4.3.3 Water Production Programs

{(n Well Fields

Wellfield locations to be ultimately adopted under the
Project were determined on the basis of the following eriteria.
- Wellfields will be selected in order to supply areas of
shortage designated under the water supply plan.
- Transmission route and location of wellfields will be
selected in consideration of eriteria of topography,

geography, economy and ease of access.

- Location and number of wellfields and arrangement of wells
will be determined to reduce mutual interference and to
maintain production capability and prevent efficiency drop.

- Location of wellfields will be determined to minimize the
required cost and to maximize efficieney of uwater
transmission from the wellfield to existing water works.

According to the above criteria five out of the original
blccks section 4.2.3
(FIG. U4-3)

eight mentioned in were selected for

development under the Project.

The general features of the selected wellfield blocks are as

follows:

Estimated Existing Develop- Estimated Estimated Average Target
Biock potential yield ment well No. well yield well total
potential yield yield
yield
{1/s) (1/3) (1/s) (1/s) (1/s8) (1/s)
1 111 .
Canalitos 192 + 28% 24 752 17 by 30 510
= 776
Lavarreda 11 358 35 323 2 161 35 70
Norte VI 568 260 308 8 39 35 280
El Rodeo '
7ona 18 IV 336 8 328 7 46 20 140
Vista
Hermosa VIIT 245 23 222 i 55 30 120

1y - 18
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2) Well Numbers and Location

In consideration of the area, general features, topography,
and target yield of the respective wellfield blocks, the well

numbers and the unit yield per well are tentatively determined.

However, although it is assumed that there will be some
variation’ in unit yield per well, at the present stage the said
yield is tentatively estimated as being equal for all wells in the
same wellfield.

The locations of the wells are tentatively selected by map.
Therefore, prior to implementation, it is considered necessary to

reconfirm these positions through a detailed survey.

The number, estimated average unit yield and an outline of

the wells in the respective wellfields are given below:

Wellfield Potential Average _
block well no, yield per unit well

1/sec

Canalitos 171/ 30

Lavarreda 2 35

El Rodeo 71/ 20

Vista Hermos i 30

Norte 8 35

Total _ 38

i/: including one existing Test well.

As rotational operation is to be adopted under the Project
reserve wells to number 10% of the total will be included. Total
yield for all wells (including reserve capacity) will therefore be
1.1 m3/sed. Under rotational operation, actual production will be
1.0 m3/sec. o
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2) Annual Production Progranm

The annual -

production

program

consideration of the following conditions.

was establishead in

Required distribution program to meet projected demand:

Northeast
Target area metropolitan
area
1950 0.20m3/s
1995 D.42
2000 _0.7&
As of 1985:
Demanad 0.33
Deficit 06.10
Source Las Ilusiones

City Center

0.5m3/s
0.54

0.18

1.22
0.27

A1} plants-
other than
Brigada and
Las Ilusiones

Actual envisioned production program

Northeast
metropolitan
area

First year 0.07Mm3/s

Second year 0.24

Third year 0.13

Total 0.44

City Center

0.19m3/s
0.10
0.19

0.48

W - 21

North .
metropolitan
area ’

0.0lm3/s

0.08

0.217
0.07

Santa Luisa
City Well

North
metropolitan
area

Total

0.06m3/s 0.32m3/s
0.34
0.02 0.34

0.08 1.00



) Transmission Pipeline System

Under the Project the produced water is conveyed from each
production site to the point of distribution origin according to

the distribution plan as outlined in the above,

The transmission pipeline systems and alighment shall be

planned in consideration of the following conditions:
- Elevation differences between the respective well sites

- Elevation differences between the wellfield and the point of

distribution origin

- Topographic conditions on the route of the transmission

pipeline route
- Proximity of the existing pipeline and facilities

-~ Scale and expense of the required facilities and construction

works,

As presented in  Appendix-II, the following thirteen
transmission systems have been planned as a result of comparing the
alternatives for the selection of the optimum water distribution

and transmission plan.

.Estimatéd Annual Production Program by Wellfield

Wellfield Canalitos Lavarreda El Redeo Vista Norte Totall/

(I&11&I11) Zona 18  Hermosa m3/s
First year 0.21 0.07 0.08 0.36
Second.ygar 0.21 - 0.06 - 0.105% 0.375
Third.year 0.09 - - 0.12 0.175 0.385
0.51 G.07 0.14 0.12 0.28 1.12

1/: _Inclﬂding of production of the reserve wells.

v - 22



Wellfield Terminus of Transmission Transmission No. of
' transmission sytem discharge system wells
3/s
m
Canalitos Juana de Arco 0.240 Booster pump 7
water tank
Santa Luisa 0.18 Gravity 7
Chlorination Plant
‘San Gaspar 0.0%90 Gravity 3
new water tank '
Norte Tank 3 0.210 Booster 6
Tank Carmen 0.070 Booster 2
(Tank Carmen) {0.153) Booster (7
Lavarreda Juana de Arco 0.070 Booster 2
E1l Rodeo New tank 0.010 Gravity 2
Zona 18
Direct delivery and
Las Ilusiones 0.020 Gravity 1
Las Ilusiones 0.060 Gravity 2
Existing pipe 0.020 Gravity 1
Vista New tank 0.090 Gravity 3
Hermosa
Existing pipe 0.030 Gravity 1

( )

Transmitted from Tank 4-4

1/ : Boost by submergible pump

In nine of the thirteen lines, the water produced at the well
sites will be direectly conducted to the point of distribution
through the transmission pipelines by gravity and, in
Will first be collected. in a

origin
ancther four the water

reservoir, and then sent to the point of distribution origin by

lines,

booster pump.
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4.3.4 Rehabilitation

(N

Basic Approach

1) EMPAGUA estimates 3.70 m3/s of water demand by 1990 for
the EMPAGUA water service system, and thus plans to establish
productlon capaclty of 3.99 m3/s by that time. (Refer FIG.
11-1)

This waber supply plan is estimated on the basis of
implementation of the following development plans

‘Present supply water {at 1985): _ 2.37 m3/s
" New .grounduater development under the _
proposed Project:. - _ 1.00
Rehabilitation under the proposed Project: 0.45
Provision of motor/pump for 7 neuly _
constructed wells: 0.17
Total 3.99 w3/s

The proposed Projeet will aim to satisfy water demand
of EMPAGUA's consumers in 1990 through the implementation of
the proposed groundwater development and rehabilitation

program ‘under the Project.

The proposed rehabllltatlon is therefore necessary to
satisfy the projected demand of 3.70 m3/s by 1990 as

indicated above.

2) ‘For thé last five years, the average waler production
of'thé respective produotion plants and the respective well
fields in the EMPAGJA water service system are as shoun in
TABLES 4-2 and 4-3.
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Annual Average Production per Plant

TABLE -2
Plant: Santa El Lo de La 0jo de  Las City
Luisa Cambray Coy Brigada Agua Ilusiones Wells Total
Year (m3/day) (m3/day) (m3/day) (m3/day) (m3/day) (m3/day) (m3/day)
1980 31,360 15,020 60.260 4,780 50,310 13,800 11,520 187,150
1987 31,670 16,080 68,720 7,230 16,900 14,140 . 10,700  195,4k0
1982 28,620 15,450 90,120 10.670 46,100 15,290 13,300 219,550
1984 26,962 15,065 86,398 5,726 48,582 20,124 15,530 218,387
29,452 15,201 78,378 7177 48,868 16,329 12,626 208,031
TABLE 1-3 Annual Average Production per Wellfield
0jo _
Plant: Diamante de Belen  Molino El Rodeo La Brigada City Total
Agua o wells
1980 13,750 22,130 1,540 740 1,940 3,290 7,300 50,690
1981 13,340 25,200 2,110 1,050 480 2,580 7.060 51,820
1982 14,090 21,390 1,560 1,400 1,030 2,170 9,250 50,950
1983 16,110 25,300 310 1,580 1,610 830 8,580 54,320
1994 15,185 16,166 2,173 1,003 1,760 1,890 10,594 58,771
1,495 24,035 1,539  1,1567 1,364 2,152 8,57 53,310
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(2)

Recently, despite the fast growth of demand, EMPAGUA's
production dropped from levels in previous years due to suspension
of production facility operation daused by lack of organized
maintenance. . 'Oﬁhér 'common problems are over-utilization of
equipment beyond its rated 1ife, lack of Spare parts and non-

replacement of equipment in disrepair.

Production plants such as river intake facilities exhibit a
poor performance due to lack of proper operatlion and maintenance as
well as the lack of spare:parts. As for production wells, only 37
of EMPAGUAF3:57_deep wells are in operation and these reportedly
yield only 36% of their potential capacity.

In view of this situation, rehabilitation of existing wells
is proposed td_ supplement production under the proposed Project
(1m3/sec) which aims to meet 1988-1992 demand. Wells which have
suspended operation or have an extremely low yield due to expiry of
service life, eic., will be rehabilitated and a minimum

incremental yield of 620 1/sec is planned by said rehabilitation.

In addition, a recommendation on sound engineering practices
will be prepared to bdlSter EMPAGUA‘S supply capacity by
programming the optimum effective utilization of its production and
distribution facilities. A brief summary of the major deficiencies
in the EMPAGUA system is shown in TABLE -4,

Rehabilitation Plan

(1) EMPAGUA has been planning the rehabilitation of existing
facilities to improve their present status, In response to the
objectives and policy of EMPAGUA, rehabilitation of existing wells
should be proposed under this project, Criteria for selecting

wells to be rehablilited are as follows:
- Financial breakeven point: 300 GPM with the old water rate.

- Demand or necessity, even at a financial loss.
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Present eonditions of EMPAGUA wells are as follows:

Abandoned | : 5
Operation suspended 8
Operating 37
Under construction (Zone 6)(pump not yet installed) 7
TOTAL : 57

The effect and economic soundness of the proposed
rehabilitation was discussed for the 37 operating wells and of

these, 23 wells were se;ected for rehabilitation.

The present conditions of the 23 wells selected is as

follows:
= 15 wells : Older than 15 years
- 7 wells :  About ten years old; production efficiency
réemarkably decreased
- 1 well : Several vyears old; production efficiency

decreased caused by lack of spare parts

supply or due to mechanical damage.

Howeveb, 1 well will be rehabilited by EMPAGUA itself within
1986. Therefore, 22 wells should be rehabilited under the Project.

They are listed in TABLE 4-5.

During the supplementary study period conducted from 22 May
to 20 July 1986, 22 existing wells were checked by the Team., Of
this total, 12 were examined by T.V. probe. The results of the
study afe as shown in TABLE 4-6. Based on the study results, the
following works are proposed for the 22 wells.

~ Despite Ehe fact'that.it has only been several years since
construction in the case of some wells, pumping efficiency is
not good due to the low pump capacity (such as at the Juana
de Arco well). These wells should be restored to the optimum

pumping capacity.
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Most wells less than 15 years old are pfoyided with bore hole
type pumps because of the high water table. Pumping
efficiency, especially during the dry season has decreased
due to lowering of the water table. These pumpsrshould be
veplacéd with sﬁbmersible motors pumps which are less

affected by lowering of the water table.

