_the'samples.' Points (1) ~ (9) are the samples  from test i

wells and (a) (J) are from sprlngs and shallow wells. -

Most of the poxnts ‘are: dlstrlbuted in: the areas’ w1th hlgh

(Ca+Mg) and (CO,+HCO,) concentration The points.of the.

test well samples have higher": (CO;HHX)) concentration in

comparison with the points of samples: taken - from SprlngJ

water, = The dlfference is mainly attributable to water

eTorlgin, that is, water from the. lower aqulfer has existed

for a period longer than water ‘from the upper aquifer,
thereby consisting of dlfferent chemxcal propertles due to
geological activities.

7.2.4 Inven_tory- of Wells and Springs

Surveys were conducted on the present condition of the

shallow wells and springs located in the vicinity of the

proposed bereholes The following items were surveyed by
area. : ' ' L - -

- Number of shallow wells and springs in the wvicinity. of
the proposed boreholes

- Water right and utlllzatlen of the above shallow wells'

and springs
-  Hydrogeological condltlons such. as aqulfer

characteristics, water level and water quallty of the

above shallow wells and springs

The results are summarized in Table 7.2.7. AS ehown in-

this table, there are many shallow wells and springs in the

area, which are wused for domestic and agricultural
purposes. ~  However, no impact is presumed on the
utilization of shallow  wells and.  springs . from the

construction of deep wells, due to the following
hydrogeclogical condition, : ' Co

(a) The water of the existing shallow wells and springs_in

the area is discharged from the shallow (upper) -

aquifers consisting of alluvial deposits (Qa), pumice

sediments (Qp) and weathered upper =zone of Tertiary.

volcanlc rocks

(b} The screen of the deep wells are - 1nsta11ed in the

- lower aquifers which belong to the formation of

Tertiary. volcanic rocks (Qv). The lower aquifer is the
unconfined and/or semi- confined aquifer.

“(c) An unsaturated dry zone separates the upper and lower
aquifers. C

(d) A partial leakage of groundwater will occur from the'
upper aquifer to ‘the lower -aquifer through- the

unsaturated dry zone, but the artificial leakage can
be mostly avoided by cementing.
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Table 7 2. 2 Result of Hydrugeolog:cal Survey by Iumclpahty (l)
(Prnbabllzty of. New Water: Sources Deveiopnent)

Hydrogeﬁlugmal Candxtmna

GUATEMALA D o - L : -
- . | Water Sources (1/s) | Water Quality derogeulog:cal Cond:tmns
No.| Munichipality - - R | Ee Product.ivxty of " Geologu:al Class
' N P R | PH | {25°C) | Existing Well: Lithhf&éies Structure
o - S : o . (/sh; '
1| Santa Catacina Pinula | 8.67 2081} - | 6.0 140 | 5104 a | a{Gp)b S a A
2 |'San Jose Pinula ¢ .| - |1n.78) = | e.2| ez - 588] b | ba@p e B .
3 | San Jose del Golfo 0.31 | 546 - 6.2 320 593l vl me | b 8 :
4 | Palencia R . S _ : o i ; '
§|Chinautla- - | 0.05| 1,72 - .0f 40| - | alapb | Ca e
§ | San Pedro Aysmpuc - | 2.031 5.18| -~ 1.6 887} 259 o b . b B
7 | Mixco o 5.79 {30.75 | - 7.0 180 7.88: b i balp) s B
8 | San Pedro Sacatepequez | 4.24 | 3.40[ - 1 ‘6.3 148 ] 3.40] ¢ balde) ] o bee B
o'l San Juan Sacatepequez | 10.00 [12.00{ - | 7.0| sea| 1z.00f a | bafes) | e | A
10 | San Raysundo ™ . « f22.08% - ] 7.5| 308| 11047 a |a(@be | . ab IS
11 | Chuarrancho dooor] - v es| sse| oo 4 e Ce ¢
12 | Prai janes ' B
13 | Amatitlan e o .
14] Yilla Nueva 4.98161.51 ) - 7.0 308 12.30] a afQpid>y | a8 A
15 { Villa Canales 45.00 128.70 | - 1.0 266 | 64.35] a | a{Ga>Qp) . A
15 | San Wiguel Petapa ' ' ' : '
Hydrogeological Conditions - ' L - o RS
SACATEPEQUEZ =~ S . _ y o : ‘
| #ater Sources (1/s) | Water Quality . Hydrogeological Condit.mn‘;
No.|] Munichipality . : : : Fc pProductivity of | Geological. | Class
' N | P R PH | (25°G) | Existing Well I.ithr.)fac'ies Structure '
' (1/s) '
1] Antigua Guatewala :
2 | Jocotenargo - 13m0l - 6.5 284) 13.13| a | alta) 3 . A
3 | Pastores ' ' i
4 Suhpango
5 | Ste, Domingo Xenaco]
6 | Santiago Sacatepequez. . . . .
7| San Bartolome ¥. Altas| 0.40 | 13.00! - 7.0 142 6.580f b | b b B
8 7 San lucas Sacatepequez | ) : : ' _ X '
9 [ Santa lucia M. Altas - 8.00 - 6.5 238 4.00 c b>a (Gp) c c
10 | Magdnlena Milpas Altas | 0.81| 9.40| - 6.6 173 9.40; b | ba(ap) b B
11 | Santa Maria de Jesus 1.50 1 6.00 - 7.8 328 6.00 ; b a{da-Qv) [ B
12 | Ciudad Vieja 0.55 {4012 | - 6.5 270 13.87). a ‘a(av) a A
13 | San Niguel Duenas o -
14 | San Juan Alotenango B ) ' : B
15 | San Antonio Aguas Cal. 8.45§ 1.10 - l;?Dé ¢ brafQa) C beg - ' B
16 | Santa Catarina narahona] msal -1 - } byafQa) .| - bie | B
. : | 5 R
1. Productivity of Existing Wetl 2.Lithofacies - " 3.Geological Structure q, Cl-'Avalldnllt: of Groundwater .
a:More than 10 1/sec a:tipper Aqui fer (Ga-QpQv) a:Basin Structure ) in Terms of &nrrtnty/&nhty
b: 5-10 1/sec b:lower Aquifer{Tv} b: Fractured 7one s MHigh -
ciless than 5 1/aec c:Pnoement Rocks - Deep Weathered 7one . . Biliediom .o

c:Local Basin / Weathering . "Cilow



Table 7.2.2 Result of. Hydrogeological Survey by Municipality (2)
' (Probability of New Water Sources Development)

Hydrogeclogical Conditions

CHTMALTERANGD

‘No.

