7.2
7.2.1

fThe groundwater bearing layers .of the - Study Area are'_
_generally clagssified into the upper aquifer and the lower -

_fQuaternary volcanic rocks,  such as  Pleistocene . pumice

Hydrogeology

General Hydrogeological Feature of the Study Area

aquifer. The upper aquifer is. composed principally -of

_:sediments Holocene lava: flows,_ and, . in-  some ~places,

- .alluvial deposits. The lower aquifer cons;sts basically of .

- latitic to: dacitic -welded tuffs  and’ -locally - fractured

andesitic to basaltic lava flows of the: Tertiary.: . However,

'~_whereabouts of this lower aquifer is not ‘yet well known,

Accordingly, well drilling activities ‘have been -very

‘limited. '~ It is, therefore, very 1mportant to  properly

locate drilling sites based on ' careful and detailed

o zhydrogeological investigations.

Hydrogeologically, ‘the basement group consisting of

metamorphic rocks, Cretaceous series and intru51ve rocks is -

an groundwater basin However, - sheared - or fractured

limestone of "the Cretaceous’ series’ is regarded as local

'-volcanic

aquifer similar to _the lower aquifer of the Tertiary

. The Study Area is divided into 9 main intramountain basins

nearly corresponding with the groundwater basins.  These -
groundwater basins are classified into:the following three -

types based on topographic and geological features. ;

Graben Type

- RlO las Vacas- Lago Amatitlan basin (Guatemala Valley)
Compound Type of Local Grabens '

- Rio Platanos Basin (Guatemala)

- Rio Samaléd Basin (Quetzaltenango)

- - Rio Aguacapa Basin (Guatemala) =

- Rio Pixcaya Basin (Chimaltenango Guatemala)

River Ba31n Type

= Rio Chixoy o Negro Basin (Totonicapén)
- Rio Coyolate Basin (Sacatepéquez)

- Rio Guacalate Basin (Sacatepéquez)

- Lago Atitlan Basin (Sololé)

0f  the - above mentioned groundwater basins the upperh
aquifers of Rio las Vacas-Lago Amatitlan, Rio Samala and

Ric Guacalate bas;ns are. relatively well’ developed._ .

Although existing well records are 1nsufficient 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).
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Rio Las Vacas/Lago B o . 14.23

Amatltlan ;'58 .22'57 ' .

| Ric Samala 3.15 - 68.81 20.86
'-_-Igio Guacalate. | - 3.78 - 17.70 . 9.84"

: Quetzaltenango . 54{369.47 6.84] 30l578.48] 19.28
Nrotonicapan = | . 18] 42.88] 2.38] 3| 19.06 . 6.35
" Isolold . 1 41| v7a.04f 1,81} -| - -

Sacatepéquez 35|125.53| . . 3.48| 14]153.58} - 10,97
lcuatemala 24| 75.47 3.14| 21[278.59 13.26

. 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 highly diversified lithological
features. - Since the water level of this aquifer shows a
large seasonal variation, this aquifer is classified as

"unconfined”. The yielding capacity of this aquifer at
various locations is shown below. '

Prodnotion fange Average Production

per well (1l/sec) | per well (1l/sec)
I ALt Seod Mtk TR A e BA

- in contraStIW1th the upper aquifer, the lower aquifer of'

the Tertlary'volcanlc, 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 geologlcal formation of upper and
lower aqulfers._ :

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

' Quetzaltenango 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 intake

‘water from the lower aquifer. .. -
-Spring. -~ {7 . Groundwater I

No. lo(e/s)|o/nce/s)| No. locess)|a/nieys) |}

. Department

Chimaltinango | 50|253.58]  5.07 3| 19.65/ 6.55

.jevaen though the number of wells drilled down to the lower
. aquxfer is limited, past records led to the conclusion that

the development ‘of the 1ower aquifer is somehow difficult.

"'However,_test drilling_act1v1ties conducted in this Study



o have revealed that the production of wells of the lowerV
.aqu1fer is not small at all as it rariges from 10 to 30
Vliters/second Conclusively, the development of the’ lowerj*
‘aquifer is ‘possible as- long as the well site is: properly -

~located " based- On'_ duly ‘_conducted hydrogeological
-investigations,:*“' B : SRR

Local Hydrogeological 5 Structufei ;and_”"hquifer-:

Characteristics o

;(l) Local Hydrogeological Features:

'”Aerial ' photograph interpretation , geological fwfield':.
_reconnaissance and a. water quality Survey were conducted '
'in and around the 54 municipalities.. These surveys ‘were -

_focused on the following points.

'a) Classification of rock facies and hydrogeological
" features of the basement rocks; Tertiary volcanic rocks,
. and Quaternary volcanic rocks and sediments,

'~b) Confirmation and discrimination of hydrogeological'

_characteristics of ‘faults {lineaments), fractured zones,

weathered zones and basin’ structure, which were observed

oon aerial photographs,

'cjﬁConfirmation “of . various informationﬁfcbtainedfifrom :

existing geological data,

-,d}”Confirmatirxx of actual conditions of existing water

- sources such as springs and. wells, and estimation of the
. probability of : groundwater development in terms of
_ quantity and quality : , L

Based on all the hydrogeological 1nformation obtained'

through the above surveys, the hydrogeological maps

 (1/50,000) were prepared- categorizing groundwater ‘basins
and - sub-basins, - and = the ' potential . for groundwater
._development was assessed by area and- municxpality._Results_“

of the above survey are summarized in Table 7.2.2.

