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PREFACE

In response to a request from the Government of the Republic of

Bolivia, the Governnment of Japan decided to conduct a study on
Groundwater Developwment in Rural Areas and entrusted the study

Lo the Japan International Cooperation Agency (JICA).

JICA sent to Belivia a study team headed by Mr. Kenichi Takashima,
Environmental Technologic Consultant Co., Ltd., and ccmposed of
staff members of Environmental Technologic Consultant Co., LEtd.
and SUMIKQO Consultants Co., Ltd., {three times between COctober
19924 and March 1996.)

The team held discussion with the officials concerned of the
Government of Boliwvia, and conducted field surveys at the study
area. After the team returned to Japan, further studies were made

and the present report was prepared.

I hope that this report will contribute Lo the promotion of the
project and to the enhancement of friendly relations between our

two countries.

I wish to express my sincere appreciation to the officials
concerned of the Government of the Republic of Bolivia for their

close cooperation extended to the team.

June 1996

Kimio Fujita
President

Japan International Cooperation Agency
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June 199%6
Mr. Kimio Fujita
President
Japan International COOpefation Agency
Tokyo, Japan

Dear Mr. Kimio Fujita,

Letter of Transmittal

We are pleased to submit you the firal report of the Study on Groundwater
Development in Rural Areas in the Republic of Bolivia.

The study was conducted by Environmental Technologic Consultant Co., Ltd.
and SUMIKO Consultants Co., Ltd. under a contract to JICA for 21 months
from October 1294, We had conducted the field study three times to hold
discussions with officials concerned in Bolivia and to carry out field
surveys, developing water supply database for the Departments of
Chuquisaca, Oruro, Tarija, Santa Cruz and four Provinces of La Paz with
their close cooperaticns and formulating the regional groundwater
development strategies based on the database. We had also carried out pilot
projects including test well drilling, construction of the water supply
facilities, operation and management education and sanitary education.

We wish to take this opportunity to express our sincere gratitude to your
Agency, the Ministry of Foreign Affairs and other officials concerned.
We would also like to express our deep gratitude to the Ministry of Human

Development, five Prefectures and authorities concerned as well as Lhe

" Embassy of Japan in Bolivia and the JICA Belivia Office for close

cooperations and assistance extended te us throughout our field study.

Finally, we hope that this report will contribute to promotion of
groundwater development and improvement of public health and living
conditions in rural areas in the Republic of Bolivia.

Very truly yours,

Q\g A :@
¥o o VAR —
Kenichi Takashima

Team Leader

The Study on Groundwater Development in
Rural Areas in the Republic of Bolivia
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SUMMARY OF THE PROJECT

I, Qutlines of the Study

The Study on Groundwater Development in Rural Areas was conducied to formulate the
regional groundwaler development strategies by Depariment based on the water supply database.
The water supply database was built up for the Study Atca that includes four Departiments (i.c.
Cimqmsqca Oruro, of Tarija, Santa Cruz), and the Southern Part of Dbpﬂﬂﬂlfﬂt of La Paz, and
then based on this water supply database, the strategics for dev.clopment of groundwater in the
Study Area were fonmulated. Furthermore, the feasibility studies on water supply development

| project had been also conducted through the implemcntation of four pi!oi project's at four water
supply blocks which were sclected from each Department in the Study Arca with the exception of

La Paz.

2. Water Supply Condition in the Study Area.

The Study Arca covers an area of 532,361 k'’ large, a_nd a total population of 2,570,600
in which the population of departmental capitals are included (INE 1992 Census). In other words,
the Study Arca accounts for 48.5% of the national wide area, and 40.1% of the total national
population. ' _ |
The Study was conducted on a Departmental basis, but data was collected for (he water
supply block, which is the smallest unit of community or locality for a water supply system. A
water supply block was defined as a community, besides the deparimental capifal, with a

poputation of over 120 for the Department of Santa Cruz, and as _oohu11u11ii3' with a poputation of -
over 50 for the other four Departments. According to the water subply da:tabasc, the number of

“water supply blocks in the Study Arca is 4,265, and its total population is 1,400,000
approximately. : ' ' -
Table 1 shows the outline of the water supply condition of each Department in the Study

Arca. The water supply coverages of 'urbén arca and rural arca of the Study Area are calculated
to be 82% and 23% respectively. Beside, there are 3,020 blocks, or 71% of the total, which has

not existing water supply system.



g Table I  Current Water Supply Civcumstance in the Study Avea

Current water supply coverage |[Number of blocks classificd by current water
(%) ' supply coverage
Department | Population | Urban  |[Rural areal  Total No
_ arca >=60% | <60% | existing Total

| systom _
Chuquisaca 289,129 §8.5 164 196 131 135 957 1,223
S.of LaPaz 126,271 26.0 16.4 17.0 51 39 672 762
Oruro | 137,448 633 213 33.0 62 129 353 344
Tarija 200,158 88.8|  368] 34.8 158 133 220 ¢ 511
Santa Cruz 652,135 83.8 26.4 51.5 221 186 818 1,225
Total 1,405,147 817 23.3 40.5 623 622 3,020 4,265

Note: Based on the water supply database. Urban arca consists of cities with popuiation of 2,000 or

@ : more.

In Bolivia, the shoriage of drinking water supply in rural area is scrious, comparing with
the ones in urban area. A majority part of the comnwnities in rural arca has not any kind of water
supply system, and is in scrious shortage of water.

The main causc of the lag of water supply scivice in rural area is assumed to be the
difficulty in the development of waler resource. Up to now, the main sources of water that had
been developed in rural arca are surface water or groundwater from shallow aquifer, whose
produce quantity is insuflicient and quality is doubtful gencrally. Numerous comimunities with
cxisting. water supply system have to face with incvitable water shortage in the dry season cyvery
year. _

The dévclophwnt of groundwater in the Study Area is lag duc to the lack of cquipment,

financial resource, technique, etc. though its potential is high. It is assumed that the developiment

of groundwater is indispengable to meet the needs of drinking water supply of inhabitants in rural

comutunities.

