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PREFACE

In response to & request from the Government of the Republic of
Bolivia, the Government of Japan decided to conduct a study on
Groundwater Development in Rural Areas and entrusted the study

to the Japan International Cooperation Agency (JICA).

JICA sent to Bolivia a study teamn héaded by Mr. Kenichi Takashima,
Environmental Techhologic Consultant Co., Ltd., and composed'of
staff members of Environmental Teéhnologic:Consultant Co., Ltd.
ahd SUMIKO Consultants Co., Ltd., (three times between October
1994 and March 1996.)

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

and the present report was prepared.

‘T hope that.this report will contribute to the promotion of the
project and to the enhancement of friendly relations between our
two countries. '

I wish'tg‘eXpress:my'sincere’appre¢iétién'to the officials
concerned of the Government of the Republic of Bolivia for their

close cooperation extended to Eﬁéfteam.

June 1996

Kinmio Fujita

President

Japan International Cooperation Agency



_ Juhe 1996
Mr. Kimio Fujita
President
Japan International Cooperation Agency

Tokyo, Japan
Dear Mr. Kimio Fujita,

Letter of Transmittal

We are pleased to submit you the final report of the Studyndn Groundwater

Development'in Rural Areas in the Republic of Bolivia;

'i‘he study was conducted by Environicental Technologic Consultant Co., Ltd.
and SUMIKO Consultants Co., Ltd. undexr a contract to JICA for 21 months
from October 1994. 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 fox the Departments of
Chuquisaca, Orufo, Tarija, Santa Cruz and four Provinces of La Paz with '
their close cooperatioﬁs and formulating the regional groundwater
:developmentstrategiesbasedohthedatabase.Wehadalsocarriedoutpilot
projects including test well drilling, construction of the water supply

" facilities, operation and management education and sanitary education.

We wish 6 take this oppoftunity toléxpress our sihcere gratitude to your
;Aggncy,ithe:Mihiﬁtry of Foreign Affairs and other officials concerned.
Wé_would also‘likeito expfesé our deep gratitude‘to the Ministry of Human
Development, five Prefectures and authorities concerned as well as the
Embassy of Japan in Bolivia and the JICA Bolivia Office for close

cooperations and assistance extended to us throughout our field study.

Finally, we hdpe'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,

> {
Keni¢hi Takashima (ﬁ;} W%?'(Lé§ﬁ -
Team Leadex ‘ :
The Study on Groundwater Development: in
Rural Areas in the Republic of Bolivia -

&
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SUMMARY OF T{Ii; PROJECT

. Outlines of the Study

The Study on Groundwater Dey clopmcnt in Rural Areas was oonductcd to formulatc the

regional groundivater dey clopmuu strategics by Departme nt based on lhc water supplv database.

* The watcr supply database was built’ up for the Stud) Area lhat inchudes four Departmients (ie.

“Chuquisaca; Qruro, of Tarija, Sania Crisz), and the Soulhcm Part of Dcpartment of La Paz; and
~then based on this water suppiy databasc, the slr"ilcgus for dcvclopmcnt of gronndnatur in tlie -
' Slud3 Area were formulated.” Funthcimore, the f‘eambaht_w, studies on water suppiv dev c!opmcnl :
pro;cct had been also conducted [hrough the mlpIcmcnlaIlon of four pilot prOJccts at four water
supply blocks which were sclected from each Departmeit i in (he Study Arca willi the exceptionof
La Paz.

2. Water Supply Condition in the Study Avea.

The Study Arca covers an area of 532,361 ki large, and a total population of 2,570,000

i which the population of dcpﬁmmcmal capitals are included (INE 1992 Census). In other words,

“the Study Arca accounts for 48.5% of the national widé area, and 40.1% of the tofal national
population. o '

The Study was conduclcd ona Dtp'irtmcnml basis, but d:rla was collected for lhc water

supply block, which is thc smallest unit of community of loc.ahl) for a water supply system. A

water suppi) block was defined as a cominunity, besides the departmental capml with a

population of over 120 for the Department of Santa Cruz, and as \.Ommllllli) with a popuhhon of

over 50 for the other four Dbp'artmcmS According to the water supphr database, the number’ of

! water supp!v blocLs in the Study Arca-is 4,265, and its total population is 1 ,400 000_

approximately.

Table | shows the outlmc of the water supply condmon of cach [)s.partmcnl in the Sludx

Area. The water supph coverages of urban area and rural area of the Study Avea are caleulated

~ to be 82% and 23% respectively. Beside, there are 3 020 blocks; or TI% of the total, which ]ns

not existing water supply svstem.



Tablé 1

Curvent Water Supply Cit"cqn'is.lanéc in the Study Area

Current water supply coverage [Nuimber of blocks classified by current watcr,
) o _ (%) . - Sllppl\ COVeRage '
Department | Population | - Urban - {Rural arca|  Total - "‘No
arca - >=60% | <60% | existing | Total
_ system
Chuquisaca | ~.289,129] 885 16.4 19.6 131 135 957 1,223
ScoflaPaz | 126277] 2600  164] - 170 51 3 672 762
Oruro 137.448) 633 213 330 62 129 353 544
. [Tarija 200,158] 8838 368 s48] . . 158 133 220 sl
sadcrz | 652135 838 264 515 221 186) 818 1225
CTotal | 1,405,147 . 817 233 40.3 623 622 3,0200 4,265

Note: Based on the water supply database. Urban ‘arca consists of cities with popdation of 2.000 or

inare.

In Bolivia, the shortage of drinking water Stippl_\' i rueal area is scrious, cemparing with
fhc ones in urban area, A majority part of the communitics in rural arca has not any kind of water
supply s_\'slc.m; and is in scrious shortage of water.

" “Fhie main cause of the lag of water supply scrvice in mral area is ‘assumcd to be the
‘difficulty in the dc.‘."cl'c_xpmcnt of water resource. Up to now, the main sources of water that had
been developed in rural area are surface water ‘or groundwater from shallow aquifer, whose
- produce ciuanlity is insufTicient and quality is doubtfil generally. Numcrous communitics with
existing water supply systein have to face with inovitable water shortage in the dry ‘scason every
year. _ .
the dculopmcnt of grovmdwater in the Studs ;\na is lag due to the hck of cqmpmmt
financial resource, technique, ete. though its potumal is high. Itis assimed that the dev clopiiicat
of groundwater is mdlspcnsab!c to meet the needs of drinking watér supply of inhabitants in rural

communitics.

3. Water Supply Database

Watcr Suppl\' D'ihb‘isc was built uwp o compllc process and manage a karge amount of’
information rdc\ ant to ihc socuo-ucononuc situation, water supply condition, sanilary condition,

" existing water suppl\ S\s!ems existing wells, cte. in cach water suppl\ Dlocks.
It consists of 254 numeric data fi °lds and data on 4,265 water supply blocks. 890 water
~ supply systems, 808 existing wells had been mpnl. Beside. 1t also stores 12 Kinds of graphic data
| “such as the road network mwap, administrative: map. cte. Among them, 175 picces of well

geographical colunin taaps aec'included.



4, Groundwater developnteit strategies

the stabilization of drmku_\g water supply suwas in nl_r_al arca; T hrough this formulal_mg p_roces_b,

the target water supply coverages of cach Dcpa'rt'mcni had been deteriviined, the case st'itd_\' on
several project implementation strategies, project typcé had been carried out, and bascd on these -
results; the lmplcmcntahon plan had been’ formuhtcd with a'list of appropmtc blocks sclected

for the project unplemmhl:on

13T 1rgcts _

© The simtcg,) tarbd year had been dctcrmmed to be lhc year 2000 (1 & in five years pcnod
from 1996). Following, the l'trget water supply coverages in rural arca and in urban area of cach
Department had been determined separately, afler c\'nmm.d the project seale that can be carricd
out in five years period. The target water supply coverages arc given'as §9% for the vrban area
and as 38% for the fural area, :mkmp an average of 54% for the Study Arca in total, Given that
the current av erage water suppl) courage of the Suld_s, Area stands at 40, 3%, this targel marks a
13.5% increase. '

2) Sclected projects o _ _

Table 2 §110\\5 the outline of the project with the blocks selected as thc niost appropriatc
comnmuniics for the tmplcmcnmtlon plan. For five Departments in the Study Area there are 456
blocks, with 255,785 beneliciarics in total. This numbcr of beneficiaries marks 16% of fotal
population of the Study Area in llmhrgct YCar. BC‘SIdC it is assumed that for five Dupammnt-: 9

scts of drilling rig arc required to make able the project nnplcmcnhhon i five )mrs period.

Table 2 Outline of the Proposed Projctt.

Popwlation| Target water supply coverage (%) ] Number | Number of chui'rod
(in 2000) Urban arca Rural arca | Total | of blocks | benefici- ntlmbcr of
i arics rigs

Chuguisaca| 312073 90 30 33 ol 57205 2
SofLaPaz| J19750] 80 30 34| sl 19957 R
Oro | - 139,800 80 aof sl DRI R 1
Tarija_ 245,262 90| - . 50 65 85| - 35,128 2
Santa Cniz | 794,792 90] 40 62 1ss| 102,396 3
Total |:.6'||,6;.’? 30 ‘ jS hE | " 456] 255,73:5 9

Note: The munber of rigs are as reguired for each Deépartineit to conmiplete ike driliing iorks in 3

years period.



3) Orgamzatlons r»sponsnblc to llic project lmpimncnlallon
1t s assunied that tlk, individual prefectural go‘.crmmntb shou!d be.the orpanizations
responsible for the uup!emcnfanon of drifling works, and the prefectural goveraments or the
niunicipal agcnéics are responsible for the construction of water supply facilitics. Fuithermore, it
is assumed thiat once the water supply had boen completed, its operation and maintenance should
be carried oul by the coopératives formed by the beneficiarics in the individual comnnitics,

under the jurisdiction aid instnictions of the competent prefecctural government.

4} Estimation of project cost .
As shown by Table 3, it is assumed that the total projc-ct cost for all five Dcpaﬁuicnts'is
US$ 71.30 niillion, of which USS 39.50 miltion should be shared by extemal finance, while
USS 31.80 million ‘should dé-pcnd on Bolivian domestic financial sources. The procurement of
-d.!'i"ii.]g cquipmei, and the cooperation in conducting the drilling works in on¢ year term to
instrict the Bolivian technicians on the utitize of drilling equipment, are proposed to be financed

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

. Table 3 Estimated Project Cost _
' (Uniit: mitlion US dollars)

_ _ Investment Amount Breakdown of Project Cost
Départment | Forcign | Domestic | Total  [Procurement  Water | Drilting | Water
| Fonds Funds | of Rig Supply | Woik | Supply
_ ; . Equipment Work

Chuguisaca 9.0 6.9 15.9 78] 32 20 29

S.ofLaPaz | - 43 3.0 73] Al b4l - 10 1.0

Omio | 87 a4 orf a2l 23 20 e
[raiija 90 54 144 78] 27 21 I8

SataCriz | 13l nal g 9.6 ao| 33| sl
1 Totat | 395 38| 713 335 14.5 w4l 129

.. (Note} The rigs shall be procured and the drifling work for the st year shafl he carricd out with
forc*ig:i Junds. The drilling work for ihe next year onward shall he drrr;'('c_[ out by the
Bolivian side. The cost relating to water supply equipment contsisits of the procivenent of

casing, screening materials, water paunp. generalor.