A printed final hydrogeological map was prepared for each

of the unit hydrogeological basins, where the prioritized'-

municipalities are located, at a: scale of 1/50 :000. ' .The

reduced hydrogeological maps are shown in Fig 7 2 1((1)-ii"

(4))..

(2) Geophysical Prospecting

In this Study,*-electrical ‘resistivity -sounding’ was
conducted at 3 to 5 selected points in the 15 prioritized
municipalities employing the equally spaced 4= electrode
arrangement and  McOHM  type. resistivity ' meter. ‘The -
breakdown of the field works in Phase I and Phase II is o

shown in Table 7.2.3.
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" The - drilllng ‘sites and the depth of the test wells were

determined mainly ‘ based on the resistivity sounding

. results. The results were compared with each other to

_‘determine  the well site showing the highest probabillty of
success._

;(3) Test well Drilling wOrks

1) Test well drllling

7.2.3

*After completion of hydrogeological investigations in
Phase I and Phase I1I, 10 points were selected for test
drilling. The purposes of the test drilling were:

- To. confirm - groundwater occurrence and aquifer
characteristics. and to evaluate the potential for
groundwater development in the 10 prioritized

'munlclpalitles.- .

- To examine sultabllity of groundwater as drinking
' water, and alsoc- to study groundwater flow mechanism
- by comparing the chemical components of groundwater
of different aquifers in the groundwater bas1ns or
sub- bas;ns.- : :

- To formulate the groundwater development plan and the
, progect 1mplementation plan.

" Test _well construction followed by  pumping tests

- commenced on August 22, 1994 and was completed on

December 16, 1994. The cumulative drilling depth: of the

- 10, test wells was 1,950 meters. The results are

summarized in Table 7. 2 4. The results of pumping tests
_ are summarized in Table 7.2. 5. :

"Analysis of Ion Co-ponent in Groundwater
The ion component in water quality was analyzed to evaluate

the groundwater flow system (i.e., ~analysis of chemical
compound of groundwater)

. -“Water- samples were taken from 9 test wells and the 10
. points shown in the following table The results of analysis

are shown 1n Table 7 2 6.
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'San Jose Pinula f Spring e
R : Shallow Well_

fComalapa Spring e C=2
R o - {Small spring about 1 km from

_ the town on the way to « ' Lo :
- Panabajal, same way at the - j 1 @
-+ crossing p01nt with Quebrada ‘
de Xetonex)

Solold . Spring ' ' L ' - 1§

L Tl Lo (spring- water collected in .

. “the Existing Tank) . _

: Waterfall L : -1
' (Waterfall on the way to

Panajachel) .

San Pedro - .. - Spring PR L 11
Sacatepéquez- - . | .. (Spring water used for S -
O ' irrigation in Vista Hermosa)

7 2. 4 Inventory of Wells snd Springs

Snrveys were conducted on. the present condition of the

shallow wells and springs located in the viCinity of the

proposed boreholes. ‘The following items were surveyed by : QE
- area. | . L - oo -

- Number of shallow wells and springs in the ViCinity of
a the proposed boreholes -
- Water right and utilization of the above shallow wells
_ and springs .
T Hydrogeological conditions such as aquifer
characteristics, water level and water quality :0f the
above shallow wells and springs : '

The results are summarized in Table 7.2.7. "As’ shown in
this table, there are many shallow wells and springs in the-
area, which are used for domestic and agricultural
'purposes. However, no. impact is presumed to occur. on the’
utilization of shallow wells and springs as a result of the
construction of deep wells, due to the following
hydrogeological condition; S SR o

(a) The water of the existing shallow wells and springs in
the area 1is discharged from the shallow {upper)
aquifers consisting of alluvial deposits (Qa),_pumice
sediments (Qp) and weathered upper zone of Tertiary
volcanic rocks.

(b) The screen of the deep wells are- installed 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._;::
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(c) iAn unsaturatéd'dry'zdne separates the upper and lower
agquifers. ' . ' C ' e

(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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L e