3. Water Supply Database

Watcr Supply Database was built up to compile, proccs's and manage a large amount of
information relevant to the socioeconomic situation, water supply condition, sanitary condition,
existing water supply systems, existing wells, cte. in each water supply blocks.

It consists of 254 numeric data ficlds, and data on 4,265 water supply blocks, 890 water
supply systems, 808 c&isting wells had been input. Beside, it also stores 12 kinds of graphic data
such as the road network map, administrative map, ¢te. Among them, 175 picces of well

goographical colunin maps ar¢ included.

1)



4. Groundwater development strategies

' During the Study, the gmund\\‘a{cr devclopment stratcgics had been formulated, aiming at
the stabilization of drinking water sipply scrvices in ‘ru ral arca. Through this_fomm!at_ing PEOCTSS,
the target water supply coverages of cach Department had boen detenmined, the case study on
scveral project implenentation strategics, project types had been carried out, and based on these
results, the implementation plan had been formulated, with a list of appropriate blocks sclected

for the project implementation.

1) Targets .

The strategy targel year had been determined to be the year 2000 (ie. in five years period,
from 1996). Following, the target water supply coverages i rural arca and in urban area of each
Depariment had been determined scparately, after examined the project scale that can be carried
out in five years period. The target water supply coverages are given as 89% for the urban arca
and as 38% for the rural arca, making an average of 54% for the Study Arca in total. Given that
the currcnut average water supply covcrégc of the Study Area stands at 40.5%, this target marks a
13.5% increase., '

2) Sclected projects
Table 2 shows the outline of the project with the blocks selected as the most appropriate
communitics for the implementation plan. For five Departments in the Study Area there are 456
blocks, with 255,785 bcncﬁciaricé in total. This number ‘of beneficiaries mérks 16% of total
popu]aiion of the Study Area in the target year. Beside, it is assuiﬁod_ that for five Departments, 9

scts of drilling rig arc required to make able the project implementation in five years period.

Table 2 Outline of the Proposed Project

Population| Target water supply coverage (%) | Number Number of chu.ircd
(in 2000) |Urban arca} Ruralacca | Tolal | of blocks benefici- | number of
aris | rigs

Chuquisaca| 312,073 90 30 - 33 98 57,205 2
S.ofLaPaz| 119,750 80 30 34 46 B 19,957 |
Owro | 1398001 - 80 40 51 72| 31,009 I
Tarija | 245,262 90 500 . 65 85 35,128 2
Santa Cruz | 794,792 9| 40 82 155) 112,396 3
Total 1,611,677 .89 38 sS4 0 456 255,785 0

Note: The monber of vigs are as required for each Department to campléte the drillivg works in 5

Years period.



3) Organizations responsible to the project implementation
| It is assumed that the individual prefectural governments shoudd be the organizations
re:;ponsibie for the implementation of drilling works, and the ]jrcfcct;nral governments or the
municipal agencies arc responsible for the construction of water supply facilitics. Furthermore, it
is assumed that once the water supply had been completed, its operation and maintenance should
be carried out by the cooperatives formed by the beneficiarics in the individual communitics,

under the jurisdiction and instructions of the competent prefectural government.

4) Estimation of project cost
As shown by Tablc 3, it is assumed that the total project cost for all five Departments is
US$ 71.30 nullion, of {\'hicll US$ 39.50 million should be shared by exteral finance, while
US$ 31.80 million should depend on Bolivian domestic financial sources. The procurement of
drilling cqixipment, and the cooperation in conducting the drilling works in on¢ year term to
instruct the Bolivian technicians on the utilize of drilling equipment, arc proposed to be financed

by foreign counirics or international organizations through no-compensation financial aids.

‘Table 3  Estimated Project Cost
{Unit: million US dollars)

Investment Amount Breakdown of Project Cost

Departiment Foreign | Domestic Total Procurcment] Water Dnlling Water

Funds Funds | of Rig Supply Work Supply

. _ Equipment Work
Chuguisaca 9.0 6.9 15.9 78 32 2.0 2.9
S. of La Paz 45 3.0 75 a1 1.4 1.0 1.0
Oruro 57 44 10.1 4.2 23 20 1.6
Tarija 90 54 144 78 27 2.1 1.8
SataCruz | 13| 121|234 9.6 4.9 33 56
Total 39.5 31.8 71.3 33.5 145 104 129

(Note) The rigs shall be procured and the drilling work for the ist year shall be carried out with
Joreign funds. The drilling work for the next year omsard shall be carried ont by the
~Bolivian side. The cost relating to waler supply equipmeni consists of the procnrement of

casing. screening malerials, water pump, generator.



5) Project implementation plan

Development priority of the water supply blocks is assumed to lay in the blocks with bigger
population, lower coverage and casier drilling work. Based on this ﬁroposétion, the
implementation plan has been formulated, in such a manner that the projeet is staried from the
arca which covers many first priority blocks and with casy access conditions, and gradﬁally
extended to the surrounding arcas, in owder to obtain the most efficient drilling works, and
transportation of drilling machines, while taking into consideration the parity of annual
investments during the period of project implementation. Table 4 shows the schedule of the

drilling works that had been prepared as a main part of the implerentation plan.

Table 4 S.tagc Pian of Drilling Works

1st Year [2nd Yeac|3rd Year | dth Year Sth Year _Total

Chuquisaca [No. of blocks 19 28 20| 20 11| 98
Total drilting depth (m)| 1,300 | 2,050 | 2,300 | 3,000 | 2950 | 11,600
S. of La Paz|No. of blocks 7 14 9 9 7] 46
___|Total drilling depth (m} 430 1,000 1,350 1,450 1,200 | 5,450

Omro  [No. of blacks 16 19 16 B3| sl m
Total drilling depth (m)| 1,950 1,900 | 24001 2050 2,100 ] 10400

Tarija No. of blocks 14 19 21 16 15| 85
Total drilling depth (m)| 1,550 | 2,600 2,450 | 2,900 3,250 | 12,750

Santa Cruz [No. of blocks 20 36 40 39 20 155
Total drilling depth ()| 2,100 | 4,350 | 4,600 | 4,500 |. 5,100 | 20,650

Total  |No. of blocks 6] 16| w6l 97| s  as6
Total drilling depth (m)| 7,350 | 11,900 | 13,100 | 13,900 | 14,600 | 60,850

Note: The drilling works are to be completed in five years for ecach departments.

