However, the hydrometeorologic monitoring network in and around the
Study area is limited, and long~term, accurate records necessary for the

envisapged Project are extremely incomplete.

Of the 10 stations with compartively long-~term records, only one is
of first ranking, one is of second ranking, and the remainder are fourth

ranked.

Mean values for meteorological phencmena in the Study area based on

available reliable data are as follows:

(1) 15 year mean annual rainfall {1970-198Y4)

northern sector 188 x 100m3/year
southern sector 344.9 x 106m3/year
eastern sector 429.8 x 106m3/year

{2) 15 year mean temperature

annual maximum temp. 31.19¢C

anpual minimum temp. 5.89C

15 year mean temp. 18.7¢ - 21.59C
monthly maximum temp. 24,20 . 27.2°C
monthly minimum temp. 14,59 - 15.19C

. {3) . Evapotranspiration
80% of observed value (905mm/ysar): 720mm/year

(1) Solar radiation

Mean solar radiation: 209.2cal/cm? hour (15 year mean)

{5) Wind velocity
maximum wind velocity T5km/H
Minimum wind velocity 15.2km/H

3.2.5 Water Rescurces

Sources of domestic water utilized by inhabitants of Metropolitan
" Guatemala and its environs are rivers, groundwater, lake water and

springs.

(1)  Approximately 70 percent (1.80m 3/5) of annual water service
by EMPAGUA is derived from surface uwater of rivers in and around

the Project area,
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Major river water utilization is as follows:

Plant River Production (Average)
Lo de Coy Xaya-Pizcaya 1.2 (m3/s)
Santa Luisa Teocinte 0.3
Acatan 0065
Canalitos 0.02
Cambray Pinula, Las Minas 0.08
Las Tlusiones Teocinte, Acatan, 0.18

Ocotes, El Bijague

Not only is river water a source for EMPAGUA's water service,
it is also utilized directly by a segment of the population for

laundry, bathing and drinking.

Rivers in the Study area are classified as belonging to the
Las Vacas river system to the north of the continental. divide, and
the Michatoya river system to the south of the same. Each river
and respective catchment area comprising these river systems are as

shown in FIG. 3-7.

As most rivers of the Michatoya river system feed into Lake
fmatitlan, intake at the upper reaches of these rivers would affect
the water level of the lake. Consequently, their availabllity as

water resources for the Project is considered low.

The Las Vacas system in the north, which is part of the large
Motagua river system, is comprised. of 20 tributaries with the
overall watershed dissected into numerous small catchment areas.
River discharges are small and as a result, the system is not
considered gualified as a principal water source, although it has
potential for supplemental supply. River discharge is particularly

inadequate in the dry season.

At present, EMPAGUA diverés approximately 0.525m 3/s when
diséharge is ample from 7 tributaries of the Las Canas river, which
iz part of the Las. Vacas river system. However, at times'during
the dry season actual diverted amount drops to 30% that in the
rainy season. Consequently, those rivers are unstable as a water

service supply source,
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Furthermore banks of rivers in the Study area consist of
plateaus of 200-300m layer of pyroclastic accumulation, heavily
fractured limestone, and basaltic lava with danger of seepage in

the event of high dam construction to store river discharge.

Alse, in recent years contamination of river discharge has
progressively worsened, with subsequent suitability as a domestie

water source steadlly declining.

In the future PLAMABAG proposes to develop a combined
8.5m3/sec of water resources from the Xaya, Pixcaya, Guacalate,
Motagua, MNegro, Cullco, and other rivers outside the Study area as

long-term and stable water sources.

{2) Lake Water

Lake Amatitlan situated in the south of the Study area is not
considered an appropriate water source at present due to decreasing
water level and increasing contamination. However, if the lake
were to be utilized as a reservoir for discharge transdiverted from
basins in and around the Study area, the lake development potential
would be high.

(3) Springs

There are numerous springs in the Study area, particularly in
the southern sector, The largest is 0jo de Agua, from which an
average 300 1/sec is diverted by EMPAGUA, for service water supply.
Other smali_springs ére utilized directly for domestic water by the
nearby population. These small springs offer too little discharge

Lo be systematically developed as a waler service system source.

(1) Groundwater
" Groundwater is determined as exhibiting the most appropriate
potential as a stable water source for offsetting water shortages

over the short term.

Thére are over 300 deep wells, including the 57 managed by
EMPAGUA, and around 4000 shallow wells within the Study area. An
estimated 45-50 million m3 of groundwater is currently drafted from

these wells.,
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PLAMABAG proposed groundwater as the stable water source for

Emergency Plan (I) on the basis of the following criteria:

i) short implementation period for development;

ii) low project costs, particularly for water treabtment and
conveyance facilities; and

iii) possibility for early commencement of project implementation.

PLAMABAG anticipates potential development of 1im 3/s of

groundwater in the Guatemala City Valley under Emergency Plan (1).

3.3 Groundwater

3.3.1 Aquifer

Two types of groundwater were the subject of study. One type is
the unconfined aquifer, hereinafter referred to as the upper aquifer. The
other type exhibits characteristics midway between an unconfined and
confined aquifer, and consists of groundwater found in the confining layer
between the unconfined aquifer and the true confined aguifer. This second
type is hereinafter referred to as the lower aquifer. The two types of
agquifer differ in aguifer and recharge mechanism and their lithological

units and structural conditions are as follows:

The upper aguifer is the topmost and generalizéd aquifer formed by
refill of loose pyroclastic materials of the Quaternary period, This
unconfined aquifer is of arcund %0 m thickness with highly variable
hydrogeological characteristics, The average production of bthis aguifer
is around 12 l/sec (200 G/m) for phreatic level abatement of several tens
of meters, This aquifer is the one most exploited due to its
accessibility. In uplifted blocks and higher parts of topography, this
type of free aquifer is commonly exploited for domestic use. Phreatic
level in these areas is generally close to the surface (within the first

20 m) and shows great seasonal variations,

The lower aquifer comprises the deep aquifer formed of consolidated
voleanic material, lava and Tertiary tuff, as well as Cretaceous limestone
highly affected by fault, fractures, and fissures., The aquifer is located
approximately between, 1,000 m and 1,300 m above sea levél and the lateral

extent is controiled by the location and density of the tensional fault.



This type of aquifer is relatively unknown and is consequently very
little exploited. However, in the few cases in which this aquifer has
been reached by drillings and properly designed wells, 1its productive
importance has been evident, with a volume of 63 l/sec. (1,000 G/m)

frequently being obtained.

An example of this is the deep well No. 139 0Ojo de Agua
(EL 1,300 m, depth 274 m) in the southern sector. This well becomes
fractured andesite at depths below 110 m, with artesian flow from the
cracks in the rock. This suggests that the water has the character of a
confined aquifer with a water head 1level slightly higher than the

elevation of 1,300 m.

Furthermore, the Project U4-3 deep well (EL 1,467, depth 274 m) of
the northern sector is fractured limestone at depths below 115 m. Here,
the water level is 167 m, and there is a pump-up volume of 63 1l/sec. the

water level elevation is 1,300 m, or the same as the formerly cited well.

This indicates the possibility of a lower aguifer in the basement
rock of this sector, and that the water head of this aquifer is roughly
the same as the elevation of 1,300 m. In other words, water from the

lower aquifer can be extracted from the basement below EL 1,300 m.

3.3.2 Groundwater Cireculation

According to the characteristics of the regional hydrogeclogical
structure, it is understood that there exists a regional circulabtion
pattern of groundwater flow, which within the Study area from the boundary
with the Guatemala- Valley basin at a UTM coordinate point

772.00E/1,619.00N has an ENE direction (see F1G. 3-6).

Locally the circulation in its most generalized form is expressed
as follows: from the main recharge zones of the south, movement begins
with directions varying from NNW to north, and subsequently towards the

northeast under the ash basin.

Circulation in the lower aquifer follows the preferential ducts of
high density fraeture, according to the main fault patterns, while in the
upper aquifer it conforms to permeability vectors. In the latter case,

the flow is more uniform.
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FIG. V-5 GROUNDWATER FLOW REGIME






3.3.3 Groundwater Level

The groundwater level was investigated on the basis of Appendix-I,
5.1.3 (FIG. V-1) and 5.2 (FIG, V-2, V-3 and V-1),

) In Appendix I 5.2, it was explained that a linear relationship was
obtained for the difference between the groundwater level and the
elevation on the deep well and shallow well maps, The distance to the
points plotted from the U5 line on the map is thought to be the

groundwater.

In the northern sector, +two classes of wuater level, one
representing the upper équifer and one representing the lower aquifer were
found at 110 m (average 50 m) and 150 - 160 m, respectively. The
elevation of the deepest water level was around EL 1300 m.