-Gﬂﬁﬂiﬂl ' L L . .
BT R B ¥ater Sources (1/s) | Vater Quality Hydrogeological Conditions _
| No.} Wunicipality - e _ _ Ec  Productivity of Geological | Class
1 e ‘N P ‘R PH (25" C) | Existing Iell Lithofacies Structure
S (1/s) '
1| Santa Gatarina Pinula | 8.67[20.51) - 6.0) 140 11.04] a a(Qp)>b A
2 | San Jose Pinula BT Y 75 N R N 92| s.6af b b>a (ap) B
3| San Jose -del Golto 0.31| 546 - 6.2| 320 5.93f b bre b B
A | Palencia S : ' _
6 | Chinantla 0.05 1.72] - 7.0. 410 a (@p)>b a A
§ | San Pedro Aynlpuc 2.03| 5.18] - 7.6 587 2.5 ¢ b be B
"7 | Mixco 5.79 |30.75{ -~ {.7.0| - 18| 7.69| b b>a (ap} be. |- B
'8.| San Pedro Sacatepequez | 4.24| 3.40| - 6.3 148" 240 ¢ b>a (Qp} bre B
9 | San Juan Sacatepequez | 10.00 f12.00] - | 7.0 508 12.00| a b>a (Qp} bre ‘A
310! San Raymundo . - . | - f22.08] - | 7.5! .305| 11.04| a | a{gp)bec ab. A
111 | Chuarrancho Lolf - {1Ln| 65 550 | ¢ e c
12 | Frai janes
13 | Amatitlan - :
‘14 | ¥ilia Nueva 4,98 | 6161 - 1. 308 | 12.30 alap)>d A
15| ¥illa Canales . l4s.00 a0 - 7 265 | 64.35 * a {0a>ap) A
16 Sdnrliguel_ Petapa o
‘Wydrogeological Conditions
A ' Water Sources (1/s) | Water Quality Hydrogeologma] Conditions
‘Municipality Con 71 CEe  Productivity of Geological | Class
B ' N P R PH {25°C) | Existing Well |Lithofacies | Structure
: . ‘ (1/s}.
1| Antigua Guatemala
2 | Jocotenango p o || - 6:5] 28| 13.13] a a(0a) a A
-3 | Pastores : ' ' :
4 Smn;o. :
_5. Sto Do-mgo Xenacoj
§ Sgntiugo Sacatepequez . _
7| San Bartolome M. Altas | 0.40|13.00) - 7.0 143 6.50| b b b B
- 8 | San Lucas Smt_epequé?' N ‘
9| Santa Lucia M. Altas . | - | s.00| - 6.5 238 400 o b>a (Qp) e ¢
Y10| magdalena Milpas Altas | 0.81 | 9.40| - 6.5} 173| 9.4 b b>a (ap) b B
111 | Sonta Maria de Jesus- | 1:50) 6.00| - 7.0 . 328 6.00| b a(Qa-Qv) c B
12 | Ciwdad Vieja foossfanaz| - ]l es| 20| 13.37| a a(Qv) a A
13 | San Wiguel Duenas - | - ' '
i4 San Juan Alotenango | R
15| San Antonio Aguas Cal. | .8.45| 1.70| - .70} ¢ b>a (Ga) bee B
16 Smta Cntarma Barahoul 17.58 § - - | - t>alGa) bec ‘B
1 Pnlh:tiviu of Existing Bell  2.Lithofacies . - . . 3.Geological Structure _ 4.Class:Availability of Groundwater
" a:More than 10 1/sec . a:lpper Aguifer (00-Qp'Qv) . a:Basin Structure " 'in Terws of Quantity/Qmlity
'._'_b~' 510 J/mec . .. .biloser Auifer(Ty) . . b:Fractured Zane A:High
L giiees then § )/mec cwhch " Deep Weathered Zone B:Medium
S e _ c[.ocnl &um/hﬂulm

-Table'f.232 Result of Hydrogéolbgical'Sufﬁéy by'ﬁunicibalify {1)

(Probab111ty of Nev Water Sources Development)

Hrdrogeologlcal Condxtmns
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“Table 1. 2 2 Result of Hydrogeolnglcal Survey by hmclpallty (2)

(Probablllty of New later Sources Developnent)

H:rdrogeologlcal Cond:tsous

CHINAL 'rmm

Mo

- . . Mater Sources .{1/s}
lam_icipd'lizyj-_.-'-'- B B b '

Water Quality

- £c.

Existing Tell

BJdrogeological Conditions
Productivity uf :

Geoloclcat'

chae |

el
- G B e

D D =3 UY e G B3 e

[
=2

_ San’ Pedro Yepocnpq

—
< N

Chimaltenango

San Jose Poaquil =
San Wartin Jilotepeque
San Juan:Comalapa
Santa Apolonia -
Tecpan Guatemala
P_atina _ _j

San Miguel Pochuta
Pn'tric:ia' B
Sants Cruz lhlann
Acateuma

San Andreu ltupa
Pnrruoa
laragoza -

El Tejar

{3400

16.90 | - - -

08| - |
- lisee| -
5.80( -

8,58 |00l

o4z ] 38| -

Co- 0| 30,70 -

6.3

| 280

5.3 91
7o) 187
140

6.5

6.5] 48

6.0

6.5 723

SI1

155

' (l/{!) .

18,90 a
© 5,80} b

3.5 ¢
10.23

Lit!iofacies _

' b'-'_cﬁ._ifn)" '

a{Gp)>b -

a{tp) b

el

)

_ba _(Qy.j
a{Gp)eb

“Structere’ |

-

_ Hydrogeological Conditions. | ._
SOHOLA

No.

