palopa - - | 1010
10 Villa Nueva _ 1213 | 37 Santa- Clara 1a Laguna 1010
11 San Pedro Ayampue " 1063 | 38 Santa Cruz la L;gu:na 1010
12 San Pedro Sacatepequez | 1032 [39 | $anta Lucia Utatlan 1341
11 Sacatepequez Ciudad Vieja " 982 | 46 [Totonicapan’ | Homostenange 1134} -
14 ' Jocotenango 1031 | 41 San Andres Xecul o 343
15 Magdalena Milpas Altas 1031 | 42 San Francisce al Alte 1341
1§ San Antonio Aguas C. 892, . ) S
17 San Bartolome M. Altas 1031 | 43 fuetzaltenango | Almolonga 1594
18 Santa Lucia K. Altas 1031 |44 Colomba o |4
19 Santa Maria de Jesus 1229.| 45 Concepcion Chiquirichapa | 2100
20 Santa Catarina Darahona 992 46 Cajola ' : 1057
. ' 147 Flores Costa Cuca 3640
21 Chimaltenange | Comalapa 1414 | 48 Genova 3640
22 El Tejar C 1234 | 49 Huitan 936
23 Patzicia 1283 | 50 Olintepeque 843
24 Patzun 1283 | &1 Palestina de los Altes 1027
25 San Jose Poaqﬁik ’ 1272 ] 52 San Carlos Sija 1027
26 San Martin Jilotepeque 1272 | 53 San Francisco la Union 843
27 Jaragoza 1283 1 54 San M. Sacatepequez 2100




‘Table 7.1.3°

List of Gauge Staions

=
REx]

@

0. . Station "Regiat. River No. .Catcheent Area | C.A. Eleval Lat. i Long. | Municipality | Departament ]
, o . o B i (mz)| (W) - T
’ ' 1 | COATEPEQUE 1030102 | NARANJG 1.03 | BARANJO 01! 291|14.43.05 |91.62.25 | COATEPEQUE QUETZALTENANGO
S 2 | CABALLO BLANCO 1040101 | 0COSITO 1.04 | 000SITO 462 0 48] 14.20.57 |91.51.03 | RETALHULEU RETALRULET
3| CANTEL - 1050102 | SAMALA 1.05 | SAMALA 700 12454 | 14.48:33 [31.27.00 | CANTEL QUETZALTENANGO
4 | CANDELARIA 1650101 § SAMALA 1,05 | SAMALA . 361} 720 | 14.39.04 [91.33.55 | EL PALMAR QUE TZALTENANGO
.51 PAGDIB 1970102 | YATZA 1.07 |NANUALATE | 38 11679 | I4.40.66 [S1.19.42 | SAR JUAN LA LAGURA | SOLOLA
$[5. C. IXTAHUACAN |- 107010% | MARUALATE 1.07 | BARUALATE 145 | 1670 | 14.46.08  91.20.20 |5, C. IXTAMUACAN | SOLOLA
©7 | SAX WIGUEL. WOCA - | 1070103 | NAHAULATE ©1.07 | RABATLATE 620 | ©76 [ 14.27.32 | 91.22.27 | SAN JOSE FL IDGLO | SUCRITEPEQEZ
"8 | sl 1080301 | QUISCAB 1,08 L LAGO ATITLAN | 147 | 1880 14.45.00 §91.11,00 | SOLCLA SOLOLA
9 | PARAJACHEL - PANAJACHEL | 1.08 iLAGO ATITLAN | 6211600 | 14.45.30 ]91.08.30 | PANAJACHEL SOLOLA
10 | CONCEPCION POTRERO | 1080201 | PANAJACREL 1.08 | LAGD ATITLAN | 38 | 1889 [ 14.47.30 |91.08.25 | CONCEPCION SOLOLA
11 | ALOTENANGD 1120361 | GUACALATE 1.12 | ACRIGUATE 329 | 1350 | 14.28.56 | 90.53.26 | ALOTENANGO | SACATEPEQUEZ
PANAJAX. . 2020100 | LOS PLATANOS | 2.02 |WOTAGUA . | 15063 | 408§ 14.52:12 |90.23.54 | SANARATE EL PROGRESO