5. Project Feasibility Study

The study on the feasibility of the waler supply development project had beeo carried out
by means of the gcophyskal prospecting surveys, test borings at 9 !_océtions, and pilot projects at
4 communities. Through 4 pilot projects, the water supply facilities are constructed to test the
installation feasibility of water supply system, and conduct experiments on the education of
operation and maintenance of water supply system, and on the education of sanitation SL1bjcélcd
to the inhabitants in rural comnmunitics of Bolivia. : |

The results of the study on the four communitics of the pilot projects are summarized in
Table 5, in which, the reswlis of drilling test are also shown. The results show that at all four

communilics, the productivity of the test well is beyond the needs of the community,



b

Table 5 Outlines of Pilot Project Communities and Test Well Drilling
Population | Drilling Yicld Statie water | Dynamic
Department | Comnmunity depth level water fevel
{pcrsons) (m) {I/sec) (m {m)
Chuquisaca Campo Leon 237 411 2.25 190.0 2829
Ornuro Corque 1,558 100 2.00 6.3 26.1
Tarija La Chosa 371 c 127 7.55 (artcsian) -
Santa Cruz_[SanCaros | 480 260 10.00 57.5 93.0

Through the pilot projects, the water supply plan using the drilling test wells had beean
made, construction cost, operation and management cost had been calculated, and were used to
examine the feasibility of the water supply plan.

‘The construction cost of these water supply systems were extremely beyond the financial
ability of the inhabitants concerned. And it is considered that such construction cost should be
financed by public investment funds.

Even at Campo Leon, where the cconomical condition is worst comparing with other
communitics, the cost required for the daily operation and maintenance of the water supply
system is within the tarifl payment ability of the inhabitants. Consequently, it is assumed that the
dai.ly operation and maintenance of the water supply system can be maintained with the self-help
cfforts of the inhabitants. But, for the sustainability of the watcr supply system in long tern, the
cxteral supports are assumed to be important, and it appears the need to establish the
maintenance and management S)'Slcnis with the combined supports of prefectural government,

municipal agency, and private companies ¢onceraed as well.

6. Recommendation

1} The groundwater development project should be implemented as soon as possible, to fill the needs

of deinking water in daily life of rural inhabitants, improve their living standard, and stabilize

their public welfare. The government and the prefectural governments should confer with refated

 agencics about the responsibility-sharing, the cooperation systen and the raising funds, in order

to promote a guick implamentation of the project.

2) The Bolivian gov emment and the prefectural governments do have the will and the ability to

unp!uncnt the project continuously in long term. The implementation of the project is assumed to
be feas1blc, becaunse the Bolivian government, the prefoctoral governments, the municipal
agencies would be able to bring out the project by their own financial ability, if they have
oblairied the international c_oopcfé.ti_on'in procuring of drilling cquipment and technical transfer.
The reorganization of local government is ongoing now, and it is expected that the works will be
transferred smoothly from ex-CORDES to prefectural governments, and the UNASBAs (Unit of
Basic Sanitation) will bc'strcngthcned appropriately.

-6 -



After all, the project implementation is assumed to be totally rcasonable, cither in terms of project
opcration, project maintenance and project management.

3) The main targets of this project are the dispersed communitics in nirai arca, and it is assumed that
the prefectural government should take rcsponsibility to bring out the project. The prefectural
govermnments should strengthen the project implementation organization, ensuring personnel
required, improve their technical ability, cstablish the financial foundation, ctc., in order to
perform the adequate and cfficient implementation of the project.

4} Efforts should be done to conduct appropriate explanations to the inhabitants concered on the
meaning of the project and on their considerable icsponsibility, to promote their participation in
the project implementation. Once the water supply system had been installed, the beneficiaries
should take responsibility in l.hc system operating and maintaining, uﬁdcr the jurisdiction and
instructions of the competent prefectural government. Prefectural governments should promiote
the education program on sanitation and maintenance of the water supply system toward the
inhabitants n rural comnmhiﬂcs, and strenpthen the supporting systems to help infmbitan;s .i_n_ _
managing and maintaining the water supply systems, and ensure the sustainability of these
systems. The women's participation in the ma_nagcn‘ncﬁt and maintenance of the water supply
systems should be promoted in order to strengthen the 0fganizati0n of managing and maintaining
these systeins. . | _

5) Furthermore, an information system should be established to manage the information on the water
supply conditions in rural communitics, and supervise the progress of the water supply project
implementation. More ¢fforts are required to update the water supply database, extend its use to
the departments standing outside of the Study Asca, utilize it in formulating the water supply

plans, and in the management of groundwater development project. -
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Sostenible y Medio Ambicnte)

Minutes of Mceling

Ministry of Urban Planning and Housing {Ministerio de Urbanismo y Vivienda)

Non Goveramental Organization

World Health Organization (Organizacion Muadial de 1a Salud) -

Pan American Health Organization {Organizacion Panamericana de la Salud)

QOrganization of Basic Territory (Organizacion Territorial de Base)

United Natiens Development Program (Programa de Naciones Unidas para ¢l Desareollo)
Project of Rural Basic Sanitation (Proyeeto de Sancamicuto Basico Rural)

Program of Pre-investment for Rural Potable Water and Sewerage (Prpgrama Rural de
Preinversion de Proyectos para Agua Potable y Alcantarillado)

Questionnaire

Municipal Corporation of Drinking Water and Sewerage in La Paz (Servicio Autonomo
Municipal de Agua Potable y Aleantarillado de La Paz)

Corporation of Rural Waterworks and Sewerage in Santa Cruz (Servicio de Agua Potable
v Alcantarillado de Santa Cruz) .