Water Quality

Kydrogeological Conditions T

Municipal ity-

¥ater Sources {1/a)

. Ee

Productivity of
Exiatins lell

l.iti:ofaciea

Geologicll

W O = P TN de D DN e

O e T e
b =3 . N S L N = O

I
©w

Solola - -

San Jose Chacaya
Santa Maria Yisitacion
Santa lucia Utatlan
Nahuala

Sta,. Catarina Ixtahuacan
Senta Clars la Laguna
Concepcion '

San Andres Semetabaj
Pana jachel )

Sta. Catarina Palopo
San Antonio Palopo
San Lucas Toliman
Santa Cruz la Laguna *
San Pabio la Lmna'
San Marcos Ia Laguna
San Juan la Laguna
San Pedro la Lacuna

304 -

188 - | -
347 - -
.29 - .

Lzl - -
Q2| - .

| 25 c)

6.9 106

6.0 82

CE.5| 1%

238
181

1.0
6.5

{1/8}

| a(ﬂy!-ﬁ '

" b>a(Qp)
“beallp)
b>a {ap)

b>a (lll)

© alta)

Structure

bre-

C b
bre

Santiago Atitlan

Pm:l.l:tivlty of Fxisting Yeli.
a:More than {0 1/sec

b:

5-10 1/mec

¢:1ens then § ]/sec

2. lithofacies

a:lipper Aguifer (Ga:Op: )

b:lower hulfufh)
G‘&n-mt h:h!

SGeolc(iuJSm _‘
a:fasin Structwre
 h:Fractured Zone

mmm

_ . ctlocal h_il_ / Ml\u‘ill
~106- o

I Ciu hilﬁiliﬁ of w
in 'l'ﬂ-! of Mit&/ﬁnlita

A Ihdl
C'lm




Table 7.2.2 Result of Hydrugeologlcal Sur\'ey by ﬂumcxpallty (3)
o (Probab111ty of New Iater Sources Develupment)

lydrogeolog:ca} Conditlons .

wmllmu ' g . o
o - - |Water Sources (1/s) | Water Quality | = Hydrogeological Conditions
No. luuidlp-u:: R : - ' Fc  Productivity of Geological | Class
R 1ox P | R PH | (25°C) | Existing Well | Lithofacies | Structure |
B ‘ C{i/e) |
1 | Totonicapan
2 |'San Cristobal Totonic : . . .
3 | San Franciacoel Alte | 6.7 - { - 6.5 6| 1 bda{la) b c
4 |San Andres Xeeul . | 23| - | - | 60| 04| b+a{Qp) a A
5 | Nomostenango sz - |- 6.5 94 |- b b B
6| Santa Maria Chiquimula | ST N o '
7| Sants Lucia la Reforma
'8 | San Bartolo Aguaa Cal.

© Hydrogeological Conditions

_ a o ¥ater Sources (1/s) | Water Guality| ~  iHydrogeological Conditions
No.| Municipality . : | ER ' " F¢ Productivity of Geological | Class
L N R PH | (25'C) | Existing Well |Lithofacies | Structure
P 1 S /8) '

_ 1} Quetzaitenango

2 |salcaja S _ _

3 ﬂlintepeqne - |osa| s} - 66| 207 ‘11.13| a a (0p) ah | A
4|San Carlos Sija. | 2.80| - | - 6.2 100| b>a (Gp) be B
5| Sibilia - - E

& | Cabrican SR : _ .

7| Cajola 184 - - 6.0 . 62 _ a(Aa}'b a A
8 | San Wiguel Siguila : '

9 | San Juan Ostuncalco

10 | San Mateo' _ ‘ :

11 | Cpeion.” Chiquirichapa | 11.57 | - - 6.0 220 b>a (Qp) bic _
12 | San M. Sacatepeqnez .16 - - L o : af{lv) b a A
13 | Almolonga oo {23.87)36.90| - 5.5 6] 12.30| a | balga-Qv) a A
14 | Cantel o S ' g _ :

15 | Huitan .81 | -1 - - - . e ¢ C
16 | Zunil - : EEE _

17 | Colomba .~ _ ' ' a{Qv) 8 .
18 | San Francisco la Union} -0.69 | - - 6.5 127} . a(lp)b bre

19°| El Palmar .

20 | Coatepeque _ _ _

JatfGenova -~ - o | 303 - - | 6.0 89 - a{av) c B
22 | Flores Costa Cuca | 2.26| (9.27)] - 6.5 98| . 9.27f b a(Qv) c B
2 | Lo Eoperanza ; g _ |
24 | Palestina o |- |13.89f - 6.56] 146 13.39| a b b B
CL Pmdl:twlty of Existing Fell 2 ].lﬂl:lfﬂ:lﬂ ©Tl 7 3.Geologieal Structure 4, Class: Availability of Groundwater

a:More then 10 )/sec Lo acipper huifa‘{(h Qp+Qv} . a:Basin Structure in Terme of Qantity/’thahty
b: 510 1/sec © bilover Muifer{Tv) b:Fractured Zone AHigh

?"7.'c:mm.5;llm..'.‘.' . .cihesement Rocks. . " - . Deep-Weathered Zone . B:Medium
L o S _ T c:Local Besin / Weathering  C:Low
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Table 7 2 3 Resalt of Electrwal ltesxstzvxty Soundmg (carned out m Phase I)