Pumps more than 15 years oid are already past their effective
life, The pumps and motors should be replaced with
submersible pumps and motors in consideration of pumping

efficiency and maintenance,
Al11 wells should be cleaned by jets and chemical input.
Required repairs for damaged casing

Introduction of remote control system for the Ojo :de. Agua

wellfield.
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TABLE I-5 . _
Hells Targeted for Behabilitation

N el
' : Diameter Table Year
141 Diamante I '~ 50 1/sec 16 121.92m  7.62 m 69
W0  Diamante 1T 90 1/sec 12 121,92 7.62 69
143  Diamante II1 90 1/sec 12 188.50 7.62 72
144 Diamante VIII 88 1/sec 12 274.32  19.51 77
139 Ojo de Agua I . 151 1/see 12 274,32 0.91 76
138 0Jjo de Agua II 151 1/sec 12 274.32 5.49 76
137 Hincapie 31 1/sec 8 213.36 0.08 17
32 J A Salazar 31 1/sec 8 195,07  56.39 77
30 Brigada I - 20 1/sec 8 213.36 84.73 68
29  Brigada II 18 1/sec’ 8 182.88  81.08 66
20 Diagonal VI 31 1/sec 8 222.50  51.50 69
21 Colonia ElMaestro 31 1/sec 8 213.36  50.60 77
16 Santo Domingo uy 1/sec 8 138.99  323.00 69
15 Parque Colon 31 1/sec 8 204,17 33.53 69
28 Filtros Brigada 1 31 1/see 8 289.56 16,33 70
27 - Filtros Brigada 11 31 i/sec 8 259.08  73.76 0
38 Belen III 31 1/sec 8 259.08  73.76 70
18 Ciudad Vieja 1 20 1/sec 8 204.80  37.24 70
145  Diamante V 189 1/sec 16 310.98 7.62 72
142 Diamante VI | 63 1/sec 15 304.88  26.00 72
24 Afcos.I 29 1/sec 8 182.93 59.15 76
278 Juana de Arco 22 1/sec 8 274,39 161.59 82
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(2) As a result of the implementation of this proposed

rehabilitation plan, the water productidn will be increased as

follows:

Total Design Capacity Target Yield Pﬁesent Yield Increased
1273 1/s g20 1l/s 538 1/s 382 1/s

Consequently, total water production will be as shown in the

following table with execution of the rehabilitatidn'plan.

Actual production With rehabilitation (1/sec)

{without
rehabilitation)
Deseripticn Increase
Under the By Under the By
Project EMPAGUA Project EMPAGUA
Wells of 400 4o 640 60 260
0jo de Agua
Hells
0 190
in the City 138 y2 280 9 g
Vells ' '
: 0 170
in Zone 6 0 0 0 (170) (170)
Total 538 gz 920 150 Y50
(320) {620)

4_3.5 OQOperation and Maintenance

{1) Basic Approcach

The effective function of the Projeet facilities depeﬁds on a

properly organized operaktion and maintenance system, as

inappropriate operation and maintenance will jeopardize attainment

of Project objectives.

The proposed 0/M program {(as a component of the Project) and

a recommendation on overall O/M practices will include the

following basic approaches:

~ Minimization of the 0/M cost through introduction of a semi-

remote control system to minimize O/M staff

v - 38



-

Establishment of a systematic O/M program that allows for
rotational operation with 10% reserve production capacity at all

times and reserve storage of 25% at existing distribution water

tanks.

Introduction of accurate metering for both water production and

distribution to strengthen guantity control

Esbabliéhment of an observation system that contributes to

groundwater conservation

1) Production Control

Production control is related to the btwo prime attributes
of the end product:  plentiful water supplied at the required
time and place; and " clean, safe, colorless, odorless and

tasteless water ensured at every consumer connection.

The target of broduction quantity control is to ensure the
distribution of watér from treatment plants and wells to
consumers, This requires a central control system covering all
EMPAGUA facilities including a transmission and distribution
network which ensures the neceéssary water pressure at every
water tap under normal circumstances and in the case of
emergencies such as. fire. It further reqguires actual

measurement and forecast of bhourly, daily and seasonal demand

. and supply. The proposed Project facilities do not include a

distribution system, and clear water produced by the facilities
is to be transmitted to existing ‘treatment plants or
distribution mains, The production conkrol system of the
Project, therefore, should be designed for incorporation into a
central control unit encompassing the entire EMPAGUA system in

order to effect control of production under the Project.

As found in the field survey, however, there is at present
no adequately designed distribution network or central system.
Some fragments of the served area enjoy year-round 24 hour
supply, but others suffer from intermittent or no supply in some
seasons. Individual water treatment plants are operating semi-
ihdependehtly without effective coordination. A recommendation

should be prepared éoncerning this aspect.
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The main purpose of water quality control is to satisfy
the requirement of water quality standards at the consumer end.
To abtain this target, various requirements must be fulfilled in
addition to routine quality analyses of raw and treated water.
Such reguirements include: '

a) Water quality analysis during test operation after
completion of facility construction to determine the

most suitable treatment process including required
quantity of dose;

b) Medical examination of operators concerned to
safeguard the production process from infectious
diseases;

¢) Insulation and cleansing of production facilities;

d) Emergency suspension of water supply when hazardous
pollution is found in treated water; and

e} An appeal where necessary to the public or owners of
land in the wuater source conservation area to
prevent the introduction of pollutants.

The above items for production control (quantity and
quality) should be duly incorporated into the operation and

maintenance program.

2) Groundwater Level Monitoring and Yield Control

Since the proposed Project utilizes groundwater for its
source, a routine monitoring and control system over not only
the Project deep wells but also groundwater aquifers, as
inseparable counterparts of well facilities, should be planned.
Monitoring and control procedures which can be perfofmed on a
daily basis such as measurement of water level and yield should

be formulated.

Control over groundwater resources, however, requires a
diverse range of undertakings by mobilizing interdisciplinary
and hence inter-institutional resources. This constitutes the
groundwater conservation program and will be presented in a

separate section,
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3) Operation and Mainenance of the Project Facilities

The funetions of production control including well
monitoring will be basically incorporated into the design of the
proposed production and supply facilities. The operation and
maintenance program aims to maintain these functions at their

:designéd capacities. For that purpose, an operation program is
prepared for every component and level of the facilities. Also,
" maintenance programs are prepared for daily c¢hecking and
mainténance, and for periodic inspection and servicing. These
programs are intended to constitute a basis for the design of
-required facilities, organization and staff training. . They
would also be utilized in the preparation of operation and

maintenance manuals at the detailed design stage.

(2) Operation System

The operation system for the proposed Project will be formulated
‘according to the proposed groundwater production and water supply
systems in order to realize effective and efficient operation and

management and to minimize the cost of O/M.

The proposed operation system will consist of U systems; a
production control and operation system, water supply control and
operation system, groundwater monitoring system and facility
managment system. The facility management system is as shown in
the schematic chart (FIG. -4),

The operation system consists of 2 steps: production control

and water supply control,

1) Production Control System

The production control system comprises managment and
control of the quantity and quality of water production,
Operation control will be conducted at each proposed unit wéll
by the production control center located at the reservoir site,
Production control of unit wells will basically be carried out

" under the instructions of the EMPAGUA O/M center, Ordinary
daily water production will be controlled according to the
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storage capacity of the distribution water tank or the terminal
facilities of the water transmission system'and will be mamially
controlled on the basis of their water levels., Accordingly,
daily water broduction will be independenly controlled per

transmission system unit,

The most efficient control measures will be employed, and
the quality and quantity of water production for each unit well
will be regularly measured and recorded by the control station

at each terminal facility.

Basically, operation of the production .and gistribution
facilities shall be controlled by the daily storage condition of

the terminal facilities in the water transmission sysem.

The main control stations to control the water production
and transmission system will therefore be arranged at the Santa

Luisa and Ilusiones treatment plant office respectively.

The daily operation for each unit well will be remotely
controlled at the sub-control station which is to be situated at
the site of the end well of each wellfield or at the
distribution tank site. The operation for each unit well by the
sub-control station will be controlled by the instruetions of
the main control station. In éase of necessity, the operation
for each unit well will be directly controlled by the well gite

control board.

Operation at both the sub-stations and well site will be

manual.
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(2) Water Supply Control System

Control of the quality and quantity of water sqpply wlll be
under the responsibility and - 1nstructlon of the existing site
offlceb which manage the existing distribution tanks and main
pipelines receiving the additional water supply, and which cqntrol
the water service area of each faecility. New control stations or

offices will not be established.

Daily econtrol for the transmitted water will be the
responsibility of the operation staff and will be perforﬁed as
réquired by the status of the distribution tank and water deméﬁd in
the service area. In the event that pfoduction: water is
transmitted through the ~existing pipeliné, discharge will be
ad justed on the basis of existing discharge already flowing through

the subject pipeline.

Actual operation of the booster pump etc. for transmittal of
water from the reservoir to the existing distribution facilities
will be controlled by the operator of the sub-control station at
each wellfield site. Basically, all operatlon hdwever will be

conducted under the instruction of the main control station.

The water produced under this Project is to be distnibutéd
through the existing EMPAGUA system for potable water. Therefore,
the water produced should be chlorinated on_.the basis of the
EMPAGUA standards, and a chlorine treatment system will be provided

at the end of the transmission route.
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4.3.6 Maintenance System

Management of pfoposed water production and supply facilities and
equipment will basicélly be controlled by the central EMPAGUA O/M office.
To prolong the effective life of production equipment and facilities and
raise the éffic;enéy of_'waﬁef pfoduction, operation of wells will be

rotational with a recess period for regular equipment adjustment.

Dally, perlodlc and occ351onal 3-level maintenance is proposed
accordlng to the EMPAGUA maintenance standards and manual . Daily and
occasional adjustment will be the respon51b111ty of each coperation and
control station, while periodic adjustment will be the responéibility of
every control and operation station in cooperétion with the EMPAGUA O/M

center.

4.4  Groundwater Conservation

4.4, 1 General

Two types 6f-groundwater are available in the Project area: upper
aquifer and lower aquifer water. They differ in their recharge and

aquifer mechanisms,

The annual total pumped up groundwater is estimated at 50 -
70 million m3._ Useful data to distihguish'lower aqﬁifer water from upper
aguifer water are not available and it is hard to estimate the respective

yield.-

Natural recharge of the groundwater in the Project area was
estimatéd at'apprbﬁimately 200 million m3 for this project. On the other
hand,-~the"St6réée of lower agquifers in the same area was estimated at
approximately 1,000 million m3 on the basis of an analysis of geological
lithological conditions. . The mechanism of groundwater inflow into the
Study area is not yet clean? howevér,.it is assumed here that inflow

occurs from the lower aquifers of the surrounding area.

The main source for groundwater recharge- in this area is
pvecipitabion The annual groundwater pump-up volume in the Study area
will be increased to 80 - 100 million m3 with the implementation of the
proposed Project. This total yield corresponds to about 8% of the annual
precipiﬁation or about 50% of the annual percolation.
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The following factors pertain to groundwater development in the

project area:

- Annual total volume of pump~up of groundwater will be inecreased to

160% of present yield after the proposed Project implementation.

- Pump-up of groundwater continues unregulated at present because
groundwater is a useful water source wnich is both convenient and

economical for residents of the project area.

- Conservation capacity of the Project area will rapidly be decreased
because of urbanization, deforestation, development of sewers, and

the increase of the water demand.

- Groundwatér table and discharge to Lake Amatitlan and the Las Vacas
river will be reduced with massive groundwater production and the

groundwater recharge capacity will drop little by little each year.

In consideration of these circumstances the following active

countermeasures should be executed to conserve groundwater.

- Groundwater monitoring

- Regulation of groundwater development (drilling of new wells)
-~ Regulation of land use

- Artificial recharge of groundwater

- Reforestation and agro-forestation

§.4.2 Groundwater Monitoring Program

A groundwater monitoring system will be established as . a

groundwater conservation measure under the proposed Project,

The proposed monitoring program will cover the whole Project area
for 815 km? and include both newly developed wellfield zones and existing

wellfield zones.

Groundwater monitoring will be conducted by meéans of groundwater
table observation by eight monitoring wells, Of these, three monitoring
wells were already drilled during the Study period to measure the lower

aquifer.
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The location of the additional 5 wells are to be as follows:

Molino wellfield

0jo de Agua wellfield

Belen wellfield or Brigada wellfield
Zone 10

Southern part of Zone 11

The location of the existing 3 observation wells are as follows:

El Rodeo Zona 18
Norte

Canalitos

The monitoring for the upper aquifer will be conducted by regular
observation of the water table of the production wells at the scheduled

time.