The groundwater levels in the southern sector can be broadly
classified into two groups, those less than 120 m (average 70 m), and
depths between 150 - 180 m. There are alsc several artesian wells in the
0jo de Agua sector,'and their water level is around EL 1300 m. It is
therefore concluded that both upper aquifers and lower aquifers exist in

the southern sector. (See Appéndix 1 FI1G. v-6)

_ The eastern secbtor has many extremely shallow pump-up.wells rand
many of these have groundwater levels 6f less than 50 m. Unlike the two
sectors described above, this is thought to show that groundwater is being
taken from the upper aguifer, Furthermore, many of these with depths
. below around EL 1300 m lie on the #5° line in Appendix I FIG. V-2, and are

thought to indicate surface artesian flow of the lower aquifer,

3.3.4  Electric Prbspecting

The details of the electric propecting conducted by the Team during
the field survey period, is described in Appendix I-{(VI). The results of
electriéal prospecting for the eastern and northern (Cerro el Naranjo

vieinity) sectors are summarized as follows:

(1)  Eastern Sector

In terms of geological structure, the eastern sector is an
upliftéd zone bounded by two north-south faults. However, there is
the possibility that an east-west fault exists along national

highway ¢ (along the saddle topography). Owing to this, the flow
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patterns of the upper aquifer groundwater in this region are
thought to consist of 1) those that are recharged from the plateau
near Puerta Parada to the south, and that flow to the north,
ii) those that are recharged by the highlands to the west, and
that flow to the east of the east-west saddle-topography, and
iii)} those that are partially recharged from the high land to the

north, and that meet to flow north-east along national highway 9.

Three planar distribution maps (EL 1400 m, EL 1300 m and EL
1200 m) were compiled from ‘the results of VES curve analysis and
indicated no large difference in the apparent resistivity
distributions for each level. The correspondence betﬁeen the type
of rock structure and the apparent resistivity values for this area
are shown in Appendix«IQ TABLE VI-H, The following is a briefl

description of these relationship.

o  The 500 m or less range  corresponds to pyroclastic material or
tuff while there 1is the possibility that it may also be

saturated by groundwater.

o The 10011 m or more range corresponds to welded tuff or
ahdesitiewbasaltic lava, while the 1000 & m or more range is

thought to COfrespond to limestone or basalt (Cretaceous).

FIG. Appendix I III-16 (1) (2) show the apparent resistivity
distribution diagram and the groundwater depth distribution diagram
for EL 1200 m of this region. According to these figures, there is
an extermely godd correspondence between the low resistivity'band
(SG to 100&m) and the groundwater level distribution conditions at
~ depths of below 100 m. This sugegests the relatively thick
sedimentation of gquarternary tuff and pyroclastic material with a
high ratic of gaps for this range, and therefore the high
possibility of the existence of an upper aquifer at depths belou
100 m. _

~ On the other hand in the high rééistivity band thought to
correspond to coal shale and basalt, the water level of the upper
aquifer is generally about 70 m below the surface {and thought to
be difectly above the basement) and has an extremely small pump-up

volume. This is thought to suggest that the basement is located at
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a shallow depth and that in regions of sloping ground, the
groundwater flows down to follow the slope and therefore has a
swall storage volume. Accordingly, either the central portion of
the sedimentary basin or the grabens forming the arteries should be
the object groundwater aquifer of large volume., For test well #2
(depth of 300 m) implemented as part of this survey, there were
pyroclastics to a depth of 240 m and andesite below that, with the
water level being at appragimately 95 m. Because of this, it is
thought that an upper aquifer exists in a saturated state between
the depths.of 95 m and 240 m. A pump-up test was performed for the
andesite, with there being practically no lowering of the water
level when water was pumped at 50 1/see. This is interpreted as
indicating that water was being pumped-up from the Jower aquifer,

and not from the upper aquifer,

At the Project 3-4 bores in the northern block and the Ojo de
Agua sector in the southern sector, the presence of a lower aquifer
in the basement was confirmed at EL 1300 m, leading to the
expectation of a lower aquifer for below 1300 m in this region.
However, in test wells No. 1 and No. 3, despite the groundwater
levels in the basement being 1300 m and 1213 m respectively, the
pump-up volume was extremely small at 5-6 1/sec for both., For both
places, this indicates the possibility of there. being a hard
basement with 1little ecracking, and therefore necessitating the
implementation of a detailed geological survey to determine the

elaborate range for which the lower aquifer exists,

{2} Northern Sector (Cerro el Naranjo)

Wnen compared to the eastern sector, this sector has a
relatively high value for the apparent resistivity, with coal
shale, andesite and granite being recognized on the surface. The
basement is therefore thought to exist at 'a relatively shallow
depth. Nevertheless,  because Guatemala City rests on a basin
structure, few borings down to the basement have been performed for
this sector and the average pump-up potential was estimated to be
11-14 1/sec for groundwater levels at depths of 30 m -~ 100 m, with
the greater part thought to be the upper aquifer,
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3.3.5

The deep well in this sector was the Project U4-3 bore (EL
1467 m, 304 m deep) in the north, For this bore, there was
basement coal shale at a depth of 115 m, with the groundwater level
being 167 m (EL 1300 m) and the pump-up volume being very large at
63 1/sec.

The water level is in conformity with the artesian flowing
well level_for the 0jo de Agua block in the southern sector, and
extremely similar to the water level of the test wells #1 and #2 in

the eastern sector.

This means that this groundwater is from the lower aquifer,
and that future test bores should be implemented with this lower
aquifer as the target. However, the landform of this sector is
high at EL 1500 m or more and so it is therefore desirable that the
borihg depth be increased or that borings be implemented in the

lowland sector to the east in order to explore this aquifer.

HWater Balance

(1)  Upper Aguifer

As shown in FIG. I1I-10, the Study area has been delineated

into 3-hydrogeological basins (north, south and east) based on

" river basin, structural and geological boundaries.

Under the conditions imposed by the folleowing factors, the
water balance has been estimated for the three hydrological basins.
However, the distribution network loss water that percolates into

the ground has been omitted.

Annual area rainfall : estimated from existing
rainfall records of respective
area.

Annual evapotranspiration 2728 m/m
Surface runoff':

Northern sector : 5.24 1/sec/kme
Southern sector 7.2 1/sec/km?
Eastern sector : 9.0 1/sec/km?

Safe yield : 407 of basin reserve

e
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The estimated upper aquifer groundwater avallability is

sumarized as shown TABLE 3-1,

{2) Lower Aquifer

1) Lower Aguifer Catchment Conditions

fccording to the data of the Ojo de Agua #1 (No. 13G) bore
(EL 1300 m, depth 274 m) in the southern sector, there is
fractured andesite at depths of below 110 m, with crack seepage
from this producing artesian flow. In addition,.the majorivy of
the nearby deep bores No. 138 through No. 146 also have artesian
flow, with the results of pumping tests showing extremely large
values between 50 l/sec and 189 1/sec. The elevations of the
bore heads were between EL 1240 m and EL 1320 m.  Subsurface
geological conditions are unclear but are assumed to be the same
as for Neo. 139 with seepage from fractured andesite,
Furthermore, the deep well of the Project 4-3 (No. 2) bore (EL
1467 m, depth 287 m) in the northern sector had fractured
limestone below a depth of 115 m with the water level at a depth
of 67 m (EL 1300 m). The pump-up volume was relatively great
at 63 1/sec, thus suggesting groundwa£er having the nature of a
lower "aquifer. Moreover, as deep wells in. the southern ang
northern sectors exhibited identical waber head near EL 1300 h
it is assumed that a lower aquifer is alsoc present in these
sectors. The test well #2 bore (EL 1536,9 m, depth 300 m) in
the eastern sector became fractured andesite_'at depths below '
240 m (EL 1296), while pump-up of 50 1l/sec or more was possible
nearby. The water level of this bore indicated 95.81 m from
ground level and is thought to be the result of presence of both

upper and lower aguifers for this sector.

2} Estimated Storage

In general, Ilower aguifers cbntaiﬁed in water-bearing
layers in monocline and basin structures are thought to be non-
flowing, in all but special cases, with measurement of the
discharge being difficult. Lower aguifers such as these have

recharge proportional to the amount of water taken from them.
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This recharge . is from higher places that are not covered by
impermeable strata, and 1is often regulated by large-scale

geological formations extending outside the subject region,

The lower aqguifer for the Study area has water-bearing
layers consisting of fractured Cretaceous coal-shale and basalt,
as well as Tertiary lava and welded tuff, ete. These fractured
strata are dominated by the faults within the Study area and are
thought to have a high permeability. Points where they
intersect are thought to be extremely promising. At the present
stagé, a detailed geological study has yet to be performed and
it .is therefore impossible to pinpoint these positions. A

further survey is therefore desirable.

As explained earlier, results of prior test borings give
an estimated water head for the lower aguifer near EL 1300 m,
and indiecate a ~general productive potential of 60 1/sec.
Because of this, it is necessary for the object of future lower
aguifer prospecting to be the fractured layers in the previously
described rock below EL 1300 m.