_ o hmaquqi! S . Main Aqu;f- ummm_ L M Sltel doctivity]
No. |Wmicipality E/R Sounding. S k\:zumt . nq:thforrest.len bt existire |
: : <o | Nober- | Depth- |- Lo L:t,lnfncim Lo Resistivi mm Site "Depth -1 “Welll
* lpoints)| GL-w fooo o e T T (Qd - o] Y/}
Gui 2 | San Jose Pimila | -5 { 150+300 | Upper riyolitic welded tuff - ‘w2 | 120 | South of B4 1so~‘zoo) | 5.88
: o L | with thin lava flows (Tv) IR D (ﬁgz:z)
Pmice seliments {Qp} and ) SR :
: _ _ proclastic rocks with Jaw - | 7~140 | 7090 M'emE-Z R
Gu 8 | San Pedro 3. [ 360~380 | flows and waterinin sedisents ('l'v} : | adE3 a0t | e
1o Sacatepequez | . | . . 1 Andesitic/Besaltic” R neel N
o oo Hrectured lave How (Tv) 532600 |- 250+ €F15=2.l-.3) SRR SRRt
e ) R Andesitic/Besaltic fractured - - R ERIUS SR
Sall | Santa Meria | 8 | 180~340 | lava Flow with wmclastic © | 700~1;460 |- 2001 E—S point. ['150~(200)] . 6.00. -
do Jeaw | Jrocks @) . R R (FinglL; i
Ch 3| San Martin [ 4 | 260~320 | Sandstone with tufftreccia ‘| 26+504 ‘| 7090 |S.W.of E-2 |° ‘2007| 18.90
. Jilotepeque | |ond tff (iocene) b |2 s -
Ch 4| San Juan "5 | 260~320 | Dacitic/Andesitic tutfbreccia with| 116675 | 300+ |South of F-2 . 200 | .. 6.80
" Comslapa-l . | | lava tloms snd toffs(Tv). o ey ol
Y | pacitic/Andenitic/Mraaltic N B B SR CEREEEN I
S0 1 | Solola - |78 7| 260~360 | fractured lava flow with | 405+1,125] 90~200 | E-4 point | 200 |~
o ' e : wrocluticmh (Tv) S oo g n L) e L
So 4 [Samta octa | 5 | 260360 | Decitic/hndesitic lava flow ‘| Aw~720 | 268 | cand E-3 | - 200, =
tatlan . 1with mlasticrochs (1) ' S| Fig 2. 1.8 ‘
To § | Mooostensngo . | 2 | 300~340 Andmitlcfhltmftmtm'edlm 564~1,530 | 200+ |N.E.of E-I (zoo)-uzscT L=
. : o fiow with proclastic rocks (Tv) ; ) "l {Fig 2.1.9 )| o
(uid | San Frencisco | 6 .| 340~400 [ Andesitic/Baemltic fractured lava | 443~1,600 | 250t | East of E-2 (m)»zﬂ -
l1a Union : | t1ow with pyrociastic rocks (Tv) : (Fig 2.1.10)0 - :

Table ? 2.3 Resalt of Electrical Res1st1v1ty Soundmg (carrled out m PhaseII) | -

H\ﬂer [ Dcpth of e . Main r\uifu‘ Choracteristics = = | Mecommbnded
No. |Mumicipality - F/R Sounding | Awearent | Drilling
© | Nember - Depth . thlnfncles ot | Pemistivity Depth :
(points) | (@-w) : _ ST e e BN I N
Gu 3] San Jose de] Golfo 3 200~240 | Pyroclastic rocks with lave tiow (Tv) _ '_SGMIS : 156 - :

So 5 | Netumla 3 140180 | Pyroclastic rocks with lma flow () - |° 2300 (| 200

Qu 4 | Sam Carlos Sije 3 W0 | Andesitic Ima flow (V) S| seme |

O 7| Cajola 3 320-340 | Pumice sedimentalp) and Andesitic lava flow (Tv)| - 840~1,500 |° 200

2! | Genova 3 | 20090 | Prrocimtictolomimad) flov @) ] e |

Q22 | Flores Conta Gca | & - | 140300 |Pyroctestic(Molcmime) flow v~ - .| ErM | s

To & | Maetenangn 1| 180 | Andesitic lava floss with Prociatica 1,000 ] 6
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Table 7.2.6 Results of Ion Component Analysis