‘Table 7.1.4 Average Monthly Rainfall |

" STATION | yeAR [JAN FEB "WAR APR T MAY - JUN . JUL " AUG SEP - OCT NOV DEC - [TOTAL

SAY WARTIN JILOTEPEQUE [ 69-' 89 3 6 17 25 111 288 203 1887 263 151 %2 51273
STA. CRUZ BALANYA ~ ~ [72-'89| "2 5 17 21 111' 197 140 148 - 203 108 17- 3} 970
st . - [ea~'ss| 3 4 3 20 (126 250 192 184: 248 134 2 19
FLORINDA ler-as| & 613 28 147 c276 18 218 284 120 24 1310
QJODEAGUA | . fT3CM|L 4 W13 21 01 223 75 075 244 102 (15 21084 .
JARDIN MIL FLORES .~ .!67- 89 3.1 B 23,080 192 133180 209 &l o 16 3| 824
LA SOLEDAD - - [88-°88| & . 7 6. 40 163 318 248 248 - 324 205 . 59 17 [ 1838
SAN PEDRO AYAWPUC {6983 | 4 5 17 25 105 °231 151 164 211 - 118 ‘25 | | 1063
GHILLANI © -~ - s8] 2 7. 13 357125 26 ls4. 181 290 121 23 171032
POTRERO ' ° .- 16783 0 2 10 37T 120 268 ‘226 223 369 21 . 4} - 71524
LABOR OVALLE -~ [§3~'a9f 1 8 1z 32 118 151 98 Q2877188 7418 4| My
LA SUIZA CONTENTA - - [10-'837. & 7 13 18 . 124 200 141 181 219 .63 .17 =~ 7| 892
SANTA MAKTA DE JESUS ~ 72-8s] & 3 4 32 128 317 158 195 - 254 11l 15 - 3[1229
ELCAPITAN . . [70-°89| 2 10 17 29 -118 226 124 156 231 &0 7 31012
SANTTAGO ATITLAN f70-83| 3 16 31 . 47 122 211 103 146 . 217 82 . 28 51010
SANTA LUCTA LA REFORMA [77-°88| 2 5 11 48 101 216 - 122 143 213 58 15 7| ‘939




off Calculation

Table 7.1.5  Run
"River Basin. . | Station | River | Year a Q R R ¢ Q7R
3 Rasin x 1,000,000 x 1,000,000,
: {km). (m3/sec} | {m3/year} [(nm/year) {(m3) i

Lago .de Atit]an_ Jaibal._: 147 | 6667 2.412 © 76,1 1454 213.0 ; 35.17
i AT B668 U804 | b8l 83| 3118 508
. Panajache) 52 [ 66-67 0.752 23.7 1454 78.1 31.6
Rio Samala Cantel: 1010 77-7% 4.94 15656.8 932 653.3 § 3.8
' 701 | BD-81 4.169 131.5 367 677.9 { 19.4
701 ¢ 81-82 6.822 C216.1 1425 988.9 21.5
701§ 82-83 4,092 144.3 1692 1186.1 12.2
701 : 83-84 4.516 - 142.4 1316 922.% 15.4
_ 701} 84-85 | 5.843 184.3 13250 928.81  19.8
Candelaria | 849 | 82-83 | 8.167!  288.1| 1692 { 1437.31 20.1
' 849 | 83-84 8.734 275, 4 1316 1117.9 24.%
: o . . 849 | 85-85 140, 36 326.7 1332 1131.5 28.9
Rio Antiguate 'A_latenango 329 | 13-4 1.28 0.7 1294 425.1 9.8
' : 329 | 74-75 . 1.53 48.3 961 3157 15.%
329 | 715-76 .74 54.9 944 d1n. 1 17.1
329 16-117 1.24 39.1 868 285.1 13.7
129 71-18 1.01 1.8 720 236.5 | 13.4
329 | 78-79 1.24 39. 4 300 295.7 -13.3
3298 | 79-80 1.30% 41.2 1165 i82.1 10.8
329 | 81-82 Shin 38.2 1164 362.7 1 10. 8
329 §3-84 1.063 33.5 949 311.7% E 10.8
329 84-8% 1.328 41.9 1034 319.7 i 12.3
429 | 85-86 1,137 35.8 1062 343.49 L 10.3




Ta_ble"l._l.G R'esults__of'Di's'c'harge Measurement

5.D.