To observe the water table at the production wells, water level
meters will be provided for the newly developed wells under the Project in
addition to one well each at the Ojo de Agua, Brigada, Diamante and

Project U-3 selected from the proposed wells for rehabilitation.

§.4.3 Recomended Artificial Groundwater Recharge

As described previously, groundwater is the most stable, economical

and familiar water sources for the Metropolitan Guatemala inhabitants.

The main source for the groundwater natural recharge is
precipitation, but this is concenirated in the rainy season from April to

September and the recharge capacity in the dry season is much less.

Accordingly, the pumping efficiency for groundwater production is

decreased by the lowered groundwater table in the dry season,

However, implementation of the recommended artificial recharge will

prévent, 1owering of the water table under the proposed Project.

‘The underground recycling of rainfall is deemed the most effective
and necessary countermeasure to stabilize groundwater preduction, conserve

the environment and prevent river contamination,
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CHAPTER V

FACILITY PLAMNING

5.1 Groundwater Production System

In planning Project facilities and selection of the required
equipments, it is above all necessary to minimize the required energy for

groundwater production and conveyance in order to minimize operation cost.

In the case of the proposed Project, however it will be unavoidable
that operation costs are high due to bthe fact that groundwater to be
developed under the Project is located at around EL. 1,250 -1,300 m and
the intended water service area is situated at around 1,500 ~1,600 m.

Under the Project, produced water will be 1lifted approximately
300 m by pump. Conseqguently there is a limit to the degree that required

power may be minimized for water production and conveyance.

Nevertheless the Project facilities shall be plapned to minimize
the required power to the extent possible. 1In addition, to offset power
costs, the following criteria will be adopted in system design teo maximum

reductions in Project costs overall:
i) Maximized limitation of operation and maintenance personnel.
ii} Maximized utilization of existing pipeline.
iii) Maximized transmission of water by gravity or semi-gravity.

iv) Maximized simplification of facilities and equipment.

5.1.1 Wells

&5 described previously, the wells are intended to 1ift groundwater

from the lower aquifer.

Based on the test boring and hydrogeological survey, it is
predicted that the pressure head of the lower aquifer is at approximately
EL 1300 m and that the aquifer thickness ranges from 24 m to 50 m.

The ground level of the well site in the each wellfield ranges from
EL 1460 to 1600 m.



In general, the wells under the Project are designed on the basis

of the following criteria.
Well shaft depth
Effective Casing Diameter

Drilling Diameter

Well shaft type
Strainer length

Aperture density of the
strainer

Casing pipe

. Strainer

300m - 350m
12%( 300mm)

More than 1.5 times larger than
casing pipe

Straight
70-80% of aquifer

20% of total suface area

STP

8US

The specifications for the wells in each wellfield are summarized

as shown in TABLE 5-1.
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Wellfield

Canalitos

Lavarreda

El Rodeo

Vista Hermosa

Norte

TABLE 5-1

No.

O D=1 O LI R —

-3 SR — BN - IR - N

Shaft

Length

{m)
300
300
300
350
300

- 300

300
300
300
300

300

300
300
300
300
350
350

300
300

350
350
350
300
300
300
300
300
© 300
300
300
300
300
300
300
300
300
300
300

Specification of Hells

Sitce
Elevation

{m)

1528
1513
1500
1574
1546
1530
1503

1535

1445
1473
1500
1520
1556
1530
1575
1595
1610

1460
470

1485
1475
1260
1480
1520
1480
1530
1560
1510
1460
1480

1400
1115
14380
1425
1400
1450
1450
1465

1/ . Test well No.2

2/ : Test well No.3:

Strainer
Length
{m)

320

Estimated
Average yield
(1/s)

30

additional drill depth 50 m



5.1.2 Puups_and Motors

Generally, turbine pumps, airlift pump and submersible motor pumps
are used for deep wells, Recently, submersible motor pumps are being
widely used. Selection of pumps for the wells was conducted giving

consideration to the following conditions:

Well depth : 300m
Static water table : Max 100m
Min 80m
Water table fluctuation 20m
Design yield : 30 1/s
Total head : 250m

Submersible pump Turbine pump

W

v

q

Water Head
Warer Head

b Static

| Dynamic

TE At

=y

- —.L_7 yZ

TR

Q = 30 1l/sec

Pump type Submersible Turbine
(Bore hole})

motor submersible on*groﬁnd
1ifting type forcing suction
column pipe 150m/m 180m/m
required power 132kw 150kw
initial cost 1.0 1.62
O/M cost 1.0 1,40
installation simple difficult
maintenance simple difficult
pump house not required required

effective use life

notor - 8 years

pump - 15 years

V-4
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It is therefore recommended that submersible motor pumps be used

for the Project.

Submersible motor pumps are concluded to be more economical than

turbine pumps, as well as having a greater overall efficiency.

Considerations such as these and the predicted general use of these

pumps in the future led to submersible motor pumps being adopted for the

proposed wells under this Project.

5.2 Hater Supply Systems .

5.2.1 General features

Thirteen lines are planned for the transmission system to convey

the produced water.

systems are as given below:

Name of Line Pipe Pipe
Dia length
mm m
Canalitos-Juana de 200 1770
Arco line 250 2360
300 1450
350 1080
Lo 3900
Canalitos-Santa 200 3450
Luisa Line 250 250
300 1360
500 1300
Vista Hermosa line
(1) 200 1500
250 Q00
(11} 200 800
El Rodeo Zona 18 lihe
(1) 150 1770
200 390
{11} 150 100
{I11) 150 960
{(VI) ' 150 100
(v) - 150 100

Booster Chlorination
Pump
set Unit

1 i
{With outlet tank)

Required facilities of the proposed transmission

Pistribution

tank

Existing. J.4.
(2185, 5400m3)

Existing pipeline
(Santa Luisa
treatment Plant}

New tank
V=1890m3

Existing pipe line

New tank

V=1260m3

Existing pipe line
and cooperative tank
25m3

New tank 1260m3
Existing pipe
Existing pipe



Lavarreda line

Norte line

(1)

(11}

Canalitos -
San Gaspar line

200
500

200
250
300

350

400
150

200
150
300
350
500

200
250

1400
(1940)

2800 (300) 2 2

780

200 (100)

360
500
300

1850 (2700) 2 1

(1700)
(1350}
{2000}
(1550)

950
1000

( )

: Existing pipe line

Existing J.A.

Existing tank 3

Existing tank (C.C.)

New tank
San Gaspar
V=2835m



5.2.2 Transmission Facilities and Equipment

(1)  Pipelines
_ Basically transmission pipeline is to be buried and pipe
material shall be ductile cast iron of class B,

The overall plpellne length is 34.2km. The previous section

contains a breakdown of pipe diameter by block.

_ _Pipe:lina is provided with sluice valves to protect against
water hammering or surging caused by interruptions of the power

' supply.
In addition check valves shall be provided where wells are
directly connected to pipelines such as in the case of the

" Canalitos to Santa Luisa line.

Mpreover, air valves and drain valves shall be provided at

the invert siphons along the pipeline.
(2} Qutlet Tanks

_ Qutlet tanks are to be rectangular in configuration and
qonstruqted of reinforced_ concrete with their interior surfaces
waterproofed, The storage capacity is to be 30 minutes of well
discharge. Water level meters are to be mounted on the side walls.

A typical section of the outlet tank is given below.

4

— __Plan
) Welt

N

¥ntaks Bas/w
L

- :M:{ Section

Outlet tanks are to be constructed at 5 locations. Breakdown

by capacity and block is given in the table below.



Transmizsion Line Discharge HNos, Capacity Locabion
i/s m3-
Canalitos ~ J.A, 60 1 108 No. 11 well
Lavarreda -~ J.A. 35 1 63 No. 1 well
Norte - T.4.4 70 1 126 No. 2 well
35 1 63 No. 5 well
Norte T4.4-T.C.C 35 1 63 No. 6 well
875 1. 158 No. T well

(3)

Booster Pumps

Booster pumps are to be installed at 6 locations where the
conveyance between storage facilities such as distribution tank or

outlet tank requires pressure transmission. Multistage volute pump

will be used to boost the pumped up water.

Booster pumps will be installed such as to allow for
100 - 50 percent stand-hy
station. A breakdown of booster pump locations is given in the

table helow.

approximately

Transmission
Line

Canalitos - J&

Lavarreda - J&

Norte - T.3 (1)
(11)
T. 44 - T.CC. (1)
(11)

Discharge

m

60
35
70
35
87.5
35

Design Head

m
70.0 75
82.0 45
72.0 75
80.0 45
70.0 110
4.0 15

Required kw,

No. of Pumps

capacity at each pump

N oW N N



(4) PumgiHouses

Pump houses will be constructed to shelter booster pumps and
‘their opefators. Switchboards for submersible motor pumps  and
bobster'pumps will be installed in the pump houses. Dimensions
vary from Um base x 5m length x 2.1m height to 6m base x 10m length

x 2.1m height. Construection is to be of reinforced concrete.

Pibeline is to be protected against water hammer caused by
iﬁterrup%ion to the power supply.
(5)  Water Tank
~Terminal distribution water tanks will be constructed at the
end of traﬁsmiésion pipelines to store a 7 hour production volume
with 25 perbénﬁ stand by capacity. Four water tanks are planned as

necessary. Construction is to be of reinforced concrete with

interior surfaces waterproofed. The breakdown is summarized below.

Transmission _ Ground
line Capacity Length Width Height Elevation
m3 m m m m

Vista - . 1890 - 18.5 18.5 5.6 1560
Hermosa (1)

Canalitos 2835 22.5 22.5 5.6 1610
San Gaspar

El Rodeo 1260 15.0 15.0 5.6 1520
Zona 18 (1)

El Rodeo . 1260 15.0 15.0 5.6 1520

Zone 18 (I11)

_ In addition, public water tap and tank with 25 m 3 capacity
will be constructed at the No. 3 well site in the El Rodeo
wellfield.

{6) Chemical Treatment

. Dosing will be carried out at the terminus for each
transmission'pipeline. As pfoduced water is from lower aguifers,
only chlorination will be carried out. A breakdown is summarjzed

- belou:



Transmission
line

Canalitos - J&
Canalitos - S.L.

Canalitos - San.Gas

Vista Hermosa - (I)
Vista Hermosa - (I1)
Norte - {I)

Norte - (IT)
Lavarreda

El Rodeo Zona 18
El Rodeo Zona 18
El Rodeo Zona 18
El Rodeo Zona 18

Command
Well Nos.