Yater

‘Sources (1/s)

Water Quality

Hydrogeological Conditions

Munichipality T
nichi; .

p R

. Ec
PH

Productivity of
Existing Well

Lithofacies

Geological
Structure

Class

W ok =3 Mo de W N

[
[ RS L

_Parramos

16

Chimal tenango _
San Jose Poaguil 0.93
San Martin Jilotepeque -
San Juan Comalapa | 34.00
Santa Aﬁolonia :
Tecpan Guatesala
Patzun . 16.490
San Miguel Pochuta
Patzicia

Santa Cruz Balanya.
Acatenango -

San Pedro Yepocapa
San Andres Itzapa

10.42

Zaragdza _
El Tejar o -

1s.0 ] -
5.80| -

(10.00) -

3.16] -
30,70 -

(25° C)

L]
1.¢ 157
6.3 140

511

149

6.0 155
6.5 223

(1/s)

18.30 a
5.80 b

3.15
10.23

brc(Lim)
aflp)>b
- alQp) b

aflp} b

h>a(Qp)

b>a {Qp)
a(@p) ‘b

Hydrogeological Conditions
SOLOLA

No.

Yater

Sources (i/s)

Yater Quality

Hydrogeological Conditions

Munichipality

Fc

. PR {25' €}

Productivity of
Existing Well

Lithofacies

Geological
Structure’

Ciass

W o ) A N e W RS e

‘_-.n—a.a- — g St —— et
OF =1 D0 W dm b3 B3

—
L)

Selola

San Jose Chacaya
Santa Maria Yisitacion
1.88
3.47
7.29

Santa Lucia Uiatlan
Nahuals
Sta.Catarina I;tah@acnm
Santa Clara la Laguna
Concepcion ' i
San Andres Semetabaj

Panajqchel

0.85

3.12
9.42

Sta. Catarina Palopo
San Antonic Palopo
San lucas Toliman.
Santa Cruz Ia lLaguna
San Pablo 1a Laguna
San Marcos la Lagﬁna
San Juan la Laguna
San Pedro la Laguna -

6.0 106

238
5.5 181

(1/s)

_ al(Qp) ‘b

b>a{Gp)
b-a{lp)
b>a {0p)

b>a (Qa)
bra{da)

b'c

b'ec
bec

1. Productivity of Existing Yell
a:More than 10 1/sec

b: L
c:less than § 1/pec

Santiagoe Atitlan

‘5-10 1/sec

2.Lithotacies o
a;Upper Aquifer (Oa-p-Qv)
b:Lower Aquifer (Tv)
¢! Barwment. Rocks

3.Geological Structure

a:Rasin Structire

b:Fractured Zone
Decp Weatherad 7one
o:local Basin / Weathering - C:low

7=43

4.C]ass:Avai]ubility of Groundwater

in Terms of Quanti

A:High

B:Medium

ty/Qual ity




‘Table 7.2.2 Result of Hydrogeological Survey by Municipality (3).
{Probability of New Water Sources Development) o

Hydroseotégicai'Conditions

aMore than 10 1/acc

b:

810 1/sec

c:less than 5 1/sec

a:lipper Aquifer (On-Qp'Qv)

b:Lower Aquifer(Tv): - .
:Pacement Rocks -

7-44

a:Basin Structere -

* biFractured Zone -

Deep Weathered Zone
c:local Basin / Iauﬂuring

in Terws o

- AsHigh
Briedium
"Crlo

" FOTONICAPAN . o o S : _
B o Water Sources (1/s) | Water Quality Hydrogealogical Conditions - Lo
No.| Munichipality e R . .Ec . Productivity of | R Geological | Class
* ' N 1 p .| m | P |(250) |Existing Well |Lithofacies | Structure |~
' (i/s) ' ' A
1 | Totonicapan
2 ) San Cristohal Totonic. _ _ g o
-3 | San Francisco el Alto 6.7 - - BB B8 '+ b>alQa} c
4 | San Ardres Xecul- 2.3 - - 6.0 104 "~ braf@p) a A
§ | Womostenanga 4.2 - - 6.5 94 S b B
"6 | Santa Maria Chigquimula :
7' Santa Lucia 1a Reforsa
8 | San Bartolo Aguas Cal.
Hydrogeulogica{'Conditions
" QUETZALTEMANGO . e _ _ .
' - Water Sources (1/s) | Water Quality Hydrogeological Conditions :}'
No.| Munichipality Fc Productivity of | . Geological | Class
N P R PK {25°C) | Existing Well | Lithofacies | Structure’
. ' (1/s)
1 | Quetzaltenango .
2| Salcaja B
3 ] Olintepeque . 0.94 11.13 - 6.5 "2e7 1113 a8 “ al2p) ah A
4 { San Carlos §ija 2.80 - - .2| 100 { - boafap) - bc B
5 | Sibilia ' ' ' -
§ ) Cabrican i L ]
1 Cajola 1.84 | - - 6.0 62 a(Qa) b a A
8 | San Miguel Siguila ' o
g | San Juan Ostuncalco
10 | San Mateo ) :
11 | Cpcion, Chiquirichapa | 11.57( - - 6.0 220 bra(lp) bee B
12 | San M. Sacatepequez 3.1% - - _ © a{lv)+b 'y A
13 ] Almolonga 23.8736.80| - 6:5] 356 1230 a | bda(Balv}’ ‘8
14 | Cantel ' : Lo
15 | Huitan g9t - - - - bre ‘e ¢
16 | Zunil ' '
i1 1 Colomba K a{Qv) _ a A
18 | San Francisce la Unjon | 0.581 - - 6.5 127 i algple bee B
19 | El Palmar ; : B ' ’
20 | Coatepeque ) '- _ : .
21 | Genova NI - 5.0 89 {oaley) e B
22 | Flores Costa Cuca 2.25 - (9.27) - 6.5 93 9.27 b I afgv) . ¢ B
23 | La Esperanza i _ ! o oo
24 | Palestina - jase| - | 65| 46| 13.83; a f, b b i B
) : : i 1 ’ N
}. Productivity of Existing Well  Z.lithofacies 3.Geological Structure 4.C!m:ﬂyail_d)iliﬁ_af Grouedeat.er