The lower aquifer in this area vrequires further
investigation to determine whether it is a confined aguifer or

not.

Extent of basement at EL 1300 m: North; 50%, East, South; 30%

Extent of fracture zone

in basement rock: 10%
Fracture porosity: 30%
Fracture zone: 50 m
Pump-up possible probability: 30%

The'results of calculation are given in TABLE
However;

the probability of existence of the lower aqguifer in the
basement fracture zone was estimated on the basis of the
results of the boring core checks such as those by RQD
{erack frequency index} and electric logging, but the lack

of data at the present stage led to the extent of fracture
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zone in basement rock being assumed at roughly 107 on the
basis of the geological characteristics over the greater

area, and
- the fracture porosity was set at 30% on the basis of the
1072 to 10~% ‘coefficient of permeability for the
metamorphic rock and the igneous rock cracks from the
standpoint of soil engineering. ' '
Estimating the storage for this aquifer was calculated
from the landform and the surface geology, and involved the

following assumptions.
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3) Estimated Discharge

In general, récharge to lower aquifers occurs when pump-up
is performed, and this recharge is from the surrounding recharge
area {(where there are outerops of rock forming water-bearing
layers). There are therefore wusually no problems with the
discharge as long as excessive pump-up is unot performed.
Houever, excessive pump-up of large volumes will bring about
either local or temporary lowering of the groundwater level, and
may lead to disasters such as ground subsidence. This local
lowering of the groundwater level occurs when the pump-up volume
at a cerﬁain point exceeds the recharge (or discharge) that is
possibie within the water-bearing = layer. Predicting the
discharge therefore provides a guide for pump-up. In general,
the discharge can be estimated from the coefficient of
permeability for the water-bearing layer. The permeabilities of
test wells No. 1, No, 2 and No, 3, were used to estimate the

dischargés as shown in the following table,

Estimation of Flow Movement Capacity

Section Type 3
B x H K % 0 (m3/sec)

When K of No. 2 Andesite T 9.45 x 102 0.597
bore is used (Fractured) J 7.75 % 1072 0.05 0.485

2500 x 50 m
When K:of.NO. 1 Welded Tuff T 1.40 x 10°5 0.042
bore is used {(Non-fractured?) J 1.20 x 10-5 0.03 0.036

2500 m x hOm
When K of No. 3 Limestone T 5.40 x 10-6 0.021
bore is used (Non-fractured?) J 6.25 x 10-6 0.03 0.02Y4

2500 m % 50 m

Where: Discharge GL = B-Hx K x ¢
T non-equilibrium
Theis-type curve analysis

J non-equilibrium
Jacob-type straight-line
analysis
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3.3.6. Test Boring

Dﬁring the survey period, test boring was conducted at 6 locations
to determine groundwater characteristies and geologic nature of the
aquifer. ' ‘

Boring specifications, and results of electric prospecting, test

pumping, and water quality analysis are as follous.

Test well  Boring Well Boring  Ground Average boring
No. =~ diameter diameter depth elevation speed
No. 1 17 1/2" 12" (300nm) 305m  EL 1410m  SOem/hr
No. 2 N " 300 1530 70cm/hr
No. 3 v " 300 1285  20cm/hr
100cm/hr
No. 4 12 172" 4" (100") 220 : 1410 110cem/hr
No. § " " 120 1375 11Ccm/hr
No, & " v 350 1452 300cm/hr
boring device: rotary type
strainer: production wells (12%): Johnson type; 30 m
observation well (4"):  straight type
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Test well

I11 - 30

, Max imum Water level
No. Deep structure pump-up (from GL)
No. 1 Welded Tuff 6.3 1/sec 108. m
No. 2 Sand with Clay 54.0 1l/sec 95.8
No. 3 Limestone 12.62 1l/sec 63.0
No, 4 Clay - 110.0
No. 5 Sand - 7.0
Nb, 6 Limestone - 170.0
Transmissivity Storage Permeability
coefficient coefficient coefficient
No. T (1) 3.4 x 10~ 2.9 x 10-4 1.4 x 10-5
(2) 2.9 x 10! 6.5 x 10~6 1.2 x 190-5
{3) 4.3 x 10-5 - 1.8 x 10-6
No. 2 (1) 2.3 x 10-3 0.0H 9.6 x 10-5
(2) 1.9 x 10-3 0.36 7.9 x 10-3
&) - - -
. No. 3 (1) 1.3 x 10~4 0.037 5.4 x 10-0
(2) 1.5 x 10-4 0.03Y 6.25x210-6
(3) 3.8 x 105 - 1.58x10~6
(1) by the Theis formula
(2) by the Jacob formula
(3) by the Recovery formula
(See FIGs., 7, 8, 9, 10, 11, 12)



On the basis of the above described test boring, production

potential is determined as follows:

Test well No. 1:

No. 2
No. 3:
No. 4
No. §
No. &:

Small potential as a production well

Extremely high production discharge anticipated
Has development potential, but requires bbring to
340-400m

No potential as a production well

Has development potentiai as a productionihell
Extremely high production discharge anticipated

Water samples were taken from wells No. 1.3 between 48 to 60 hours

following commencement of pump-up, and said samples were subjected to

standard water guality analysis by LERIS to determine potability. Water

potability for the 3 wells is evaluated as follows:

No. 1:
No. 2
No. 3:

No problems in suitability for drink_ihg

Resampling and analysis are necessary following
an appropriate waiting period to determine if
contamination found in fthe initial sampling is
from the well itself or wés introduced by boring
procedures. At present, water sampled was not
suitable for drinking without proﬁer biological
treatment. - _

Sample exhibited high values for turbidity,
ecolor, total iron, total solids and mineral
content, To be rendered suitable for drinking,
water requires appropriate treatment to reduce

these values to acceptable levels.
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1.4 Socio-Economic Characteristics

3.4.1 Population

The population of Metropolitan Guatemala in 1985 is estimated at
1.5 million which represents  19% of the total national popﬁlation.
According to the most recent census in 1981, the area population was
1,134,702 which indicated a 2.12% growth rate in the 8 years following the
previous 1973 census. This is lower than the national population growth
rate of 3.03%. The smalier value is attributable to the extremely low
growth rate of 0.93% for the municipality of Guatemala City.

Future population projections for Metropolitan'ﬁuatemala have been
formulated by EMPAGUA, PLAMABAG and EDOM. A1l of these projections
foresee a greater population growth'rate than that identifjed in the 1981
census. Projected rates are 5% by EMPAGUA, 4.5% by PLAMABAG and L.8% by
EDOM.

3.4.2 Socio-Economy

In 1980, the HMetropolitan Guatemala population was estimated at
960,564 for a total of 204,509 households yielding an average 4.7 persons
per housenold., FIG. 3-13 shows the frequency distribution of rooms per
house and persons per household. Two-room housing was the most frequent
with 21.3 percent while housing with five rooms or less accounted for 83.4
percent and with six rooms or more for 16.6 percent. Families of four
persons vere the most frequent amounting to 22.0 percent, while those with
five persons or less accounted for 70.3 percent and those with six persons
or mere for 7.7 perceht.

The economically active population was estimated at 35 percent and

ﬁnemployment at 3.6 percent in 1980,

Income . earners in Metropolitan Guatemala were estimated at 379,723
equivalent to 1.9 per household. Of income earners, 61.5 percent were
employees (70% male, 30% female) and 25.7 percent were self-empoyed (%6.2%
male, 53.8% female). More than half of both male and female employees
were:bebween 20 and 39 years old. More than half of self-employed male

and female were 40 years or older.
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With respeét to income level, families earning between Q2,800 and
Q4,800 per year were most numerous at 33%. Households earning less than
Q4,800 per year amounted to 55%, while receiving less than 25% of total

income.

- 3.4.3 Land Use

Since its establishment in 1775 as the capital of Guatemala,
Gﬁatemala City has developed as the nolitical and economic nucleus of the
country. The area has expanded to encompass what is known as Metropolitan

Guatemala, with a current population of 1.5 millien,

As can be seen from .the land dissection distribution map in
FIG. 3-14, ravine erosion occupiés an estimated 36% of total land area in
Metéfopolitan Guatemala and_ immediate eénvirons. Within Metropolitan
Guétéméla,rurbanization is most intense in the wvicinity of the continental

divide where land dissection is least present.