- 8) Project lmpkmcnt'mon plan .
Development priosity of the water sipply blocks is qssumcd lo la) in the blocks with blgg‘.r =

'populatlon, lower “coverage and  casicr dn_llmg work. ‘Based on this - proposition, _thu
implementation plan has been fom‘miatc:d,‘_in such a manner that the project is started from the

arca which covers many first priority blocks and with casy access conditions, and gfadt:ally'
extcn’dcd to the surrounding arcas, in order to obtain the most cfiicient drilfing works, and
tmmpouauon of dn!lmg achincs, while taking mto considcration the ‘parity “of ammual
mwstmenls durmg the pmod of project lmplcmentatlon Table 4 SIIO\\S the schedulc of the

drillmg works that had becn prepared as a main pari of the 1mplcm«,nt1hon plan _

_ Table 4 Stage Plan ofl)nllmg \Vb'rk§ .

i _ | A5t Year {24d Year|3rd Year | 4ih Year Sth Year| Total
Chuqu@sac&i No. of blocks ' 19 28 20 20 11 98
.. [Total drilling depth (m) 1,300 | 2,050 |- 2,300 3,000 2,95_0 11,600

. of La ParjNo. of blocks 7| ol el 9 71 a6
Tota! drilling depth ] 450 | 1,000 1,350 | 1,450 [ 1,200 | 5450

Oruro No. of blocks - 16 19 6| 13 81 . 72
Total drilting depth (m)| 1,950 | 1,900 | 2.400 | 2,050 | - 2,100 | 10,400

Tarja  |[No. of blocks W] 9| 16| 15 $5
"~ |Total drillingd_cpﬂz (m<) 1,550 | 2,600 | 2,450 | 2900 | 3,250 ]2,75(‘).

Santa Cruz {No. 6f blocks : 20 G| 0 40) 39 20| l)ﬁ
Total drifting depth )] 2,100 | 4,350 | 4,600 | - 4,500 | 5,100 [ 20,650

Tolat  |No.ofblocks 6] 16| 106 97 61 | 456
Tota drilling depth (w)| 7,350 | 11,900 { 13,100 { 13,900 | 14,600 -eo,asb

Note: The drilling works are to be completed in five years for each deparinents.

5. Project Feasibility Study

The study on'the feasibility of the water supply duwlopment project had been carried out
by means of the gaoph\ sical prospecting surveys, test bonugs at 9 locations, and pilot proy:cls at
4 communitics. Through 4 pilot pl’OjC‘CIb the water supplx facifitics are comtmcmd to fest (he -
installation feasibility of water supply system, and conduct C\pcnmcmes on the cducation of
operation and maintenance ol water supply s_\sn.m_. ‘and on the education of sanitation subjécted
to the inhabitants in rural communitics of Bolivia. ' '

The results of the study on the Four communitics of the pilot projects arc silm'mar}?cd in

Table 3, in which, the rwutls of dnllmg fest afc also shown. The results show that at: all four

commumllcs the productiv ity of the test \\L” is beyond the néeds of the conummlh



Table 5 0ull|nc~s ol' Pilﬂ( Project Commumltes and Test Well Drilling.

o _ Populanon Drilling Yicld Static water |- Dynamic
ﬁép’artnﬁcht Cominunify depth | Icv_cl' ' .\\';'ucr level
E {persons) (m) (Vseo) (m) C(m)
Chuguisaca : [Campo Leon 237 411 225 190.0 282.9
|[Oruro “|Corque 1,558 100 2.00 63 264 |
Taja |taChosa 371 127 7.55 | (antosian) | -]
Santa Cruz - |San Carlos 480 260 | w000 o 513 93.0

Throlgh the_ pilot projects, the \\"a'lcr supply: plan usin‘g the drilling tost ﬁ'ells had been
made, construction cost; operation and mamgunent cast bad been caleulated, and were used to
cxaming the feasibility of the water sipply plan.

The construction cost of these water supply systenis were extremely bevond the financial
“ability of the inhabitaits concemed. And it is considered that such constriction cost should be
financed by public investmént funds.

Even at Canipo Leon, where the Ccononncal condition is worst comparing with othcr
commuinitics, the' cost required for the daily operation and maintenance ‘of the water supply
systém is within the tarifl payment ability of the inhabitants. Conscquently, it is assumed that the

-~ daily operation and maintenance of the water supply system can be maintained with the self-help
efforts of the inhabitams'.. But, for the sustainability of the water supply systein in long term, the
éxteral supporls are assumed to b important, and it appears the need to establish the
maintenance and managoment systems with the combined supports of prefectural government.

_niunicipal agency, and private companies concerned as well.

6. Recommendation

1) The groundwater development project should be implemented as soon as pdssiblc? to fill the needs
of drinking water in daily 1ifc of rural inbabitants, improve their lving standard, and stabilize
their p'nblic welfare, The government and the prefeciural governinents should confer with refated
agencies about the responsibility-sharing, the coopcmlion system and (he raising lunds, in order
to promiote a quick lmplcmcnhuon of the project.

°2) The Bolivian goverment and the prefectural governments do have the will 'md the abihiy to

_ implement the projéct continuously i tong term. The nnplmncnnuon of the project is assumed to

. be feasible; becanse the Bolivian govcrnmcnl_. the prefectural govermments. the municipal

*agencies would be: able to bring out the project by their own financial ability, il they have
obtained thq international coopceralion in procuring of dri.lling cquipment and technical transter.
The reorganizition of local gO\'cmmc}u is ongoing now’, and it is expected that the works will be
transtorred snioothly from gx-C ORDES to pre fectural governments. and the UNASBAs (Um! of

Basic Sanitation) \u!] bb strengthened appropr ntd\

G-



After all, the pro_;ccl lmplemcnt'\tlon 1s ﬁssumcd to be totall} ruasombh, elthu if terms of prqiecl .
- opcrallon project maintenance and pro_]cct manageiment.

3) The: main taigtts of this pro;ect are the dispersed conmlumtlcs in mra! arca; andiit is aqsumcd lhnt
the prefectural government should take l’CSpOl‘lSlbl'il} 10 brmg out the pr0jec| The pufnclural
governments should strengthen the project mlp!uncnht:on orgnuzatlon ‘ensuring personned
required, improve their technical ‘ability,” cstablish the finaneial found'ition ete., in order to
perform the adequate 'mcl cﬁ:c:cnt nnplcmcnhuon of the project.

4) Efforts should be douc to condugt nppropnalc c\p1aml|0ns {o the mhabltanls conomed on the

: me'mmg of the project and on their conisiderable l‘C’SpOl]Slblhi}, to promotc their p1rt1c:p1t|on in
thic proy.ct implementation: Once the water supply sy stem had bccn msmllcd the bcueﬁcnaﬂ&.
should take responsibility in the S)slem opcratmg and m'amhlmng, under the: _]m‘lSdlCllOl'l anid
instructions of the competent prefectural goverunent. Pn,fcuura! gowmmcnis should promote -
the educau_On program on sanitation and maintenance of the water 'suppl_v systen toward thie
inhabitants in mtal comiminitics, and streingthicn the supporting systé_ams to help inhabitants in -
managing and maintaining the water supply ‘systeins, and cosure thdxsustéiﬁéﬁility of these - ]
systems. The wonen’s par'tici'pa.tidn in the nm‘erénwht arid raintenance of llﬁc water supply
systems should be promoted in order to strengthen the arganization of mdnaging and maintaining
these systems. ' 7 |

5) Furthermore, an information system should be cs!ab!iéhod to manage the information o the water
supply conditions in rural communitics, and supesvise the pro_grt;:ss' of the water supply projecl
implementation. Morc efforts arcf required to update the water 'swpl:y da!abasé, extend ifs use t.o
the departments standing outside of the Sludy')\_rc& atilize it in fonﬁui:ating the water supplf

plans, and in the management of groundwater development project.
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CHAPTER [ INTRODUCTION

1.1 Bﬁci(gl‘bzllltl of the Study

~ During the "Ten Years of Intemational Water Supply and Sanitation” (1981~1990),
propotinded by the United Nations, the’ Government of the -Republic of Bolivia (hercinafter
referred to as "the Goverameiit of Bolivia") has made cfforts to expand water supplies and
santtation and to improve water quality and waler services: Howcvcr duc to delays in the
furnishing of infiastructure in rural arcas, adequate results have not hLClI obtained .‘Il'ld pubhc
health problems such as lugh infant mortality rates and cholera cpldumc are ycet to be solved.
tnder such mrcumstancos, the Govermment of Bolivia formulated  the "National
Dévcbpmcnt Plan for Water Supply and Sanitation” in 1991, This plan is aimed at raising the
water supply coverage in rural areas, where measures have been delayed, from 30% to 60% by
the year. 2000 under the slogan of "Water for All".

“The Goverment of Rokivia reorganized the previous division of the Ministry of Urban
Affairs into the National Dircction of Basic Sanilation (DINASBA), National Secretariat of
Urban Affairs of thc.Ministry of Hunian Development and appointed DINASBA as the agency
responsible for the promotion of the above-mentioned Nationial Development Plan. In the
meantime, the Govermment has deemed that’ the implementation of projects be promoted by

‘ Regional Developaent Coipdra!ions of the tespective Departments as part of the decentralization
program. Clase connections between the central and regional gourmmnts and the smngthuung
of cach organization arc therefore being dusmd ‘

Given sich b1c|~around the Government of Bolivia has nquuslud the Gou.mnkni of Jap:m
on August 1992, the formulation of a groundwater dculopmmu plan in rclmmn to the abou
mentioned National Dévelopment Plan: In response to the request, Jap'm lntcma!ioml
Cooperation Agency (HCA) has dispatched the preparatory study tcwm in December 1993 Bo[h |
countirics agreed to conduct the Study on Groundwater Development in Rural Arcas (hereinafter
referred to as "the Study") and concluded the Scope of Work (S/W) on December 13, 1993 The
Study was commenced in October 1994 and ended in June 1996,

1.2 Objectives of the Study

The objectives of the Study are as follows.

1) To build up a water supply database for the Departmients of Chuquisaca. Tanja. Santa
- Cruz and Onuro and the southern part of the Department of La Paz and to formulate
groundwater development strategies up to the vear 2000 with development prioritics

attached thereto.
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2) To conduct foasibility studics on watet suppl)" for the pilot projects to be implemicated
at four {4) water supply blocks,  One i’cprcscnhli\'c water supply block is selected
from each Department with the cxception of the Department of La Paz. In the case
‘where one water supply Facility can supply water for plural water supply blocks, the
plural water supply blocks are rcg.ardcd as ong water supply block. |
3) To petform technology transfer to the Bolivian counterpart personnel through the Slu.dy
in order to raise the levels of water sﬁpplyplanning, servicing of water supply faciliﬁcs,
fumﬁishing of projcct. implementation systems for fee collection, cfc., operation and

maintenance of water supply facilitics, groundwater development technologics, cte.
1.3 Study Area

The Study Arcas covers the rural arcas in the Depariments of Chuquisaca, Tarija, Santa

Cruz and Orure, and the southern part of the Department of La Paz. The southem past of the

Departmient of La Paz consists of four (4) Provinces; Aronta, Gualberto Villarroel, Pacajes, aid

Jos¢ Manuc! Pando. The total arca is 532,361 ki’ and the tolal popuzla'tion excluding
dupmimenh!mpnal citics is 1,472, 42710 1992,

* The Study was conducted on a DLp"{rlmcnhl basis but the data vas collected for the water

“supply block, which is the smallest vnit of commumnity or locatity for a water supply system. A

water supply block was defined as a community, besides the Cépiml city of a Department, with a

population of over 120 for the Departinent of Santa Cruz and as comniunity with a population of

- over 30 for the other four(4) Departments. The total number of watcr suppb blocks amounts to

4.265 according to the water supply database.

Table 1-3-1 shows the outline of cach Departicnt i the Study Area.