: Specific Discharge {1/s/km2)

7-12

No.. Department |  Municipality River C.A: Dry Season .. ] . Rainy Season
: - : - b Q 5.0.-1 -0 | s,
A L L SRS A ! L."_'.,_--_-..-__--_-_-___--____5_ __________________
[ : :
S - S o S
Guatemala | San Jose del Golfo | Queb. Agua Zarca |  5.13 o] oenl 12| .24
' San Jose Pinula Q. Las Anonas '5.661 46.7]  8.09; 107.84| 19.09
- Rio El Bi jague 200 26.2] 1310 9.64| . 0.48
o Rio E1 Pinula - - - | es : 20,62 L
6 San Juan Sacatepequez | Rio Rastunya _: 4.B2 1.2 0.26
- - Ric Santiago 12.94 4 0.31 ) 205.4| 15087
Rio Paxot 0.23
12 San Pedro: Sacatepequez Rio F1 Miragro 3.4 3 0.88 18.2 | . 5.35
' o Rio El Miragro 6.16 | 34.76 | 6.73 ] 206.4] :3%.81
21 ;: Chimaltenango | Comalapa Rio Piscaya 17.98 53 3.28 : 0.09
: a Rio Coloya 12.42 99| 7.971 139.77| ‘11.25
26 San Martin Jilotepeque Rio Frio - 4.79 3] 063 180 | 37.58
' : Rio Cucuya - - 3.98 0.75§ 190.19 | . 47.79
28 | Solola Solola Rio Quiscab 135,2 | as0 2.88 1146 8.48
Rio Quiscab 146.5.( . 180 | 1.23! 30.86| . 0.21
' Rio Cojolya 5.88 | 12|  2.04|. 2.48) . 0.42
Rio Rio Buenaventura .82 30 5.15 15.13 2,178
Rio Panajachel 1 BL.6E 252 5.07 187.7 3.25
29 | Nahuala Rio Guatchojojcje 15.32 202 | 13,19 719}  46.83
Ric Nahualate 24.56 150 6.11. 48| 1824
K]V Santa Lucia Utatian Rio Flores 3.95 B 1.27 " p.00
Rio Pugualtui’ 35,3 104 2.95 . 0.00
Ric Pamacha - 4.2 25 5.95 104 2476
Rio Pamacha b.89" 33 5.60 84,5 | 14.35
IS N VS SRS SNPFVSIRE SUUSIVE SO S
52 | Quezaltenango | San Carlos Sija Rio Caquixa o Samsala 83.6 22 B.41 1350 | - 25.18
53 San Francisco la Union| Riachuelo Chinataren 6.46 15 2.32 272 42.11
54 San M. Sacatepequez | Rio Talcana 6,21 13 .2.08 0.00
4 legend C.A. : Catchment Area (km2).
K¢ : Discharge {1/sec)

-



Table 7.1. 7 (1) Condition of the Spring Sources
in 1987 & 1994

T

" Minicipality . INFOM Record in 1987 JICA Study in 1994
o Type No.| @ |W/No. Type |[No. ! Q G/No.
(1/s) |(1/s/pc) {1/s) |(1/s/pc)

: 'l).ept. : Guatesala -

1| Chinautla NG! 3| 2.6 0.87!N2,P1 210,05 0.03

2 Ghuarranchn NB 1 1 1.00 | N1,RB1 110.01 0.01

3 1 Mixeo _Hﬁd,PBtt 4: 8.5 2.15 { N9, P4 9 5._79 0.64

4 |'San Jose del Golfo NG2, PBi 2i0.96] 0.48 (N1,PZ | 1]0.31 0.31
-5 i San Jose Pinula _ NG2 : 2] 9.8 4.90 | P4 -

§ | San Juan Sacatepequez |NG2,PBI,RGZ | 3| 2.8| O0.93[N3,P5 | 3| 10| 3.33

7 | San Raymundo . PB2.RGT1 - P2 -

8 | Santa Catarina Pinuia | NG2,PB1.RG3 21 1.1 0.55 | N2, P2 218,87 4,34
9 i Vilia Canales NBI,PBI | 2| 5.2| 2.68B |NL,P3.| 1| 45| 45.00
10 i ¥illa Nueva NG3,PB4,RET} with Rio Nl.Pﬁ_ 1]4.98 4.98
11 | San Pedrd Ayampuc NGi,PBE 1| 6.6| 0.60 N2 P2 2]2.03 1.02
12| San Péedro Sacatepequez | NG2,PB1. 21 4.5 2.25 1 N3, Pl 314.24 1.41

Total 22 97.15% 25 §1.08
©Av. 1.69 3.24

o1 Dept.: Sacatepequez _ .