Corporation of Drinking Water and Sewerage in Oruro {Servicio Local de Acueductos y
Alcantarillada de Oruro)

National Sccretary of Environment (Sceretaria Nacional del Medio Ambiente)

Water and Sewerage Monitoring System (Sistema de Monitoreo de Agua y Sancamicnto)
National System of Protection Area (Sistemma Nacional de Arcas Protegidas)

National Sccretary of Urban AfFairs (Secretaria Nacional de Asuntos Urbanos)

National Secrctary of Health (Sccretaria Nacional de Salud)

Scope of Work



R T.GN.
I TOR

UNASDBA
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WHO
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Abbreviations

General Treasury of Nation (el Tesoro Generat de la Nacion)
Terms of Reference '

Unit of Basic Sanitation {Unidad de Sancamicnto Basico)
United Programs of Rural Arca and Farming (United Programas Rurales y
Agropecuarios)

United Nations Development Program (PNUD)

United Nations International Children's Emergency Fund
Vertical Electric Sounding

World Bank

World Health Organization

Women in Development

Water Supply Block

Water Supply Database

Bolivian National Qilficld (Yacimientos Petroliferos Fiscales Bolivianos)
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CHAPTER 1 INTRODUCTION

1.1 Background of the Study

During the "Ten Years of Intemational Water Supply and Santtation” {1981--1990),
propounded by the United Nations, the Goverament of the Republic of Bolivia (hereinafler
referred o as "the Govermment of Bolivia”) has made efforts to expand water supplics and
sanitation and to improve water quality and water services. However, duc to delays in the
ﬁrrﬁishing of infrastructure in rural arcas, adequate resutts have not been obtained and public
health problems such as bigh infant mortality rates and cholera epidemic are yel to be solved.

Under such circumstances, the Govemment of Bolivia formwulated the "National
Development Plan for Water Supply and Sanitation™ in 1991, This plan is aimed at raising the

_ water supply coverage in rural areas, where measuies have been delayed, from 30% to 60% by
the )'ca.r 2000 under the slogan of "Water for All". '

The Govemment of Bolivia rcorgasized the prcvibus division of the Munistry of Urban
Affairs ino the National Dircction of Basic Sanitation (DINASBA), National Scerctaniat of
Urban Affairs of the Ministry of Human Development and appointed DINASBA as the agency
responsible for the promotion of the above-mentioned National Development Plan. In the
meantime, the Government has deamed that (he implementation of projects be promoted by
Régiona! Development Corporations of the respective Departments as past of the decentralization
'progrdm. Close connections between the central andl regional governments and the strengthening
of each organization arc therefore being desired. '

Given such background, the Gove rament of Bolivia has requested the Governmenlt of Japan
on August 1992, the fonmulation of a groundwater development plan in relation to the above-
mentioned National Development Plan. I response to the request, Japan Intemational
Cooperation Agency (JICA) has dispatched the prcpﬁratory study teant in December 1993, Both
countrics agreed to conduct the Study on Groundwater Development in Rural Arcas (hereinafler
referred to as “the Study”) and concluded the Scope of Work (S/AV) on December 13, 1993, 'The

Study was conunenced in October 1994 and ended i June 1990

L2 Objectives of the Study

The objectives of the Study are as follows.

1) To build up a water supply database for the Departments of Chuquisaca, Tarija, Santa
Cruz and Oruro and the southem patt of the Department of La Paz and to fonulate
eroundwater development steategics up to the vear 2000 with development prioritics

attached thercto. -



2} To conduct feasibility studics on water supply for the pilot projects to be implemeited
at four {4) water supply blocks, One representative water supply block is selected

from cach Department with the exception of the Departient of La Paz.  In the case
where one waler supply facility can supply water for plural water su;i_ply blocks, the
plural water supply blocks arc regarded as onc water supply block,

3} To perform technology transler to the Bolivian counterpart personncl through the Study
in order to raise the fevels of water supply planning, servicing of water supply facilitics,
furnishing of project implementation systems for fee collection, cte., operation and

maintenance of water supply facilitics, groundwater development technologics, cte.

1.3 Study Area

The Study Arcas covers the rural areas in the Departments of Chuquisaca, Tarija, Santa
Cruz and Oruro, and the southem part of the Department of La Paz. The southern part of the
| Department of La Paz consists of four (1) Provinces; Aroma, Gualberto Villarroel, Paéajcs, and
José Manuel Pando. The total arca is 332,361 km’ and the total population cxcluding
departmental capital cittes is 1,472,427 in 1992, _ | _
7 ‘The Study was conducted on a Departutental basis but the data was collected for the water
supply block, which is the smallest unit of community or locality for a water supply system. A
water supply block was defined as a conununity, besides the capital city of a Department, with a
population of over 120 for the Department of Santa Cruz and as community with a population of
over 50 for the other four(4) Departments, The total number of water supply blocks amouns to
4,263 according to the water supply databasc. |

Table 1-3-1 shows the outling of each Department in the Study Area.

Table 1-3-1  Ouwtlines of the Study Avea
Department Chiuqui- | Southof | Owmro Tariia Santa Total
saca LaPaz | " Cruz
Arcafkm’) 51,524 19,005 53,588]  37,623] 370,621 332,361
Total Population” | 453,756 125343 340,114| -291.407| 1,364,389] 2,575,009
Capital 131,769 - 183,422 - 90,1131 697,278 1,102,582
Others 321,987 125343 156,692 201294 667,111) | 472427
No. of Provinees i0 4 16 6 5] 51
No. of Sections 27 20 30 i q6 . 134
No. of Cantons 16 139 153 134 118 710
No. of WSB”? 1,223 762 544 S11 1,225 4,265

Now :

1} Poputarion is based on the INE 1992 Census
2) WS = Warer Supphy Block



jf t.4 Scope and Schedule of the Study

The Study was carricd out through the following three (3) phases:

Phasel: Formulation of Regional Groundwater Development Strategies in Each Pepartment

A water supply database was built up in order to facilitate the formulation of regional
'groundwat.er dcvclopﬁwnl strategics of cach Decpariment in the Study Arca. Bascd on the
database, regional groundwatcf development strategics was formwulated with development
priaritics éittached thereto for cach water supply block.: Upon classifying the water rsupply
blocks according to characteristics, four {4) pilot projects ias selected as models to carry out the

feasibility study in Phase I and Phase 111

Phase 1I:  Detailed Study for the Pilot Projects

§s . : Studics conceming the feasibility of water source development was carried out for the pilot
projects selected in Phase 1. Education for the technology transfer of operation and maintenance
technigques for water supply facilities and experimental health education of residents was also :

catried out for the purpose of stable supplying of sanitary water.