8

e R

i RN L% B LS B ¥

Treatment
Water Velume 1L1/s3

240

180

G0

90
30
210

70
70
ko
20
60
10

vV - 10

Remark

Decolorization,
deoddrization

Existihg Santa Luisa
Plant;

Decolorization,
deodorization

— G0

Decolorization,
deodorization



TABLE 5-3 (1)

PROJECT FACTILITIES

Well Field
ITtem

Canalitos

Eaénade E;oo

Santa Luisa

San Gaspar

i

1. Production Facilitijes

(1) tube Well -

(2} casing

{3} Strainer
(4} Submerged. Pump

2. Water Transmission Facilities

(1) Ductile Cast Iron Pipe

B150mm
$200mm
$250mm
#300mm
$350mm
$U00mm
SU50mm
$500mn

(2) Discharge Tank
(3) Booster Pump

(4) Syphon Bridge

{5) pistribution Tank

(1) Electric Line Length
(2) Transfarmer Number
(3) Access Road

4. O0/M Road

{1} O/M Road Construction
Widening

5. Maintenance Facilities
& Equipment
{1) 0o/M Station
{7} sub Station

{3} Transceiver (UHF)

(1) Work Shop

3. Power Transmission Facilitjies

Tnos x 30f/s

#300
300m

30m, 40m

Tnos x 110ky
_1nos % 132k¥
Snos x 185ku

1,770m
2,360m

1,450m
1,080m

3F§?Om
108m3
Tnos % 60f/s
2nos x (L=20m)

2,900

Tnos

1,150m

0
Juana de Arco

Tnos x 30f/s

$#300
300-350m
30m

inos x 110kW
2nos x 132k
bnos x 185kW

3,450m
250m
1,360m

2,000m

5,350m
Tnos

Ik

250m

x
Santa Luisa

o
Santa Luisa

3nos x 30f/s

$300
300-350m_

30m

Znos x 132y
Tnos x 185kW

950m
1,000m

2,835u3

3,400m

3nos

5Gm

x
San Gasper

2nos x (Main Transceiver)
1Snos x (Handy Transceiver)
?nos x {Battery Charger)

inos

et e e

8nos x 354/s

#300
300m

30m, 40m

3nos x ?32kw
S5nos x 185kW

4,650m
780m
200m
360m
500m
300m

2nos x 63m3
126m3
158m3

Lavarreda

2nos x 358/s

$#300
300m

30m

1nos x 132k
Tnos x 185ky

63m3

2nos x 35 f/s lnos x 35£/s

inos x 70 f/s
Inos x 87.54/s

3,005m

dnos

1,120

X
T.K. h.B

250m? (New Construction)

610m

2nos

100m

X
Lavarrede

Kl Rodeo Vista.
_MVZOHa 18 Hermosa
Tnos x 20f/s - ldnos x 30f/s Total 1,120%/s
(1,000f/s under 90% of
operation efficiency)
A360 #300
300350 300m
30m 30m
Jnos x  TSkW Tnos x 132kW

Unos x 132ky

2ngs x i,260m3
25.2m3

2,910

Tnos

1,260m

X
Las Jlusiones

X
[Las Tlusiones

2nos x 185k

- Total ~2,830m
2,300m 14,910m
900m 5,290m
- 3,010m
- 1,8480m
- 500m
- i, 200m
- 2,000p
(34,180m)
lnos x (L=20m)
1,890m3
4,600m Total 22,775
Unas 39nos
Y00m Total 3,180m
1,450m
e Existing
o Construction
o)
Hermosa

v~ W1
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5.3 Rehabilitation

Under the Project, the following works for the rehabilitation of

existing wells will be performed:

22 wells

.n

Wells for rehabilitation
Cleaning by jet pump and piston : 22 wells

Replacement of existing pﬁmps : 22 wells
with submersible motor pumps

Installation of riser pipe . 22 wells
Provision of control panels 22 wells
Provision of Remote Control Board : 1 set

5.4 Electric Power Supply Facilities

5.4.1 Pouer Source
Under the Project, the pumps for each well and the booster pumps to
transmit the water produced from wellfieds to existing distribution

facilities will be electrically operated and controlled.

Therefore, the requiréd electrical power will have to be

transmitted from the nearest existing power line or sub-station.

The electrical power will be taken from INDE. Construction works
for transmission to and distribution at respective well sites will be the
responsibility of Empresa Electrica De Guatemala, S.A. However funding

for said electrical works will be provided under the Project.

V- 13



1) . Works under the Responsibility of EEGSA

Around the area of each wellfield bloeck are available power
transmission lines which will be able to distribute power for the
Project. Required electric wiring from power transmission power
lines to respective well gites will be conducted under INDE's
responsibility with the condition of expenses for construction
being borne by the Project.

Required  total length of the wiring will be approximately
20.3 km, The breakdown of wiring length is.given as below:

Wellfield No. of Well Boogter Pump Required
. Wiring Length (m)
Canalitos i7 1 11,650
Norte 3] ] 3,005
Lavarreda 2 i 610
El Rodec Zona 18 7 - 2,910
Vista Hermosa Ul - g, 600
Total : 38 6 22,175

2) Electrical Works under the Responsibilty of the Project

Procurement, erection, and wiring for the switchboard,
transformer, and other reguired accessories, will be carried out
under the Project. _

Switchboards and transformers will be provided at each well

site and booster pump site, respectively.



5.5 Monitoring Facilities

5.5.1 Observation Hells

The observation wells that are to be neuly consﬁructed under the

Project are planned according to the following specifications.

[

Objective aquifer Lower aquifer

Well shaft depth : 300m

Well shaft diameter : 4"(100mm)’
Strainer : Sliﬁ type'
fperture density of strainer : 3% of surface area
Strainer length : 50m

The observation well sites are tentatively proposed for locations

close to existing EMPAGUA well fields and are as follows:

Molino wellfield, Ojo de Agua _wellfield, Belen Wellfield cr. La
Brigada Plant, Zone 10, and Zone 17 (in proximity to Finca Santa
Clotilde), | . |

The three observation wells that were constructed;by'JICA during
the survey period are to be included in the obsérvation wells under

the Project.

5.5.2 Observation Equipment

The eight observation wells shall be provided with automatic
recording water table meters, while automatic water table meters shall be
provided for five existing wells selected from among the wells for which

rehabilitation is to be conducted under the Project.
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5.6
5.6.1

Operation and Maintenance Facilities

Operation Conbrol facilities

(1) Main Control Station

As shown in Fig 5-2, four main control stations to control

the groundwater production systems and the transmission system for

the Qater.produced are arranged at the water disbtribution tanks or

near the connection sites of existing distribution pipe and new

transmission pipe lines.

- "Four - (4) main control - stations will be established at
existiﬁg"distributioﬁ plant.offices

- . A radlo system shall be provided to control the subject
transmlsslon system and production system. -

- _ Alarm units will be prov1ded to monitor water level of the
dlstr1butlon.tank and the internal pressure of the existing
distribution pipe. '

{(2) . Sub-gontrol station

-As - shoyun Fig 5-2, ~eight sub-control stations to control

.direchly'Ehe.groundwater production system and transmission system

‘are looaﬁed:at boaoster pump sites or at the head of the respective

wellfield. These buildings are to have a floor area of 40 m? and

shall be of reinforced conerete construction.

These sub-control stations are provided with the following

equibment:
- Radio system : : 1 unit

- Remote control panels for the wells and booster pump : b unit

(3) | Well. control board

Generaly, the wells will be remote controlled from the sub-
control - stations, while manual switch operation panels will be

provided at well sites.

Telephone connections shall be pfovided from sub-control

stations to the operation panels at each well.

V- 16
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5.6.2 HMaintenance Facilities

(M)

Maintenance Office

A maintenance office is to be.constructed in the Work shop.

It will be organized accdrding to EMPAGUA guidelines.

(2)

Work Shog

A work shop will be constructed near one of the existing

water treatment plants. The building is to have a floor area of

250m2 and shall be of reinforced concrete construction.

Work shop equipment is to be as follows:

i}

ii)

iii)

iv)
v}
vi)
vii)
viii)
ix}
X}
(3)

General equipment: 'workbench, tocl, steam cleaner, crane

tooling eguipment: lathe, drilling machine, viece, bench
grinder
electrical eguipment: mega-ohm  tester,  Thyper-voltage

insulation checker, double-bridge resisting meter, tester

vehicles: jeep, motoreyele

~ spare parts: for pump, motor

overhead crane: 10m span, 2 ton capacity
truck crane

air compressor

drilling machine

pump test eguipment

Operation and Maintenance Roads

Existin Roads Roads to be
Sub-control roads & requiring constructed Total
station repalr under Project
- {(m) {m) (m) (m)
Canalitos {(I) 9,110 1,450 - 10,560
Canalitos {(II} §,660 - 250 4,910
San Gaspar 3,500 - 50 3,550
Norte {TP4.4) 16,070 - 1,120 17,190
Lavarreda 4,360 - 100 4,460
El Rodeo Zona 18 11,320 - 1,260 12,580
Vista Hermosa 2,800 - 400 3,200
Total 51,820 1,450 3,180 56, 450
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Of roads used for access to Project facilities,. publ'ic roads
are to be excluded from maintenance reponsibilitles under the
Project. o

Upon completion of Project"implementatiqn, tempdrary access
routes constructed under the Project will be graveled and protected
by drainage ditches along the slope sides 6f roads. Road width is
to be 5m, with cutouts every 500m to allow traffic in the opposite

direction to pass.
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CHAPTER VI

ORGANTZATION AND MANAGEMENT

6.1  Organizations for pm1ect Execution -

The proposed Project aims to solve the water service problems at
present and over the near future through groundwater development of 1 m3.
The early - implementation -of the PrOJect-ls.urgently required. ‘Project
.implémentatign Will be executed under the responsibility of EMPAGUA.

. The mainrcdmponent'of the Project is a groundwater development plan
' for 1 m3/8 .and a supply :plan for. the developed groundwater.  The main
Project faellltles con31st of the 38 wells, 34.2km of transmission pipe

"line, and assoelated f381lltles.

EMPAGUA will be - respon31ble for ‘execution of the entire Progect

' Jimplementation lncludlng the following works..

Detailed de31gn of PrOJecﬁ facilities

‘Planning and supervision of the construction works

Land acquisition and other requiréd preliminary works

1

Procurement and éupply of -‘the main material and equipment

)

Procurement and furnishing of funds

_ ~ For overall executlon, EMPAGUA will appoint a Project Manager under
the Englneerlng Sub Manager for the implementation of design and

constructlon ‘works.

: The app01nted Progect Nanager will be directly responsible for the
1mplementat10n of the Project and for coordlnatlng the activities of all

'the sections w;thln EMPAGUA concerned wlth.lmplemenbatlon of the Project.

The propoééd organization chart for +the construction stage is

presented in FIG. 6-1.

It is proposed that facillty detailed d931gn, preliminary works
(tender doeument preparatlon, selection of contractors, ete.}) and
-:supePVision . of  implementation be carried out through consultant

'engineerlng serv1ces.'



6.2  Implementation Schedule

The implementation period was determined on the basis of such
factors as the scale, cost and number of proposed Project facllities,
ability of contractors, procurement of materials and labor, and EMPAGUA's

capability to finance construction, ete.

Preparatory works such as preliminary design, land acquisition and
construction of access roads will be compieted within the first year to

expedite commencement and completion of construction works.

Although funding capability of EMPAGUA, as well as financial
cooperation from . Japan, other countries and international finanéing
agencies will be studied before final determination, a total
“implementation period of 4 years is tentatively proposed including 1 year

for preliminary works and 3 years for construction,

In consideration of = Projeect objectives, facilities to be
constructed in a certain year are scheduled to be éompleted within the
same year, and implementation will be phased. in order to obtain benefits

upon completion of each construction period.

Moreover, each phase of construction will ‘be so formulated as to
respond to 'the demand (both quantitatively and geographically) projectéd

for that particular year.

The time and work schedule is proposed as pér below:
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TABLE 6-1

IMPLEMENTATION SCHEDULE

Year 1987 1988 1989 _ 1990
Pre Project Works Construction Works
P EEEEEERER o BN 7 SRR [5G e S L RS

wbrk Schedule

Detailed Design

& Survey
Preliminary HWorks
Temporary Works
Land Acquisition

Hell - 13
Booster Pump - 1
Pipe Line 9,420m

Distribution
Tank -~ 2
0/M¥ Road

Sub Station
Land Acquisition

Well-13 Well - 12
Booster Pump - 3 .Booster Pump - 2
Pipe Line 13,670m Pipe Line 10,090m

Distribution Distribution
Tank - 1 Tank - 2

0/M Road 0/M Road

Sub Station Sub Station

Land Acquisition

Canalitos’
J.A,

S.L.