So-111-

Location Ca Mg Na K Cl 504 | Alcalinity
o | oH 8.3 pH 4
EST BRILLING WELLS . , = : § ' ]
1 S.P.SACATEPEQUEZ | 16.29 6.94 | 21.8 .8.67 ! 8.37 0f 0 97.7
2 S.L.PINULA - [52.12 245 {11.36 12.12118.83 0 0 146.55
3 S.M. DE JESUS 44,79 20.33 {17.11 6.18 | 9.76 0f 0 140.91
4 S.M.JILOTEPEQUE | 22.8 9.82 17.1 7.92} 8.37 0  0112.73
5 S.J. COMALAPA 14.66  6.35} 9.16 3.11} 7.67 0i 0 74.09
6 SOLOLA . [16.29 7.93116.23 7.20) 837 0} 0 111.13
7°S.L.UTITLAN 20.36 8.43:12.32 4.16i 6.28  0i 0 76.15
8 MOMOSTENANGO  [13.03 2.28} 7.92 5.66 | 4.88 0 0 53.51
9 S.F. LA UNION . A P :
10 GENOVA 19.55 12.622.36 16.11{13.25 0 12.35 158.47
DTHERS B SR P e
. S.J.PINULA - P P §
© SPRING No.1  [13.038 5.75{ 5.13 0.86 | 8.37 0i 0 48.85
SPRING NO.2 ~|42.35 20.44 | 15.1 11.03 1 36.26 0i . 0 84,55
CSPRING N0.3 | 19.55 8.63{ 12 12.3/22.32 0 0 46.97
SPRING NO.4 . 16,29 8.43 | 11.1 1.35 11.16 0! 0 56.36
_DUG WELL - |50.49 31.81} 18.7 3.9(65.5.  0f 0 92.06
‘COMALAPA | ; : :
SPRING NO.1  |17.92 8.53! 6.46 4.58 9.07 0 0 61.74
" SPRING NO.Z 13.85 5.06 13.7 4.92 ! 10.46 0} 74.09
o osooba | : | | |
- EXISTING TANK |30.95 1.88( 6.74 3.1} 9.76 0 59. 68
WATER'FALL ~ [30.95 11.11} 16.6 .11} 9.76 36.92{ = 0 92.6l
©S.P. SACATEPEQUEZ ~ i o f
 SPRING 21.28 13.69 1 5.97 2.31}22.32 0! 0 100.84
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LEYENDA (LEGEND)

A Estratigrafia y Litologia (Stratigraphy and Lithology)

Edad Geologica - Unidades Hidrogeclogicas Litologia
(Geologic Age) {Hydrogeclogic Units) (Lithology)
78t Sedimentos Aluviales Sedimentos secundarins de materiales volcanicos
{Alluvial Sediments} {Secondary sediments of volcanic materials)
Cuatermnario Acuifero Super Voleanicos Holocenicos Flujos de lava, lodo, tobas y cenizas
Quatermary} (Upper Aquifer) {Holocene Volcanics) (Lava flows, mud flows, tuffs and ashes)
i Voleanicos Fleistocenicos | Sedimentos de Pomez con depositos lacustres
{Pleistocene Volcanics) {Purnice sediments with lake deposits)
Flujos de lava v materiales piroclasticos
Terciario Acuifero Infer Volcanicos Terciarios {Lava flows and pyroclastic materials)
{Tertiary) {Lower Aquifer) (Tertiary Volcanics) Latita / Dacita y toba soldada
: ) {Latitic / Dacitic welded tuffs)
Rocas Intrusivas Graniodiorita, cuarzo diorito etc.
Cretacico {Intrusive Rocks) {Granodiorite, quartz diorite, etc.)
. Rocas e Basa- " T
{Cretaceous) fhento Serie« Cretacico Rocas calcareas y rocas volcanicas
{Cretaceous Series) {Calcareous rocks and volcanic rocks)
(Basement Rocks) -
*aleozoico Rocas Metamorficas Pilita y Esgquisto
{Paleozoic) (Metamorphic Rocks) {Phyllite and schists}

B. Estruclura Geologica (Geolegical Structure)

-—
-
-

~SFET

Gl

Sistema de falla, lineamientos v zonas de fractura.
{Faults, lineaments and fractured zone)

Paredes de calderas v crateres
(Caldera and crater walls)

* Conos y cadenas volcanicas

(Volcanic cones and chains)

Cuenca de agua subterrénea usada para -ia evaluacién tentativa : Potencial presumido
{Groundwater basin used for the tentative evaluation : Presumed potential}

C. 'Oeurrencia de Agua Superficial (Occurrence of Surface waler)

-/-

s

Cuenca y sub-cuenca de rio
(River basin and Sub-basin)

Descarga en eslacion seca (1994)
{Discharie in drv season)

Corriente perenne
{Perenial stream)

~ Corriente estacional

[Seasonal stream)

Area humeda o pantanosa
(Marsh or swampy area}

Manantial : Descarga en la estacion seca 1994
{Spring Dis_charge in dry season)

D. Instalaciones de abastecimentio de agua existentes (Existing water supply facilities)

Nacimiento (springs)
}
)
Pozo fweall)
P-1

E. Otros {Others)

Tanque de distribucion (Distribution tank)

@ Area de la Ciudad {City area}
g _

Puntos de Sondeos de Resistividad y Seccion transversal hidrologica

_lEIectricai resistivity sounding points and hydrological cross section)

Perforacifin Exploratoria de JICA

JICA test drifling well)

-113-



Mapa Hidrogeologico
Hydrogeological Map
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7 3 Groundwater Develop-ent Potentlal
7. 3 1 Estlnation of Groundwater Developnent Potential

._thtle 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 i :

e.:Groundwater development in. the Study Area will have to be
- based on the upper and lower aquifers in the Pleistocene
~volcanic and the Tertiary volcanic rocks, respectively.