f Quantity/Qmlity

|-.v.'>¥-



-

" Table 723 Result of Electrical 3esi_s_l:i_vit)r Sounding (c.arried out in Phase I)

. * Pasber & Depth of] Main Auifer Characteristics -1 Recommended  + Site & Productivity
[ No. " | Mumicipality | E/R Sounding - | Aparent | Depth for Test Well bf existing
o Nmber | Depth Lithotacies Resistivity Thickness  Sile “Depth Yell
lipoints) (@-w) - (Qm) (m} (w) (1/sec)
o : ' IR : About. 300ms.
Gu 2 | San José Pioula 5 ]180~300 ! Upper rhynlitic welded tuff 32~312 | 120 | South of E-Z 150~{200) 5.68
N ' with thin lava flows (Tv) (Fig 2.1.2)
Pumice sediments {Qp) and :
o : pyroclastic rocks with lava T~140 70~490 | Between E-2
Gu 8 | San Pedro 13 |360~330 | tlows and waterlain sediments (Tv} and E-3 200 3.40
Sacatépequez Andesitic/Basaltic -
fractured lava fiow (Tv} 532~600 280+ ¢ (Fig 2.1.3 ) —
o Andesitic/Pesaltic fractured
Sall | Santa Meria & | 180~340 | lava flow with pyroclastic 700~1,460 | - 200+ | E-3 point | 150~{200) 6. 00
de Jesus | ¢ rocks - {Qv} {Fig 2.1.4 )|
g . _ Tuaffaceous sandstone/ _ About 100ms.
| h 3| San Martin 4 | 260320 | Sandstone with tuffbreccia 26504 | 7090 |S.W.of E-2 200 18.90
: Jilotepeque - and tuff (Miocene) ' {Fig 2.1.5 )
' _ . _ Abotrt 140ms.
th 4| San Jumn 5 - | 260320 | Dacitic/Andesitic tuffbreccia with| 116~675 | 300% |South of E-2 200 5.80
| Comnlapa o lova tlows and tuffs(Tv] ' {Fig 2.1.6 )
. T | macitic/Andesitic/Basaltic
So 1| Salola 3 | 260~360 | fractured lava flow with 406~1,125 | 90~200 | E-4 point 200 -
pyroclastic rocks (Tv) : {Fig 2.1.7}
_ - . Between E-1
So 4 | Santa Lucia § | 260~360 | Dacitic/Andesitic lava Hlow 410~720 260 and E-3 200 -
Utatlan with pyroclastic rocks (Tv) ) " | {Fig 2.1.8 )
o g _ ' About. 500ms.
To § | Momostenango 2 | 300~340 | Andesitic/Basaltic fractured lava |568~1,530.0 200+ |N.E.of E-] (2un)~25(1 -
- fiow with pyroclastic rocks {Tv) (Fig 2.1.9 ) '
o o ' - About. 350ms.
Qul8 | San Francisco § | 340~400 | Andesitic/Besaltic fractured lava |443~1,600 | 250+ | East of E-2 | (200}~250 -
la Inion * | tlow with pyroclastic rocks (Iv). ) {Fig 2.1.10)
" Table 7.2.3 Result of Electrical Resistivity Sounding (carried out in Phase II)
. Number & Depth of | Main Aquifer Cliaracteristics Recommended
No. | Mmicipality F/R Sounding ! Aparent Dreilling
‘ : Mmber |  Depth | Lithofacies Resistivity Depth
. {points () _ (Cn) (em)
Gu 3| San Jose del Golfo 3. | - 200240 ' Pyroclastic rocks with lava tlow (Tv) 56~416 150
, _ _ 1 .
S0 5 | Nabuala 3 140~180 | Pyroclastic rocks with lava flow (Tv) 23~700 200
: |
Qu 4 | San Carlos Sija 3 300 ; Andesitic Java flow {Tv) 53~700 200
Qu 7] Cajola 3 | 320-340  Pumice sediments(Qp) and Andesitic lava flow (Tv)l 840~1,500 200
| 0u21 | Génava 3 200~300 - | Pyroclastic(Volcanicand) tow {Qv) | 240 180
S : : : f
Gu2? | Plores Costa Coca 4 140~300 ' Pyroclagtic(Yolcanicmd) flow (@) L gI344 180
Ta 5 | Mmoetenangn i 150 Andesitic lava flows with Pyrcclastica G&~1, 080 150
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Table:7.2.6 Results of _. Ion Com’pohent_ AnaiYSiS '