Phase 1}: Formulation of Water Supply Projects Relevant to the Pilot Projects

Basod on the results of the Study in Phasc U, watcr supply plans, (hat take the environment
and the role of women in dcvelopnwnt (WID) into consideration, was formulated along with the
operation and maintenance program and health cducation programs to coable sustainable
development. Furthermore, these projects was fed back to the groundwater development
strategies. '

Figure {-4-1 shows the time schedule of the entire Study.

The Study at Bolivia had been conducted during the periods from October 1994 to March
1993, and from Junc 1995 to January 1996. ' -
‘ The Regronal Dcvclopahent Corporations (CORDES) of the respective Department were

responsible for the data collection and data input in Phase §, under the instruction of the Study
Team. Based on lhc_ collected data, the data analysis and the fommlation of grounduwater:
development strategics had been conducted. Numerous workshops had been held in order to
iimprovc the abilities of the CORDES on the water supply planning, the operation and,

managemént of the water supply system, ¢te. as a part of the technology transfer.



w

Apmyg 243 JO AMPOYDG HIOAL [EIAVID  [-p-T dINBLY
uedef wyom | . elrog vl Apra§ 2227277 (S0N)
ME W/4a (Dwd Wi (e 7)1 - su0doy JO UOISSTWGNG
u Wi 57 v Y, A,
[ d $199[01¢ 10[1d 3y} JO VONTZIPICPUTIS
] voneneay 1oofoxg
K suerd Alddng 1o p JO uonTIuuoy| 111
: W\\\&M&\\M WEISorg uonTonpy 10] Samns g
L 7 Sururer] 1oouiduy 107 sdoysyIom
N m\\ \. P DI91A TS PUT PUTWR( JNTM JO uondafolg
§§@§ i SOTNIDE Y JO UOLIONIISUOD)
= Burog oA o1
. R %&ﬁm Y K Sunoadsozg [easAycdoan) ADAING Pl
N P : TIT(] POIIEIA( JO SISATEUY PUT UOLMOD| ]I
P 7 51020014 10714 JO UOLOOPS
T N§M\& S1FoIENS A3 JO UOUT[RULO]
N Fune(d Addng T, ALBUNUIII]
. T s001g Ajddng 1918 JO TORTZLIOFNTD)
§ [COUN0G 991N0G IBA JO UOTITUIITNY
Y FromourtJ Sunmre]d ue Aprg
SOIGoIELLS FoWO[PA(] JNEMPUNOLL) [TUOISRY
P &\mmm §\\\N§ 2DUTSSITUUOIY P19
§R ﬁ\%ﬁ&%&@ : TIE(Q Jo ndug aseqERq
P 7 \\.\w\\mm WNSAS 1 Jo Juaudofoas( JO UOUDIUISUOD)
I m « M\\.\w\w\\%\\“ﬂwﬁ\\\\%%%\\\ﬁm& TIT(] SUNSING JO MIIADY PUE HOUMIeD| |
9 i pieig i |Tlitjorie 89S ip S i il yTLiITi00
2661 o £661 661 SWAN] HIOM ostUd




1.5 Study Organization

The official agency of the Japancse side for conducting the Study is Japan Intemational
Cooperation Agency (J ICA). JICA had appointed Environmental Technologic Consultants Co.,
Ltd. (ETC) and Sumiko Consultants Co.; Ltd. (Sumiko) as consultants to carry out the Study.

The JICA Study Team consists of thirteen (13) members as follows.

Name ‘ Ficld in Charge

Teawm Leader
Hydrological and Geological Analysis

Kenichi Takashima
Hirotaka Nishimeto
 Masao Odagaki Water Quality Analysis/ Environmental Consideration
Takao Ggawa Geophysical Prospecting/ Geological Analysis
Hiroatsu Narita
Guido }. Acurio

Masanor Ito

Water Supply Planning/ Operation and Maintenance Planning
Social Analysisf WID Consideration
Organizational arid Institutional Analysis / Sanitary Education

Norio Mochizukt Economic and Financial Analysis

Nguyen My Tuan
Takeshi Sijimaya
Akio Chida
Tashimitsu Ozeki
Michihiro Ohkoshi

System Engincer

Wil Boring Advisor
Well Bonng Advisor
Well Boring Advisor
Well Boring Advisor

The counnterpart agencics in Bolivia were the National Direction of Basic Sanitation

{DINASBA) on behalf of the National Scerctariat of Urban Affairs of the Ministry' of Human

. Development, and five Regtonal Development Corpéralions {CORDLS) in cach Department. The
CORDES have been integrated to the Prefectures in Janvary 1996.

The Bolivian counterpart personncls arc as follows.

DINASBA (National Direction of Basic Sanitation}
- Ing. Jorge Calderon Monterde Project Manager

Arg. Emira Mérida Coordinator
Ing. Jos¢ Luis Panozo Sanitary Engincer/Sociologist
Ing. Yamil Maire Hydrogeologist

System Enginecr
Systom Engincer
Sysiem Engineer
Economist
Economist
Sociologist

Ing. Reynaldo Gonzales

Tec. Luis Qjopi

Sra. Maria del Rosario Cabrera
Lic. Max Parcdes

Lic. Maria E. Godox

Ing. Luis Chumacero

_.
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Chuquisaca (CORDECH)
Ing. Alfred Zelada E.
Ing. Jorge Fiengo
Ing. Jorge Fraija
Ing. Ignacion Ramircz
Lic. Ramiro Martinez T.
Ing. Ricardo Gonzales

La Paz (CORDEPAZ)
Ing. Ricardo Quisbert
Ing. Alfredo Arias
Ing. Ricardo Anda
Tec. Luis Mejia
Arq. Sanuel Vasquez
Ing. Scrgio Valdivia

Oyuro (CORDEOR)
Ing. Mano Ramircz V.