Table 1-3-1  Outlines of the Stu‘tly :_\'rea

Department Chuqui- | Southof | Oruro"] Tarija Santa || Total

: $a¢a La Paz Cruz | = .
Arca{km®) 51,524] 19,005]  53,588] - 37,623) - 370,621] 532,36}
Total Population" 4537561 1253431 340,114] 291 407] 1,364,389] 2,575,009
Capital 131,769 - l83,422 90,113} 697278 1,102,582
Others 321,987 125,343 156,692 201,294) 667,111 | 472 427
No. of Provinces 10 4 16 6 A5 - 5]
- [No. of Seetions 271 200 30 i el 13
- [No. of Canitons 116 130 183 84| 18 710
No. of WSBY L2230 762 S44 . Sl 1,225 4,263

Note : 1) Population is based on the INE 1992 Censis

2) WSB = Water Supply Block



“1.4" Scope and Schedule of the Study
The Study was carried out through the following three (3) phases:

Phase I:  Forawlation of Regional Groundwater Development Strategies in Each Department

A water supply database was built up in order to facilitate the formulation of regional
groundiater development strategics  of cach Departient in the Study  Arca. Based on the
d"li"tb'lsb, n,gmml ground“au,r developmcnt sérategics was  formwlated with dc,\dopmcnt
prioritics 1tlachcd thereto for cach water suppl) block. Upon clnssuf_\mg the water supply
blocks accordmg to chqmctcnshc:., four (4) pilot pro;ec{s was sclected as models to carry out the

feasibility study in Phase 11 and Phase It

Phase 11:  Detailed Study for the Pilot'l’mjﬂts

Studics concerning the feasibility of water source development was carricd out for the pilot
projects sclected in Phase 1. Education for the techiology transfer of operation and maintenance
techniques for water supply facilities and experimental health education of n,mdunls was also

carricd out for the purposc of stable supplying of sanitary water.

Phase 11 Forntlation of Water Supply Projects Relevant to the Pilot Projects

Bascd on the results of the Study in Phase IF, water supply plans, that take the enviroament
“and the role of women in development (WiD) into consideration, was formulated aloﬁg with the
:opcraliozt and maintenance program and health cducation programs to cnable sustainable
dcvclopnicnt. Furthermore, these pirojccts was fod back to the groundwater development
Rlntcglcs ' |
Flguru. 1-4-1 shows the time schvdulc of the entire bmdx
]hc Slud} at Bolivia had been conducted during the p;nods from Oclobcr 1994 to \hnh
1995, and from ]um 1995 to January 1996. S
The Regional Development Corporations {CORDES) of the respective Department were
responsible for the data colleclion and data input in Phase I, under the instruction of the Study
Team. Based on the collected data, the data analysis and the formulation of groundiater
developinent strategics had been conducted. Numerous workshops had been held in order to-
improve the abilitics of the CORDES on the water supply planning; the operation and

management of the water supply system, ete. as a pant of the technology transfer. -
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1.5 Study Organization

The official agency of the Japanese side fof conducting the Study is Japan Interational

Cooperation Agency (J:ICA)_. HCA had abpdinicd Environmental Techrologic Consaltants Co.,
“Ltd. (ETC) and Sumiko Consultants Co.; Ltd. (Sumiko) as consultants to éarry out the Study.

The JICA Siudy "Feam consists of thirteen (13} members as follows.

- Namie

Kenichi Takashima
Hirotaka Nishimoto
Masao Odagaki
“Takdo Ogava
Hiroatsu Narita
Guide I. Acurio
Masauori lto
Norio Mochizuki
Neuyen My Tuan
Takeshi Sij irhaya
Akio Chida
Toshimitsu Ozcki

Michihiro Ohkaoshi

Teant Leader

H_\'(hbl(}éiCﬁl and Geological Analysis

Water Quality Analysis/ Euvironmental Consideration

Geophysical Prospecting/ Geological Analysis

Water Supply Planning/ Operation and Maintenance Planning
- Social Analysis/ WID Consideration

Organizational and Institutional Analysis / Sanitary Education

Economic and Financial Analysi.s

System Engincer

Well Boring Advisor

Well Boriiig Advisor

Well Boring Advisor

Wl Boring Advisor

~ The counterpart dgcncics' in Bolivia were the National D_iircclion__of Basic Sanitation
(DINASBA) on behalf of tflc.Nalionai Seerclariat of Urban Af¥airs of t'hc:. Ministey of Heman
Development, and five Regional Development (.‘orpor'éiions (COR.DES)i in cach Dppm'l.m‘c'nt.i The
CORDES have been integrated to the Peefectures in January 1996.

The Bolivian counterpart personnels are as follows.

DINASBA (National Direction of Basic Sanitation)

Ing. Jorge Calderdn Monterde

Arq. Fwmira Mérida

Ing. Josc Lwis Panozo

Ing. Yamil Matire

Ing. Reynaldo Gonzales

Tec. Luis Qjopi
© Sra. Maria del Rosario Cabrera
- Lic. Max Paredes

Lic. Maria E. Godov .

Ing. Luis Cluimacero

'
L

Project Manager
Coordinator

Sanitary Enginecr/Sociologist
Hydrogeologist

. System Engineer

Svstem Engincer
Svsiem Engincer

~ Economist
Econonist

Sociologist



Chuquisaca {(CORDECH)
Ing. Alfred Zetada E.
“Ing. Jorge Fiengo
Ing. Jorge Fraija
Ing. Ignacion Ramirez
Lic. Ramiro Martincz T
Ing. Ricardo Gonzales

L4 Paz (CORDEPAZ)
Ing. Ricardo Quisbert.
Ing. Alfredo Arias
Ing. Ricardo Anda
Tee. Luis Mcjia
Arq. Sanmie! Vasquez
Ing. Seigio Valdivia

Oruro {CORDEOR)
Ing. Mario Ramirez V.
Ing. Marco Antonio Roses
Ing. Abel Sangueza
Ing. Renc Levva
* Lic. Adolfo Morales
lng. Willredo Rosscl Crespo

" Tarija (CODETAR)
Ing. Roberto Mérida
Ing. Herman Villena
Lic. Marina Reyes

' Tee. Cardos Matinez

* Ing. Pedro Dubraveic

‘Santa Cruz (CORDECRUZ)
~ Ing. Milton Berbetti A.
Ing. Eugenio Verde Ramo
. Lic. Mariela Rivera
" Lic. Sibvia Garnica
Ing. Ramiro Burgoa
Tee. Emilio Pedraza
Ing. Victor Maldonado

Coordinator

- Hydrogeologist/ Geophysicist
* System Engincer/ SocioEconomist

Well Boriing Supervisor

- SoctoFconomist

Coordinator (ex)

Coordinator/Water Supply Engincer

“Geologist

System Engincer

-Systeni Engineer

Sociocconomist

‘Coordinator (ex)

Coordinator/Water Supply Engincer.

Water Supply Engincer/Sanitary Engincer
Hydrogeologist/ Geophysicist /AWcll Boring Supervisor.
Water Supply Fngincer

Sociologist

System Enginegr

Coordinator/ Geophysicist / Well Boring Supenvisor.
Water Supply Engincer/Hydrogeologist
Sociologist/Economist

Systein Enginecr

Coordinator (cx)

* Coordinator/ ydeogeologist

Water Supply Engincer
Sociologist
Economist

* System Engincer

Well Boring Supervisor
Well Boring Supervisor
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CUAPTER 2 OUTLINES OF THE STUDY AREA

2.1 Socio-cconomic Condilioans

1) Outline of Bolivia

Bolivia is a landlocked country with the total arca of 1,099,000 ki’ located in the central
part of the South American Contincnt. Its main industrics are agriculture and mining. According

to 1992 INE Census, the total national population was 6.42 million. The ratio of population in

urban area accounts for 58% of total national population, and urbanization is ongoing.

Population in 1995 s cstimated to be approximately 7.4 million. The GDP of ihe 1993 fiscal vear
was $900 per person, which means that the country is onc of the poorest countrics in South

America.

2) Oillliltc of the Study Area

'

The Study Arca covers an arca equivalent to 48.5% of the Bolivian land space. According
to the !NE 1992 Census, the population of the Study Arca is 2,575,009 (40.1% of the total
natienal population). The population of 4 provinces of Southemn Part of La Paz accouits to 16%
of the total ﬁopulation of Departinent of La Paz,

According to the water supply databasé swhich had been built up by the Stady, the nimber
of water supply blocks in the Study Area is 4,265 Among them, number of big 'citics. with
poputation of 2,000 or mor¢ is 60 block, number of medinm citics with population between 500

to 1,999 is 271, and number of small citics with population of 499 or less is 3,934,

* Land Use

Located in the central part of the Soiith American Contiriont, Botivia is a land-locked
country bordered by; Brazil in the north and cast, Peru in the West, and by Paragu%ay’ and
Argentina in the south. lts n’ational territory is approximately 1.1 million square ki:lciillcicrs_ In
teris of the country’s geographic and social-cconomic conditions, it can be divided into the
following three zones: 1) the highland of the Altiplano; 2) an undulated hill zone; and 3) and the
plains in the castern parts of the country. _

1) The highfand of the Altiplano accounts for 38% of the national territory and 53% of -
Bolivia's population. This part of the country is home to agricultural activities coneentrating on
potato farming. Practically all of Bolivia's mctal mining opcration, oné of the miain industrial
sectors of the nration, is distributed in this region.

2) The unduated hill zone accounts for 13% of the national territory and 27% of (he

~ pation's population. As most part of this area is mountainous, the citics and towns are located in

the relatively targe plateaus or in the plains stretching between mountains. It is a {raditional

agricultural zong with little rainfall and small plowing land arcas per farming household.
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3) The plains i the eastern patts of the country occupics’59% of the national territory
“and is home 10, 20% of the nation's population. Thanks to the favorable natural reticf and clement -
climatic conditions, this part has a flovrishing agricultural and forestry industry. It also
commands oil and nafural gas deposits. ' '

The Landsat pictures showing the land usc patterns for the Bolivian territory indicate
that there arc about 34,600 squarc kifometer of arable land, cquivalent to 3.1% of Bolivia's
tersitory. Pasture land total 266,300 square kilometers (24.3%), and forest-covered land 556,700
squate kitometers (50. 6%), while the rion-arable land mass total 178,000, <qua'rc' kilometers
(16 2%). In the highland and undulated- hl“) r\,gnons the land is cultivated on the crop rotation
system of farming so that a com!d\,mblc pait oflllc land is 1oft fallow at any onc time, with the
seasonally cultivated farming land amounting to 78% of the total farming land arca. The crops
grown on a large drea scale include, in the ordér of importance, maize, potato, rice, barley, wheat,
Soy bean, sugar canc, and quinua. In the castem plains, the land is widely cultivated by the
slash-and-bum method of farming.

Much of the grassland consists of the pampas distributed in the eastern plains. These
arcas are mostly water-logged 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 in the northern
Amazon regions and the subtropical dry forests spread over part of the undulated terrain if the
Departments of Tarija and Chuquisaca. The forests have a celatively sparse density of upright
trees. The highlands of the Altiplano have practically no forest coverage while the castern plains -

are wiluessing a progressive decline in their forest coverage:

22 ‘Organizational System

Bolivian adntinisteative organizations arc classificd to tho state, préf‘c‘c[urc (Dcljartamcnto),
county {(Provincia), section (Scecion), Canton, city (l\1tini§ipality), and town (Co:ﬁunidad) or
\*illagc {Localidad).

In the central government, the National Sceretary of Urban Affairs (SNAU) of the Ministry

“of Human Development is in charge of the adinistration of water supply scctor, and the
National Direction of Basic Sanitation (DINASBA} of SNAU is in charge of the imaking of plans
aelating to this water supply sector. In February, 1992, the Govermnent of Bolivia issued the
"\‘alton‘ﬂ Development Plan for \V"lh.l’ Suppi\' and Sanitation (Agua Para Todos)"; aiming at
raising the water supply coverage to 80% in the urban area and to 60% in the rural arca by 2000.
However, as a rosult of rcorgamzahon. mn November, 1993, the National Scerctary of Urban
AfTairs (SNAU) was rcorpanized to be the Sub-Sceretary of Urban [)d\'e!olaallcant of the Nattonal
Scerctary of Public Participation. Figure 2-2-1 shows the organizalion.al chast of the contral

goverament agencics concemed.