Ca

§04 iAlcalinity -

Location - Mg | Na K il
| | =i e oH 8.3 pH 4
[EST DRILLING WELLS | S R B
1 S.P.SACATEPEQUEZ | 16.29 6.941 21.8 8.67 | 8.37 0 § 0 87
2 S.JPINULA 5212 24.5{11.36 12.12:18.83 0 = 0 146.55
3 S.M. DE JESUS | 44.79 20.33%17.11  6.18{ 9.76 ~ 0: 0 140.91
4 $.M.JILOTEPEQUE | 22.8 9.827 17.1 7.92{ 8,37 ~ . 0i = 0112.73}.
5 S.J. COMALAPA 14.66 6.35% 9.16 3.11% 7.67  0i 0 74.09
6 SOLOLA 16.20° 7.93i16.28 7.211 8.37 0f 011113
7 S.L.UTITLAN 20,96 8.4312.32 4.16} 6.28  0i 0 76.15
8 MOMOSTENANGO 1303 2.28: 7.92 5.66% 4.8  0: 0 53.51
9 S.F. LA UNION A A A [ S
10 GENOVA 19.55 12.6}22.36 16.11°13.25 0:12.35 158.47
diﬁ;}éiiéi---------'----i---------v—‘ -«-v—ﬂv«ll»-----—--~-~-~:-—---~--------------»-«;—-----—----------ij ----- ; -----------------------
S.J. PINULA P ; R
SPRING NO.1  |13.03° 5.75| 5.13 0.86: 8.37  0f 0 48.85
SPRING NO.2 42.35 20.44 151 11.03:i36.26 0 0 84.85
SPRING NO.3 | 19.55 8.63} 12 12.3122.32 0 -0 46.97
SPRING NO.4 16.29 8.43 11.1 1.356/11.16 .0 0 56.36
DUG WELL 50,49 31,81} 18.7  3.9{65.55 01 0 92.06
COMALAPA o S § -
SPRING NO.1 - |17.92 8.53 | 6.46 4.58 . 9.07 01 61.74
SPRING NO.2 | 13.85 5.06: 13.7- 4.92710.46 0t 0 -74.09
SOLOLA SRR T AT |
EXISTING TANK |30.95 1.88 6.74 3.11{ 9.76 0 0 59.68
© WATER FALL 30.95 11.11% 16.6 5.11:°6.76 36.92) .0 92.61
S.P. SACATEPEQUEZ S S B
SPRING 21.28 13.83 ¢ 5:.97  2.31 }22.32 0t 0100.84
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7.3 Groundwater Development Potential
7.3.1 Estimation of Groundwater Development Potential

Little experience has been accumulated on the groundwater
development in the Study Area. Hence, insufficient data on
hydrogeological information like drilling logs, results of
‘pumping tests and continuous monitoring of the groundwater
level and rainfall preclude detailed evaluation of the
development scale.

Groundwater development in the Study Area will be based on
the upper and lower aquifers in the Pleistocene volcanic’
and the Tertiary'volcaniC'rocks respectiVely

The aquifer in the Pleistocene volcanic is expected to be
especially productive, but its thickness is insufficient
for a stable extraction. Therefore, the Tertiary volcanic
will be the prinC1pal target for future water source
_development.

For tentative potential evaluation, two methods'.were
applied: the assumed infiltration ratio into the aquifer by
geological condition, and the base flow in the dry season.

(1) Estimation of infiltration ratio

Annual rainfall in ‘the municipalities was estimated from
the rainfall record. - When the municipality did not have a
rainfall station, a neighboring station was chcsen and its
records were adopted for analysis.

Each recharge area was demarcated on the topographic map
-with a scale of 1:50,000. This area was used for the
‘calculation of groundwater potential.:-The river basin is
basxcally used as recharge area, however, when the river
basin is very big like Villa Canales and Villa Nueva 50
km2 was applied as the upper bhound.

Infiltration factor was applied in the calculation of the

groundwater potential. This factor is the ratio of the
rainfall that has infiltrated into the aquifer. Adopted to -
represent this factor is the value indicated in the report
"Plan Maestro de Riego y Drenaje, Caracterizacidn
Hidroclimatica e . Hidrogeologia" by - Ministerio de
Agricultura, Ganaderia y Alimentacién in 1990. The assumed
aquifer recharge from the annual rainfall by geology is as

fcllows
- Basement Rock 2%
-~ Tertiary Volcanic Rocks (Tv) 10%
- Pleistocene Volcanic (Qp) 15%
- Alluvial Deposit (Qa) = 10%
. - Holocene Volcanic (Qv) . 18%



. Therefore, the annual: groundwater potential was calculated
as follows.

Annual
Groundwatex “Annual Recharge Infiltration
;Potential. =.'Rainfall X Area : x Factor

'7(2) Estlmatlon by river base flow

The value of a river ‘base flow in the dry season is
. generally regarded as groundwater recharge. Therefore, the
.groundwater potential is simply estimated from this value
~and. the recharge area.

~ From the results of the discharge records during 1960 -

. .'1980 and spot measurements in April - May of 1994, specific

. discharge of the base flow is estimated at about 5
- 2/sec/km2 in most . of the Study Area which has about 1,000
“mm of annual rainfall, and around 10 &/sec/km2 in the
southern part of Quetzaltenangoe which has an annual
rainfall of:about 3,000 mm. '

. Annual Groundwater . Base . Recharge
Potential . '= Flow x Area

Table 7.3.1 shows the results of both calculations. These
values represent a tentative evaluation, and the values
calculated by infiltration are shown in the hydrogeological
map {(Fig.7.2.1). This potential should be revised with the
monitoring data indicated in Section 7.3.3.

This potential is calculated for the recharge area of each
municipality, and corresponds to the total production in
the area. . - X

The yielding capacity of one well is estlmated at about 5
£ /sec, the same as the value of base flow, because 1 km® is
generally regarded as the unit of the recharge area for one
well, .and, this capacity corresponds to the records of
existing wells.

However, the test drilling results showed that the capacity
‘of one well is much higher than this value, as described in
Section 7.2., because of the peculiar hydrogeclogical
‘features of the area, specially of the fault system.