Ing. Marco Antonio Roscs.

Ing. Abel Sangucza
Ing. Rene Leyva
Lic. Adolfo Morales

ing. Wilfredo Rosscl Crespo

Tarija (CODETAR)
Ing. Roberto Mérida
Ing. Hernan Villena
Lic. Marma Reyes
Tec. Carlos Martinez
Ing. Pedro Dubraveic

Santa Cruz (CORDECRUZ)

lag. Mikton Berbelty A.
Ing. Eugenio Verde Ramo
Lic. Maricla Rivera

Lic. Silvia Gamica

Ing. Ramiro Burgoa

Tec. Enilio Pedraza

Ing. Victor Maldonado

Coordinator

Hydrogeologist/ Geophysicist
System Engincer/ SocioFconomist
Well Boring Supervisor
SocioEconomist

Coordinator (ex)

" Coordinator/\Water Supply Engincer

Geologist
System Engmo«,r
System Engineer
Sociocconomist
Coordinator (cx)

Coordinator/Water Supply Engineer.
Water Supply Engincer/Sanitary Engincer

Hydrogeologist/ Geophysicist /\WVell Bormg Supcrwsor.

Water Supply Engincer
Sociologist :
System Engineer

Coordinator/ Geophysicist / Well Bosing Supervisor.
Water Supply Engincer/Hydrogeologist
Sociologist/Economist

System Enginger

Coordinator {ex)

Coordinator/EHydrogeologist
Watcr Supply Engincer
Saciologist

Econoinist

Svstem Engineer

Well Boring Supcrvisor
Well Boring Supervisor

Sala
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CHAPTER 2

OUTLINES OF THE STUDY AREA






2.1

2.1.1

CHAPTER 2 OUTLINES OF THE STUDY AREA

General Background

General Aspects

1) Physical Characteristics

Located in the central part of the South American Continent, Bolivia is a land-locked
country bordered by Brazil in the north and east, Peru in the West, and by Paraguay and
Argcnlina in the south, Its surface is 1,098,581 square kilometers, and in terns of geographic and
social-economic conditions, it can be divided into the following three zones: (1) the highland of
the Aili.plano; (2) an undutated kil zone; and (3) and the plains in the castem parls of the country.

(1) The highland of the Altiplano accounts for 38% of the national terditory and 53% of
Bolivia's population, with a average height of 4,000m above sea level, with predominantly cold
weather, temperature 0 to 16, and with average precipitation of 485mm per year,

This part of the country is home to agricultural activitics concentrating ob potato farming.
Practically all of Bolivia's metal mining operation, onc of the main industrial sectors of the nation,
is distributed in this region.

(2) The undulated hill zone accounts for 13% of the national territory and 27% of the
nation's population, with height between 1,000 and 3,000m above sea level, with mild climate,
temperature fluctuating between 6 and 25°C, and precipitation between 300 and 1,300mm per
year.

As most part of this arca is mountainous, the cities and towns arc located in the relatively

large plateaus or in the plains stretching between mountains. It is a traditional agricultural zonc

with little rainfall and small plowing land arcas per farming houschold.

{3) The plains in the easten parls of the country occupics 33% of the national terntory and
is home to 20% of the nation's population, with hot and humid climate, temperature between 21
and 38°C, hcight between 100 and 1,500m above sea level and precipitation between 1,000 and
1,700mm per year.

Thanks to the favorable natural relief and clement climatic conditions, this part has a
flourishing agricultural and forestry industry. It also conunands oil and naturat gas deposits.

The Landsat pictures showing the land use patteras for the Bolivian terntory indicate that
there are about 34,600 square kitometer of arable land, cquivalent to 3.1% of Bolivia's territory.
Pasture land total 266,500 square kilometers (24.3%), and forcst-covered land 536,700 square
kilometers (30.6%), while the non-arable land mass total 178,000 square kilometers (16.2%). In
the hightand and vndulated-hilly regions, the land is cultivated on the crop rotation system of
farming so that a oonsiderablé part of the land is left fallow at any onc time, with the secasonally
cultivated fanuing land amounting to 78% of the tolal farming land area. The crops grown on a
large arca scale include, in the order of importance. maize, potato, rice, barley. wheat, Soy bean.
sugar cane, and quinua. In the castern plains, the and is widely cultivated by the shash-and-burn
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method of farming. ‘ : ,

Much of the grassland consists of the pampas distributed in the eastem plains. These arcas
arc mostly water-fogaed in the rainy and dry land in the dry season so that they can only be used
as natural pastures.

The forest coverage is marked by the tropical rain forests spreading i the northem
Amazon regions and the subtropical dry forests spread over part of the undulated {errain if the
Departments of Tarja and Chuguisaca. The forests have a relatively sparse density of ipright
trees. Fhe highlands of the Altiplano have practically no forest coverage while the eastem plains

ate wilnessing a progressive decling in their forest coverige.

2} Political and Administrative Organization

The Coﬁsli_luti()n of the Republic of Bolivia is the juridical instrument that organize legally
and politically the state in order o warranty securily, justice, cquality, freedom, peace and a legal
regime to the Bolivian socicty and the usc of their civil rights.

The reformed today's Constitution was decreed by the National Constituent Assembly on
August 12th, 1964 and cstablish free, independent, sovercigh, multi-ethnic and poly-cultural
Government sysicm,

Bolivia constituted as unitarian Republic adopts democratic and representative government
and its exercise of power is defegated to Legislative, Exccutive and Judicial Powers.