Based on data from INAFOR, the status of land use in Metropolitan
Guatemala is as follows: (FIG. 3-15)

Present Land Use

Area Percentage of Total

Residential 97.9 20.9
Commercial 3.7 0.8
Public 10.8 2.3
Industrial 8.4 1.8
Hooded 88.5 18.9
Agricultural 119, 25.4
Others _ 140,1 29.9

Total U68. 4 100.0

The current population growth rate is 3-4% for Metropolitan
Guatemala. In response to this population increase, level terrain on the
urban periphery has been steadily converted into residential area.
Parallel to this trend, management and conservation of agricultural,

pasture and the afforested area has deteriorated.
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Area

Eroded

North: 235km?
South: 383
East: 256

Total: 874

FIG. 3-12 SURFACE SOIL EROSION AND GULLEY INTRUSION
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3.5 Mater Service Conditions

3.5.1 HWater Service Institutions

At present, water service within EMPAGUA service area in

Metropolitan Guatemala is provided from the following sources:

(1) EMPAGUA

{2} Agua Del Mariscal, S.A. {a private water supply company )

(3) individual water supply systems of the military and
government institutions, public schools, public hospitals,
ete.

(4} privately owned wells

(5) direct consumer utilization of spring and river water

(6) privately marketed bottled water

EMPAGUA is a public corporatioh'created in 1972 to provide water
service to Guatemala City and the satellite urban éreas which comprise
Metropolitan Guatemala. The institution is responsible for the
improvement, expansion, planning and implementation for new development,
and operabtion and maintenance of water service facilities. As Qf.1985,
EMPAGUA produces between 2.374m 3/sec  and 2.717m3/sec (average of
2.553m3/sec) of service water which is supplied to !1H,060 households
comprising approximately 620,000 tb 800,000 persons,

Aqua Del Mariscal, S.A. constitutes a private company which
services approximately 10,000 customers in prinecipally downtown Guatemala
City. The company utilizes groundwater as its water source and produces

around 20,000m3/day (0.2315m3/sec),

‘Water use for public schools, public hospitals and other public
facilities is administered by the Ministry of Public Works, and consists

mainly of groundwater supply from individual wells.

Water supply for military establishments such as barracks and
military bases is provided by water preoduction and conveyance facllities
constructed and managed by the Army itself. Supply consists primarily of

groundwater from individual wells,

Various hotels, commercial establishments and some residences

operate privately owned wells:
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In rural areas, the population utilizes individual as well as

cooperative welis, in addition to direct obtaioment of water from springs

and rivers.

In addition to the above sources, bottled potable water is produced

by private companies and marketed at Q1.25 per gallon.

Both EMPAGUA and MARISCAL apply monthly fixed rates with a surplus

charge for eXcess use. A comparison between water rates charged by

EMPAGUA and MARISCAL is summarized in the following table.

EMPAGUA WATER RATE

g

. Cost of
gi:v1ce g?tir Volume Water Title PFiXEdt Excess
ategory € (Paid in Cash) Faymen
Paja m3/month Quetzal Q/month Q/n3
Marginal 1/3  up to 20 350 2.00 0.25
Economical 172 20-30 600 3.50 0.40
Normal 1 30-60 1,050 8.25 0.40
Intermediate 1-5 60--300 ———— 12.35 0.45
High consumption over 5 over 300 ———— 16.45 0.50
EL MARISCAL WATER RATE
Water Cost of Water Fixed
B
Title Volume  ..iyo (Paid in Cash) Payment xeess
 Paja m3/month Quetzal Q/month Q/m3
174 15 300 3.30 0.50
1/3 20 4o0 5.00 0.50
172 30 600 7.50 0.50
1 60 1,200 15.00 0.50
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3.5.2 Vater Supply System and Facilities

(1)

EMPAGUA

operates

Production System

and

maintains

seven

water

production

systems, producing a maximum of 2.717m 3/s, a minimum of 2.374m3/s

and an average of 2.553m3/s.

year period from October 1984 to September 1985.)

(Figures were recorded over the 1

The plants for the seven production systems are as shown in

FI1G. 3-16. With the exception of wells, production facilities are

located on the periphery of EMPAGUA's water service area,

Water

souree,

existing facilities,

percentage

of total

production, and principal service area for the seven systems is as

shown in the table below.

Production Percentage
& Supply Water Source Facilities of Total Service Zone
System Production
EL Cambray Surface water Treatment plant 7 10,13,1“,15
Tank
Pump station
La Brigada  Surface water Treatment plant ] 7,11,19
Wells {(6) Tank
Pump station
Santa Luisa Surface water Treatment plant 14 1,5,10,17,6
Wells Tank 2,4,9 Colonias
Pump station
Wells in Groundwater Pump station 6 10,9,45/26
City Center 1,13, 14
Ojo de fAgua Wells Reservoir 23 1,3,8,11,12,
Spring Pump station 9,13, Colonias
Las Surface water Treatment plant 8 17,18
Ilusiones Spring Pump station Colonias
Lo de Coy Surface water Treatment plant 38 1,8,9,11,12,13

Tanks
Aqueduct
Pump station

7,3
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(2} Water Production

Average water production over the past 6 years for each of
the 7 EMPAGUA production systems is as follows, based on data from
EMPAGUA.

SANTA EL LO DE LA 0JO DE LAS CITY

YEAR  /uysp CAMBRAY COY  BRIGADA  ACUA ILUSIONES weLLs  (OTAL
1980 ©0.363 0.174 0.687 0.055  0.582  0.161 0.133  2.165
1981  0.367 0.186 0.795 0.084  0.543  0.164 0.124  2.263
1982  0.331 0.179. 1,043 0.123 0.543 0.177 0. 154 2,501
1983 0.332 0.167 1.000 0.055  0.607  0.211 0.140 2,512
1984 0.33%  0.174 1.000 0.062 0,562 0.233 0. 180 2.542
1985 0.325 0.177 1.022 0.097  0.539  0.219 0.177  2.556
:;:r- 0.342  0.176 0.926 0.079  0.561  0.194 0.151 2,429
B ol qug 8% 38% 3¢ 23% 8% 61 100%
TOTAL : -
Annual
Year average Min. Max. ﬁ;ﬁ;;?
yield

1980 2.17 2.05 2.25 1.00

1981 2.26 2.10 2.56 1.0l

1982 2.5 2.36 2.67 117

1983 2.54 2.1 2.62 1.17

1984 2.52 2.36 2.72 1.16

1986 2.56 2.37 2,74 1.18

Average 2.43 1.18 1.59 —

‘Based on the above data, water production in EMPAGUA's system
in 1982 showed more than 12% increase over the previous year,

However, after 1982, overall production levels remained essentially

the same,

However, data indicates considerable fluctuation in the
output rates per production system, implying instability in the

produection structure.
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The difference between wmaximum production and mwinimum
production is 15%-20% for the production systems, At Ojo de Agua
specifically, however, the annual said value is over 50%, at times
reaching 70%. |

This instability in production is not only due to seasonal
fluctuations in discharge at water sources, but also reductions in
operating effeciency due to superannuation of facilities and

inadequate O/M.

{(3) Water Sources

Of EMPAGUA's seven production systems, five rely principally

on river discharge as the water source.

approximately 63% of EMPAGUA production is from surface
flows, while the remaining 374 is from groundwater (including
spring water). Almost all source rivers {60% of total production)

are situated outside the Study area.

An average of 0.30m3/sec is drafted by EMPAGUR from Ojo de
Agua. An additional 0.62m3/sec of groundwater is obtained from

some approximately 40 wells in the area.

Max. Mean Min.
Required Production 2,836 2,836 2,836m3/sec
fictual Production 2,717 2,553 2,374
Shortage 0.119 0.283 0.462
4% 10% 15%

The gap in water demand and supply capacity mainfests itself
in both geographic shortages and interruptions in existing water

service. Furthermore, shortfall exhibits an increasing trend.

TABLE 3-2 indicates the status of water supply in Guatemals
City. Service is divided inte 3 categories depending on the nature

thereof: continuous (N}, intermittent (I} and discontinuous (D).
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3.6 EMPAGUA

3.6.1 General
EMPAGUA, the Guatemala City Municipal Water Supply Corporation, was
created by the Guatemala City Municipal Council on Nov. 28, 1972. EMPAGUA

commenced operation on Jan. 1, 1973,

The objectives of EMPAGUA are provision, maintenance, improvement
and expansion of potable water service in Guatemala City, and neighboring
municipalities in the event that lawful Iintermunieipal agreements are

signed.

Administratively, EMPAGUA's management reports toe a Board of
Directors whose president is the Guatemala City Mayor, and whose secretary
is the General Ménager of EMPAGUA. Assisting the General Manager are one
Engineering Manager and one Administrative  Manager. EMPAGUA's

organizational structure as 1985 is given in FIG. 3-17.

Both functionally and finanecially, EMPAGUA is an independent
organization. However, as regards major administrative actions such as
modification of utility tariffs, the management decision must be approved

by the Board of Directors and by the Guatemala City Municipal Council,

EMPAGUA has a close working relationship' with the Ministry of
Public Works (MCOPyT) which has been in charge of constructing the Xaya-
Pixcaya National Aqueduct. This cooperation is likely to éontinue with
the Ministry developing new water sources and EMPAGUA assuming

respongibility for the administration of newly found water.

3.6.2 Financial Status

The recent finanecial status of EMPAGUA is indicated in
TABLE. 3-U4~(1), 3-4-(2) and 3-4-(3).