Detailed development potential of the 10.municipalities

selected for the FeaSLbillty Study is discussed in the next
section.
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7.3.2 Groundwater Development Stfategy:for'lo Municipalities
(1) San Jose Pinula .. . .

"The town is located in the graben-type groundwater basin
where the upper aquifer of Pleistocene pumice sediments and
the lower aquifer of Tertiary volcanic rocks with clastlc'
sediments are intercalated. Between these aquifers, there
is an unsaturated dry zone. Since the upper aquifer is not

- thick (several meters) and +the . water table largely

- fluctuates seasonally, - groundwater in ' this aquifer is
-unstable and is not therefore utlllzed as a public supply
source o : .

‘The lower aquifer which consists of basaltic to rhyolltlc
‘brecciated lavas and gravel beds with quartz ‘sand, is the
main aguifer of the basin. The existing water supply .source
is the groundwater of this lower aqulfer pumped through 3
wells with a depth of 120 meters,and daily production of

. '613.2m3., The yielding capaC1ty of the '3 wells ranges from
1 45 to 9.46L/s, averaging 4,68R/s (74 2 GPM).

On the other hand the yielding capacity of the- test well_
was 31.232/s (495 GPM) with a drawdown of 11.90 meters. The
depth of the test well is 180 meters and the static water

level is 6.84 maters B.G.L. The difference in the -yielding.

capacities of the existing wells and the test well may be
-.caused by the following two reasons

(a)' The test well is 60 meters deeper than the existing
wells and struck a. confined aqulfer

(b) The test well was properly located focusing -on - the
fault system, based on hydrogeologlcal and geophys;cal
survey .

Whereas the projected water demand of the municipality in
the year 2010 is 3,095m3/day (26.44/s), the shortage can be
covered by the test well if it is utlllzed as a productlon
well. . .

The estimated groundwater potential and water balance of
the groundwater sub-basin in the year 2010 are as follows:

- Recharge area . ‘16km?2

- Annual rainfall : 1, 650mm

- Infiltration ratio -_14 5%

- Groundwater potential - 10, 488m3/day
- Pumping discharge in 2010 3, 095m3/dey
-~ Balance 7,393m3_

(2) - San Pedro Sacatepéquez
The town is situated in a geotectonic.intramountain river .

basin controlled by faults of NW-SE, NS and . NE-SW
directions. The groundwater bearing layers of the river
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basin are Pleistocene pumice sediments (upper aquifer) and
locally fractured basaltic. to andesitic wvolecanic rocks of
the Tertiary (lower aquifer) formation. In general, an

" unsaturated dry zone separates the upper and lower aquifers

which are unconfined and semi-confined aquifers,
respectively.

"The thickness of the upper aquifer ranges-from several

meters to 20 meters and many small scale springs, the
important water resources in the area for domestic and
agricultural use, gush out from this upper aquifer. The
total daily discharge from the springs is estimated at more

~than 400m?, of which 212m?/day is used as municipal water

supply.

.-Groundﬁater occurrence and the characteristics of the lower

aquifer in Tertiary volcanic rocks were unknown, as only

. the record of one existing well was available. The

discharge rate of the existing well is 3.46,492/s, and the
daily production is 97.9m® for an 8 hour pumping rate. The
yielding capacity of the test well is 20.19¢/s (320 GPM),
with a drawdown of 67.29 meters. The static water level in
this well is 41.56 meters B.G.S. in the lower aquifer,

Since thé water deniand in 2010 is 1,572m3/day and its
estimated supply shortage is 1,278m3/day (14.82/s), the

- shortage can be covered by this test well.

The estimated groundwater potential and water balance in
the area in 2010 are as follows.

. = Recharge area 4.0km?
- Annual rainfall 1,032mm
" - Infiltration ratio 13.0%
- Groundwater potential - 1,470(~1,728)m?*/day =

- Pumping discharge in 2010 1,760 m3/day *
. (including spring water)
- Balance : : 290{(~-32)m3

#1: Groundwater potential estimated by infiltration factor is 1,470m*/day. and 1,728r%/day
by base. flow flow factor.

*2:  preakdown of pumping dischafge {including spring water) in 2010 is as follows:

'~ Pumping discharge from 2 wells 1,572m3/day

- Spring water for agricultural use 188m? /day

Since the water balance in this area in 2010 will become
negative at a value between 290 to 300m®/day, the

‘groundwater monitoring is very important, as described in

the next section. . :

(3) Santa Maria de Jesus

Aé shown in Fig{'?.z;lj(z) and 7.2.4, the well is located
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:on ‘a “flat: plain ‘(Sabana Grande)'-surrounded by - steep
“mountains. The basin is mainly-: filled up with: Quaternary
volcanic rocks originating from -Volcan de Agua, and the

-basement is formed by slightly permeable Tertiary ‘voleanic
”rocksl ' o :

ThlS basin ‘has two aquifers ‘the upper .and 1ower aquifers,
-which are separated by an unsaturated dry zone. The water -
table is 16 meters B.G.S. in the: upper. aquifer .and 163
meters B.G.S. in the lower aquifer. B .

: The.yielding'capa01ty of the 1ower aquifer, confirmed by
test drilling, is 17.79¢/s (282 GPM) with a drawdown .of
3.53 meters, while the yielding capacity of the ex1st1ng
well is 6. OQ/S ({95 GPM). ,

lhe water demand in 2010 is 2 308m3/day, and the ‘supply

shortage ‘of 1,617m3/day (18. 73/s) can be covered by the
production from the test well '

The ‘estimated groundwater potential and water balance in
the groundwater basin in 2010 are as follows :

- Rechange area 14.0km?