5.G.
Norte
Lavarreda
El Rodeo Zona 18

Vista Herwosa

Rehabilitation

Well-22

Well-T
P.Line 7,060m

Well-2, B.Pump-1
P.Line 1,400m

Well-4, Tank-2
P.Line 960m

Well-7, B.Pump-1i -
P.Line 7,880m

- Well-3, Tank-1
P.Line 1,950m

Well-3, B.Pump-2 Well-5, B.Pump-2
P.Line 1,850m P.Line ¥,940m

Well-3, Tank-1 -
P.Line 2,2060m

- Well-li, Tank-1
P.Line 3,200m
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6.3 Material Procurement and Consbruction Work

The main materials and equipment for the Project facilities will be
directly procured under the responsibility of EMPAGUA and will be supplied
to the contractors, The construction works will be executed by

international or local contractors contracted through competitive
tendering.

Land acquisition year by year for the required facilities and
power line arrangements will be executed under the responsibility of

EMPAGUA.

6.4 Organization for Management and Control

Water produced under the proposed Project will be conducted to the
eight distribution terminal facilities through a transmission system of

thirteen lines.

Basieally, maintenance of -Vthe water production and water
distribution facilities and equipment are performed under the
responsibility of the O/M director of EMPACUA on the basis of EMPAGUA

regulations.

Daily  operation, management and maintenance for the water
production and distribution facilities and equipment will be carried .out
by the sub-control stations situated at the respective transmission system
terminal sites and the five main control stations situated at wellfield
heads. The five main control offices are under the Jjurisdiction of the
Las Ilusiones or Santa Luisa Plant offices, depending on the command area
for water service. Operation wells of EMPAGUA will be increased to twice
the present wells with the proposed Project implementation. Conseguently,
the staff for the O/M should be supplemented to the optimum number for

the corresponding new facilities.

In addition, to maintain effective operation and maintenance a new
workshop will be created neaf the newly developed wellfields, and ﬁiliibe
provided with the equipment and machinery indicated in section 5.6.2. The
proposed organization chart for the 0/M of 'the proposed Project is
indicated in FIG. 6.2, 6-3.
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CHAPTER VII

COST ESTIMATES

7.1% General _

The Project consists of direct construction costs, land aquisition
and O/M facilities costs, administration and engineering costs and
physical and price contingencies. The following basic considerations were’

employed in this study.

(1) ~ The exchange rate used was US$=Q1 (end of 1985 offiéial

- rate);

(2)f n11 constructlon costs are estlmated according to current

_ pr1cps as of December 1985,_

(3) Well constructlon work is to be carried out on a contract
basis u51ng the contractors' own well construction machinery and

_equiﬁmeﬁt.

(4) . Transmission pipeline construction work is to be carried out
on a contract basis, However, the costs of the said work are
estimated on a basis of work done manually and not by machine.

(5) Méjdr'matEriais énd'equipment for the facilities are to be
d1rect1y procured by EMPAGUA and are to be supplied to “the

contractors

(6) Tax on. the conStructign materials and eguipment imported from

abroad is not included in the cost estimate.

(7) The construction cost -bomprises foreign and local currency
portiong. - ‘The classification of foreign and local portions is

shown below.

~Foreign eurrency portion

Ductlle cast 1ron pipe

Submer31ble motors and pumps and accessories

i

_Multistage.volute pumps and. accessories
_Operation board and switchboards

]

Transformers and electric wires

Engineering services cost of foreign consultants

VIT - 1



- Caging pipe and strainer
- Drilling work for the wells

Local ecurrency portibn

- Labour forces

- Reinforcement bars

- Cement

. Sand, gravel

- Fuel, oil, ete

- Inland transportation costs

- Engineering services costs for local consultants

{B) The physical contingencies were estimated at 10% of the total
cost, composed of direct construction, land acquisition, equipment

and engineering administration costs.:

{9} Considering future cost escalétion énd bésed 6ﬁ price
increase rate during 1980 - 1984, the price contingencies were

assumed as in the following table.

Year Foreign Currency Local Currency
1987 8% . 20%

1988 74 153
1989 6% 10%

1999 5% ' 10%
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1.2 Project Cost Estimates

Accordingly, the Project cost for the draft final development plan
is estimated at Q 35.2 million. Details are shown in TABLE 5-1, and
summarized in the TABLE below.

Project Cost
(Unit = Q)
ITtem Foreign Cost Local Cost Total

Direct Construction Costs 20, 154,088 k,621,951 24,776,039
Land Aquisition Costs - 1,022,525 1,022,525
Administration and 2,256,350 4,408,000 6,664,350

Engineering Costs
Sub-total , 22,110,438 10,052,476 32,462,914
Physical Contingencies 2,241,044 1,005,248 3,246,292
Total 2,651,482 11,057,724 35,709,206
Price Contingencies 1,521,218 1,437,741 2,978,959
Total 26,172,700 12,495,865 38,688,165

(1) Direct Construction Cost

Direct construction costs for work items are presented below.

Direct Construction Cost

{Unit = Q)
Item Foréign Cost Local Cost Total

1. Water Prodpction System 9,241,725 1,415, 441 10,657, 166
2. Water Supply System 4,083,072 1,695,223 5,778,295
3. Rehabilitation 1,191,100 159, 190 1,350,290
§, O/M Facilities 2,872,750 695,271 3,568,021
5. Groundwater Monitoring system 275,240 40,300 315,540
6. Power Supply System 2,160,201 396,433 2,886,634
7. Preperation Work - 220,093 - 220,093
Total 20, 154,088 4,601,951 21,776,039




{2) Land Acquistion

The unit cost of land acquisition used the average price for
Zones 6, 18, 15, 16, and 17.
The land acquisition cost was estimated at Q 1.02 million in

local currency.

{3) Administration and Engineering Cost

The administration and engineering costs are estimated at
F.C.{Q) 2.26 million and L.C.(Q) 4.41 totalling Q 6.67 million.

7.3' Annual Operation and Maintenance Costs and Replacement Coét

Annual operation and maintenance costs consists of staff salaries,
materials and labor wages for the repair and maintenance “of Project

facilities, and the operation and maintenance costs for O/M equipment.

The required annual cost was estimated at F.C.{Q) 0.16 million and

L.C.(Q). 6.70 million, totalling @ 6.86 million.

Submersible pumps with accessories will be repiaced once évery 16

years, motors once every 8 years and vehicles and radio systems once every

10 years.

& breakdown is shown in Table 7.3,

7.4 pPisbursement Schedule

The disbursement schedule for the proposed plan in accordance with
the implementation schedule and Project cost is presented in the following

table,.

{(Unit = Q)
Financial Year Foreign Local Total
1987 2,489,395 2,011,249 k500,644
1988 7,278,385 3,780,385  11,059,3U6
1989 8,844,413 3,746,680 12,591,093
1989 7,559,931 2,957,151 10,517,082
Total 26,172,700 12,495,465 38,668,165
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7.5

Produetion Cost

Production cost is estimated based on the following conditions:

(a) annual interest: 129

(b) amortization period: ~ 8 - 16 years

{c¢) proposed project life: 30 years (this includes one time

replacement

of

punps ;

replacement of motors)

(d) proposed production: 1.38m3/sec
(116,640m3/day; 42,573,600m3/year)

Unit production cost for m3/sec is as follows:

two time

Initial . Annua)
Item Cost/H Lifeg Cost/2
(Q) (Q)
Submersible motor 854,130 8.0 179,00
Submersible pump, booster a88,770 16.0 145,175
pump/motor
Motor car 119,000 10.0 21,060
Water Level 85,000 5.0 15,045
Engineering Facilities 33,160,091 30.0 b,116,615
Total 35,206,991 B, 476,895
Cost per m3
1.38m3/sec x 86400 x 365 0.105 Q/m3
= 42,573,600 m3/year
Operation Costf3 0. 14691
Production Cost 0.252 Q/m3

Including land acquisition

/13

/2: Including annual interest 12%
/3: 6,393,U55 ; 42,573,600 = 0.14691
/4

Including engineering, administration and physical contingency
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Financial Cost

TABLE 7-1
(Unit: Quetzal)
Forelgn Local Total
1. Production system 9,241,725 1,415,441 10,657,166
2. Water Suppiy System 4,083,072 1,695,223 5;?78,295
3. 0O/M Facilities 2,872,750 695,271 3,568,021
§. Renabilitation 1,191,100 159,190 1,350,290
5. DPower Supply System 2,490,201 396,453_ 2,885,63”
6. Monitoring System 275,240 uo;éoo 315,5Uﬁ
7. Preparation - 220,093 220,093
Direct Construction Coaﬁ 20,154,088 4,623,951 2”,%?5,039
(Sub Total) : '
8. Administration & 2,256,350 i, 408,000 56,66u,350
Engineering '
9. Land Acquisiticn - 1,022,525 1,022,525
Sub Total 22,410,438 10,052,476 32,462,914
j0. Physical Contingencies 2,2&3,6&4 1,005,248 3,246,292
Total 24 651,482 11,057,724 35,709,206
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TABLE 7~3 REPLACEMENT COST AND USEFUL LIFE

{Unit: Quetzal)

Useful Life

ITEM (year) Cost

Pump motor 8 835,800
Booster Pump, Submergible Pump i6 2,152,598
Monitering System 15 85,000
(water level gage)

Maintenance Service Car 8 35,000
Motor Bicyele 5 12,000
Pick-up . 8 60,000
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TABLE 7-4 ADMINISTRATION AND ENGINEERING COST

. (Unit: Quetzal)

Item Foréign Local Total

1. Detail Design Stage

EMPAGUA Adminiskration 83,000 961,000 1,044,000

Engineering Consultant 782,000 186,000 968,000
Training 39,350 ' - 39,350
' Sub Total 904,350 1,147,000 2,051,350

2. Construction Stage

EMPAGUA Administration 20,000 2,739,000 2,759,000
Engineehing Cost 1,332,000 522,000 1,854,000

Sub Total ' 1,352,000  3,261,00 4,613,000

2,256,350 4,408,000 6,661,350
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TARLE 7-5-2 FINANCIAL CONSTRUCTION COST

{Unit: Quetzal)

Ttem: Foreign Local Total

1. WHater Produclion System

Drilling o 5,104,812 990,390 6,095,202
Test Pilot Dirll _ 254, 150 10,800 264,950
Pump 3,674,800 - 3,674,800
Trasportation . 207,963 68,651 276,614
Pump House - 345,600 345,600
Sub Total 9,281,725 1,415,441 10,657,166

2. Water Supply System

Pipe Line : 2,739,138 797,467 3,536,605
Discharge Tank - 112,639 - 112,639
Distribution Tank 5,100 686,285 691,685
Syphon Bridge 18,534 81,950 100, 48k
Booster Pump 1,300,000 11,882 1,311,882
Rehabilitation of Existing

System Bridge 20,000 5,000 25,000
Sub Total 4,083,071 1,695,223 5,778,295

3, O/M Facilities

0/M Road - 225,343 225,343
Communication Cable, etc. 334,230 - 334,230
Control Panel & Remote Control Panel 891,000 - 891,000
-Transportation 123,875 20,895 14,770
Erection 568,265 202,073 770,338
Sub-Station 60,000 30,000 90,000
Transceiver {(FM). . 10,000 - 10,0006
Maintenance Facilities/Equipments 885,380 29,460 914,840
Work Shop - - 187,500 187,500
Sub Total : 2,872,750 695,271 3,568,021

§, Rehabilitation

Clearing Jet & Piston - 79,200 79,200
Casing Pipe Repair - 13,200 13,200

Submersible Pump/Operation Board 859,000 - 859,000
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Cont'd
(Unit: Quetzal)

Item Foreign Local Total

Communication Cable and .