{1) The Legislative Power: The legiskative Branch is the National Congress composed of
two Chambers, one is of Congressmen, the other is of Senators, (Art,46) cloeted by the people in
wnnversal and direct vote, (Art.60 & 63)

(2) Exceutive Power: The Exceutive power is exercised by the President of the Republic

" together with the Ministers of the State.(Art 83)

The rcformed new Constitution dispose that the perieds of the President and Viee President
of the Republic and of the Senators and Representatives, Mayors and Couwncilmen are five
years.(Art.87) ' '

The President, Vice President, Ministers, and Departmient Employees form the Excentive
Organism,

The Ministrics arc:

- Ministry of Presidency

- Mintstry of Justice

- '\-Iinislry of National Defense

= Ministry of Govermment

- Mmistry of Foreign Affairs and Cult

- Ministry of Treasury and Econemic Development

- Mihis(r_\' of Human Development

- Ministry of Sustainable Development and Enviconment

< Ministry of Labor

-2



- Ministry of Social Communication

Furthermore, the Exceutive Power rely on Govemors of Department, Sub Governors of
Provincés, Cantonal Magisiratcs.

{3) The ludiciary Powcer: The Judicind Power is exercised by the Supreme Court of Justice,
the Constitutional Tribunal, the Superior Courts of District and other tribunals and judges which
the laws establish {Art. 116).

The Supreme Court of Justice is the highest Tribunal of Justice of the Republic, which is
composed of a President and 11 Ministers (Art.117).  The Council of Judgmcnl is administrative
and disciplinary organism of Judicial Power (Art.122). '

The Ministers 6f Supreme Court remain in their functions for ten years (Art. 126).

3).Adminisira_tivc Politicat Division of Bolivia
The territory of the Republic 61‘ Bolivia is divided politically in Departments, Provinces,
Sections, and Cantons {(Art. 108). '
There are nine Departmients and divided mto 112 Provinces, 299 Seciions and 1,396

Canlongse as follows,

Table 2-1-1  Administrative Division

DEPARTMENT Capital No. Provinces | No. of Sections | No. of Cantons
Pando Cobija 5 5 18
La Paz La Paz ) 20 4 432
Orro Ornuro 16 30 153
Potosi Potosi . 16 38 256
Beni Trinidad 8 14 27
Santa Cruz Santa Cruz 15 46 118
Cochabamba Cochabamba 16 44 93
Chuguisaca Sucre 1 10 _ 27 116
Tarija Tarija 6 il I83

Total 112 299 1,396

Sources: INEE, CNPV-924.1.2 and Lo No. 1511 “Popular Pepulation” {(Apr. 20th. {994}

4) Qutline of the Study Arca

The Study Arca covers 580,000km’, an arca equivalent to 48.3% of the Bolivian Jand
space. Out of which 10% (South of La Paz and Oruro) arc in the high platcan, 16 %
{Chuquisaca and Targja) in the valleys, and 64 2% (Santa Cruz and part of Tanja and
Chuguisaca) in the oriental plain areas.

According to the INE 1992 Census, the population of the Study Arca is 2,575,009 (40.1%
of ihe total national population). The population of < provinces of Southern Part of La Paz
accounts to 16% of the total population of Department of La Paz.

According to the water supply database which bad been built up by the Study, the number

of watcr supply blocks in the Study Arca is 4.263. Among them, number of big citics with
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population of 2,000 or more is 60 block, number of medium citics with population between 500 {‘i
to 1,999 is 271, and number of smal citics with population of 499 or less is 3,934

2.1.2  Pepulation
1 Demographic Characteristics

According to the National Census of Population and Housing effected in 1992, Bolivia has
6,420,792 inhabitants.  Annual growth rate between 1976 :nnd 1992 was 2.09%. 7The feminine
population is 30.6% of the total.  The composition by age groups sho\\"slhigh percentage of age
under 15 years old (42%), and agc over 60 yvears old shows only 4%. The density is 3.8
nhabitant per square kilometer. According to INE, actual population in 1995 is estimated to be
7.4 millions. Table 2-1-2 shows the demographical outline of total country aud the study area.

And Figure 2-1-1 shows the projection of future population. g

2) Migation and Urbantzation _

The INE 1992 Census shows two demographic phenomena which are emphasized in recent
year: the internal migration and the uibanization. Those socio-economical phenomena arc
attributed to the fall of nuning _prbduclio_n, the abscnce of other sources of development and Lo
cconomical unbalance between the rural areas and the capitals of department.  So ihere exisis a
definite tendency of growth in departments of Santa Cruz (4.16%) and Tarija (2.80%), thus on
contrary to the depariment of Potosi, which has lost its population at the rate 0f 0.1276 per year.
"Fhe urbanization of the country is expressed principaliy by the rapid growth of theeé cities: La
Paz, Santa Cruz and Cochabamba, which gather 2,322,000 inhabitants, or in other words, more
than 13 of the country population. Beside, 112 citics having population between Z,QDO and
200,600 inhabitants cover ncarly 217 of the total population. '




Table 2-1-2  Demographical Quttine of the Study Area

Population Antwat { Number of | Number of | Nunmber of
1976 1992 Growth House Family | person by

Rate Family |
(1) Capital City | 1,429,937 2808684 431% 664807 623,716 1.50
Toal - |2 Other Cities 195903] 8861621 369%| 209,823 183,099 484
() Rural Area | 2,687.616| 2,725,946] 009%| 826,512] 638,002 127
Countty sy~ 3+ | 3.183,549] 3.612,008f 0.79% 1036335 821,101 1.40
' (5) Total 1613,486] 6,420,792 2.09%) 1,701,142] 1441817 4,44
Cl{uquisaca (1) Capital City 63,625  131,769] 4.66%! 31,9881 29770 143
- |2y Other Cities 13,8901 23,198 3.26% 6,019 5,083 .59
(3) Rurat Arca 281,001 298789] 0.38%!  75456]  63.366 572
1) ={(23+03) 204801 321,987 0.55% 81475 68,419 3,71
(5) Total 358,516]  453,756] 1.48%] 113463 98,189 4,62