The bulk of EMPAGUA assets is comprised of FProperty, Plant and
Equipment which, net_of depreciation, amounted te nearly 70 percent of
total assets in the past three years. Physical assets were transferred to
EMPAGUA, upon its creation, by the Guatemala 'City Municipality.
Subsequently, in addition to EMPAGUA's own construction projects,

Guatemala City water supply related facilities have been transferred to
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EMPAGUA, even where the construction thereof was carried out by other
government agencies (e.g. Xaya-Pixcaya National Aqueduct}. However, in
the case of some of these projects, administrative authority only and not

cwnership has been ceded to EMPAGUA.

fccumulated amount for accounts receivable has steadily increased
from 8.1%¢ in 1982 to 8.5% in 1983 and 11.4% in 1984, Accumulated losses
were Q13,747,184 or 25.1% of total liabilities in 1982, By 1984,
cumulative losses increased to Q19,362,710 equivalent to 35.7% of total
liabilities,

fccounts payable have increased yearly amounting to 47.9% of total
liabilities in 198M4. The greatest proportion of accounts payable was
attributable in 1984 to power rates (Q21,648,454, or 39.9% of total
liabilities) and social security payables (Q3,079,485, or 5.7% of total

liabilities).

Annual EMPAGUA revenue in 1984 was Q11,515,637. The most important

sources of revenue were water sales (84%) and sale of water titles
(13.3%).

Expenditures in 1984 were Q13,814,336, or 20% in excess of
revenues., Operation and Maintenance costs accounted for roughly 70% of
total expenditures in the past three years. Although the overall EMPAGUA
expenditures exceeded revenues, direct costs (O/M) were less than total
income, The resulting operating income in 1981 amounted to 26.2% of total
revenues, 25.6% in 1982, 7.7% in 1983 and 14.4% in 1984,

The largest expense item in O/M costs bas been electricity,
accounting for over one-half, even though a downward trend can be observed
over the past three years (58.2% in 1982, 55.7% in 1983, 52.3% in 1984).
The second O/M expense item has been wages and salaries, accounting for
around one-fifth, also with a downward trend in the past three years
(22.4% in 1982, 20.8% in 1983, 19.4% in 1984). Expenses for chemicals
inereased drastically from 9.3 percent in 1983 to 15.0 percent in 1984,

while depreciation expenses stood at a stable 7.7 percent.
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3.6.3 Financial Ratios

The information contained in the EMPAGUA financial statements from
1982 to 1984 were summarized as financial ratios and are presented in
TABLE 3-7. These ratios pertain to three groups, namely, liguidity

ratios, leverage ratios and profitability ratios.

EMPAGUA's liquidity problem during the 1982-1984 period was evident
in the fact that current assets covered less than half of current
liabilities. The liquidity problem become particularly aggravated from
1983 to 1984, Also, the.average collection period for water bills has
shown an increasing trend. As a result, receivables in 1984 amounted to
nearly half of annual sales suggesting a serious collection problem due to

the high proportion of late accounts.

The EMPAGUA debt ratio has steadily increased during the past four
years and in 1984 almost 60% of EMPAGUA's assets were financed with
borrowed funds. Significant is the fact that a disproportionately high

share of debt is comprised of short-term debt.

The net profit margin, or the ratio of net income to net sales, for
EMPAGUA continues to be negative due to chronic financial losses since its
ereation. The ratio of operating income to total asseté has fluctuated
between 1.5 and 5.9% for the period 1981-1984. EMPAGUA's negative return
on investment is due to thé negative profit margins described above which
are in turn caused by excessive expenditures in relation to sales. A low
asset turnover ratic further contributes te the unfavorable return on
investment of EMPAGUA.

3.6.4 Institutional Aspects

(1} Management System Improvemént

The Guatemala accounting and auditing firm Arevalo Perez y
Asociados in a report dated December 1983 diagnosed EMPAGUA

management in regards to the following area:
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TABLE 3-4-(4) Selected EMPAGUA

Financial Ratios

Financial Ratios 1984 1983 1982
Liguidity Ratios
Current Ratio 0.370 0.449 0.438
Avg. collection period 172 163 121
(days)
L.everage Ratios
Debt Ratio 0,591 0.515 0.498
Long~term Debt Ratio 0.072 0.086 0.078
- Short-term Debt Ratio 0.519 0.429 0.420
Profitability Ratios
In reiation to sales
Net Profit Margin (0.205) {0.281) (0.083)
In relation to investment
Operating Income Rate
of Return _ 0.031 0.015 0.053
Return on Investment (ROI) (0.042) (0.054) (0.017)
a) Net income/Net sales (0.205) (0.281) ~(0.083)
0.207 0.190 0.203

b) Net sales/Total assets

il



i) Crganization

ii)  Accounting

iii}) Internal Audit

iv) Electronic Data Processing
v) Billing and Collection

The Arevalo Perez report recommended relocation of EMPAGﬂn
offices and upgrading Commercial Services from the level of Unit to
that of Division, recommendations which have already  been
implemented. Speeding up of accounting and finanéial’ reports,
replacement or repair and maintenance of water meters, assignmeﬁt
of sufficient personnel as meter readers, observance of schedule
for meter reading and billing and collection, and autonomy to
change water rates in response to changing circumstances were also

recommended in the said report.

Many of the Arevalo Perez recommendations bhave been

implemented or are in the process of implementation.

A February 1985 financial and institutional study by Sturila,
a PAHO consultant, recommended a gradual or immediate phasing-out
of "pajas" or water titles on grounds that while titles are
conferred in perpetuity, the useful life of wabter supply facilities
does not exceed U0 years. A recommendation on debt cancellation
through government subsidies would permit  an inéreasing EMPAGUA
capitalization. Classifying receivables by ége is a recommendation
which would permit EMPAGUA's administration &to take necessary
measure to reduce Accounts Receivable to the equivalent of one-

month billing.

Continued implementation of the recommendations contained in
the above reports, coupled with appropriabe and timely adjustments,
should result in a significant institutional strengthening of
EMPAGUA which would Abe. achieved throﬁgh improvements in its

management system and its financial situation.
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One  commendable action taken by the new  EMPAGUA
administration consists of setting up, as weekend shifts, teanms
composed of three managers. and engineers who can expedite solutions
to any water user problems that might arise during weekends. This
measure should considerably improve EMPAGUA's services as well as

the public perception of services rendered by EMPAGUA.

{2) Financial Improvement

Financiélly, EMPAGUA should be able to obtain enough revenues
to cover operation and maintenance c¢osts, depreciation costs,
administrative expenses, repayment of loans, and to finance at
least pabt of future expansions. This underscores the importance

of being able to change water rates as circumstances warrant,

Water rate increases occurred once in 1974, once in 1980 and
twice in 1981, the last three rate hikes with a magnitude of 33%
each. The new EMPAGUA administration, realizing the urgency to
inerease water rates if service is to be improved or expanded in
response to. demaﬁd, has implemented a new water rate effective
July 1, 1986 except for the marginal service category (1/3 paja =
20m3/mo.) due to.social considerations, The new tariff seems to be
well founded since according to historical data, although marginal
sehvice connections account for 10% of all connections, they amount

to only 5% of consumption and 3% of revenues.

An indication on the ability of consumers to pay for water is
given by the proportion of expenditures on water relative to the
yearly family income in 1980 which amounted to 1.41% for those
earning less than Q1,200 pér year and 1.01% for those earning less
than Q2,400 per year. For higher income levels, spending on water
amounted to less than 1%, and less than 0.5% for those earning over
Q7,200 per year, Even taking into account the three rate hikes
amounting to 1004 that took place in 1980-1981, expenses on water
constitute a minimal fraction of the family income. Since the
tariff increase excludes the marginal service group, the remaining
econsumer groups should be able to absorb the rate hike without

‘major hardship.
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3.7 Environmental Impact

3.7.1 MNatural Environment

The population of Metropolitan Guatemala in 1985 was 10 times that
of 1940, 5 times that of 1950 and 3 times that of 1960. Thié rapid growth
of the Metropolitan Guatemala area has brought with it changing land use
patterns causing alteration and sometimes destruction of natural
topographic and drainage features, reduction of vegetation as well as

other ecological problems.