Other Necessary - 45,000 - 15,000
Contrel Panel and Remote _

Control, Telephone 171,000 - 171,000
Transportation 54,900 18,270 73,170
Erection 61,200 48,520 109,720
Sub Total 1,191,100 159,190 1,350,290

5. Power Supply Facilities
Pole 97,1590 - 97,150

Cable 387,175 - 387,175
Cable Connection - 167,960 167,960
Construction Cost ~ 11,395 11,395
fccess Road - 157,380 157,380
Eelckrical Leading Pole, _

Transformer Bay 409,500 - 409,500
Cable Conduit & Erection Material 267,999 - 267,999
Receiving Parts 483,600 - 483,600
Transformer 643,300 - 643,300
Transmission Cost 186,277 43,298 23&,575
Erection : 15,200 11,400 26,600
Sub Tota) 2,490,201 396,433 2,886,634

6. Monitoring System

Monitoring Well 190,280 21,100 211,340
Observation House - 19,200' 19,200
futo-water Gauge 80,000 - 80,000
Handy-water Gauge 5,000 - 5,000
Sub Total 275,240 40,300 315,540

7. Preparation
Preparation - 220,093 220,093

20,154,088 K,621,951 24,776,039
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CHAPTER VITI

PROJECT EVALUATION







CHAPTER VIIX

PROJECT EVALUATION

8.1 Financial Evaluation

8.1.1 Introduction

The purpose of finanecial evaluation is to determine the financial
vigbility of the Project. Mgasures of financial viability include the net
pfesent value and the rate of return. The net present value is calculated
by first subtracting total expenditures from gross revemes for each year
of the Project and then converting the resultant net cash flow into
present values using the investment borrowing rate as the discount factor.
The sum of these annual present values is the net present value. a
positive net present value shows that the rate of return on the investment
is greater than the borrowing rate, thus indicating financial feasiblity
of the Project,

The rate of return is defined as the interest rate at which the net
present value is zero. The rate of return is calculated by determining
the net present value with various interest rates until a zero value is
obtained. The rate of return is interpreted as the interest rate that the
Project can afford to pay if borrowed funds are to be used for its
implementation. Therefore, 1if the rate of return is greater than the

borrowing rate of interest, the Project is judged financially feasible.

The financial evaluation of the Project will follow the steps

indicated below.
Assumptions for Revenue Estimation
Revenue Estimation

Evaluation Results and Sensitivity Aﬁalysis

8.1.2 Assumptions for Revenue Estimation

Historicallly recorded EMPAGUA data are used when needed to specify

assumptions for revenue estimation.

(1) The Project is to start in 1987 with detailed design and

rehabilitation works, and the assumed project life is 30 years.
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(2} Inereased water supply and revenue collection from

rehabilitated wells will start in 1988,

(3) Construction works for new wells will begin in 1988 and will

end in 1990.

(4) Water from newly developed wells under the Project is ready
for distribution to consumers at a ratio of 1/3 in 1989, 1/3 in

1990 and 1/3 in 1991.

(5) Net. water production increases yearly from 64.0% of gross
production in 1985 to 76.0% in 1995 as a result of reductions in
distribution losses from-25 to 20%, illicit connections and wastage
from 7% to 1%, and public consumption from 4% to 3%. The yearly

increase in net water production is indicated below.

Year .
1985 64.0
1986 64.8
1987 65.7
1988 66.8
1989 67.9
1990 69.0
1991 70.3
1992 71.7
1993 73.2
1994 74.6
1995 76.0

(6) Titles ({pajas) corresponding to water obtained in a given
year are sold during the foliowing year, uwnen water is ready for

distribution to consumers.

(7) The number of saleable titles (pajas) 1s estimated on the
basis of 70% of net water production in érder to allow for a

30% Excess Consumption,
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(8) Titles (pajas) are distributed among service categories as
follows based on the historical consumption pattern registered at
EMPAGUA, '

Marginal (20 m3/month) 5%
Economical (30 m3/month) 56%
Normal (60 m3/month) 289
Interﬁediate (60-300 m3/month) 8%
High Consumption {over 300 m3/month) 34

(9) Consumers pay for titles {pajas) in one payment or in monthly
payments over 1 to 5 years according to the proportions indicated

below.

Marginal Economical Normal Intermed. High Cons.
One payment 40% 40% 409 100% 100%

Time payment

1 year 3% 3% 109 - -
2 years 10% - 104 104 - -
3 years N 82 . 101 - R
4 years 9% 9% 1% - -
5 years 30% 30% 23% - -

{10) Revenues come from sale of titles as well as from charges for
Fixed Consumption and Excess Consumption. The basic measure for
water titles is the "paja" equivalent to 60 m3/month but consumers
can buy titles corresponding to multiples or fractions of "paja".
Water titles confer buyers the right to receive on perpetuity a
fixed monthly amount of water for whiech consumers pay a fixed
monthly charge, If monthly water consumption exceeds the fixzed
amount perﬁitted by the title, consumers pay a fee for each cubic

meter consumed.

{11) Revenues from titles (pajas) are estimated on the basis of
water production from new wells (1 m3/s), while revenues from Fixed
‘Consumption and Excess Consumption are estimated on the basis of
water production from new wells plus rehabilitated wells
(1.382 m3/s).
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(12) Costs of titles and water rates used for revenue estimation

are presented below.

a) Costs of titles {pajas) in Quetzal.

Marginal Economical Normal Intermediate High Cousumption
1/3 Paja i/2 Paja t Paja 1-5 Pajas Over 5 Pajas
(20m3/month) (30m3/month) (60m3/monbh) (60-300m3/m0nth) {over 300m3 /month)
One payment 350 600 1,050 1,050 per Paja 1,050 per Paja
Time payment . :
1 year 385 . 660 1,155
2 years 420 720 1,260
3 years U55 780 1,365
i years 49G ) 340 S, a0
5 years 52h o0 1,975

b) MUater rates

Service category Fixed Consumption Excess Consumption

Quetzal/month Qluetzal/m
Marginal 2.00 0.25
Economical 5.25 ¢.80
Normal 14.5C 0.90
Intermediate 21.00 1.10
High Consumption 2L.00 1.10

(13) Revenues from Excess Consumption are estimated three ways:
a) 30% of revenues from Fixed Consumption,

b) 30% of saleable water, in terms of ﬁolume, estimated at
0.80 Quetzal/m3, and

¢) assumed Excess Consumption of 7 and i0m 3/menth/connection
estimated at 0.80 Quetzal/m3, taking as a basis the
EMPAGUA data of 5.6 m3/month/connection,

Note: For b) and e¢), charges of 0.0.80/m 3 for - Excess

Consumption were chosen since, according to EMPAGUA-

VIII - 4



8.1.3

(14)

(15)

records, approximately 60% of revenues from Excess
Consumption corresponded to the Economical Service
category. Theri, Excess Consumption of the other
service categories was assumed to average out to
Q0.80/m3 on grounds that Normal, Intermediate, and
High Consumption service categories are financially
able to purchase more titles as a means to reduce

Excess Consumptién changes.

Bad debts are assumed to be 10% of yearly revenues from Fixed

and Excess Consumption, and 3% of revenues from wabter titles.

Late - accounts are estimated to be the equivalent of one-

fourth (three months) of yearly revenues.

Revenue Estimation

Revenues were estimated as follows.

(1)
(2)
(3)
()
(5)
(6)
(7)
(8)
(9)

Computation of gross water production
Computation of net water production
Computation of water volume saleable as titles
Computation of nuﬁber of pajas or water titles
Computéticn of number of service connections
Estimation of revenues from titles

Estimation of revenues from Fixed Consumption

Estimation of revenes from Excess Consumption

Estimation of total revenues

Estimated revenues are shown in TABLE 8.1 .
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8.1.4 Evaluation Results and Sensitivity Analysis

The financial evaluation of the Project was conducted using the
costs estimated in the corresponding Cost Estimation section and the
revenues estimated in the Revenue Estimation section.  Details of
financial evaluation are presented in Appendix Tables 6.5-1, 6.5-2, 6.5-3,
6.5-4, 6.5-5, 6.5-6 and 6.5-7.

The Project financial internal rate of return is 13.1% for the
basic gase corresponding to Excess Consumption estimated as
10 m3/month/connection. The case assumed to represent the present EMPAGUA
situation with an Excess Consumption of 7 m3/monbh/connection results in
5.7% finaneial internal rate of return, '

Changing total revenues to those corresponding to Exce&s
Consumption estimated as 30% of Fixed Consumption revenues (minimum
revenues), and 307 of net water production (maximum revenues), the
resulting financial internal rates of return are _uhdefined' and 23.4%,
respectively.

The financial internal rates of return (FIRR) and the net present
values (NPV) with 12% discount factor obtained under various assumptions

are summarized below.

Cases FIRR NPV (12%)

(%) (1,000 Q)
Basic (Case 13.09 1,546
Present Situation 5.71 -7,585

Minimum Revenues undefined undefined
Maximum Revenues 23.41 18,252

Sensitivity analysis provides a means to examine the changes that
aceur in the rate of return in response to changing circumstances, usually
worsening conditions. Results of sensitivity analysis in reference to the

basic case are summarized below.
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Cases FIRR - NPY (125)

‘ (%) (1,000 Q)
Basic Case 13.09 1,546
10% lower Total Revenues _ 7.51 -5,9G4
10% higher Investment and
Replacement Costs 11,07 -1,460

Worst Case. (10% lower total Rev.

and 10% higher Investment &

Replacement Costs) 5.90 -9,000

8.1.5 Summary

Under assumed conditions for revenue and cost estimations, the
basic case results in 13% FIRR and positive NPV {(12%) indicating that the
Project is financially viable if the borrowing rate {discount factor) is
lower than 13%.

Sensitivity analysis indicates the Project is more sensitive to
variations in vrevenues than to changes in costs. A 10% decrease in
revenues causes FIRR to drop to 7.5% from 13.1% of the basic case while a
10% increase in investment and replacement costs causes only a small drop
in the FIRR (from 13.1% to 11.1%). Assuming a simultaneous 10§ decrease
in fevenues and a 10% increase in costs, the FIRR drops to 5.9% from 13.1%

of the basic case,

The Project sensitivity to variations in revenues implies the need
for a careful management of revenues from Excess Consumption which, in

turﬁ, implies the need for meters in good working conditions.

The following Table shows the relationships between Excess
Consumption, the corresponding proportions of net water production

accounted for, and the resulting FIRR.

Case - Excess Consumption Net Hatef Production F1RR
m3/month/connection % | 7

Present Situation T 85 5.71

Basic Case 10 90 13.09

- Maximum Revenues 15 100 23.11

VIII - 7



mE\ow.o DX coﬂpowQEOU\EQGOE\MEOP pue ) = *Asyg .mgou,mmwoxm.ﬂ,ov ﬁﬂov
\m w/pg 0 D X UOTIONPOAd 38N JO £°0 ~ TASY "SUOD S580XF (Q)