- Annual rainfall o 1,22%9mm

- Infiltration ratio - ~13.0% -

- Groundwater potential - 7,071m?/day

- Pumping discharge in 2010 2,308m3/day
" - Balance . 4,763m3

(4) San Martin Jilotepeque

The municipal area is situated in the_intramountain basin
of the Pixcaya River basin, consisting mainly of Tertiary
volcanic rocks. : I . :

The main agquifer of the basin is in a layer of fractured
and auto-brecciated andesitic to basaltic lavas of Tertiary
volcanic rocks. The yielding capacity of the aquifer.
confirmed by test drilling is 25.30¢/s (400 GPM) with a
drawdown of 9.63 meters, and the static water level is 82
meters B.G.S., while the yvielding cap301ty of the existing
well is 6. Oﬂ/s (95 GPM}, :

Production from the test well can couer the estimated

municipal water supply shortage of 1 032m3/day (11.952/s)
in 2010

The estimated groundwater potential and water balance of
the basin in 2010 are as follows

- Recharge area ~7.0km2

- Annual rainfall 1,272mm

- Infiltration ratio : 15 0%

- Groundwater potential 3 659m3/day

-~ Pumping discharge in- 2010 1,550m2/day
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- Balance-". e B 2,109m3

(5) San Juan Comalapa

The munlclpal area is located in the intramountain. basin of
the Pixcaya River system, consisting mainly of Pleistocene
pumice sediments (upper .aquifer) and Tertlary volcanic
rocks (lower aqulfer) .

'.The upper _aqulfer is composed of relatively highly

permeable layer of pumice sediments with lake deposits of

" sandy materials  several meters thick. There  are many

springs gushing out from the upper aquifer, and the
estimated total discharge is more than 15&/s.

The.lower aguifer is in a layer of partially fraotured

. welded tuffs of the Tertiary. The productivity of the test

well drilled down to .the lower aquifer is not high at
15.78¢8/s (1,363m?/day, 250 GPM}, with a huge drawdown of

.- 156.4m from the static water level of 28.94 meters B.G.S.
‘For a cost effective pumping, drawdown. should be lowered to

within 80~90 meters by reducing the pumping rate to 12.0¢/s
(about 1,000m2/day, 190 GPM). The existing well in this
town yields 6.421/s (102 GPM).

Since the supply'shortage is estimated at 1,954m3/day in
2010, the development of one more well producing about
1,000m3/day is required in order to meet the demand in

2010.

The point recommended  for drilling the additional well is
shown in Fig. 9.1.5, based on hydrogeological surveys.
However, more detailed surveys should be conducted to
determine the proper location and depth of the well prior
to undertaking construction work.

The estimated groundwater potential and water balance of
the basin in 2010 are as follows:

- Recharge area 16.0km?2
- Annual rainfall 1,414mm
- Infiltration ratio _ 13 0%
- -"Groundwater potential 8 058m3/day
© - Total discharge in 2010 3,793m3/day
- (from 3 deep wells) (2,493m3/day)
(from springs) - {1,300m3/day) .

- Balance _ 4,265m3

(B) Soiolé

,;'The area in Solola for groundwater development is on a flat
. plateau. about 2 kilometers north of the city, where the

Tertiary volcanic rocks. with clastic sediments (lower
agquifer) is unconformably overlain by -thin Pleistocene

pumice sediments (upper aguifer).
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The upper aQUifer is only several meters thick in the area,

- but springs gushing cut from the aguifer discharge a total
amount of more than 45¢/s (3,888m3/day). An. unsaturated dry -

zone separates the upper and lower aquifers.

The main . lithological units of the lower aquifer are'

auto- brecciated and fractured ‘basaltic to: andestic lavas
and tuffaceous coarse grained  sandstone. ' The yielding

capacity of the lower aquifer, confirmed by test. drilling,

is 24.594/s (390 GPM) with a drawdown of- 54 86 meters
Static water level is 71 63 meters B 'G. S

if thlS test well is used as a production well the pumping
rate should be reduced from 24.59¢/s to a 13.0~14.02/s
- (1,100~1,200m?/day), in order to keep the pumping level at
less than 100m B.G. S.,' fOr safe pumping (economical
pumping).

" To cover up the supply shortage of the municipality in 2010
‘which is estimated at 2,172m3/day (25. l42/s), another well
should be constructed in addition to the test well.. '

The site recommended for the additional well was selected
by conducting hydrogeological surveys; and shown in’ Fig.
9.1.6. However, a more detailed survey is required prior to
well construction in order to properly pinpOint the well
site and determine well depth,.

The estimated groundwater development potential and water
balance of ‘the area in 2010 are as. follows S

- Recharge area _ 18.5krn2

- annual rainfall 1,081mm

- Infiltration ratio~ 14.5% .

~ Groundwater potential = 7,945m3/day -

- Total discharge in 2010 6,060m3/day
(from deep wells) - . {(2,127m® /day)
(from springs) - {3,888m?3/day)

- Balance 1,885m3

(7) Santa Lucia Utatlan

The municipal area is located -in the- 1ntramountain baSin of
Rio Quiscab, consisting mainly of Tertiary volcanic rocks
conformably overlain by thin pumice sediments of  the
Pleistocene.

The main aquifer is in the fractured portion of the
Tertiary volcanic rocks.  The test drilling site was.
selected targeting the fractured zone of auto-brecciated
dacitic rocks along the NE-SW lineament, which sharply
controls the flow direction of streams. The yielding
capacity of the fractured zone, confirmed by test drilling,
ig 10.228/s (162 GPM) with a drawdown of 9.13 meters. The
static water level is 131.45 meters B.G.S. The supply
- shortage of the municipality in 2010 which is estimated at

344m3/day (3.982/s3), can be suff101ently covered up by the'

production of this test well.
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The - éstimated groundwater potential and water balance of
" the area 1n 2010 are as follows:

- Recharge area . . 5km2
. .= Annual rainfall 1,341mm
.= Infiltration ratio 13.5% o
. = Groundwater potentlal 2,480m?3 /day
- Total discharge in- 2010 506m?3 /day
" (from deep well} (344m3/day)
(from springs) {162m3/day)
1,974m?