13 | Ciudad Yieja NGI,PB_Z 1 1.5 1.60 1 N1, P3 110.55 055

14'| Jocotenango - | NG1,PB3 1{ 7.6 | 7.60{NI,P3 1 0.00
16 | agdalena Milpas Altas | NG6 71 4.8 0.54 | N4,P] 40,81 a.20
16 | San Antonio Aguas C. | NG5 §|11.9| 2.98 N4, Pl | 3 8.45| 2.82
17' San Bartolome M. Altas | NG2,PB1 23 2.4 1.20 | 'N2,P2 2| 0.4 0.2¢
18 | Santa Lucia M. Altas PB1 - _ P2 2 8 4.00
19 | Santa Maria de Jesus | NG3,PBI 3| 1.6% 0.53N2,P1 2] 1.8 0.75
20 : Santa Catarina Barahona] NG4 41251 G.28 | N4 4 26.12 6.28

Tetal 231 53.9 19 §44.83
Av. 2.34 2.36
Dept.: Chilalténango . -

21 | Comalapa NG11 31 7.8 2.60 ! NB2,P) 2 34| 17.00
22 | Bl Tejar NGZ,PB2 2| 1.3| 0.85|P3 - :
23 | Patzicia NG3, NBZ, RG1 50,23 0.05]NB3 3(8.58 2.86
24 | Patzun NG3,NB1' 4|16.8} 2.76 | NB3 3!16.9| 46.63
25 | San Jose Poaquil NGI, RGT]1 1 0§ _U.DG N2,R1 210,93 0. 47
26 ) San Martin Jilotepeque | NG4, PB1,RGI 511.73 | 6.35 N3PL 28.87| 2.96
_21 Zaragoza NGB 6|14.6| 2.43 N, Pl 5 10.42 2.08
' ‘. Tetal 26 [36. 46 18 | 79.7

Av. 1.40 4.43
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Table 7 1. 7 (2) Cond1t10n of the Sprmg Sources
"-1n 1987 & 1994

. INFOM Récord in 1987

.7514

" Municipality JicA Study in 1594
o Type | No.} @ [Q/No. | Type ;rm Q. {0/,
_ {1/s} |{1/s/pc) ; {1/s) {{1/5/pc)
‘Dept.: Solola : 1. | i S A E
28 | Solola- NG2 C3lsel e7im | 21304 16.20
29 | Nahuala’ NG2 2| 9.8| 4.95!N3 . 3.30.47| 10.16
30 | San’ Andres Semetabaj | NG2 2 | o.00iNs | 8ip.95| 012}
31 | San Antonio Palopo = | NG3 - CB| 1| 0a7iN | 1(0.42 ). 0.42
32 | San Juan 1a laguna NG1 2| 2.8 1.26 - Ay
33 | San Marcos 1a Laguna - | NGl . ple.62 . 0.62 - y .
34 | Sap Pablo Ja laguna | NGZ,RG1 3| 04| 0.131- N
35| Santa Catarina Ixtahuac NG 2| 12 060Ny 1 3,7.28| 2.43
36 | Santa Catarina Palopo | NG2 A rzloes0 : o
37 | Santa Clara 1a Laguna | NGS st 3| o.62)-
38 { Santa Cruz la Laguna | NGJ 4 08| 0.20- R R B
39 | Santa Lucia Utatlan = |161 - 6]0.06: 0.01 [N 4188 047
Total | 40°26.68 ' 21 71.41 '
Av. 0. 67 | 3.48
|
Dept.: Totonicapan . L
40 | Momastenango ' NG2 2| 5.6 2.80 /NG 2 14.2) 110
41 | San Andres Xecul NG2 2| 2.4l 1.20i81,P1 ;101 23] 2.30
42 | San Francisco el Alto | NGS5 3] 58| 193N i 8 .
Total t{13.8) 197  3116.5
Av. 1197 ' 15.50
Dept. : Quezalienango L = A R
43 | Almalonga NGA 4717 119 (NP3 | 123.87| 23.87
44 | Colomba JNGZ 21173 8.55 N2 2#7.31 |  8.66
45 | Concepcion Chiquirichap NG2 5| 8.8 L.76; 2 11.67| 56.79
46 | Cajola NG4 5] 2.1| 0.42 N7 77 2.2 6.3
47 | Flores Costa Cuca NG2 2| 3.7] 1.85 NP1 12,25 228}
48 | Genova ' NG 1] 4.3) 4.30 N 713.,03{. 0.43
49 | Huitan NGZ . 2l 1.8 0.90im 210.91) 0.46
50.| 011entepeque NGG, PB1 6| 1.6 0.25 INLPI ;' ) i0/94| . 0.84
51 | Palestina de Jos Altos | NGI 2| 45| 225 P 113,89 13.89
52 | San Carlos Sija G2 2| 45 28N L3 28| 0.9
3. San Francisco la Union | NBI 110.25 0.25 | NB1 , 1:0.59| 0.59
54 | San M. Sacatepequez | NG2 2] 4.8 240Nz | 2i3.15| 158
Total 34 B0. 72 ' 30 32.561
Av. 1.79 L1275