*ARY “BUQD -POXTA £°0 - TABY SU0) SSBdXY (B)
Gl0‘6  629°L  0SE‘il  £85'C  169°n  €€2‘E  mSLL  I8LYL  96E‘n 9102
Glo'6 . 629°L  0GG°LL  £86°S 0 !
woL‘s  gog‘L  G2Lfit  2sl's : 6L) 0002
72’6 8eR‘L  6LLLL  218°C | 6z 6
HOE‘6 9164 6Sg'LL  2l8's 682 8
GhE'S ~ 6G6°L 0gg‘1l  EL6°S _ L8ty 96E°y 0gE L
clz*zl  688'0L  0ig‘hl  £43'8 | 181l 96E ‘Y 092‘t 9
TBTEL  GBLYLL  9LL'SL whL‘6 619  EE2'E  MSLL  29LYY 9LE 98L ‘ G
ne9°€L  wbz‘2t  fmi‘glL  ogzlol ges'n  ELL'E g0°L  eaLfL SBE'H 928°n f
L6E LY 290°0L  6E8'EL 9go‘s st WLL'E 16B'9  gEitL zizty 9cL'e £
2ZL'0t  SIE6 SLLYEL 6LhCL LSE*h  0S0°E  0SL*S  niL‘l L2l g gea‘e 2
L90°€L  9BLYLL  Einfsl £28°6 2Le'h  Lb6'z  8L9‘g  ga0‘l L0B‘E 886 h !
€966  g20‘6 OELLL 18571 EQLE  pez‘z  0Eh'f LGl 0gL‘2 020°y 0661
enn‘l  108°9  mLo'®  06L‘S cEL'z  mbh‘t  LOSYS  ggn BT 915°€ 6
€26y 188t gegte L0 zet'l  98L QEL'L gLz 108 g
Lg6L
{,9) {0) (N . (g} {(,2) (o) %nv (e) *ABY *SUO] ssnuaAay seox
ganuaasy TBI0J *ASY "SUOD SS20XJ pPaXxIa 3T791L
00001  :atup

uotadumsue) sse0xy Bupandmo)y JO SPOUISH odaul pum

‘uoTqdmnsuc) PexTA ‘SSTITL WOJF SSNUSAdY TRIOL PBYEEIRSH t~g 3TGVL

VIII - 8



(- . avel 5809§ 1460 L2 CI6RIE 6Y68L1 €966 * IV LO L

gL geuTo oot LEQO 1L9% g106 |4 PPED ¢ 910z O©¢F
g A% el Zroo 1292 §106 [22%:] YPES 0 S10Z 6%
98 98070 11 LYoo E8CT g106 2299 PrED 82 yioe 8%
So ro°0 (A £80°4 L2te $106 88499 PYES - PPE £10% Lo
501 SEOT G §L1 6070 YEEZ 5106 1999 PEED L1e zige 9t
681 TEe G aL1 99070 L9¢ S106 Fres YrLg 0 tioe  §¢
85 ¢ 6E0°0 61 FLO'C TL92 §106 Yreg YPES ¢] Qioez ¥
gL1 L0 0 127 £80°0 1192 5106 P¥EQ FrED 0 6002 €%
Sk 9L0°0 are £60°0 6592 9106 9S8E9 FrEQ 21 8002 T2
8CT CROTO LiT ¥G1°0 149% 5106 Freg ¥reQ 0 L00%  1¢
891 LBO" O [Avr 9110 LELT 5106 BLZL Fyeg VEG 900Z 0%
tie 50170 £9¢e oET"O 0961 5106 §E0L bpeo 114 4§00z 61
9¢e FZL0 [og 9r1°0 690¢ 5106 9v69 F¥E9 209 ¥ooz 8l
oo oriG oz £91°0 PLGE G106 T¥kO yvE9 L8 EQQT LT
(e 8810 6L £81°0 8512 61056 L9389 L8899 ] ¢o0ce 91
98¢ Gl1°0 433 80270 841¢ 51086 LS89 L58SG 0 160 ¢l
Tl¥ coEn gge 6ge°0 LEEET FEILE L5689 L5889 0 000E vl
She gz 0 £ig LSETO L8ET rrit L5890 LEE9 o 6661 ¢l
428 88270 619 £37°0 £812 YCEG 1514 L6490 vé6zZ g661 Tl
ngee b 0. FL9 ZZL°0 8812 GPEG G8TL L8689 cet L6617 11
8891 [eg'e GEST 19€°0 1018 SLECT viTL LS89 L1E 9661 01
FORT rLeTn PEGT FOr-o YZeo 181€1 1889 A3 0 9661 6
ELEZ gTv'e ¢L0E Z5F "0 LELY : ¥§9€Y LEBS LEED 0 F661 8
£9le gL1°G v6Ie L0870 gegb LBETT G989 L8BY atl £661 L
680C 1¥€°0 E61E L8g’o0 358g 2eLO0T LS89 LE89 Q 2861 9
L6LE {19790 L¥GeE 924970 (LA AY L9Cg1 . LEERY LSBQ 0 1661 &
£ggE~ - (6970 OBEE~ Z1L°0 8Yik- £866 1eirT EvEE 3886 0661 ¢
glLE- TRLTO cars- 16470 1089~ (4492 E¥evi sGe¥e OsLTl 686T ¢
eL9l- P§8°0 08LL- £6R°0 0gog~ £Z61 £0901 18 06001 8861 ¢
[8GE- 000° 1 1866~ ooe1 186E~ 4] i86¢ [+ i86¢ LBGT 1
HAONVNELNIVH LNIWIDYTJLEY

(%60°£T) dANIva 002D . §L802 . any ANV BYHA "ON

HOLIOVE  CENYSAMd H0LDVd SLS0D- Tviol NOILVYEdO INIWLSTANI ,

LNARDSIC L3N INRODSIQ ~ SLIAUNAE SL14HNaE s ’ SISCD

(& 00010

(ASVYD 218vYd) ALID VIVHILVND ZH.
12Hroud INURIOTIARC YELVMANNOHD FHL HOJ NUNL1AY £C EIVY TTYNMEINID TVIONVNIA

2 VIVHALYRO

vII-9



B.2 Evaluation of Environmental Impact
8.2.1 Impact With The Project

The most significant impact of the Project will be the improvement
of the water supply services in quantity, populabion served and extent of
service area. Incremental production by 1 m 3/see or 86,400 m3/day in
addition to the present averapge of some 220,000 m 3/day signifies a N0

percent growth, totaling some 306,000 m 3/day supply.

Improvement will be remarkable in the north and northeastern peri-
phery of the city, which enjoys at present only marginal or nil supply.
This will in turn contribute to the improvement of sanitary conditions
there, where the people suffer from frequent cases of gastro-enteric and
other water-borne diseases. Alleviation of women labor will also be a
noteworthy improvement, as much of their housework presently consists of
hauling water from remote wells, which in many cases are polluted. The
Project will permit them to pursue more productive activities which will

consequently improve the well-being of the people.

Inhabitants on the high slopes in Zone 18 rely for their water
source on the shallow wells some hundreds of melers away. Most such
wells dry up in the drought season and people have few choices for
obtaining potable water, i.e. to buy it from venders, to carry it from a
deepwell or public standpipe kilometers away, or to filter the river water
which is not always at a reasonable distance. The prevailing price of
water vending is 0.5 to 1 quetzal per 54 gallons or Q2.5 to 4.9/m 3. This
price will be a good contrast to the EMPAGUA rate: 8.25 quetzales per 60
w3 or Q0.13?5/m3; or the Mariscal rate: 15 quetzales per 60 m 3 or
Q0.25/m3. The vender's price implies a high opportunity cost of water in

suburban area thalt the present water supply system does not cover,

Under the Project, wellfields are to be located mainly in Zones 17,
18 and 6, where piped water supply service is mostly absent. Although”not
heavily populated at present, the area around wellfields will be greatly
benefitted if the Project provides some limited local supplies by

construeting publie standpipes.

Impact with adverse effeet is theoretically foreseeable concerning
the drawdown of aqQuifer level, its conseguences and the side effects of

the construction works. It is reckoned that approximately 8 percent of
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the area's precipitation will be drawn from the ground after implementa-
tion of* the Project. Whether or not this yield invites the lowering of
the aqguifer level is hard to assess due to the absence of basic data
accumulated for the prolonged periocd. Therefore, it is provided in the
Project to monitor the dynamic level and veolume of yield at each of the
Project wells and to construct 8 monitoring wells to trace the fluctuation
of static levels of confined aquifers relevant to the existing wellfields
and the projected wellfields.

Such meonitoring facilities coupled with the other monitoring
facilities including that of water gquality, registration of wells, catch-
ment area inspection, hydraulic and meteorclogic observation, and land
level survey are expected to give EMPAGUA the information at the earliest
timing on the approaching risk of aquifer drawdown and the possibility eof
land subsidence. The essential and most urgent information needed for
well operation will be derived from monitoring wells, by which the adverse

resultants will be avoided or minimized.

Adverse impact for lake Amatitlan in the south basin is not likely,
since the Project wells are located in the north of the Surface WHater
Continental Divide, through which direct flow of groundwater is hardly

anticipated.

_ The construction works may potentially cause the pollution of air
and -surface water, noise, deforestation, soil erosion and the other
adverse effects at the sites. Such side effects will be minimized by

appropriate planning and efficient construction scheduling.

8.2;2 Impact Without the Project

The present Project is intended to be constructed by the year 1990,
fccording bo the schedule, however, yearwise implementation, which 1is
programmed to complete fragment package of facilities from production

‘wells through connection to the existing system to enable the instant
accrual of benifit year by year, is proposed to satisfy demand over the

next several years.

As is estimated by EMPAGUA, shortage of supply in 1985 is in a
range of 4 through 25 percent depending on the area. This shortage is

aggravated in the newly developed housing areas in Zones 17 and 18, due
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mainly to the lack of bulk conveyance facilities to these areas and
malfunction of the Atlantico -Las Ilusiones system. Despite the system's
present production of some 20,000 m 3/day, the area's water demand in 1985,
1990 and 1995 will reach approximately 29,000, 42,000 and 60,000 m 3/day
respectively. Therefore, it is estimated that the annual growth of water
demand over 10 years in Zones 17 and 18 is some 7.8 percent. This trend

is more or less alike in the case of the north (Zone 6) area.

Without implementation of the Project, the rapidly growing'popula»
tion in Zones 6, 17 and 18 will be left without significant growth of
water supply for the coming 5 to 10 years, during which EMPAGUA is not
prepared for an expansion to benefit these areas. Inhabitants in these
areas, especially those around perimeters of suburban centers tend to be

in the lower income group, and data on the income distribution are nob
available.

Water supply services in these areas, which at present are alréady
insufficient and intermittent, will be aggravated in preoportion with the
population growth forecast over 7 percent per year in the case of Zones 17

and 18,

§.2.3 Overall Impact

Incremental volume under the Project, i.e. 1 m 3/sec or 86,400
m3/day will benefit 290,000 consumers using 225 1/day or 390,000 CONSUMErs
using 166 1/day, provided that the distribution loss or unaccounted-for
water remains at the 25 percent level. This benefit will be acerued

partially year by year from the second year of the implementation.

The Project will provide standpipes in the wellfields or along the
pipeline route for the local inhabitants who have at present no access to
piped supply, if doing such is found to be soecially and economically
feasible. In case one percent of the Project production is suppliéd
through such standpipes, 17,000 through 20,000 local inhabitants can
obtain 40 to 50 1/day.

Adverse impact which may be caused by the groundwater exploitation
will be avoided or minimized through monitoring of wells and various
groundwater parameters. Impact against Lake Amatitlan is unlikely to

occur,
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lmpact, if the Project is not implemented, will be serious for 5
through 10 years in the immediate future, especially toward the rapidly
growing population in Zones 6, 17 and 18, who, even at present, suffer

from the intermittent or marginal supply.

The overall environmental impact of the present Project will be
significant and positive. Adverse impact will be avoided as far as
adequate operation of wells 1is maintained on the basis of careful

monitoring.
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CHAPTER IX

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

- As of the end of 1985, the ratio for the waber shortage to the

prediéted water demand in the EMPAGUA water service system is
eétimated at a maximum of 15%. However, the water service
conditions wvary with the locality and varying values are
therefore given for the local water shortage ratios. The most
serious of these is the northeast area of Metropolitan Guatemala
which has a shortage ratio of 30%, while the next serious is the
north area with 26%, and the third the center part of the city
with 23%.

Geﬁerally speaking, the water shortage problems in the northern
and eastern parts including the city center are more serious than
those in the southern and western parts of the metropolitan area.
The water shortage in the city center zone 1is mainly due to the
high density of the populaticn and the massive demand for water

for domestic use as well as for commercial and public use,

The water shortages in the northern and eastern zones are malnly
caused by the increasing water demand in combination with the
rapid growth of the residential population and the lack of

sufficient water resources for development in the local area.

The estimated water demand for 1985, 1990, 1995 and the year 2000
are shown in TABLE 2-2, where it can be seen that the water
demand is expected to increase 28% from 1985 to 1990, a further
27% from 1991 to 1995, and a further 28% from 1996 to the year
2000.