- Balance

(8) Momostenango

The municipal area is located on the mountainous highland
of Tertiary volecanic rocks. A hot spring (48.1liic, pH 6.5,

EC 94 ps/cm) gushes out from the river bed. Test drilling
has revealed the possibility of extracting potable water
(20.05c, pH 7.0, EC 53 ps/cm), even in the geothermal area.

The main aquifers of the area, confirmed by test drilling,
are found in layers of the fractured dacitic and andestic -
lavas. and: tuffaceous coarse sandstone, and the yielding

" capacity of the well is 12.62¢/s (200 GPM) with a drawdown
of 70.3 meters. The static water level 1is 63.5 meters
B.G.S.

One more well should be constructed to cover up the supply
shortage of the municipality in 2010 which is estimated at
1,955m3/day (22.632/s8). The site recommended for the
additional well is shown in Fig. 9.1.8, however the final
drilling point and depth shall be determined after
conducting further detailed hydrogeclogical survey.

:The.éstimated groundwater development potehtial and water
balance of the area in 2010 are as follows:

- Recharge area 18,0km?=
- Annual rainfall 1,341mm

- Infiltration ratio 10.0% :

- Groundwater potential 6,613m3/day

- Total discharge in 2010 3,182m3 /day

{ from deep wells)
{ from sprlngs)
- Balance

(1,955m3 /day)
(1, 227m3/day)
3,431m?

(9) San Francisco La Union

The municipal area is situated in the intramountain basin
. of the Rio Salama system, consisting of Pleistocene pumice
sediments (upper agquifer) and Tertiary volcanic rocks. As
described in:Section 7.2.2 (3), the . test drilling has
revealed that this area is very dlfficult for groundwater
development by deep well construction, due to the existence
of a very porous unsaturated dry zone between the upper and
~ lower . aqulfers (see Fig. 7.2.10 (1) ).
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7.3,

‘Therefore, - the’ upperf' aqniferf develobmentf'lby'z-the
construction of a large but shallow well is recommended to -

be more effective ‘and economical. Part1dularly, since the
supply shortage of the munlcipallty in 2010-1s estimated to
be small at -271m2/day (50 GPM). The site and design

recommended for the shallow well are’ shown in Flg.-? 2.10

(Z2) and Fig. 9.1, 9

The estimated groundwater potential and water balance of

the municipallty in 2010 are as follows

- Recharge area '6km2

- Annual rainfall = 843mm

-~ Infiltration ratio - = 13.5% :
- Groundwater‘potential'.-1,871m3/day
- Discharge in 2010 © 0 271m3 /day
'~'Balance_ - o 1,600m3 -
_(10) Genova

The municipal area is located on the flat plaln at the foot

~of Quaternary volcances, consisting of pyroclastlc rocks

3

with thin lavas and VOlC&nlC mud - flow layers.’

The main aquifer of the area, conflrmed by test drilllng,

is the fractured layer of andesitic lavas of Quaternary'

volcanic ‘rocks and the yielding capacity is 12.622/s (200
GPM) with a drawdown of 88.36 meters The stetlo water
level is 27.85 meter B.G.S. - :

The supply shortage of the munlclpality in 2010 whlch is
estimated at 770m3/day (8.922/s) can be covered up by the
production of the test well. The existing spring water

source (3.032/s)  should be utilized for agriCulture'

instead.

The estimated groundwater potential - and water balance of

the area in 2010 are as follows:

- Recharge area .. 10km? -

- Annual rainfall : 3,640mm~

- Infiltration ratio 15.0%

- Groundwater potential 14,959m3/day
- Pumping dlscharge 770m? /day

- Balance i4,189m3

Groundwater Level and Monitaring Plan
(1) Objectives of Monitoring-
Groundwater rescurce development in this Study Area is in
the initial stage, therefore, no monitoring system has been
installed in any of the candidate municipalltles.

The objectives of the grcundwater‘monitoring-required in
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the Study Area are summarized below:

- to collect basic hydrological data to analyzé water
balance in the hydrogeological basin, and to evaluate
future groundwater development potential

- -to colleét basic hydrological and water quality data,
' as well as their long term variations, for a rational
-river basin management

(2) Installation of Groundwater Level and Rainfall
Recorders

Aﬁtomatic rainfall and groundwater level recorders were
installed at the wells in the 3 municipalities of San José
Pinula, San Pedro Sacatepégquez and Comalapa (See Fig.
2.6.1}). :

The.monitoring_fesults so far obtained by December 1994 are
degcribed below.

(a) San José Pinula Stafion

The groundwater level of the existing well in San José
Pinula has been periodically measured by use of a handy
water level detector from June 1994, This well was drilled
by the municipal government to a depth of 213 m, but was
abandoned because of low productivity, 0.76 &/sec. The
automatic water level recorder was installed at this well
~and a continuous record has been taken since November 16,
1994, o

Fig. 7.3.1 shows the fluctuation in water level in the past
6 months. The groundwater level was around 32.16 m from
“June to September, and has gradually increased from
October. '

(b) San Pedro Sacatepéquez

'The test drilling well in San Pedro Sacatepéquez was used
for water level monitoring. Information on the well is as
described in Section 7.2.2.