Specifically in repards to domestic water sources in the
Metropolitan Guatemala area, the above described rapid population growth

and urbanization poses the follewing environmental impacts:

i) Destruction of water source recharge mechanism
ii) Contamination of rivers and other water sources
iii) Over drafting of groundwater and possible parching of the

aquifer

Although data is not available to quantitatively clarify the degree
of_urbanization-of formerly agricultural and forested land, it is clear
that if recent and current trends continug over the long-term without
parallel concern for the natural environment, the destrubtion of
vegetation and natural topographical features will render it impossible to

conserve water resources in the area,

Failure of adequate sewerage fécilities to keep pace with urban
growth has resulted in the contamination of area rivers. Status of river
contamination is as described in Appendix-IV, It is evident that the
water quality of area rivers is steadily losing its suitability for

drinking and other domestic uses,

Excessive groundwater development impairs the recharge mechanism of

the area and has resulted in a-drop in water level at Lake Amatitlan.
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3.7.2 Dbaily Livipg Environment

fccording to WHO/PAHO data for 1982, mortality rates due to
intestinal diseases by age group in Metropolitan Guatemala are as set out
below, The mortality rate for the age bracket 1 month to 14 years is
particularly high,

Age group Mortality rate (%)
28 days - less than 1 year 30.0
1 yéar - 4 years 33.5
5 years - 14 years 23.4
15 years - U4 years 9.5
L yeérs - 69 years 13.3
Over 65 yéars 11.3
Unknown | 4,1

Intestinal disease mortality/

total mortality 18.7

Principal diseases causing death are diarrhea, wmalnutrition

parasites, ete.

High death rate and disease incidence is attributed to the

following:

i) Shortage of potable water
ii) Inadequate sewerage facilities
iii) Lack of awareness among general populace concerning health
and sanitation
fceording to the: 1981 census, 88.5% of the population of
Metropolitan Guatemala is supplied with drinking water from public or
private facilities. The remaining 11.5% draft water for domestic use

directly from. shallow wells, rivers, springs and lakes.

Thé status of sewerage facility development lags considerably
behind that of water service. At present, only 56.6% of the area
population has access to public sewerage facilities. With the inclusion
of privately operated faecilities, 62% of the population benefits from
sewerage service. Approximately 5% of the population has no toilet
faeilities. _

The status of waste disposal and sewerage facilities is as

described in Appendix-IV.
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3.7.3 Hater Quality

Sampling of water quality for potability was performed for
principal water sources of the Metropolitan Guatemala population. These
included shallow wells, deep wells, springs and rivers. Analysis results

are summarized below. (Details are presented in Appendix-III.)

{1}  Springs
Springs are located sporadically through the Study area.
Nearby residents draft water for domestic use directly from springs

without treatment.

Samples from 5 springs were subjected to standard analysis,
while water at 13 springs water was investigated by means of a
portable water checker, Although some excessive microbiological
presence was detected at certain springs, water from the springs
overall showed suibability for drinking'in terms of_physical and

chemical characteristics. (See Appendix-III for analysis results}
{2) Rivers
Hater at upper reaches of rivers in the Study area was

generally clear, although in some cases slight turbidity and an

earthy odor were present.

Results of river water analysis are summarized below.

{Details are set out in Appendix-I1I.)

Color: 24 - 80 TCU

Turbidity: 8.6 - 26 NTU

Total solids: 154 - 193 mg/l

Suspended solids: 20.8mg/1

Bacterial number: ahove tolerable levels

pH: 7.5 - 9.0 (average: 8)

Hardness (CaC03): 42 - 72 (average: 55.5) mg/l

Total iron: 0.035 - 1.97 (average: 0.758) mg/l
Alkalinity: 74.6 mg/l

As deseribed in detail in Appendix-111, samples taken from
the confluence of the Monjitas and Canalitos rivers, as well -as the
Las Canas rivers into which these rivers flow, showed higher values

-for eolor, turbidity, suspénded 301ids, electroconductivity, etc.
than samples from other rivers in the area. However, on the basis
of Biological Oxygen Demand (5.0mg/l)}, Chemical Oxygen Demand
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(10.0mg/1) and dissolved oxygen (9.4mg/1), it may be concluded that
poellution is not advanced, Nevertheless, bacteria and coliform

organisms were detected in relatively large numbers.

(3} Hater Quality of Pollubted Rivers

As detailed in Appendix-ITI, samples taken from the various
rivers of the Villalobos system showed a large degree of pollution,

VYalues for all test items were high.

The Las Vacas and San Juan river systems alsoc exhibited
advanced pollution, attributable to human settlements and
industrial establishments located on the headwaters of these
systems. However, below average values were obtained in the case

of some test items.

{4) Shallow Wells

Shallow wells range in depth from 3 to 4¥0Om. Water drafting

is performed by either rope and bucket or small motor pump,

Details of analysis results for 5 shallow wells are presented
in fAppendix-III. In the case of 2 of the 5 wells, where water is
presently drafted for domestic use except drinking, the bacteria
content is considered excessive for any type of househeld
utilization,

Regarding the remaining 3 wells, water from 2 1is not
considered suitable for drinking without proper biological

treatment.

(5) Deep Wells

Water from 9 wells was analyzed at LERIS applying standard
methods. Samples from the remaining 5 wells were examined by a
portable water checker. Details of test results are presented in
Appendix-III. (Well breakdown is as follows: 2 EMPAGUA wells; 1
industrial well; 7 private wells; 1 hotel well; 2 cooperative wells

and 1 colony well.)

‘Investigation results indicated a bacterial number in excess
of 100/ml for U4 wells. At one well utilized by a milk production
factory, coliform organisms were debected. For these wells,

‘biological treatment is necessary prior to water use. In the case
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of wells where wabter is widely consumed, such as at the afore-
mentioned milk factory, periodie inspection by the relevant

authority is considered particularly desirable.
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5.1

CHAPTER 1V

PROPOSED PROQJECT

Project Oblectives

(1)  The general objective of the proposed Project is to improve
public 'healt;h and living standards through the stable supply of
safe drinking water at an affordable price as based on national
policy and goals of national development for water supply and
sanitation. The Project envisages development of new water sources
with a view to improving and expanding the current water service

system.

Through establishment of a safe and ample water supply, the
Project will serve to constrain disease outbreak caused by water
shortage and contamination, thereby contributing significantly to
improved sanitation and living environment for the population of

Metropolitan Guatemala.

{(2) The Project corresponds to the Emergency Plan (I) component
of the Guatemala City Water Supply Master Plan (PLAMABAG), and is
accorded top priority for early implementation. Emergency Plan (1)
seeks to resolve water shortage in Metropolitan Guatemala over the
short term from 1988 to 1992, and envisages new development of
m3/s of groundwater for supply through EMPAGUA's existing water

service system.

(3} The operational objectives of the proposed Project are to
accomplish the target yield through the implementation of the

proposed groundwater development plan and proposed rehabilitation.

In con:sideratior.; of the present wabter service status and the
implementation schedule for the additional water resources
development plan, the proposed Project aims to supply 1 m3/5 of the
new developed water and as much additional water as possible
through implementation of a rehabilitation plan. The proposed

Project is planned for commencement in 1987 and completion in 1990.
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4.1.1 Basic Concept of Development

This development is to be implemented to fulfill the previously
described objectives on the basis of the optimum plan formulated in line

with the following basic concepts.

(1} Groundwater is to be given priority as the water resource to .
be developed, because of consideration of required 'development

expenses, required development period, long-tern stability ete.

(2)  The neuly-developed water 1is to be supplied in pfincipal
through the existing water supply system of EMPAGUA. However, new
supply system will be introduced where the socio-eéonomic effect of
such is judged to be great, and for where there will be no impact

on the existing system.

(3)  After the implementation of the project, the O/M system will
be improved and strengthened in order to promote the effective

operation and management of water and facilities.

(4) The EMPAGUA water supply service will be stabilized and
strengthened through functional rehabilitation of the existing
EMPAGUA groundwater facilities.

(5) - Promoting stabilization of EMPAGUA groundwater production
through maintenance and observation of groundwater resources,

Moreover the implementation of this development plan is to
give the minimum deleterious influence to lives of the people and
the natural environment in general.

The formulation of this development plan is to be achieved
through a process involving the formulation of a number of
alternative plans, and the final selection made for the optimum
project that is economically and technically feasible and minimizes

adverse environmental impacts,
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4,1.2 Component Elements

The development plan is to be formulated in accordance with a basic

concept, consisting of the following elements.

(1)

(2)

Groundwater development plan

- Groundwater development plan: determination of
groundwater .  development areas, development
priorities, development volumes

~ Water production plan: m3/s groundwater production

plan .

~ Water supply plan: in3/s newly-developed water
distribution plan

- Rehabilitation plan: renabilitation plan  for

existing wells of EMPAGUA
- Operation and maintenance

Groundwater conservation plan

- Groundwater monitoring plan
- Groundwater recharge plan (Recommendation)

However, regarding the groundwater recharge plan, the team will

only assess its effect and make recommendations regarding future surveys

to be ecarried out.

4.2 Groundwater Development Plan

}.2.1 Basic Approach

(1y

Objective Area

As shown in FIG. 3-1, the objective area for the groundwater

development under the proposed Project 1is divided into

the

following three areas according to hydrological basin boundaries

(the total area is approzimately 815 km 2).

a) Southern sector; Villalobos river system basin
(egcluding the Lake Amatitlan basin itself); 318
km

b) Northern sector: Las Vacas river system basin;
240 km?