2.2
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“Fhe Municipals are now in charge of the watet supply scrvices in local arcas of Bolivia.
However, until now, the Regional Development Corporations (CORDES) had taken the main
roles in the planning of imtc_r supply-systems and in the éonstmction of \\'aicr'supply facilitics, in
the rural cormnitics. The Regional Devetopment Corporations, an organization with 2 staf¥ of
300 to 600 persons, had had the dutics to manage the public mvestment in each Department and
reinforee the Municipatitics, Connntidads and Localidads inside its authonty territory. These
CORDES were disorganized as the result of the Decentealization Act‘ which was issued in | uly,
1995, and came into effect anCb Janmrv 1, 1996. Thc propcrl; and a part of the pcraonncl of
former CORDES was transﬁ*md to prefectucal ':g,nc:cs {Prefoctura), and the prefoctural
governments became the cntitics those have r«,spons;b:m_\ for all \vorks handcd over from the
former CORDES.

Figure 2-2-2 shows the orgabizational chart of the prefectural govcnﬁncnt in relation with
the water supply scctor.

And éffected by the Law of Popular Participation {issucd on Apﬁl 20, 1994), the financial
resources for the implementation of water supply projcdts in rural arca had been changed. Instead
of being determined under the control of (he contral govérament as previous, a part of the national
income are destined to Municipalitics according to the size of population of Seccions.
Consequently, the Municipality has beconic :to be able to make public investménts on its own
judgment, and the amount of investinents to water supply projects tends to increase. In addition; it
is expected that linking between prefectural government and the regional agencics concerncd,
which is one of main subjeets of the Decentralization Act, will be strengthened.

Maintenance and management of water supply systems in rural communitics ars conducted
by Watcr Commiltees or Public Service Cooperatives organized by residents. Generally, the
monlhly collectable water tarifY is about 3 to 20 bolivianos per houschold. In some communitics
\\hm, there are not any existing water supply system nor suitable w ater sources, the lnhabllan:s

have to paid 5 (o 10 bolivianos for purchase of water by means of water suppl) Wagons.

2-4



Governor of Prefecture
Prefectural Coungil
Gericral Bureat General . General Bureau General Bureau'
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Sustainable of Human of Popular "ol Economic
Development Development Participation Dévelopment
Municipal Basic Sanitation Burcau - Community | .
Strengthening {Prelectural U'ms.b:u_) ; Strengthening
Bureau ‘|, Burcau .

Figure 2-2-2  Organizational Chart of Prefectural Goverament

in Relation with the Water Supply Sector



23 Present Situation of Water Supply

Table 2-3-17shows (h¢ number of water supply blocks and distribution of population

“classified by the watcr supply coverage in the Study Area. The current water supply coverage in

the whole Study Arca excluding the prefectural capitals is 40.5%. While the water supply
coverage in the urban citics with popuhtion of 2,000 or morc is 81.7%, in the ru'r’tl comnminitics
with po;auht:on of 1,999 or less, the coverage reaches only 23.3%, And the number of blocks

with no water supply system is 3,020 which accounts for 7 1% of th\, total numbu of blocks.

Table 2-3-1  Number of Water Supply Blocks and Distribution of Popula!mn Class:t'ed b)
“the Water Supply Coverage

 Water Suppl_\' Coverage

- >=60% 1~ 59% 0% Total

Number | Popula- [ Number | Popula- | Number | Popula- | Numbcer |Population| Served

of blocks| tion of tion ©oof tion of | Popula-
i | 1 blocks | blocks | | block _ tion
Chuguisaca 131] 34,502 1351 43,719 9571 190,848 | 1,223 | 289,129 56,627
S.of La Paz] 5H] 19,249 391 20,868 672 86,160 762 126,277] 21,466
Oruro C62| 43434 0 129 43443 3531 50,571 544 | 1374481 45,382
Tarija 158 | 113,689 133} 40,228 - 220| 46,2411 . 511 200,1587 110,300

Santa Cruz | 22133560291 186| 86,638| 818209468 1,225| 652,135 | 335,885

Total

623 | 586,903 622123493561 3,020 583,288 4,265 [1,405,147 | 569,660

Note: decordmg to water-supply database.  Fxcluding prefectural capitals.

“According to the water supply database, the current water supply coverage and served

population in Chuquimca'aru 19.6% and 232,500, in southern part of La Paz are 17.0% and

L 102, 800 in Oruro arc 33.0% and 92,000, in Targja arc 34.8% and 90,500 and in Sanl'! Cruz are

' 51.3%and 316, ,200, rLschmd\

In communitics with no water supply system, the inhabitants are usually using the shallow

~dug wells, spring watcer, puddle, raimwater, ete. as water sources. However, most of them are not

suitable for deinking water, generally, i communitics with water supply system, the corrent main

water sources are well in Altiplano, and in the northern part of Santa Cruz, or surface water in

mountanous-hitly arcas:

The present situation of waler shortage in rural conmmunitics differs ’Lccordmg, to its natural

“characteristics such as type of *dependable water ‘source, distance 'to the water SOUl—Ct-?

~precipitation, ote, flowever, in many arcas, the absolute shertage of safe and good quality

drnking Wwater is serious.

in shoit, it ean be said that such insufficicat water supply services result front (1) natural
and geographical conditions. (2) delay in development of water sourees, (3) shortage of technigue, -
personned and funds related to the operation and management of cxisli'ng water supply systems,

and so on.
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Water dc\’clbpmcnt and water supply project in the rural areas of Bolivia have been
pursued by the fosiner Regional Dcﬁciopn?ncnt Corporations of cach Departnient and the Public
Service Authoritics ‘such as nmn.icipa!i(ics, wil_h the cooperation of vatious  countrics,
international ageticies, and non-goverainent organizations {NGO). These projects have included
shallow wells, springs, and river-bed water. However, these projects are sporadically and located
at some particutar areas, so that the supply quantity is deficient in absolute terms.

Fiu'ancia_l resources of projects carried out inside the country are gencrally borrowed from
.nalicma.l im"esl'iug institutions such as the National Fund for Regional Development (FNDR) or
the Fuhd for Social Investmeiit (FIS). - According to data provided by the Woild Bank.
construction cost of watcr supply facilitics carried out in the past is around $80 per beneficiary.

. There arc only fwo Departments, i.c. Departmient of Chuguisaca and Department of Oruio,
own drilling maching and equipment. However, these are outdated and of low performance, and
arc not efiicient. Other Departments do not ovin aii_\' kind of drilling cquipment, and have to
depend on private constructors, and can not push forward the groundwater development projccts

continuously.
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CHIAPTER3  WATER SUPPLY DATABASE
3.1 Objectives and Preparation Methods

The objcctives of the Water Supply Database are to organize and accumulate basic data on
water supply and groundwater development planning in the arcas targeted by the plan and to be
- put to use for the formulation of groundwater development strategics for each Department.
- Y‘op’u!ation and other gcncr_al's:cv:io’ecvmn:mic;infommticm,E circumstances ‘of exisiing water supply
sysfcnﬁs,'data oﬁ cxisting.\'vctls,"ct.c. _\\'¢'ré_ gathered in a computer and armnged in the databasc,
using water su;ipliy blocks with a popl;la(iOII of 50 or more {water supply blocks with a
population of 120 or more in the casd of Sanla Cruz) as the minimum unit. _

In preparing the database, the Study Team provided guidance on program developinemt and
“on methods of data collection and inpu'l, and the former CORDES carricd out the collection and
input of data, _ _

The water supply blocks were sct in reference of the conmninity divisions in the 1992
‘census and on the basis of lfSD,OOO scale topographical maps. The number of water supply
blocks in the arcas targeted by the plan amounted to a totat of 4,265 for the 3 Departments. The
input data arc mainly based on the 1992 census and existing materials possessed by cach
Department and insufficicnt data were supplemented énd confirmed through ficld studics,

 With regard to cmﬁputcr operating mcthods and data input/rencwalfprocessing methods, an
operation manval for the database was prepared mid technical guidance was provided to

DINASBA and the counterparts of cach Department through workshops, seminars, cte.

3.2 - Outline of the Database

1) Dataltems - . S -

“Table 3-2-1 shows the contents of lhc:databa'sc. Numerical data hr_é qoxﬁpriséd.fofiiul
items and are arrangcd' in 8 data lables. Although general sociocconomic da!’a,’.dam on waler
supply circumstances, and data on sanitation circumstances are based on the 1992 censhs rosults,
since much of the data were not tabulated in water supply block units, hearing, ete. were carricd
out in the ficld studics to confinm and correct the data upon input. A large part of the data on .
exisling water supply systems were collecled through ficld studies. For the well data, the data
possessed by cach Bepartment, as well as those possessed by well arillcrs, ard agencics of
various nations, and NGO's, were input. There are 12 types of graphic data and among these, the
admimstrative district 1i1aps for Depariment, Provincia, and Canton were prepared by the
CORDES of cach Department and the locations of water supply blocks are indicated in the

Canton maps. The other maps were input with the scalc of the original map being maintained.
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Table 3-2-1°

Cotitents of tlic Data Tables aind Data Fields in Water Supply

Dalﬁbasc
Classification Table No. Ficld “Contents _
- | C*.BNAMEDB| - 5 ficlds [Block code, b!ock nanic, ¢stablished y.ar, area,

CiC.

C* SOCIDB

General Data

General 17 ficlds |Population and number of houschold in 1976 and
Socio- 1992, and in recent year, number of 1ocal
Feonomic administrative oftice, school, bank, :urporl
: hospital; cte.

Data C*_EJIPOB.DB il ficlds Estiniated popu!auon from 1995 to 2010 by

, ' . ' © rural aréa and urban area.
Saiitation’ C* SANLDB | 15 ficlds |Number of sanitation toilet and not, by mean enf
Data A treafment mcthod by aural arca and urban arca
Water Supply | C*_ WTRS.DB 11 fields [Type of water sovree, kvel of service, water

- . |abstracting method, water usage, waler quality

and method of treatment, seasonal production
, served pophlation,

- status, production capacity
g cte. - _
& |Data on the C* WSB2.DB 64 ficlds |Data on the Water Supply System Level §(
g Existing {Arca of serviee, number of favcet, served
g. \Water Supply population, served family, technical informations
i |System Level such as lengh of pipe, number and capacity of
]| tank, ct¢.; informiations on operation status stch
as operation time, water quality, supply
interruption frequency, eic.; informations on
management system such as tarif structure,
number of management staf¥, annval expenditure,
i : ~ |annual income, cle.)
Dala on the C* \WSB3I.DB | 16 fictds |Data on the Water Supply System Lcw.l lll
- |Existing (Same as System Level 1, but in more detail)
* [Water Supply:. o
System Level
I w . ‘
Well Data C* WELL.DB 15 ficlds Dq}lh dianicter, construction year, S(ahsuc Icwl
transmissibility, 1qmﬂ.rmf0nnauon
production status, map of geographie coiunm
)  ete.
Total $ tables 254 ficlds
Note)  [*] is the Code of Department in concern, 1 for Dept. of Chugnisaca, 2 for Dept. of La
Doz, 4 for Dept. of Oruro. 6 for Dépt. of Tarija, and 7 for Dept. of Santa Cruz.
F |1, Canton Distric Map 726maps 7. Geological Map 32 maps
ff; 2. Province District Map S0maps 8. Topographical Map 32 maps
B 13. Department Disteict Map Smaps |9 Land Use Map 32 maps
g 4. Well Geograplic Column Map 175 maps lO{A@hﬁinistrali\-‘c Boundary Map 32 maps
£ |5. Road Network Map 18 maps t1. Hydrogeologicat Map 13 maps
6. Hydrographic Map 32 maps 12. Natural Environmental Map : 24 maps
~ Total 12 1\md5 1,176 maps -
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2) Numbcr of ]npul Data and Contiguration of the Database

data, 'md existing water supply sy stems data were organized according 1o cach of the total of
4,265 water suppl) blocks in the Study Arca. A total of $30 existing water supply systems data
were input in the database, covering 71.5% of the 1,245 blocks in which some form of water
supply system were presumed to exist from the water supply circumstances data (i.¢. blocks for

~ which the current \\'at'cr.mlpply coverage c\‘cccds 0%). There are total of 808 well data with 173

General sociocconomic data, sanitation circumstances data, water suppl\ circumstances

of them accompanying well column map.