(9) Comalapa

Monitoring equipment was installed at the test drilling
well in Comalapa. Information on the well is as described
in Section 7.2.2. '

Monitoring will be continued by INFOM, and the results will

be utilized for water resources investigation in the
future.
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Table 7.3.1

Tentative Evaluatioh:ofu.,
the .Groundwater Developmen

t Potentiality (1/2).°

No. | Department: . Municipality - A.RAIN P.Area {Geology " Percentage . Potential (m3/day}
S (we) | (m2) | Type {BR|TvlQv.!Gp|Qa by tiltration by base flow
i T ' -

|
1| Guatemala . . | Chinautla 1135 3 ?vup' ol -} -t30} - 1278 - 1296
2 Chuarrancho 1063 4 B B e O Pt ST -
2 Mixco 1197 16 [TVQP2 -180} 120} - 5772 6912
1 San José del Golfo | 1083 | 3.5 BR a0 s0f ~| -1~ e 693 1512
5 San José Pinula 1850 | .- 16 [TVOPZ =Py -0 - - 10488 . 8812
] San Juan Sacatepéquez 103z |- W Pn 70| -4 ~j30 ) - . 2335 6048
7 San Raymundo . 1122 7BR 1030 -|601 - | 2826 3024
3 Santa Catarina Pinula | 1343 | 12 frvap -lio] -9 - §400 5184
3 Villa Canales 1524 60 TYAL “lea} -|40] = 25052 21600
10 Villa Nueva 1213 50 FVQP -t - -en ] - 24925 | 21600
1 San Pedro Ayampuc 1063 10 BR saja0f -{ -| - 1048 4320
12 San Pedro Sacatepequez | 1032 ajvapz | - |d8) - 60| - 1470 | 1728
12 | Sacatepaquez | Cluded Vieja | 992 | 15 Q¥ -t30 f40i - |40 15300 §480
14 " | Jocotenango | resrorns fvan - a0 - |20} - 3573 1368
15 Magdalena Milpas Altas ; 1031 4] -1e0) -1doi - " 1386 1728
16 San Antonio Aguas C. | 992 5 (TVAL. -0 -| -1{10 1359 2160
11 San Bartolome . Altas | 1031 | - 3TY ST A A 847 1296
18 Santa Lucia M. Altas 1031 2.5 {TVQP2 ~la| -18 4 - - 983 1080
19 Santa Marfa de Jesus 1228 14 Qv ~1-hoo - - 7011 6048
20 ‘Santa Catarina Barahona | 992 3 TVAL . -|70f -] -{30 215 1296
21 | Chimaltenango | Comalapa 1414 16 F’VQPZ 401 1601 - 3058 6912
22 El Tejar 1234 6 [TVQP -l60f -la0} - 2434 2592
23 Patzicia 1283 | 5.5 TVQP2 <lae] ~lrei - 2610 2376
24 Patzun _ 1283 | 18 ]T¥QP2 -0 -1 ~qp0a] - 8481 7176
25 San Jose Poaquil 121z 6.5 MV 11T A R C 2265 2808
26 San Martin Jilotepeque 1272 T R R i i 7. 3859 3024
21 Zaragoza 1283 [l -ls0) -|40} - 2953 3024
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Table

7.3.1 Tentative Evaluation of

the Groundwater Development Potentiality (2/2)?

i. Departsent Wunicipality A RAIN r.Area { Geology Percentage Potential [md/day)
| | fwa) | (ke2) | Type [BR|TvlQv!Qp]aa by filtration by base flox
- ‘ | | H -
i ]
i i
28 Folulﬁ Soleta 1081 | 18.5 TVQP2 -l -i90} - 1945 | 1992
291 Nahuala 1341 41 gvupz ~|s0! -t} - 15816 | 17712
30 San Andres Semetabaj 1616 |- 4 T¥QP2 -i50] -|s58| - 1384 1728
31 San Antonio Palopo 1010 2.5V -l -3 - 796 1080
32 San Juan la Lagina 1010 13| -1584 - |40}10 4317 5616
33 San Marcos la Laguna -1019 B ?VAL -9} -{ -110 1660 2592
34 San Pablo la Laguna 1010 6 TVAL -lgo) -} -q10 1660 2592
35 Santa Catarina ixtshoaca 1341 18 [V -l1oq - |30 - 5760 6912
36 Santa Catarina Palopo 1010 | 2.5 ?v -1s0b -0} - 1017 1512
17 Santa Clara la Laguna 1010 3 Irvgp2 -l -jsal - 1204 1296
13 Santa Cruz la lLaguna 1810 2 IFYAL | = 51 -|98) - 316 864
39 Santa Lucia Utatlan 1341 5 [TVRP2 -lsg) -0 - 2480 2150
|
40 Totonicapﬁn Homostenango 1341 13 hv -0 - - - E613 1116
41 San Andres Xecul 343 § qup -lsol ~(s0] - 1732 2592
42 San Franeisco el Alte 1341 4.5 Ivapz -0 -~ 1501 - 2087 1944
43 |Quetzaltenango. | Almolonga 1594 11 rvap -l -3 - 5524 4752
44 ' Colomba 3423 5 Qv -y -uog| -} - 7034 7160
4% Concepcion Chiquirichapa 2100 | 10,% [TYQP2 ~{7y ~1307 ~ 6347 4536
15 Cajola 1057 | 34 Tvap -tesd -1 5] - 10092 14688
47 Flores Costa Cuca 3640 9 av -~ 300 -1 - 13483 3588
48 Genova 3640 10 Qv -0 -hpaf - - 14959 4320
42 Huitan 936! 6.5 BR 080 -| -1 - 846 2376
50 Olintepeque 843 3.5 hvar - -13e} - 930 1512
51 Palestina de los Altos 1627 ¥ FV -y -3 - 5501 7344
52 San Carlos Sija 1027 18 FVOPZ vi30) -14061 - 4862 7776
53 San Francisco la Union | 843 | 6 (I'vQp2 S I 1 I I £ 3 S 1871 25492
54 San M. Sacatepéquez j 2100 10 bVQP -8 -y - 6329 i 4320
’ I i | i i b
: : L : i .




SAN JOSE- PINULA

~32.4

—325 ,
JUNE LY Alg 3¢p - Oct Nov Oee

i

Fig 7.3.1 Daily Groundwater Level
: - in San Jose Pinula
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