¢) Eastern sector: Las Canas river system upper basin;
256 km?:
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(2) Objective Aquifer

The objective area has both upper and Jower aquifers, and
these have been effecti#ely utilized as water resources for - the

citizens of Métropolitan Guatemala.

According to the result of this Study, it is assessed that
the development potential yiéid in the said area is greater than

the development target yield of m3/s.

In particuldr, on the basis of the hydrogeological structure
and lithological units, it is estimated that the sald area has a

considerable sum of developable lower aquifer storage.

The potential head of the lower aquifers in this- area is
confirmed at approximately EL 1300m. The reduired depth of the
well to pump up the lower aquifers is estimated to be from 250 to
300 m, making it eeonomically possible to utilize and develop the

lower aquifer.

Accordingly, the main objective aquifer for the proposed
groundwater development is determined as the lower aquifér.
The respective estimated development potential ecapacities of

the groundwater are as follows:

Upper aguifer

Effective Actual pumping Pump-up

Storage Volume Potential
Northern sector 0.89 m3/s 0.32 0.57
Southern sector 0.73 wm3/s 0.28 0.44
Eastern sector 1.16 m3/s .03 1.13
Total 2,78 m3/s " 0.6l 2. 14
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Lower aguifer

Estimated Pump-up
Storage potential
_Northern sector 180 x 106m3 sh x 100m3 1,710 {/sec.
Southern secﬁor- 13 x 106m3 B3 x 105m3 1,360 [/sec.
Eastern sector 196 x 106m3 59 x 100m3 1,860 {/sec.

Total 519 x 1053 156 x 100m3  K,430(/sec.

Lower aquifers represent effective sources for the proposed
Project, but the pumping-up of lower and upper aquifer water from
the same well should be avoided. As the fluctuation between water
table from wet to dry season i$ pronounced, the static head during
the wet season becomes excessive as the submersible pump must be
set below_'the .lowest water level during the dry season.
Aecordingly, the pressure to the pump and motor is large and may
exceed the standard pressure for which the pump and motor are

designed.

{3) Priority of the Development area

The.priorities of the three basins were assessed while taking
the following factors into consideration.
a) Attainment of mazimum benefits from potable water
service;
b} Existence of groundwater arteries and potential for
groundwater development in the area;
c) Topographical features and geographical conditions;

d) Technical feasibility and financial viability of
additional groundwater development and the required
water supply facilities; and

e) Minimization of environmental impact caused by the
additional groundwater development.
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1} Fastern Sector

East of the Project area, the hydrogeological boundary is
formed by raised blocks of Palencia, which are located within
the north/south fault systém_and known as Teocinte/Palencia. In
addition, it seems that this area comprises a saddle formed by

the faults in E/W direction.

The results of electrical prospecting conducted for the
proposed Project and the aguifer properties in the said area are
as described in Appendix-I. In this sector there are
pyroclastic sediments and volcanic fall deposits that are all of
the Quaternary period, and their thickness is approximately 200m
to 100m. '

The pyroclastic sediments have a poor groundwater
transmissability due to the great granulometric variability and
the high percentage of finé gréins. However, due to their high
porosity, they are good storage matefials with a good regulatory
capacity.

| Sloping ground has basement at a considerably shallow

depth, and the thickness of Quaternary deposits is not great.

hccordingly, the storage capacities of upper aduifers is

considered to be small.

According to the results of pumping test at the test well
Ne .2, lowering of the water table does not oceur even under the
condition of econtinuous pumping-up of 50 1/sec. - The pumped
water at the test well can thus be regarded as coming from the
lower aquifer which has a - plentiful storage capacity,
Generally, the basement in this area is formed by consolidated
volcanic material, lava, and tertiary tuft as well as Cretaceous
limestone highly affected by faults, fractures, and fissures.
The basement lower than EL 1300m can be assumed to comprise the

lower aguifer.
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The results of the pumping test at the btest wells No.1 and
No.3 were poor since the actual pumped water was only 20 ~ 30%
of the target yield. This was probably due to drilling into a

basement which has undeveloped fractures.

Some of the potable water intake of EMPAGUA water service
systems is from local rivers such as the Teociente, Ocotes,
Acatan, Canalitos and El Bijague rivers, The utilization of
groundwater is however, undeveloped., At present, the actual
production of groundwater is estimated at only 0.im 3/s.  There
are two water treatment plants for the treatment of the river

- flow wdater intake in the nearby area, These are the Las

Ilusiones and Santa Luisa plants.

Tﬁere is only a short distance to convey the new developed
grouhdﬂater from. the proposed well fields to these treatment
plants, and the residential programs to be advanced around these
treatment plants are expected te rapidly increase the water

demand each year.

The coefficient of permeability and groundwater discharge
defining the hydraulic characteristics of aquifers on the basis

of the pumping test are as follows:

Section of basin

K @ Q
(B + H) (m3/sec)

Andesite 9.54 x 10-5 0.597
No.2 test well {Fractured) 0.05

2500m x 50m 7.75 x 10-5 0.485

Welded. Tuft 1,50 x 1075 0.0l2
No.1 test well {(Non-fractured) 0.03

$2500m x 50m 1.20 x 10-5 0.036

Limestone 5.40 x 10-6 0.021
No.3 test well {Non~fractured) .03

2500m x 50m 6.24 x 10-6 0.047
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2) Northern Sector

In the northern sector, the structural conditions
discussed seem to indicate that there is hydro-geological
communication with the basin of Las Vacas river, approximately
between the coordinate UTM 16,15.50/16,12.00N, for the axis
972.00E. In this area, the upheaval blocks have uncovered gross
deposits of Tertiary volecanic rocks, as well as Cretaceous
limestones. The thickness of the Quaternary sediments Iis

gatimated at approximately 100m,

There is an estimated 0.5 mw3/s of flow of water
percolating from the neighborhocd basin but the route of this
percolating water is not yet defipite., In the light of the
hydrogeological structure of this area, it may flow in from the
west part and flow out bto the north, being controlled by the
fault system. '

The basin reserves of this area are estimated at
approximately 2.2 m3/s and there is pump up of 0.4 - 0.5 m3/s.
Most of pumped-up groundwater are taken to be from upper

aquifers.

EMPAGUA'S Project 4-3 well and a few other wells have been
able to tap the lower aguifer by properly selected sites and
properly designed wells. The water table of the these wells is
estimated at approximately EL 1300m, and the average yield at 63

1/see,

However, = there are many tepograpbic variations and the
elevation of the area is sometimes mare'than EL TSQOm,_requiring
a greater well depth to pump up from the lower aguifer.
Consequently, the high potential area for the development of the
lower aquifer will be limited to the lowland area having an
elevation of less than EL 1500m.

Thisz area contains a lower aguifer with bhigh 5torage
capacity and consequently high development potential for the
proposed Project judging from the hydrogeological structures and
concentrated fault systems in the north/south direction and the

tensional fractures in the east/west direction.
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3) Southern Sector

In the southern sector, groundwater recharge is good as
there is ample inflow into the sector from higher terrain to the
east and west. However, 30 million cubic meters is already
being pumped-up annually and another 70 million cubic meters is

estimated as running off from the sector into Lake Amatitlan.

‘Recently, the surface water level of Lake Amatitlan is
decreasing due to the influence of the grounduater development
and it is an obvious necessity that additional groundwater
development be regulated to maintain the water level of the
iake,

4} Development Priority

As has been mentioned, the actual pumped water in the
southern sector is over the safe yield and further development
should be avoided. Actually, the water tables of some wells are
decreaéing and it is sometimes impossible to  pump-up

groundwater,

.In the northern sector, at present, there are many
_publiely and privately owned wells around the southern and
western parts of the said sector, which comprise the city
cenver. The potential development area in the northern sector
for this proposed Project is only the northeastern part of this

said sector,

_ In the eastern sector, there are areas for which
groundwater is undeveloped and the groundwater development
potential is expécted to be high on the basis of electriecal
prospecting and other studies. This is particulary true in the

central and northeasbtern parts of this seetor.

The resulting priority of the three areas is as follous:

Top priority : Eastern Sector
Second Priority Horthern Sector
Third Priority Southern Sector

The proposed groundwater development plan  should be

formulated in consideration of these classifications.
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§.2.2 Aiternative Waber Resources

In determining the water sources for the Project, both river
discharge and groundwater were considered. However, due to the factors

outlined below, groundwater was selected as the optimum water source.

Rivers:
(N Although discharge is generally ample, large seasonal

fluctuations render them unstable.

(2) Distance is large from potential diversion points to demand
centers. Construction of extensive pipeline facilities would be

necessary.

(3} The closest river water to demand centers is heavily polluted
from sewerage, and would require the construction of large-scale
purification faclilities.

(4) According to the results of the PLAMABAG study, dévelopment

of surface flows cosks 2 - 3 times that of grounduwater.