Soithof  [(1) Capital - - - - - -
Lapag |(2)Other Cities 8,744 8512| -0.17% 3,176 2,199 3.87
(3} Rural Area 139,292] 116,831 -1.09%|  45336] (31,639) 3.69
5 H=+3) 148,036] 125343 -1.03%| 48532 (33.858) 1,70
t (5} Total 138.036] 125343 -1.03%|  48,532]  (33,838) 3.70
v lorero (1) Capital City 123213]  183422] 2.47%|  44,599] 41,835 138
d (2) Other Citics 34,402 12,800 137%| 13,377 10,000 428
(3) Rural Arca 151,794 113,892| -1.78%| 62618 31,974 3.56
¥ ()= )+ 186,196]  136,692| -1.07%|  73.995] 41974 3.73
(5) Total 310,409] 340,114 0.57%] 120594 83.809 1.06
A [Tasija (1) Capital City 38,916 00,113| 5.39%| 21,377 19.574 160
i (2) Other Citics gl 72438 87 16345 15.427 170
(3) Rural Arca 114,360 128,856] 0.74% 31201 26,241 191
¢ () =@)+3) 148288) 201,294 1.93%!  47.346]  41.668 183
a (5) Total 1872040 2914070 2380%0 68023 6o 1,76
Santa Cruz. |(1) Capitat City 254682  697.278] 6.50% 152,085  143.531 186
(2) Other Citics 119,923| 29218t s5.72%  60.941 55,169 527
" |(3) Rural Area 336,119] 374930 0.69% 82,823 73,682 5.09
()= (2)+(3) 456,012] 667,111 241%| 13763 129151 5.17
(5) Tolal 710,724] 1,363,389 1.16%| 293819 272682 5.00
(1) Capital City 4B1,436) 1,102,5820 5.32%| 250,049 234710 170
Toay (2) Other Cities 210,783] 417083} 469%|  93317]  88.148 198
: () Rural Acca | 1,011,766 1,055,241 0.06%] 301,995 226,922 155
(=3 1,233,453 1,472,127) 1% 392312] 315070 167
($) Total 1,719,889 2,575,009] 2.57% 647361  549.780 168

Sonrce: INIEE Census

Note |) Refered to the Provinces of Arema, Pacajes. Villarroel and Pando
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Figurc 2-1-1  Projection of Futuve Population

3) Rural Population

4)

The INE defines the city with the population more than 2,000 as ‘urban ared’, and the
others having less than 2,000 as ‘rural arca’. '

For the first time in the history of the country, the urban population (38 %) has exceeded
the rural population (42%) in .1992, and this tendency is continuing since then. Furthermore, the
rural poputation of the departments of La Paz and Oruro are decreasing with annual index of (<)
0.3% and (-) 1.07% respectively. The rural population of Santa Cruz and Tarija show a Jight
annual increase of 0.69% and 0.74% respectively. As for Chuguisaca, there is an increase of

0.5526 per year.

Demographic Outline of the Study Area

According to the INE 1992 Census, as shown in Table 2-1-2, the population of the Smd;;'
Arca is 2,575,009, and the average number of persons per family is 4.68. In more details, the
total population of four departmeatal capitals of the Study Arca is 1,102,382 (42 8% of the total),
of other intermicdiate cities is 417,183 (16.2% of the total), and of rural arcais 1,055,244 (41.0%
of the total),

From 1976 to 1992, the average annual population growth is 5.32% in departmental citics,

4.69% in intermediate cities. and 0.06% i roral arca.
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As described in Table 2-1-3, in the Study Arca, the number of water supply blocks, -which

is defined as the smallest unit of community in this Study for the water supply planning, - is 4,263

water supply blocks. Among them, there are only 60 water supply blocks {1.4% of the total)

whose population is bigger than 2000, but their total population amounts to 414,128 persons, i.c.

29.5% of the total population of the Study Area. Number of the blocks with population of less

than 500 is 3,934 (92.2% of total number of blocks), and their total population is 33% of the total

population in the Study Area. Figure 2-1-2 and Figure 2-1-3 show the block poputation and

number of blocks classificd by the population groups.

Table 2-1-3  Distribution of Blocks by Population Groups
Depart- |Poputation 1999~ {999~ | 499~ [399- |[299- [199~ |99~
ment Group >=2000 | 1000 500 400 300 2060 100 50 Total

pers. pers pers pers pers pers poLs pers
Chuqui- [Poputation__| _12.914] 15,194| 36,879] 25,882 35,118{ 69.268) 67.988] 15856 289,129
sack No. of Blocks 1 11 54 59 131 286 458 2204 1,223
South of [Poputaion__| _ 8,512 10,122] 10,231 7,926 8,685 19.571| 36.994) 243061 126,277
La Paz  |No. of Blocks 2 7 I5 13 25 82 267 346 762
Oruwro  |Poputation_ | _38.423| 12,748] 10,356 7.470] 11,159] 16.222f 28,004] 12,975 1374148
No. of Blocks 8 10 15 7] 33 69|  198f 191 544
Tarija  |Population_ | 69,323] 8,850| 18.867| 12,426 22,397] 37,381) 28.084] 2298 200.158
No. of Blocks 5 7 28 28 65 154 188 36 511
santa  [Population. | 284,924 44,725| 60,817 38.439| 61,770} 98.317| 63,133 0| 632135
Cruz: No. of Blocks 41 34 %0 S? 180 402 391 0 1.225
Population J14,128| 21,670{ 137,150] 92,153} 149,059 240,7591224 293 53,935] 1,105,147
Toal | __ | eoswi 6.5%) 08wl ©omlaosmlan.196)]|(16.0%)] 107 (100.0%)
No. of Blocks 60 69 202 209 434 9931 1,502 796 4,265
(1L4%)) (1.6%)] (3.7%)] (4.9%)(10.2%)] (23.3%)] (35.29%)| (18.7%)] (100.0%)
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Figure 2-1-2

Block Population Classified by Population Groups
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Figure 2-1-3

The population density, population growth rate of the Provinee in the Study Area are

shown in Figure 2-1-4 and Figuse 2-1-3,
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