. owru

orel

o

ondWwoAy

oiuaIRd O WU\ Twaquwuouom

znin Bcuw )
oJped COMNm_. LB \V\m rnhm r\v
Ve pdoppwe] . mw:uo.ﬁocon_\@ N
~—=_anbadaionr vivi \ DIBIOS 3 ~—
unuoy usg (7] Lgot~"

Zizl

_.vm._.

r [0

oococuu.nou_zu_:u mu g_
wwn_.

w I \ ﬁﬁ\_mmm ~
S wmo mvw .'
+6GL
_
q\\ W\& >uN sl o o
\ updosiuole O CMWMV \\_ono.mu.ho cum.wmum_.u

suorl1els Ireyured ¥ [edTBoToIoalan-319Aqosyt I°1°L "“bra
Th / .05£.06 [ _ y <00.16 \m %n.em .00.Z6

\ ﬁ fhoLmDO 0] (i M
N A ferii) \ 7 ©
] : DJaweH 03 O & UOIDIS §iDUIDYH

m- r {s2z1) \ : 4 > B |0o16ojoI0a1aK ol
\m ,\U . g . . & 4 IDJLIDY 1DONUUY oy
: ) Y Sonbosop O | : QQON K\, % 19 Kyosi
(982c2) - m Y
f \ \, ' vuow.:uk =T \~ i AN ERERN
4 > LoranN oideng ) romcucﬁox:uv oouadwoyy
l\omc_zumm ) \k\ al0z ouinbop o] o] (cve)
TS el S U TS RS eesy

| i

- —\. Sw_Som OO 4 i

h (20t 1) - snsep uonp wog [ QM; _

¥ISL'Y * -op DuOp OIUDS voze <~ zonbadayyansg N
\J ; _ASIoURD o_m_>D uDioWyY _,J_mmm_. n \ - \ ﬁ ﬂ_ \omc_Eoo owes '
: f wdiad o] e gy R A (990
LEri 7 ¥E01 o vZ6 nmmmvm.._u?:) uu_u:_u \ e \om,cucﬂowu: o :e_...ESmm m_
o_nc_u asor wog 7} onany biin O(LTTL} 266 mnyacd o L350 ommw
05391 _\ npmﬁ\ﬁp Oopuwsydng , S80E \\\ { A7 \
(0z31) o.m.m:. [ ]uewnaisu; nonmv oA_..m:c( \* . m\ sy ﬁﬂ_wﬂ
o33 . K
/ /oorm:o_u.a nmwa F /._o_wm o) o_oﬁomnmuwr moucaﬁrcm_mm mv Bcu:_u& obojung owiog 13 O Y %wwﬁw_w
TE2L ofumion ™ HPh 010t 14 . orag

cn_ Eo_oo (O]

9

\s\cﬁ_._B.n.U 1
59557 g

5{q0d com o VN
\ SoTIej - uDg /\Algmo: w
ol " hw_ P

BUERY

A./ﬁw%yém/&

oL

77

DULICISY O] _H_.
ojonT DjuD
L3 5 mmnm

fogan [

8Z61

15



X 1,000 ANNUAL RAINFALL(mm) P

o~

N o N o |
T T

5 S TS S O S O A I 5l .]l'.'%l‘mﬂl,}_'%_ '
60 62 64 66 68 70 72 74 76 78 80 82 84 86 88
S YEAR |
|  STATION T
- INSIVUMEH  —+ SAN JERONIMO ~ —+~ LABOR OVALLE ~~

INSIVUMEH, San Jaronime, Labor Quallg

'Fig. 7.1.2 Annual Rainfall in the 1960-1989 Period
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Fig. 7.1.5 Specific'Discharge in 5 Stations
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7.2

_7.'2.1

Hydrogeology

General Hydrogeological Feature of the Study Area.