The. aguifer  in the Pleistocene volcanic is expected to be
especially productive; but its thickness is insufficient
for a stable.extraction. Therefore, the Tertiary volcanic
~will ‘have. to be  the pr1nc1pa1 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 ralnfall in the munlclpallties was estlmated from
'the rainfall record. When the municipality did not have a
rainfall station, a neighboring station was chosen 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
- .- -basically used as recharge area, but when the river basin
© .is very. big, like villa. .Canales and Villa Nueva, 50 km2 is
'applied as the upper bound.

"LInfiltration_faotor was applied-in the calculation of the
' groundwater potential. This factor is the ratio of the
.. rainfall that has 1nfiltrated into the aquifer. Adopted to
" represent this factor is the value indicated in the report
 "Plan . Maestro. de Riego  y Drenaje, Caracterizacion
- Hidroclimatica. &  Hidrogeologia" by Ministerio de
" Agricultura, Ganaderia y Alimentacién in 1990. The assumed
- aquifer. recharge from the annual raznfall by geology is as

.follows._.

- Basement Rock ' 2%
= Tertiary Volcanic Rocks (Tv) 10%
... = Pleistocene Volcanic (Qp) 15%
...= -Alluvial Deposit (Qa) - . 10%
uo;-,-Holocene Volcanic (Qv) .;15 . 15%
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'Therefore the annual groundwater potential is calculated;r

as. follows'g*

- Annual

Groundwater'”' Annual f“."Recharge”Q Infiltration

Potential :”?_ Rainfall X Area L x Factor

:":(2) Estimation by river base flow

'I'he value of a river base flow in the dry season 1s_'

‘generally régarded as groundwater recharge. Therefore,,the

.~ groundwater: potential is srmply 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 As: estimated at about 5

- #/sec/km2 in most of the Study Area which has about 1,000

“mm- of “annual rainfall, and around - 10" -2 /sec/km2. in the

southern part of Quetzaltenango which has-_an annual'

rainfall of about 3 000 mm.

“Annual Groundwater : Base _i 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 w1th the
"monitoring data indicated in Section 7.3, 3._ T

This potential is calculated for the recharge area of each

municipality, and corresponds to the total production in
-the area. : .

- The yielding capacity of one well is estimated'at ahout 5

~&/sec, the same as the value of base flow, because 1 km® ig’

generally regarded as the unit of the reCharge'area for one

well, and, this capacrty corresponds to the records ~of .

existing wells.

However, the test drilling results showed that the capacrty-'

of one well is much higher than this value, as described in

Section 7.2., because of -the peculiar hydrogeological.

features of the area, specially of- the fault system

Detailed development potential of the ‘10 municipalities .
selected for the Feasibility Study is discussed in the next_

section,

7.3.2 Groundwater Developnent Strategy of 10 Hunioipalities

Based on the groundwater development pctential and theof
results of test drilling conducted at 10 municipalities-
the groundwater development. strategy was formulated by

municipality, as summarized in Table 7. 3 2

rllgr
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7. 3 3 Groundwater Level and Honltorlng Plan

:(1_)

ObJECtIVES of Monltorlng

=._Gro_u;lﬁ'uih-.'i:_xte:_r._ress:':urc_:e.i:_lt-':\.re:lopmer:d:'ih‘'t:h:i.s Study Area is ‘in
“the initial stage, therefore, no monitoring system has been
installed in any of the candidate municipalities.

' The objectives:of'thé gfouhdwater monitoring required in
the' Study Area are summarized below: :

.(2).

fo.cbllect_basic.hydrological data to analyze water
balance in the hydrogeological basin, and to evaluate
future groundwater development potential

to collect basic hydrological and water quality data,
_as well as their long term variations, for a rational