As shown in Figure 3

-2-1, the numerical data are tabuhh.d according to the Depariment,

Provinee, aiid Canton leiels.

v
- g 1. Departiment of Chuquisaca
Lo
s g
8
[ [ I I
.
{2 o 101 102 103 1o
o, g - Oropeza Azurdhiy Zudanez | Luis Calvo.
| [ — 1
e 1030101 1030201 1030202 1030401
e g | 77T TR T O e
e § Zudanez’ ‘Presto Pasopaya Clela

[2AYT

eolg

103020201 Pasopaya
103020202 Pirhuas

103020203 Agua y Castilla
103020204 San Lucas

Figure 3-2-1

Levels of Data (In case of Chuquisaca, as an example)




3) - Databas¢ Program and Mcthods of Usc -

The database opcration program (BADAA) was du Lloped in Sp*zmsh using the database
_appltcahon softwarc naming “Paradox for Windows”. The compu_tu o_qtnpmc.ut arc comprised of "
an 1BM personal computer, printer, hard disk, scanner, cte. and onc sct cach were provided to
DINASBA and cach of the 5 Departments. '

Figure 3-2-2 shows an outlinc of the BADAA progeam flowchart. (‘ross reference aceess
of graphic data and numcr:cal data are cnablcd though interactive dperation with the compuicr
and the dafa can be cas:I) converted for use ina spruaclshcut program. The database can be used
for various '\nal)scs in dccordance with the computer environnient of the user and has been

utifized in the formulation of the groundwater dcx'ulopmcnt strategics for cach Department.

¥
National Map |
v o .
Graphic Data - Departiment Mapl‘ Numeric Data
- Road Network Map
- Topographic Map ' - e
bos ) Province Map - Numeri¢ Data
- Hydrogeological Map —
~ Canton Map J“’l Numeric Data —]
, Well Data _ ' ' Block Level Data
-~ Well numeric data ; : - Sociocconomic data
- Well columnmap - - | - Sanitary condition data

- Water supply general data
: - F\lstmg wated supply system data
‘ : - Others.

Figure 3-2-5  The Principal Flow-Chart of the Water Supply Database Program



CHAPTER 4 ' HIYDROGEOLOGICAL INVESTIGATION
4.1': Natural Conditions
4.1.1 Topugréphy and Geology

Land arca of Bolivia is divided topographically into the seven zones; namely, (0 La
Cordillera Oécidc111al, @ El Altiplano Andino, @ [‘1 Cordillesa Oriental, D Las Scranias
Sub-A_ndinas, ® La Llanura Chaco-Bepiana, @ Las Scranias Chiquitanas, and @ El

~ Escudo Central. The zonal divisions ar¢ shownt in Figure 4-1-1 and the geological distribution in

the Stady Arca is shown in Figures 4-152.

1) Cordilera Occidental (Complcjo Volcartico)
A _moun!ziinous zone with altitudes of 4,000 to 6,000m and with a distributicn of

Quaternary Pertod voleanocs,

2) Altiplano Andino (Alliplano)
This zone is located between the mountain ranges of "Cordillera Occidental” and
"Co'r'di_ncm Oriental" and compriscs a gradual plateau with altitudes of 3,700 to 4,000m. A scrics
of expansive lakes continue from Lake Titicaca at the northern boundary with Peru to Lake
Poopo at the southem part and U}"unirSaIt Pan, in which safts have accunmlated, is formed at the
southern part. This platcan has a closed river basin in which the Desaguadero River flows out

from Lake Titicaca and into Lake Poopo.

3) Cordillera Oriental (Cadena Montanosa) A _ _

* This zone is mainly compri‘scd of a mountainous zonc with altitudes of 4000 %6,00011_1 and’
with mountainous valleys branching out from this mountain zo08. In the valley arc;fxs Wwith
altitudes of 1,800<4,000m,stecp valieys have developed and there is also a distribution of ncarly
flat and relatively spacious basins. . _

The mountainous part of this zonc is a steep asea comprised of hard rock {Palcozoic strata,
igneous rock) and with poor vegetation due to the low progress of soil formation. As the altitude
decreases, the rainfall increases, soil formation progresses somc\\‘hdl,' and the vegetation beconcs
richer! Mountain basins are Jocated in arcas with altitudes of 3.800 (o 1.800m and unsoi:id'iﬁc‘d
Quatemary deposits are distributed in such arcas. The Cochabamba basin, the basin in the
vicinity of Potosi, the basin in the vicinity of Tasija, ele. have traditionally been ﬁgﬁcﬁhhml \

ZONES,
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1) Scmmas Sub-z\nd:ms {Zona Sub -Anding)
This zong is a niouitainous zone with aliitides of 1,000 to 2,000m that is rather gradual in
: c'omparasou to the Cordillera zones. "lhc stmlum of the era from the Devonian to Mesozoic and:
the Tertiary deposits are distributed side by side in the direction of iorth and south, showing
complex structure of fold. The rocks have weathered to some extent and the valley has been

croded by rivers to form a slender basin plain,

3)  Llanura Chaco-Beniana

Thisis a ltéa}l)" flat plain filled with unsolidified Quaternary dcpoéits.

' (1) Low Hill Zone {Pando) _ _
“This landfori, located in the western part of the Departinent of Pando, is characterized by

tow hills eroded by smalt rivers,

{2} Plain of Beni _
This is a vast plain that stretches along the Amazoi river basin in the Dcpartmcm.of Beni
and the northem part_of the Department of Sania Cruz. 1t is characterized by an extremely
gradual incline and a signiﬂé{ml part of this plain becomes submerged and turas into a marsh in

the rainy scason.

(3) Pedimental Phain Zone
~ A tow hilly pediment in the northern area at the part of transition from the Plain of Santa
Cruz and Plain of Beni to the foothills of the Andes. This zone Has high rainfall and is rich in

forest resources.

() Plain of Chaco
“The plain of Chaco is a vast plain which extends from the souther part of the Departinent
of Santa Cruz, through the casteni lowlands of the Departments of Chuquisaca and Tarija, and to

Paraguay. The precipitation is low and the ugclalron is sparse.

6) Scranias (‘luqum:ms (S:cms Ch:qmlams) _
This zone is a low mountainous arca that conhmacs aleng the rim of "Escudo Central" and

is characterized by Palcozoic geology of the Siturian and Devonian periods.

7y Iiscudo Central (Escudo Cristalino) . .
A gently undulating platean which belongs to the henez river basin. Though comprised of
hard stratum of the Pre-Cambrian era, which is the same geological stricture as that of the

conteal platean of Brazil, the weathering of rocks is quite ad\*nnccd.
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- Bolivian lands arc often classified itito the three gencral zones of (1) Altiplano zone, 2
hill zone, and 3! valley zone: based .on geographical and sociocconomic conditions, The
"Cordillera Qricntal" and "Scianias Sub-Andinas" zoncs are collectively included in the valey

zong while the "Scranias Chiquitanas™ and "Escudo Central® zone are included in the plain zone.

4,1.2 River Basins

The river basins of Bolivia can be largdv classificd into the Altiplano basin (arca: 145,081

km ), the Amazon river basin (area: 724,000 ki), and the La Plata river basin ('1rn 229,500
- ) which respeclively comprise 13.2%, 65. 9%, and 20 9% of the total land arca of the nation
(Fxgur’c 4- 1-3). _

The Alﬁplalfo is a closed river basin with a total arca of 199 thousand square kilometers
and which is sandwiched by the Andes mountain range at the eastern and westem sides. This river
basin extends over the southeastem part of Peru aind the Departments of La Paz, Oruro, and
Potosi. It inclincs gradu'alI}:f from north to south, with the altitude in the vicinity of Uvuni Salt Pan
being the lowesl.

The major rivers of the Amazon river basin include the Madre de Rios river, Beni river,
Mameore river, tencz river, cte. The Mamore river divides into the Rio Grande river, Ichiro river,
cte. and the ltenez river divides mto the Paragua river, San Miguel river, cte.

The Pieomaya rii'cr; Bermejo river, and Paraguay river are among the rivers in the La
Plata river bdsin. :

The river basin divisions zoncs in the Study Area are as shown according to [)cp'lrtmcm in
Table 4 1-1. The southern p'm of La Pa;' and Onwro are located in the Altiplano while 'Iarm is
located in the La Plata river system. The \nturshcd between the La Plata and Amazon niver

systems runs through Chuqunsac.:u and the southern parl of Santa Cruz.
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Table 4-1-1  Areas of the River Basin Divisions in the Study Arca
AUnit: square kilomieters)

River basin Division - Chuiqui-|South of] Orsro | Tarija | Saima { Total®
B saca- | La Pagz - Cruz
Altiplano  |Lake Titicaca 583 - 383
Lake Poopo 18,422| 22,973 | a1 39s
Coipasa Salt Pan ‘ 23,247 23247
Uy(mi Salt Pan : - 3125 N 773,[25
Subtotal 19,005 | 49,345 o |esasof

{Amazon  |Madre de Rios river
Beni river : S
Mamore river | 2,634 .| 2,270 197,567 122,471

lienez river R 0 _ 1,575,757

o Subtotal _[22634 | | 2270 |249.324] 2740228
La Plata  |Beimejo river 7 A E : - 11,623 S| 1,623
Pilcoma)'a fi\'cr . : ‘28,3‘93 1,9_73 25,785 2,100 58.751

Paraguay river | | N R LICRLY, TIEACY |

Subtotal 28,893 {1973 37.408] 121,297 189,571

3 CTotal . }'51527) 19,005] 53.588] 37.408]370,621] 332,149

4.0.3 l\icteorology ;

Allhongh Bolivia is IocatLd in the tropical to subtropical zone in terms of latitude, its
climate virics in a compi:v\ ma:mcr due to vetical and smml l()pogmplucal vanations prosented
by the platean zone with altitudes of approximately 4.000m the hill zone with altitudes of 1.000
10 3,000, and Llanura Clmco-lécniana with altitudes of 200 te 300m. In terms of scasons. the div
scason and the rainy scason can be distinguished clearly. with the dry scason continuing from
April to October and the rny season conlinuing Irom [)Lcunbcr to \Ian.h of the subsujmnl vear,

The c’nractcrwhcs of lhu, climates of the Study An.a are ‘IS f{}] tous

Y Miip]ano _ o
The clmmk of {hc ;\Inphno zone is a cool, dry climate \\1lh an anmml mean temperatare of
10" C and an 'mnml mean precipitation of aboul !204\0 mm. During the winter, lhtr\, 18 Inrdlx
any rain and there are lmm when I‘ruzmo accurs. In gcmm! the rainfall is Iom‘ atthic westem

pait of the Altiplano.




2) Valley Zone _ _ ‘
This zone is represciited by Sucre, Tarija, ete. The precipitation is low in general and there
arc parts which reecive hardly any rain during the dry scason (May to August). The annual mean

' temperature ranges from 20 to 30° C and the annuat precipitation is about 500~700 mm.

3) Plain Zong
This zone can be divided into a humid arca in northem part of Ihc_18~l9—degrccs-south-
latitude, in which San_!a Cruz City i located, and a dry zone called the Chaco region. Although
the former arca i$ characterized by an amnial ihcah temperatire of 22 C and an annual
vrecipitation of 1,000~1,500 min, there are years in which drought occurs and causcs damage.
“The tatter arca has a hot dry climate with an ariual mean temperature of 22~26" C and an annual

“precipitation of 300~1,000 mun, the rﬁinl"a_ll being low from Junc to Scptember.