.The groundwater bearlng “layers of the Study Area are

generally classified into the upper aquifer and the lower
aquifer..'The:upper-aquifer is composed principally of
Quaternary volcanic rocks, such as Pleistocene pumice
sediments, Holocene lava  flows, and, in some places,
alluvial deposits. . The lower aquifer consists basically of
latitic to dacitic welded tuffs and locally fractured

‘andegitic to basaltic’ lava flows of the Tertiary. However,

whereabouts of  this lower . aquifer is not well known.
Accordingly, Well drilling activities were very limited.
It is, therefore, very important <to properly locate
drilling sites  based = on careful  and detalled

: hydrogeologloal 1nvestlgatlons.

Hydrogeologlcally, the basement group consisting of
metamorphic rocks, Cretaceous series and intrusive rocks is

~a groundwater ba51n._ However, sheared or fractured
" limestone. of the Cretaceous series is regarded as local

aguifer: similar to the lower aquifer of the Tertiary

volcanlc.-

.The Study Area is d1v1ded into 9 main intramountain basins
‘nearly corresponding with the groundwater basins. These

groundwater basins are classified into the following three
types, based on topographlo and geological features:

Graben Type

- Rio las Vacastago'Amatitlan basin (Guatemala valley)

Compound Type of Local Grabens

- Rio Platanos Basin (Guatemala)

- Rio Samala Basin {(Quetzaltenango)

- . 'Rio Aguacapa Basin (Guatemala)

- Rio Pixcaya Basin (Chlmaltenango -Guatemala)

.River Basin Type

- Rio Chlxoy o Negro Basin (Totonicapén)
- Rio Coyolate Basin (Sacatepéquez)

-~ _Rio Guacalate Basin (Sacatepéquez)

-. Lago Atitlan Ba51n (Solola)

- 0f the. above mentioned groundwater ba51ns, the upper

aquifers of Rio las Vacas-Lago Amatitlan, Rio Samala and

L-Rlo Guacalate ba31ns are relatively well developed.

_Although existlng well records are insufficient for the

review and analyses of aquifer characteristics, they are

" ‘roughly ' summarized in ‘' Table 7.2.1 .(the original well

records are shown in the well inventory of the Supporting

::;Report)

E 7?2;



The .thickness. of '~ the upper aquifer . consisting of
Pleistocene volcanic material (Qp) .varies from several
meters ‘at the edge to some 250'm at the central portion of
the groundwater basin with hlghly diversified. llthologlcal

- features. since’ the water level of this aquifer shows

- large seasonal varlation “this .aquifer is c¢lassified as

"unconfined".  -The ‘yielding -capacity of this aqu1fer ‘at
“-varlous locatlons is shown below.

= - | Preduction range |Average Prbdootlon
--Basin :-: per well (1/sec) | _per. well (1/seo)
m

t w
- fRio Las. Vacas/Lago _ RS RO V-0 23'
' Amatltlan _ l 58 22 67 N R kY
Rio Samala | 3.15 - 68,81'1' | f"f20;86*. _ I
Rio Guacalate @ - 3.78 - 17.70 t"W--;'9.84:5

hIn contrast w1th the upper aqulfer “the lower aqulfef of
‘the Tertiary volcanic, including highly. fractured limestone

of the Cretaceous series, is relatively unknown, and the

number of previously. drilled ‘wells down to. the lower

aquifer is very few. Moreover, the- ‘existing well records

do not differentiate the geological formation of upper and
lower aquifers. -

The  table below arranged by INFOM in 1987 _shows the
average production of existing water sources by Department.
The wells with a larger than average production in
Quetzaltenange and Guatemala Departments mostly pump water
up from the upper aquifer, and some of the wells with
rather smaller production in the other 3 Departments take
in water from the lower aquifer,

Even though the number of wells d*illed down to the lower
aquifer is limited, past records led to the conolusion that
the development of the lower agquifer is somehow dlffloult

However, test drllllng aotxvmtles oonducted ih thls_Study

'-;?—Zé.

o | “Spring . " Groundwater. I;
bepartment | o, lo(e/s)|o/n(ess)| no. |ocess)|o/nN(e/s)

Quetzaltenango| - 54|369.47 6.84| 30|578.48) 19
TPotonicapan 18| 42.88)° . 2.38 -.3 .l§;06 ﬂ_.' 6.3§i
Solola 41| 74.04 FUT:3Y N1 R R
Chimaltenango | 50}253.58 s.07 3} 19.65]  6.55]
Sacatepéquez 35[125.53 3.48] 14|153.58|  10.97}
Guatemala . 24| 75.47|  3.14| 21|278.59] 13,26
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