Groundwater:
{1) Well construction is possible in areas adjacent to demand
centers, minimizing the construction of pipeline conveyance

facilities.

{2) Purification facilities may  be greatly simplified,
facilitating operation and maintenance as well as reducing the

cost,

(3 Construction of recommended wells may be pursued in stages
and this imbues the investment schedule with considerable
flexibility. At the same time, there is a fast benefit accrual.
Accordingly, it was concluded that groundwater development was most

appropriate after taking into consideration factors of:

1) Water source stability;

2) Reduction of required implementation period;
3) Simplicity of required works;

I} Ease of implementation phasing; and

5) Potentiality for groundwater development.
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4,2.3 Proposed Wellfield Block

As shown in FIG. Y-1, eight proposed wellfield blocks were
delinated primarily in consideration of volume of groundwater available
for development. Two blocks are located in the northern sector and six
blocks is the eastern sector. A1l blocks in both sectors are located near

the boundary separating the two sectors,

‘The hydrogeological properties of the eight proposed wellfield
blocks are briefly described in Appendiz-I.

At present, the maximum pump-up volume per well of existing
wells only averages 10 1l/sec for upper aquifers, In the case of lower
aquifers, the performance of existing wells whére the groundwater level is
below EL 1300 m varies greatly betwsen 3 1/sec and 189 l/sec, with large
well discharges considered due to pump-up from the lower aquifer.
Nevertheless, at the present stage accurate predication of well discharge
ig difficult because of the lack of geoclogical profile for proposed wells,
Therefofe, on the basis of the above observed well discharges from the
lower aquifer, the average pump-up volume per bore under the subject
Project is assumed at 40 1/sec. However, presults of test well Nos. 1 and

'3 gave 10 l/sec for Block IV of the eastern sector which highlights the
need to carefully select those wellfields from which adequate discharge 1s

most likely to be obtained,
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B.3 Water Supply Plan

4.3.1 Basic Approach

The main constraint to water supply in the proposed Project area is
insufficient water production to meet total demand in the area. This is
dus to a decline in the production efficiency of the EMPAGUA system and
the delay in development of new water resources, The EMPAGUA water
service network is unsystematic'and coverage 1s uneven due to sporadic

expansion, This results in a substantial distribution loss.

There are remarkable local disparities in water shortage especially
" in the newly déveloped residential area  and the center of Guatemala city.
The proposed water supply plan should be formulated to remedy these local
disparities in watér supply. Accordingly, the proposed water supply plan
should be designed according to the objective of alleviating local water
supply - shortages through additional new groundwater development. The
groundwater development plan which is the'major component of the proposed
Project should be formulated according to the following basic criteria to

realize the objectives of the water supply.

- The distribution plan for supplementary water supply should
consider not only the present water shortage but also the response

to fuﬁure demand.

- Newly developed ground water supply will provide clean potable

water through the existing EMPAGUA water service system.

- Basically, newly developed additional water supply will bhe
transmitted to the nearest existing distribution plants or existing

water works.

- Future water distribution plans should be considered in formulation
of.the supply plan under the Project so as not to maximize benefits
for all future development plans for water resources and water
supply

- However, where feasible and warranted by local demand for water,
water produced under the Project should be distributed directly

from wells to local residents by means of publie tap.
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4.3.2 Yater Distribution Plan

{1} Selection of Service Area

Characteristics of water supply and demand in 1985 according to
EMPAGUA are as follows: (see TABLE U4.1)

a) The overall wabter shortage rate is 18%; however,
when water shortage in each zone is examined, the
largest wabter shortage occurs from the city center
to the northern area with a rate of 30% in the
northeast area, 26% in the north area and 22% in the
city center.

b) The northeast area is maihly comprised of =zones 17
and 18 and water is supplied from the Las Ilusiones
water production plant.

¢c) The north area consists of Zone '6, and water is
supplied from the Santa Luisa water production

plant.

d)} Water supply to the city center is derived from
wells in the vicinibty and several water production
plants.

In order to remedy regional disparities in water supply,
EMPAGUA has proposed the following improvement plan.
a) A submerged mobtor pump is to be installed in

existing wells in Zone © which are at present not
operated.

b) The 22% water shortage rate in the city center is
predominantly due to the inadegquate distribution
network. EMPAGUA proposes division of the network
into smaller units {(sectors) to minimize loss.

¢) The greatest water shortage problem pccurs in zones
17 and 18. Rapid development of these =zones as
residential area and the sudden increase - in
population and residences has resulted in a
corresponding increase in water demand. In the next
fifteen years, demand 1is forecast to increase to
1.02m3/sec, three times the present rate.

The intake of Las Ilusiones plant which wainly serves Zone 17,
18 and is at Atlantico, obtains water from the Ocotes and Bijague
rivers at a rate of 0.18m3/sec. Santa Luisa plant mainly serves the
city center and derives its intake from the Teocinte, Acatan and
Canalitos rivers at a rate of 0.345m 3/sec. Although the total river
discharge wmay be sufficient for adequate water supply, flow is

unstable due to
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Table 4.1

SUPPLY AND DEMAND

Section of

Total
Metropolitan Center  North Ng;z:" SEUt:“ West  South —————mmene
Guatemala:. a5 Total (%)
m3/sec

Supply
Santa Luisa 0.24 0.10 - - - - 0.34 il
El Cambray 0.07 - - 0.08 - - 0.15 6
Lo de Coy 0.21 = - - 0.62 = 0.83 35
La Brigada - - - - 0.07 - 0.07 3
Ojo de Agua 0.32 - - - - 0.22 0.54 23
Wells in the City 0.11 .10 - - - - 0.21 9
Las Ilusiones - - 0.23 - - - 0.23 10

Total 0.95 .20 0.23 0.08 0.69 0.22 2.37 100.
Demand 1.22 0.27 0.33 .09 0.74 0.25 2.90 -
S:Og"gggemema”d 22.0 2.0 30.0 1.0 7.0 1i2.0 18.0 -

pronounced seasonal fluctuations. Water quality is contaminating and
the rivérs capacity to function as a safe water source is gradually
diminishing. Accordingly, use of river discharge as the water source
will require not only construction of a large scale treatment plant
but also require costs for settling basin and long distance conduit
pipeline.  Groundwater is a desirable supplementary water supply
source due to its high stability and capacity for expanded production

in response to increased demand.
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Estimated water demand for §985, 1990, 1995 and 2000 in the
city center ares, north area, and east area {(which show marked water
shortages) is based on the assumptions below and tabulated in TABLE
4,241,

- Demand per day per customer at bap: 1.4 ﬁi3/day/customer
- Annual rate of customer increase: 6.287%
~ Distribution loss: 32%

Water Demand in EMPAGUA Water Service fArea

Area City center North East
1985 1.22m3/sec 0.2Tm3/sec 0.33m3/sec
1990 1.48 0.30 .0.48
1995 1.80 0.3 0.70
2000 2.18 0.38 1.02

At present and in the future, local water shortages will be
remarkable in the north-eastern part of the metropolitan area which

is mainly composed of zones 17 and 18.

There are newly developed residential zones in Zone 18 for

which the water demand is also increasing rapidly.

The water demand g“owth rate is estimated to result in a 145%
increase over of the present demand in 1990, 212% in 1995, and 310%
in 2000.

One the other hand, additional new development of rivers in
the Study area which form the main water source at present is
considersd unfeasible, with a very low potential for additional
development, and PLAMABAG has proposed Lo convey water from basins

by pump from cutside the Guatemala City Valley.
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The water demand growth for the northern part of Metropolitan
Cuatemala is not so large and is estimated to be at 140% of the
present demand by the year 2000, In addition, there are also
several new wells which were constructed by EMPAGUA in 1985, They
will begin water production within 1986. Accordingly, little

supplementary water will be required.

In the year 2000, the water demand of the central part of -
Metropolitan Guatemala is estimated at 285% of the present demand
in the Said area bunt there are new water sources targeted for
develbpment to satisfy this demand {transbasin diversion plans,

ete. ).

fccordingly, under the proposed Project, new development of
1m3/sec of gfoundwater is proposed. - Likewise, in conformity with
PLAMABAG plahning and projéetions, the water sevice areas are
delineated as the eastern (Zone 17, 18), northern {Zone 6) and ecity

center areas of Metropclitan Guatemala,

(2) Annual Distribution Programs

in view of the current situation and future water demand
‘trends, planning under PLAMABAG calls for production of im 3/sec
under the initial Emergency Plan (1) to be distributed as indicated

in the following table,

(Including distribution loss)

Area of
Hetropolitan 1990 1995 2000
Guatemala
Centér : 0.5 m3/sec 0.54 m3/sec 0.18 m3/sec
Northeastern 0.2 0.4z 0.74%

- Worthern 0.04 : .08
Total o 0.70 m3/secl/ 1.0 m3/sec 1.0 m3/sec

i/ implementation will commence in 1987 and will be
completed by the end of 1990,
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