Figure 4-1-4 shows the precipitation distribution of the Study Area and Figure d-1-5 stiows
the monthly variations in precipitation at the major obscrvation points. -

Tahle 4-1-2 shows the water balance calculated for cach Departmeit based on the
distnbution inaps. for annual precipitation and evapotranspiration. The annual precipitation of the
enlire Department is 44 biltion tons for Chuquisaca, 6.7 billion tons for the southem part of La
Paz, 11 billion tons for Oruro, 30 billion tons for Tarija, and 470 billion tons for Santa Cruz. The
cvapolranspiration is geeater than the precipitation in the souther part of La Paz and Oruro and

it is presumed that there is inflow of groundwater from ncighboring upstream arcas of the

Altiplano.
Table 4-1-2  Water Balance in the Study Area
| (Unit: mnvfyear).
Ch(lqﬁig:_u‘:; S.Ollﬂzl of | Oruro Tarija é Sﬁnta Cruz
: ‘La Plaz :
Precipitation 780 352 | 212 800 1,284
Evapotranspiration 620 366 296 593 997
Infiltration - RunofY - 60 | Aw| aAss| . 207 287

{Note} The average value for éach Departiment was caleulated on the basis of the river basin
arcas of the corresponding river basing and the precipitation and evapoiranspiration

distribution maps.
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4.2

4.2.1

~ Field Survey

Geophyﬁi(‘al Prdspec.ling

1) Survey Methods

Geophysical prospecting was carried out in order to study the geological structure and

conditions of groundwater cxistence in the Stidv Arcas and to sclect test boring points.

Geophysical prospecting is a method of measuring the apparcit specific resistance of the strata

by inserting clectrodes into the growid and the prescit survey was carried out using the specific
clectrical resistance method and the clectromagnetic sounding nicthod.

The vértical sbuiadin‘g (VES) method using the Schulumberger electrode array was adopted
as the specific electrical resistance method while the TEM method, which makes use of transicnt
phenomena, was used as the clectromagnetic prospeeting method.

"The survey points aré shown in Figure 4-2-1. Vertical sounding was perforimed at a total of
204 points in the Altiplano, vallcy zone, plain zone, and a part of the Chaco region. The TEM
method was used at 101 points in the Chaco region where the aquifer depth wa§ decp.
Mecasurements were imade to depths of 160~200m in the Altiptano and 100~250im in the valley

and plain zones. Depths of up to 500m were probed in the Chaco region.

2) Survey Results

The results of the above survey show that the strata, such as the sand layer, gravel layer,
sandstong, ¢lc., which comprise promising aquifers, have a spcéil‘:c resistance of 30-80 O e,
The depth distribution of presumed aquifers is shown in Figure 4-2-2. Hercinafter, a stratum
which exhibits a specific resistance corresponding to a promising nqﬁiﬁ:r shall be referred 16 as an
"aquifer " : 7 ' | -

The aqucr dcpih in the Alhplano is gcncraII) dcq; in arcas where tho hl\c dx posu layer i is .
decp and relatively sln!!m\ at the foot of ncighboring mountains and near arms uhm, the
bedrock is exposed. Akhough in areas which were islands during the time w hen the Al(lp]'mo was
a lake, the aquifer can be expected to be located at depths of about 10m within'a limited ¥ range
from such islands, it is also preswmed that a stratum which contains grbundmlcr of high salimily
lics below the aquifer. Further away from such arcas, the thickness of the aqml‘t.r dt.CfL‘aSbS
rapidly duc to the mechanism of the sedimentation process and the uppet de.pth of ﬂn, salt water

layer rises accordingly.
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412.2

- Although the valley zong extends in the north-south direction over the three Departinents of

Chuquisaca, Tarija, aiid Santa Cruz, the aquifer conditions of each Department differ according

to the differences in the topégréphy and geology of cach region. In Chuquisaca, the aquifer depth
is gchc‘faliy shatlow in the westerm part and tends to become gradually deeper in the castward
dircetion. In the vast Quatemary deposit basin located hi the western part of Santa Cruz, the
aquiter depth is decpest near the central part of the basin and gradually becomes shallower at the
pcr_iphe:ral parts. Asin Chuquisaca, the aquifer depth is also shallodv in the western part and deep

in the ‘castem part in Tarija. For the northeastern part of Eniré Rios, it was presumed: that

~ groundwater of high salinity exist in the strata and that aquifers accompanying groundwater

suited for drinkifig coutd tiof be found at dopths of up to 200m.

In the plain zone, it was seen that the aquifer depth terided to be relatively deep near the
boundary between the valley zone and the piaill zone and to become shallower castward towards
the flat parts of the zone,

The aquifer depth in the Chaco regioni is considcraﬁly deeper than that of other regions and
there are parts in the Luis Carbo provirce of Chuguisaca where there are no aquifers up to dcplhs

of 400m or more.

Test Well Drilling

“QOuttine of the Sunvey

In order to check the gcologica'l structure and groundwater propertics in the Study Arcas,
test boring surveys were :c:irricd out at the 9 locations shown in Figure 4-2-1. Table 4-2-1 shows
the survey points and an outline of the drilling work. The SUMECYS were carried f()ut by
commissioning the work to local drilling firms. After dritling the pilot holc, clcciiriball lopging was
performed to determing the sereen inscrtion positions. The main hole was then dzrill_'ed‘, screcns and
casings were inserted, and gravel was filled between the casings and the well wall of the borchole.’
.Thc.reaﬁcr, washing of !hciborcho]c, stcpi\'isc pumpiug tests, continuous plimping tests, and
recovery tests were performed and hyd raulic constants were calcutated |

Although Campo Grande was initially planned for JC-9, the point was moved to Naranjos
because of difficultics in drilling due to the abundance of cobble. Also, although drilling to 150m
was scheduled for JC-8 and JC-9, drilling was interrupted at 127ni at both sites, the reason being’
the spontancous' flowing out of groundwater in the case of 3C-8 and the aceidental collapsing of :

the bit in the case of JC-9.



Table 4-2-1 _ Qutline of the Test Boring Surveys

i?oi__nt1 Depaitment | Community | - Tem of Drilting Drifling Firm ‘Rig Model -
‘No. | | _ L L |
IC-1 |S.LaPaz |Patacamaya |08.11.95-23.11.95 |GEOBOL TH-60 USA

1C-2 |Oruro - [Corque 21.09.95-03.11.95 |GEOBOL  |R-36 USA

IC-3 |Oruro Penas 25.1195~20.12.95 |GEOBOL  [TH-60 USA

JC-4 |Santa Cruz [San Carlos | 23.08.95~01.10.95 z:lDRosuR LEE MOORE USA8S
JC-5 [{Santa Cruzz Quhuquina I8.10.95:~l?.12_95 HIDROSUR |LEE MOORE USA8S
JC-6 |Chuquisaca {Campo Leon | 24.08.95~26.10.95 [HIDROSUR {WILSON USA 79
1C-7 |Chuquisaca |Simbolac - | 03.11.95-24.11.95 [HIDROSUR [WILSON USA 79
JC-8 [Taja |LaChosa | 15.09.9512.10.95 [HIDROSUR [FAILING USAT7S
3C-9 Itarija . [Naranjos | 12.12.95-04.02.96 [HIIDROSUR [FAILING USA7S

2) Results of the Survey

The survey resulis are shown in Table 4-2-2. Whereas the per-sccond-yield obtained was
4.0 liters for JC-1, 2.0 liters for JC=2, 2.0 liters for JC-3, 10 liters for JC-4, 0.7 liters for JC-S,.
225 liters for JC-6, and 7.55 liters for IC-8. Water was not obtained from JC-7 atid JC-9. The
gcology at JC-3 was mudstone and a satisfactory aquifer could not be found up to the drilling

depth. The hydraulic constants calculated from the results of the pumping tests are as shown in

" Table 4-2-3.

The surveys required a tern of 16 to 65 days from the arrival of equipment at the site to

- completion, and the drilling rate per month was 70 to 200m (overall average: 123 m).

The geology. and the aquifer depths which were clarificd by the test boring surveys viere

 highly consisient with the resulis of geophysical prospecting; thus demonstrating the cffectiveness

- - of geophysical prospecting.
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-1 No.

Conimunity

Drilling
DPiameter
_(inch)

Table 4-2-2 ~ Results of Test Well Drilting

Diilling
Bepth
(GlL-m)

Casing
Diameter
{inch)

Casing
Length

() _

Seeeen
Position
(Gl.-m)

Géqlbgy of
the Aquifer

Static
[evel
(GI.-;Q

Yichi
(1/s)

Dynainie
Level

(Gl-m)

Draw-
down

(my

-

JC-

Patacamaya

12-1/4

100

6

62

IC2

Corque

12:144

100 :

§7

2312
36-12
4447
50-56

clay, silt

134

4.0

272

138

42415
58-67
78-81

clay, sift

6.5

20

26.1

19.6

I3

fenas

12-1/4

100

©29-30
54-60

gravel, saind

72

30

23.0

218

JC-1

San Carlos

17-172

260

Pt

146-152
164170
191-197
213219
242248

lultte

575

.0

930

IC-

“n

Quituquina

FE-142

200

197

117123
132-135
12-145
149-155
162165
173182

sand, elay !

325

o

1223

90.0

lice

Campo Leon

17-12

411

403

306-312
319-128
338344
352-361
366-369
183.386
193-399

sand, clay

190.0

2.25

2829

‘929

ol

Simbelar

A2-1/4

238

17!

1C-8

La Choza

12-1/4

127

127

99.102
112-121
125-128
138141

113-119

sand, clay

139.0

. |gravel

arlesian
(+6.9}

7.55

IC.9

Naranjos

12-1/4.

127

C 127

91.121

clay, sty

sand
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“Table 4-2-3 - Hydraulic Constants

" Point No. Safe Yield | Drawdown | Specific | Transmissivity| Cocficient of |
o ' (lfé?:c) - ) " Capacity _ {m¥sec) Permeability
L | (m’/day) {(nvsee)

JC-1 4.0 13.8 25.0 463 X107 | 193 X10°
Je2 | 20 196 382 521 x10* .| 434 x10°
IC-3 2.0 218 - | 793 694 x10° | 2.57 X10°
1C- 100 | 355 243 6.13 x10% | 2.08 x10°
Jjes | oem 900 067 | 231 x10¢ | 7.72 X10°®
IC-6 225 o0 | 200 | Lod x10" | 2.66 X10°
s |18 . i o .

3) Groundwater Quality _

The water quality tost results for the groundwater obtained at (he test bonng suri’cy points
arc shoiny in Table 4-2-4. The groumdwater at JC-3 was high in turbidity and concentration of
soluble matier and was thus unsuitable as drinking water. Although the groundwater at JC-1 and
1C-2 were somewhat high in iron concentration, the water quality items satisficd the drinking
water quality standards of the Republic of Bolivia. The water quality of ground\\'ﬁlcr from other
SURVCY paints also satisfied the drinking water quality standards and were low in turbidity and
organic- pollutants. Also, the concentrations of soluble matter were not particularly high in
comparison to water from shallow wells. With the exception of JC-3, the conductivily was in the

© range, 380-830 p Q/em, and the total hardness was in the range, 139~237 mg/l.

" d-10
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4.3

4.3.1

1

Table 4-3-1

Potential for Grouwndwater Development

Past Groundwater Development

Distribution Conditions of Wells
According to the 1992 INE Census, 46.9% of all houscholds in the Study Arcas that are
not receiving water supply scn=icc depend on well water, The population using well water is

cspecially farge in the southern pm of La Paz, Oruro, and thc northern part of Sanla Cruz and it

is prestimed thit the majority of the wells are shallow, hand- dug m,lls

The number of wells determined from the well data in the Wnter Supply Databasc are
tabulated in Table 4-3

data are skewed 1onards regions of high population since relatively newly developed wells were

-1, and the locations of these wells are sho\-. nin Fi iguce 4-3-1, Although the

iargcicd, the following trends can be seen.

(D The regions in which proundwater developinent has boen carsicd out actively include the
vicinity of Santa Cruz City, the vicinity of Tarija City, the western region of Santa Cruz,
which forms the boundary between Las Seranias Sub-Andibas and Llatiura Chaco-Beniana
and extends in a band-like manaer in the north-south direction, the castern Altiplano region,

clc.

(2 The newer the well, the deeper the well depth.