With the present water service conditions of EMPAGUA being as
described above, it is impossible to sufficiently meet the demand
for water. In view of these conditions for water supply and the
projected growth in the demand for water, the early
implementation of the Project 1s urgently required in order to

meet demand over the next several years.
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As a result of the Study, the estimated grounduater storage, the
development potentiality and permissible yield are concluded to
be sufficient to offset the projected water shortage by the
target year {1990). Accordingly, the Project should bhe

implemented as early as possible.

The available groundwater in the Project area is classified into
two kinds according to the recharge mechanism and_ﬁhe aquifer.

These two kinds are upper aguifer and lower aquifer water.

On the basis of the hydrogeological survey, the maximum
permissible yield of each is estimated at more than 1 m 3/s which

is the target yield under the Project.

Depending on the boundaries of hydrological basins, the Project
area is divided into eastern, northern and southern seétors. The
groundwater development potentiality of each of the three sectors
was assessed on the basis of the hydrogeological properties,
estimated basin reserve, existing actual yield, maximum safe
yield, ete., and the priority of groundwater development for the

Project was estimated as follows:

Top priority : eastern sector
Second priority : northern sector

Third priority : southern sector

Upper aquifer water in the eastern and northern sectors and lower
agquifer water in the eastern, northern and southern sectors, is

availablie for development under the Project.

However, additional groundwater development should not be carried
out in the southern sector. Instead development in this sector
should be regulated because there is the danger of accelerating
the lowering of the water ievel and polluting the water quality
of Lake Amatitlan,

Consequently, the main groundwater development areas under the
Project will be the eastern and northern sectors, Moreover, six
wellfields were delineated in the vicinity of the boundary of

eastern and northern sectors, in consideration of the present
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conditions for local water shortages, the proposed distribution
programs and economization of the transmission system for the

newly developed groundwater.

In order to have stable groundwater production throughout the
year, the Project is aimed at development of lower aquifer water
because upper aquifer water will have decreased productivity due

to seasonal variations of the water table.

In order to supplement a new water production envisaged under the
Project, a rehabilitation program is proposed to recover the

production capacity of existing wells.

This will contribute to increasing the capacity of EMPAGUA water

service, and should be executed in conjunction with the Project.

In order to minimize the O0/M expenses, and operation personnel
expenses in particular, the semi-central/remote control system is
proposed for operation and control of the water production

systems.

Main control and sub-control stations are proposed to maintain

effective operation and control of water preduction systems,

The five main control stations are to be established at the
terminal points of the transmission pipe lines, in obther words at
the head of respective distribution systems. The maln control

stationg Will indirectly control well productiomn.

The.eight sub-contrel stations are arranged at the booster pump
sites or at head of the respective wellfields. The sub-control
stations will perform direct remote control of well operation and

production under the instructions of the main control stations

Under the Project, the proposed wells include a 10% surplus over
the required number of wells in order to realize effective daily

maintenance and adjustment of Project facilities and equipment

' through the introduction of a program of rotating operation,
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it.

Under the Project, eight observation wells including three
existing wells are to monitor the wabter table of the lower
aquifer. Moreover, five existing wells and newly constructed
wells will be provided with water table meters to monitor the

upper aguifer.

Systematic  observation should be conducted to maintain
groundwater production efficiency and to create an effective

groundwater conservation program,

Records of the measurements should be made for use in water

resources development and groundwater conservation in the future.

Test well No. 3, will be included as a production well under the

Project, and will have additional excavation of 50 m.

Although there are two existing pipe lines at this site, people
living around this well site are supplied with domestic water

from river flow water and natural spring water.

However, the fact that large numbers of people gathered to obtain
water for domestic use even during the test pumping period

confirms that the demand for water is indeed great.

In consideration of the above fact finding under the Project,
part of the water produced by this well is proposed to be
distributed directly at the well site.

The technical soundness as well as the positive socio-economic
impact of the direct distribution program have been identified,
and the proposal is 1likely bto considerably raise the living

standard and sanitation conditions of local residents.

The construction schedule is formulated for prompt realization of
Project benefits. The implementation period was determined at

four (4) years including a preliminary stage of one year.

The annual scope of each construction phase was determined by
correlating the annual water demand projected in the water
service target area and the capabilities of the wells under the

Project.
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12.

In addition, facilities to be constructed in a given year are
scheduled to be completed within the same  year, and
implementation will be phased in order that benefits are achieved

immediatély upon completion of each annual construction phase.

In view of the potentially high cost of clean water in the
Project area, impact of the incremental supply by 1 m3/sec or
86,400 m3/day will be wsignificant and is expected to be
sufficient capacity to supply 37,000 service connections, or in

other words benefit 290,000 persons.

Impact of the Project will be significant and positive,
particularly over the coming 5 to 10 years, to the beneficiaries
in the north and northeéétern periphery of the metropolitan area,
where significant improvement of the supply situation is not

anticipated unless the Project is implemented.

The overall environmental impact of the present Project Iis
positive., Adverse impact will be avoided if well operation is

performed on the hasis of careful monitoring.
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Recommendat ions

1.

- The benefit of proposed rehabilitation is already confirmed and

will effectively serve to immediately address the present water
shortage. Accordingly, the rehabilitation_ envisaged under the
Project should be conducted as early as possible, It is
recommended that said rehabilitation be conducted in the first

year (1987) of the proposed Project implementation.

The selection of well sites for the purposes of this Report was
conducted using 1 : 10,000 map. However, the final location of
the well site should be selected on the basis of detailed fieid
survey prior to implementation, perhaps during the detail design

period.

In addition, the hydrogeological conditions in the Project area
show numerous variations caused by complex tectonic structure and

the variety of local systems of the lower aguifer.

fecordingly, in order to carry out effective excavation and to
minimize unproductive drilling, it is recommended under the
Project to introduce the combined test pilot drilling and regular
drilling method, where the test pilot well is exeavated to
confirm the groundwater availability, and then enlarged to the

required section.

Although the Project aims at deveioping the lower aquifer,
precise aquifer properties such as the groundwater recharge
mechanism, local systems, artesian conditions, ete. have not

been fully identified.

In 1978, INSIVUMEH performed a study on subterranean water, but
this study is thought incomplete in many respects, especially

with respect to the lower aguifer.

Given the importance of the lower aquifer as a water resource for
the Metropolitan Guatemala residents, it is recommended that a
more detailed study be conducted covering the entire Guatemala

City Valley and environs.
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In order to realize the objectives of the O/M system, training

must be undertaken for the required numbers of 0/M staff.

It is fecommended that EMPAGUA be delegated to register all
wells, springs and other groundwater facilities' in order to
determine total groundwater discharge and other parameters as the
bagis for a comprehensive groundwater monitoring, control and

management system.

It is also recommended that meteorological, hydraulic and land
level monitorings be undertaken on a regular basis to obtain

hydrogeologic data for future analysis and simulation.

Under the Project, the developed water is to be from the lower
aquifer and as such can be directly supplied as potable water.
However, chlorination is.proposed on the basis of the results of
the water quélity study which was carried out during the pumping

test period.

Furthermore, as a result of the water quality analysis carried
out for the wells to be newly constructed under the Project,

decolorization and deodorization of the water is recommended.

At the 0jo de Agua plant, the timing of facility malfunctions at
several wells was linked to the emergence of abnormal indications
in the water gualities. Consequently, by carefully tracing water
quality througﬁ frequent investigations, it 1s possible to know
the appropriate time for well repair., As the main cause of these
malfunctidns'appeared due to the fact that well pumps were being
utilized beyond their effective life, more frequent cleaning of
thé inside of water drawing pipes should be performed, and the

pumps at some wells should be replaced.

Ideally, drinking water should not contain any pathogenic micro-
organisms, The presence of coliform, particularly feacal
coliform, indicates pollution at plants or possible pipe-line
damage. However, in the case of this Project no breakage appears

to be present in the pipelines.
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- No coliform organisms were found in tap water samples in this
system. General bacteria, however, appeared at higher than
permissible levels in the tap water in several =zones. The
possibility of contamination is conceivable at taps in zones 2,
5, 6 and 11 judging from the number of samples which exhibited
general bacteria in substantial amounts, including samples where

the number was in excess of 100/ml.

- Although it is difficult to precisely identify from which plants
all the taps in a particular zone are supplied, it is recommended
that chlorination be performed at the La Brigada, Lo de Coy and

Santa Luisa plants.

- In general Chlorine residual should be kept as low as possible to
prevent formation of rust inside pipes through oxidation, as well’

as to avoid a strong chlorine taste in the water.

- In Guatemala, however, chlorine residual in tap water should be
higher than 0.7 mg/l on the basis of the correlation between
general bacteria number and the residual chlorine in tap water
samples. Where the chlorine residual was higher than 0.7 mg/1,
the general bacterial number was always lower than IOO/ml, which
is the permissible number for drinking water. Where chlorine
residual was higher than 1.5 mg/l, bacterial number was zero with

few exceptions.

- With the exception of the Las Ilusiones plant, sedimentation and
filtration at water treatment plants appeared to be carried out
efficiently. The high content of soil in the Teocinte River was
supposed as the cause of decreasing efficiency of sedimentation
and filtration in the Las Ilusiones plant. It is accordingly
strongly recommended that forestation be performed along the
sides of the river. Also, at the El Atlantico pumping station,
more efficient facilities should be constructed to trap soil

before water enters the water pond.

- Sample water at some taps occasionally showed values exceeding
the MPL (Maximum Permissible Limit) for turbidity and color,
This problem will be hopefully rectified, even in the rainy

season, after sufficient treatment at the plants,
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10.

~ Overall, however, the water supply system in Guatemala 1is

currently managed in an acceptable condition.

Due to absence of sewage treatment facilities of significant
capaciyy, sanitary and environmental conditions of the
metropolitan area are very poor causing water contamination which
threatens the health of area residents and EMPAGUA's raw water

intake dounstream.

It is observed that neither Guatemala municipality nor EMPAGUA
have plans to construct sewerage treatment facilities in the
immediate future. It is recommended, however, to launch such
construction at the earliest opportunity with a view to water
source conservation, including groundwater, and improvement of

environmental and sanitary conditions in general.

To promote the early implementation of such sewerapge projects it
is also advisable that the feasibility studies for these projects
be reviewed and reinforeed by providing experts on socio-
administrative procedures and public relations in addition to
technical experts. Such experts are expected to prepare
strategies by which the muniecipality obtains publiec suppeort and

access to financial measures.

Deforestation for firewood followed by uncultivated pasturage and
development of housing complexes are uncontreolled and encroach

upon green areas which contribute to groundwater conservation,

In view of such accelerated aggravation of the recharge capacity
of the metropolitan area, a recommendation is made to formulate
guiding  policies or controls to establish green conservation
zZones, to encourage reforestation and to site  housing
developments abt places where adverse impacts are minimal,
Housing development, in particular, may be contreclled and the
devising of drainage water infiltration facilities should be

obligatory for developers.
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- The following are recommended as measures to be taken by EMPAGUA

to strengthen its institutional functions:

i}

ii)

iii)

iv)

V)

vi)

vii)

viii)

Implement human resources management policy to inecrease
productivity.

Intensify public relations campaigns to inform the general
public on EMPAGUA activities, and to educate corsumers on
the need for meters and the need for the rabional use of
water.

Continue impiementation of the Arevalo Perez
recommendations and IDB loan clauses.

Strengthen Internal Audit functions to improve control of
operations.

Generate timely financial and Internal " Audit reports to
serve as aﬁ aid to senior manager decision making.

Strictly follow billing and. collection schedules, and
apply gradual penalties for late payment or non-payment
(fine; cutting service off and charging full reconnection
costs). ' '

Set up a separate accounting system for the Project to
exercise better control, '

Take special care in the collection and management of
revenues because of the sensitivity of the Project to
changes in revenues. Revenues from titles exceed
Q 30 million, and total revenues are gréatly influenced by

revenues from Excess Consumption,
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