river basin management

Installation-'of Groundwater Level and Rainfall

Recorders

'Autométlc'ralhfall and groundwater level recorders were
installed at the wells in the 3 municipalities of San José
-Pinula, San Pedro Sacatepéquez and Comalapa.
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7. 3 1 Tentative Evaluation of o e
E the Groundwater Development Potent1a1 {1/2). "
Fo. | Department’ Monicipality . . - A.MAIN P.Area | Geology | - Percentage .| .. Potential {m3/day)
' e o o] (wed | (kw2) | Type [ BR]Tv [av [ 0p [ Qa by filtration by base flow
1| Guatemala | Chinsatla .: s 3 10 -f -js0}| = 1278 1295}
2 Chuarrancho 1063 4 Bl R S R R - - S - .
3 Wixco ‘ 197 | 16 frvap2. - | - 80| - |20 - 5772 6912
4 | San Josa del Golta | Y083 | 3.5 pR - {40 [e0f | -] - <693 1512
5 | 'san José Pinuia - | -1680°| 16 fvapz | -|10| <|sof = 10488 6912
6 San Jusn Sacatepequez | 10321 14 BR 70| -] <}3e] - 12335 . 6048 |
7 San Raymundo .-~ a2z | T me. . freiae] -fen) - 2626 17N I
3 Santa Catarina Pimuta . | 1343 | 12jver 1 <fre| -Teo) - 6400 5184 |
9 Yilla Canales - . 1524 50 fVAL . | -ieo| - {40 - - 25082 S 21600
10 | ¥illa Nueva 1213 50 'aP : ~balo-hoo) - 24925 | 21600
11 | San Pedro Ayamspuc - 1063 1Bk [sofz2el - =] - 1048 4320
12 San Pedro Sacatepequez | 1032 | 4 [TVQPZ e | -|s0fi- 1470 1728 |
13 | Sacatepequez. | Cindad Vieja 92| 15 v ~lag|ao | = Lo} 5300 6430
14 ' Jaocatenango To31 | 125 JvAL “lan} -fze} - 3573 4968
| 18 Magdalena Milpas Altas | 1031] - 4| ~160 | - {40} - 1356 1728
16 San Antonio Aguas C. 992 5 [TYAL “jeef - -1 1358 | 2160 |
17 San Bartolowe N. Altas | 1031 ) R oo - -4 - 847 1296
1 Santa Lucia M. Altas w3t z.5qverz. | -|e} -|s0{ - T 1080
13 Sants Marfa de Jesus 122e| 1y | -l -hee| -1 - 7071 6048
20 Santa Catarina Barahona | = 992 3 [TVAL ~f{10] -| - 30} 815 1296
21 | Chimaltenango | Comalapa 1414 16 Ivarz -(40] -ib0 ) - 40558 6912
22 E} Tejar 1234 - 6 [TVap -lsal ~Ja0} - 2434 2592
23 Patzicia 1283 | 5.5 TVQP2 -l {70} - 2610 2376
24 Patzon 1283 | 18 [TvQp2 - - - ooy - cea9r| L 7778
25 San Jose Poaquil 1272 6.5 fV =m0y -} ~4f - . 2268 |- - 2808
26 San Martin Jilotepeque | 1272 1 -] -] -lee| - 3659 | 3024
27 Zaragoza 1282 7 [Tvae2 -leo} ~[40} - © 2953 3024
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Table 7. 3 1 Tentatlve Evaluatxon of

"the . Groundwater Development Potent1a1

(2/2)

', RAIN

- l122-

Department . Municipality P.Avea | Geology | | Percentage Potential (w3/day)

R : ' o (wm) | {km2} | Type |BRITv |Qv{Gp |Qa by filtration by base flaw
28 Solola - - | Solora. 1081°| 18.5 rvap2 -] -|s0} - 7945 1992
23 . | Nahwala : 1341 41 frvaez -|so| - |10} - 15816 17712
0 ‘San Andres’ Smtam ‘1o10 qqvapz - | - |se| -|s0| - 1384 1728
a | ‘San Antonio Palops reie | 2.5 V. ~|7e| -f3| - 19 1080
az San Juan la Lagma . | 1010 13} -|5¢} - 4010 4317 5616
1 San Marcos la Laguna 1010 6 TVAL -] = -f10 1660 2592
3 San Pablo: la Laguna 1010 & JYAL . -lee| -{ -110 1660 2592
35 "] Santa’ Catarma Ixt.ahuaca 1381 | k6 v -|7et - |30 - 5760 6912
36 ‘|'Santa Catarina Palope | 1010| 3.5V -0} -|10] - 1017 1512
3y Santa Clara la Laguna 1010 3 Tvarz -1 -190] - 1204 1236
38 Santa Cruz 1a Laguma . | 1010 2 [IVAL -l s -9 - 216 364
39| | santa Lucia Utatlan 1341 § {Tvap2 -l3e| -|10] ~ 2480 2160
40 Totonicapan . | Womostenango ~ 1 sl 1 ~hoot | - - §513 77176
1 © | san Andres Xecul. a3 6 [rvap - |50} - |80} - 1732 2692
12 San Francisco el Alto = | 1341) 4.5 [rvapz -|s0] ~[50] - 2067 1944
43 luezaltenango | Alwolonga 1594 myer - | -l70) - |30 - . 5524 4752
14 : ~ | Colowba | 3423| s o¥ - -peo| -1 - 7034 2160
15 Concepcmn Chmu:nchapa 2100 10.5 [T¥QP2 -170] ~[30] - 6947 4536
16  {cajota : 1057 |~ 34 rvap -9 -| s] - 10092 14688
41 | Floves Costa Cuca 3640 3 oy | -fee| -] - 13463 | 3838
a | Geneva a0 | 10 hv -] oo | | - 14359 4320
19 Ruitan . 936 | 5.5 BR sei{s0] -| -| - a4ds 2376
56 Dlintepeque 843 | 3.5 vap ~l10} -l3n} - 830 1512
51 Palestina de los Altes |- 1027] - 17f¥ | - (70} -1{30| - 5501 { . 7344
52 San Carlos Sija 1021 - 1sirvepz. [30i30]{ - |40] - 2862 776
53 ‘| 5an Frasciaco 1a Union | 843 § rvap2 -3 =10 - 1871 2592
54 | San M. Sacatepéquez | 2100 :_l e | -{s0| -z} - 6329 4320
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o SAN JOSE PINULA
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Fig 7 3 1 Da:lly Groundwater Level
in San Jose Pinula
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