3 In general, the well depths are approximately 50~100m in the Altiplano and approximately
100~300m in the western Santa Cruz région. There are wells that arc 200 to 400m deep or
cven deeper i the Chaco region. o

0 The yickds vary widely from L5 to 10 liters pcf sceond in the Altiptano. The yields are

approximately 4 to 10 liters per second in the wostern Santa Croz region and ap;jroximatcly

1.5 to 3 liters per second w the Chaco region.

" 75 The static water levels are 20~23m in the Altiplano, 20~30m in the western Santa Cruz

region, and may’ ba 100 to' 200m or even deeper in the Chaco region.

Number of Wells according 1o Well Depth (based on the Water Supply Databasc)

_Depth (m) 0~10 . 11-29 30-49 30-99 100~199 | >=200 Total
|Chuquisaca 4 1] 1 4 22 7 i1 50
_S'_.__o;f LaPaz 17 3 6 3 0 29
'|Oruro 16 12 19 29 3p 79
|Tarija 22 7 2 2 37 92
Santa Cruz 2 13 81 77 | s3 1 557

Total 57 62 | 12 355 200 22 808
Figure 4-3-2 to 4-3-4 show the distibutions of the \\'cli-(.frillis_lg..dcpihs. the well

productivitics (viclds). and skatic water levels based on the well ‘data in the Water Supply-
Database. ' '
4-18
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2) Status of Dnllmg Eqmp]m nt Owinership and Wc]l Drillers’

~ Aniong the Stedy Arcas, the two Departments of C huqmsam and Oruro ruspcclmls own
el drilting equipment. However, the cquipment are obsolete, 1974 or '75 model equipment with
low capacity and drifling work is carricd out only at one or two sites a year. The other three
Departments do not own drilling equipment and have to commission groundwater development to
private well drillers. Although several private well dritfers exist in the Departicnts of La Paz and
Santa Cruz, most are small to medium caterpriscs that own only obsolete well drilling equipment
for shallow wells and arc low in management ability. There are only 3 to § well drillers who have

the capacity for drilting deéep wells.

Besides the above, the Drinking Water and Sewer Corporation of Cochabamba owns
relatively new Japanese drilling cquipment and the YPEB owns large-scale petroleum prospecting
cquipment.

Although steel casings and general-pusposc lift pumps, etc. can be 6blaincd domestically,
stainlcss steel screens, submerged motor pumps, special spare parts, eic. must be imported.

Although there are many persons who are experienced in drilling work and the well drilling
technology of Bolivia has reached a considerable level, there is a shortage of infonmation on
groundwater prospecting nicthods and the newest drilting !cchniqﬁcs_ and the number of engincers

with hydrogeological know-how is low,

4.3.2  Asscssment of Groundwater Developinent Potential

1) Hydrogeotogical Fcaum,s _

The hy drogmlogwal map of F]gurc 4-3-3 and the hydrogeological cross 'scéiion’ map .of
Figure 4-3-6 were prepared in order to asscss the groundwater dev clopmcnl potential of the S!udx
Area. These maps arc based on lopogmphlml and geological maps and uﬂu:! the well-
distribution and the results of geophysical pmspcchng tcst bonng surveys, clc. lln, guolm,),;
predicted aquifer depths, groundwater levels, yiclds, cte. arc summarized accordmg to
Department and Provincia in Table 4-3-2.

With regard to the general groundwater development potential, the Study Arca can be

- considered in terms of the following five hydrogeological zoncs.

(1) La Cucnea Endorreca del Altiplano Andino (Soulhcrh PartofLaP ai Oruro)

Ground\\aler basins, in which thcruar) deposits have accumulbated, have formed n this -

Zone and the permeability is rclalnclv good. Although the rainfall is tow. the cxlstmg
groundwater quantity is high for the water zone as a whole. The Study Arca \\'luch ae tocated in

~ the Altiplano are Tow in altitude and reccive inflow of ground\\'alc:" from the méuntainous parts
: ahd'noriliem regions. It is considered that in general, the deeper the depth, the greater the quantity
of groundwater. \th_‘rc:is good'grouild\\'mcr can be obtained from springs and from refatively
shallow dcblhs at the foot of mountains, it is difficult to obtain grovndwater at locations other

“than deep locations at the central part of this zone.
4-23



‘The groundwater is salinized in'part of the region and cavily water or fissure water in deep
Jayers must be developed in such areas. Past groundwater development have been targeted at
groundwater at 'rcialii.'cly shallow locations and it is considered that the development potential for

decp groundwater is high.

(2} Valtey Zong (Chuquisaca, Wcst_cm Tarija, Western Santa Cruz)

i_ Al(houéh ‘Palcozoic strata form the bedrock in the valley zone, erosion has progressed
consider'nb.iy ;md many small valley parts have been formed. The precipitation is 300~700 mm in
parts oflhé "Cordillera Andina® zone at "-ilti'tudcs'of 2,000m or more and 600 ~ 1,000 mm at the
- foot of the "(,ordlllum Andina" zone below ﬂllllll{kS of 2,000m. -Although river water and Sprmp
* waler have been used fi n.qu..nllv from the past and groundwuu developiment has not been carried
~ ont often, a significant amount of groundwater flow can be anticipated at the valley parts and the
- potential for groundwatér development is high. However, there arc conununities for which acecss
by transportationt is dif¥icult and there are regions where well drilling is made difficult by the hard

geology,

(3) Amazon River Basin (Central Santa Cruz)

The hwid zone in the northern part has a high ‘precipitation of 1,000~2,000 mm and
grovndwater can be obtained from relatively shallow locations. The dry zone in the southern part
has a low precipitation of 500--1,000 mm and the aquifer depth is deep. Although the niver basin
arca is vast and the groundwater devetopment poteatial is high, there may be ground\\'ﬁtcr

pollution due to floods in the northern region.

(4) Ei Iiscudo Central (Nonhmstcm Santa Cruz) :
_ This zoric has an wmual precipitation of 1,200~1,600 nim and belongs to the Ttencz river
‘systém: 'Altlioﬁgh the bedrock is formed from Pre-Cainbrian strata, crosion is well progressed.
The groundwater flow is 'coénsidcmbly high and it is considered that the potential for groundwater

development is high.

(5) Chaco Region (Chuquisaca, Eastern Tarija, Southera Sat_ﬂd Crmz) -

:\Iihoaigh the strata consist of Quatcrnary dcposits and the permeability is gOod because
the prcmpit'ltlon is low being only '500~700 mm,: and because this zorie is located at the
watershed between the Amazon and La Plata river systems, the existing groundwater quantity is
low. However, since surface water is hard to obtain and adequate water quantities cantot be
obtained with shallow viells cither, there is a need to carry out aclive: developmient’ of deep
groundwater. The aquifer depth is about 400m or more for the ground'\'\ater'basiﬁ at the central
part of Luis Carbo province of Chuquisaca. Well drilling is being pcrl'drfncd\\ilh intémational

cooperation from China in the Grand Chaco provinee of Tarija.
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Figuré 4-3-6 ~ Hydrogcotogical Cross Séction Map, and the Estimated Required Drilling Depth for

Groundwater Development of the Study Area
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2) Groundwater Targeted for Development 'md fslumtlons of Dépths and Yiclds
~ The ground\\a(cr of the Study Arcas can be classificd into the five types of (D wiconfined
groundwater that can be collected using shallow wells, (23 confined groundwater existing as decp
stratum water, (3 wnconfined grbundwatcr in the weathered parts of the bedrock, @ fissurc
water in the bedrock, and & uncbnﬁncd grounduwater which exists as river infiltration water or
as yozmdnatu streams in the valley part.
Among the above, {1 has been used most fmqucntlv for walcr conunhonalls in the
A]hp!ano and thc plains of ch and Santa Cruz. llo“cn.r the waler is wisuitable as drmkmg
“waler due to thc salinity, lllFbldll), cte. and often dry up dunng the dr\ scason In the Chaco
 region, such groundwater can hardb be qnt[cyp'itcd inn terms of quantity as well.
Although groundwater of type (20 has not been duelopod oftcn in th{: past, it pﬂSC‘l]lS the
highest dev dopmwt potential in terms of quantity and quality. .
Groundwater of type 3 has been used in &1 Bscudo Central from the past and is Iugh in
development potential. Depending on the region, such groundwater can be anticipated from the
hill zone also. |
Although groundwater of type () preschts an 1d»qua{c potmml for dculopmem it is
difticult to locate. Tt should however be a developiient target since it may provide good water
“‘quality in cases where the stratum water is salinized and the water sources are lacking, such as in
the Altiplano. _
Water of type (57 are used widely as the water source for the existing water supply system
in rural areas, and arc collected by ¢recting waler intake tanks and dams at the valley parts. Even
in par{s' of the hill zonc where there are no water suppiy system, there are many residents ‘who
collect water that remain at the bottom parts of dried rivers and valleys. There are many regions
where the collcctlon of water can be made possible by the construction of a shallow well or
mhllranon g'tllu} at locations \\.ﬂh groundwater flow. However, such sources may dry up durmg
the dry scason in ‘the case of regions of small watcr collection arca and water poltition and
countermeasures against disaster nust be taken into consideration in regions of large water

collechion area.

The present plan is targeted at the supplying of domestic water to regional residents. Deep

' grohnd\\'alcr, which are low in quantity variations in the rainy and diy scasons and have good

* water quality, are suited as water sourees for such domestic water in the Study Area and aic thus
assessed to be high in development potenml

Figurc 4-3-7 shows the aqulﬁ,r deptl distribution of the groundwatcf to be largcléd in the

plan as estimated based on the esults of hydrageological investigation, the Water Supply

Database. cle. The estimated aquifer depths, potential viclds, and ground\\'al'ef levels arg

swmarized for cach Department and Provineia in Table 4-3-2.

- 4-27
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Table 4-3-2  Groundwater Development Potential of the Study Area

4-29

rTt!)ep:t. : Province Depth of Static Poténtial Dynaaic ‘Specific -
: | | Aqui fer 1 vater Levél Yater yield Yater Level ~ Capacity
(m) (m) (e3/br) (m) (w3/day/nm)
1. CRUQUI | 01, Oropeza 50~200 | 5~ 24 5~10 | 50 |  ~0.3
seh |02 fzidey | w0~20 | 5~100 | to~20 | 0 | ~o8l
03. Zudanes 50~200 5~ 20 5~ 10 30 ~ 0.3
04, Tosina | 20~300 | s~3 [ s~10 | s | ~03
05. W Siles | 100~200 | i5~ 90 5~ 20 50 ~0.8
06. Yanparaez 100~200 | 5~ 30 | 3~ 10 50 ~ 03
07. Yor Cinti o t00~200 | s~60 | 15~30 | 30 ~ 1.0
03. B Boeto a00~300 | 5~ 30 10~ 20 50 N ~ 0.8
09. Sud Cinti L w0~ | s~ 30 | 20~ 3 3 ~ 1.0
10, Luis Calvo | 100~450 | S5~210 | 3~ 15 92.9 | 0.08~ 0.5
2.50% DE| 03, Pacajes | S0~200 | S~150 | 3~15 | s | ~05
LAPAZ|13. Aroma | S0~200 | 5~30 | 3~ 10 3.8 | 0.3 ~ 1,04
18 G. villarroel 50200 | 5~ | 5~ 15 30 ~ 0.5
19. G.LY. Pando 50~200 | 5~100 | 5~10 | 50 ~ 0.3
1ortko |01, Cereade | 50~300 | 5~ 20 3~ 55 | 20 ~08
02. Challapata o Avarca| 200~350 | 5~100 | 10~ 20 | - 30 ~ 0.8
[ 03. Carangas 100~200 | 5~20 | 10~25 | 196 | 0.31~ 0.8
04 Sajasa 50~200 | S5~100 | 5~10 | 50 ~ 0.3
05. Litoral 200~350 | s~100 | 10~15 | 50 ~0.5
06. Poopo 200~350 | 65~20 | 15~25 | 2.8 | 0.33~08
0. f. Datence | 200~300 | S~ 20 | 10~ 20 30 ~ 0.8
{08 U cabera | 50~300 | S~100 | 3~10 | 50 ~0.3
09. Atahuallpa |  50~200.| 5~160 5~ 10 | 50 o~
110, saveari | w0~30 | s~ | o3~ 2 50 ~08
11 Tomas Barron | 100~200 | 10~ 30 | 5~ 15 30 ~ 0.5
12 Sud caracgas | 200~30 | 5~ 30 | 3~ 10 50 ~ 0.3
13, San Pedro de Totora| 100~200 | 5~ 40 | 3~ 10 30 ~03
14. 5. Pagador | 100~300 | S5~20 | 10~ 15 0 | ~05
5. Nejillones | 50~100 | 5~100 | 3~10 | 50  ~03
[ 16. Nor Carangas 100~200 | 5~'20 | 15~ 20 30 ~ 0.8



Table 4-3-2 ~ Groundwater Developnient Potential of the Study A ¢a .(i:'onlinuc)

Dynanic’

Dept.- “Province Depth of Sfatic Pom_t:ntia} Specific
. Agiifer l‘atef Lével | ¥ater .yield Vater Level Capacity
{m) {m)} {u3/hr) {rm) {p3/day/m)
6, TARLJA | 01 Cercado 100~300 | 5~ 20 | 15~ 30 2 T |
{02, Arce w0~200 | s~10 | 3~ | W | ~to)
|03, Gran Chaco 100~400 | 3~100 | 5~30 | 90 ~10
04, Aviles 100~200 | 5~ 20 ) 3 ~ 0.3
| 05. endez 100~200 | 5~60 | ts~20 | % | - ~ 0.8
06. Burnet 0' connor 100~300 | 5~150 | 15~ 30 50 <~ 1o
T.SANTA | 01. Andes fbanez 100~300 | 5~120 | 10~ 40 3.5 | 1.02~ 1.2
CRUZ |02 Warnes 100~200 | 5~30 | 15~40 | %0 |  ~12
03. Velasco T 50~100 | 10~ 50 3~ 20 50 ~ 0.8
04, Ichilo o~200 | 5~50 | w0~25 | 3 | ~o08
05. Chuquitos 50~300 | 5~ 50 | 3~ 45 90 | 003~ 15
06. Sarah 100~260 | 5~ 30 3~ 20 0 | ~08
07. Cordillera 50~350 |  5~150 3~ 40 30 ~2
08. Valle Grande 100~300 | 5~70 | 15~ 30 0 |  ~1.0
09. Florida | wo~300 | s~ | w0~ | 50 ~12
10. 0. Antiesteban | 50200 | 5~ 30 | 5~ 30 0 | ~10
11, Nuflo de Chaves 50~200 | 5~30 | 5~ 30 90 ~ 10
12 Angel Sandoval | 100~200 | 5~ 40 | d~45 | 50 |  ~1s
13. Yanuel Ceballero 160~200 s~ 60 | 15~30 | 50 ~ 1.0
14. German Bushu -100~200 5~ 60 | " 3~'25 0 | ~os
15, Guarayos 50~200 | 5~20 | 3~ | 3 | ~o08
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- 4.3.3  Conditions for Grovndwater Development

The h.chmcal conditions and thewics for promoung ground\\ '1tcr dcwlopmunl in Bohv ia in

the future can be summarized as follov«s

1) Procurement of Well Driftiig Equipinent
g to the low amount of cquipment mmcd by pubhc agencics, the well drilling in Bolivia
have been carried out through hand dtggmg and comimissioncd \\ork using cquipnicnt owned by
private cnlcrpnscs However, duc to the well drilhng by private cntcrpnscs being hlgh in cost and
because of the obsolescence aind poor performance of pub!tch -owned cqu1pmcnt ground“mr
development has been delayed.
Drilling cquipment capable of deep drilling and with exceltent pcrfomiaﬁcc_ ate necessary
in order to promote groundwater dcvc[opm_cm&in the future. The dﬁlling equipment must be able
o 5céoll1iu<jdaté for the various geological features of the Study Arcas and must be excellent in

termis of mobility.

2) Improvement of Well Drilling Skills
Although weti drilli:ng has been niainly carricd out by the private sector, muich of it is '
dq)cndenl solely on experience and there are many (‘IﬂCl‘pl’lSL—b which lack the fundamental know-
how of drilling techniques and are low in management ability. ‘Education of chgincers is also
ihade qmtc :md the spreading of the newest drilling technologics is delayed.
Experience in deep well drilling is lacking in pacticular and guidance and tr’nmng of
engincers on the operation methods of well drilling equipmcnt, methods of formulating drilling
“work plans, equipment repairing skills, work manageimcat skills, logging, pumping test, and water
: quality test nlClhde, ete. arc needed. In order to acquire drilling skills, it is desirable to carry out

* cooperative work with engineérs of advanced nations.

'3) Spreading of Groundwater Pmspccﬁn'g T cc.hniqucs
Data on the hydrogeological structurcs and groundwater flow conditions in Bolivia have
not been accumulated adequately. In order to improve the rate of success of wel drilling,
preparatory” studics by hydrogeological investigatton, poophysical prospecting, cte. must bo

carried out in detail and it is important to spread groundwater prospecting techniques

4) Spruadmg of(;round\xate:r C onSuxauon Measures
Groundwater 15 a \alu.’tble resource’ and in order to emable sustained groundwater
utilization, residents must be cncoumgcd and cducated to prevent groundwatér pollution and”
wasteful pumping. and measures. such as the furnishing of systems for monitoring the yields,
water Jevel, and water quality and the rcgulatién bf 1!011-5_\‘slcmalic gmund\\'at& development, .

nwst be taken.
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CIIAPTER § RI’GIO\‘AI GROU\‘DWATER DlﬂVE[ OPMENT

'STRATEGIES

Objectives and Basic Concepts

Objectives

The objectives of the growndwater development project are to develop new waler resources
for providing inkabitants of rufal communitics in five Departments of the Study Arca with stable

supplics of safc and sanitary drinking water at appropriate prices and to thereby improve aid

* expand the current status of water supply services. The development strategics are aimed at

arranging (he conditions for carly reélizaﬁou of the project and for forimulating the basic policics.

These dovelopment strategics shall be fonmulated as plans of highest priority which arc

: anhc:p’atcd to be carried out as soont as possible in order to resolve the shortage of water in the

rurdl areas of Bolivia.

5.1.2  Basic Concepts

The development strategics are fornuated on the basis of the following basic concepts.

1) Stable Supply of Pomestic Water to Rural Arcas

A large difference in the supply of domcstic water exists between urban areas and rural
arcas in the Bolivia. In the rcgio;mi rucal areas; the water supply coverage is éxtmncl'y low and
there is a scrious shortage of water, An averwhelming number of comnnities completely Jack
water supply sysﬁ:ms and the furnishing of watcr supply scrvices is an mgcnt't!)cn'tc.

While the water demand in rural arcas mainly consist of dénicsiic’ water a'nd‘agrir;u]'(u'r'al ‘.
watcr, at least drinking i\'a_tcr: and domestic water must be supjilicd in a stable ntanner to a'll‘;

inkabitants of the communitics, and water supply system should be furnished with top priority.

2} Promotion of Groundwater Development

The greatest cause of the delay in water supply services in Bolivia is the difficulty of water
source development. Although development of water soutces based on surface water and shallow
wells have been carried out from the past, adeguate water quatitics cannot be obtained fmd llicri:
are also many problems in terms of water quality. Furthermore. cven in areas with an existing
water supply system, the waler source dries up in the dry scason in many cascs.

Watcr sources can fargely be divided into surface water, sueh as river and lake water. and
groundwater such as well water and spring water. As can be seen from the comparison of
groundwater, civer water, and lake water shown in Table 5-1-1, groundwater is gencrally stable in

temperature and quality is good relatively. Furthermors. groundwater is suited as a water source



for small-scale water supply svstciis since groundwhter-can be puimped up ticar the' points of
demaid. Especially, doep groundwater is suited asj a water source since it is stablg in terms of
quantity and presents a high development potential even in dry regions, such as the Study Area,
where prccipitation is low and waler source is searce,

Despite being high in development potential, the development of deep groundwater in the
Study Arca is delayed duc to the lack of équipmbnt, resources, dnd skills. The groundwater

development should therefore be promoted actively as sources of domgstic water.

’!} Earlv Rc-'thzauon of the ijccl

'I here i is an urgent need to furnish water supply services for riral commumtlcs 'md short-
tca m, concentrated investments should be made to enable early exccution of the groundwater
development project, upon making adjustments among relevant domestic agencies, intemational
cooperation, and NGO's. Effective and \\'cll-orgalliicd intcrnational cooﬁcrati011 should be
promoted for the procurement of equiipment, technology, and funds that are lacking in Bolivia to
cnsure the cffcetivencss of the project. Also, fortification of the project implemcitling organization
and systein, as well as technical improvement should be carried forih to promote the continuation
of the project.

It exeeuting the project, priority should be placed on impoverished regions with a high
degree of necessity while taking into considcration the potential for grmmd\\:‘atcr development,

investment cfficiency, and sustainability of operation and maintenance.

4) Sustainability of Water Supply Systems |

The operation and maintenance of water supply systems shall basically be carried out
'(hrough self-management by bcnc:ﬁci_ary coimmunitics. . many cascs in medium and small
communitics, the water supply systeins are not provided with adcqu_até maintenance and are
abandoned cven afler a short time of operation. Therefore, operation and maintenance education -
and sanitation” education, as wéll as guidance for' the establishment of a Sclf-ma‘nagcmcn{
organization, should be provided to enhance the self-help abilitics of the beneficiary communitics.

Efforts should also be made towards cstablishing a support system.
Also, in the construction of water supply systenis; the adoptio;fofapp'roprialc technologics
‘that matehi the operation and maintenance capabilitics of comnwnitics and the participation of

inhabitants should be promoted.

5) Conservation and Optimal Utilization of Groundwater Resources
In view of the consérvation of groundwater resources, groundwater developiment shall be
pesformed in a maaner which will not destroy the water batance of groundwater basins and which

will enable slable and long-term groundwatcer developinent,



Table 5-1-1 Comparison of \’aﬁoﬁs Water Sources for Water Systems

Exhibits large, tanporary
variations due to rainfali,

clc.

. Grouridwaler River Water Lake Water
Water quantity  [Nearly conslanl. - |Varics greatly with the -~ [Relatively stable.
Generally difficult to scasons, The amount of discharge
increasé artiticially ina  |Some levet of artificial — [(intake) can be adjusted in
short time. adjustment is possible the casc of dani lakes.
Hiroisgh water source Recharging of water
récharging forests, dam  [sources in the collection
construction, ctc. arca is cssential,
Water Constant all year round; |Varies in accompaniment |Varies in accom paniment
temperatore with the air temperature. - |with the air temperature at
the surface layer. Dilters
at the lower layer,
Turbidity Extrericly low, High. High during flooding.

Some turbidity is caused

by living oreanisms.

Dissolved salts

Generally high in
quantity.

Tends to be hard watcer.

Relatively low,

Relatively low. -

Tends to be polluted

water may Jead to luid
subsidence and entry of

salt water.

and loss of sclf-
purification capaciiy duc
to niver modification, ¢tc.
Intake of water discharged
upstream at the
downstream side ihrough

repeated vse of river

Water.

Influence of Usually tends to be Tends to receive pollution
poltution uniaft‘cctcd with llic : casily. duc to cutrophication.
cxception of some Both poHuting substances Recovery 13 extremely
substances. However,  Jand poliution levels may  [difficult once
recovery 1s extremely \'f:ary widely and an cuiroph‘icdlic)u occurs,
dilfﬁcult once the water is fadvanced abiity to
polluted. counteract is :icccssnr_\'. |
Others Excessive drawing of Drying up of spnng water [Problems caused by living

organisms tend to océur.
Dilenima between the
development of tousism
and 1he conservation of
water quality in the

[Cgion.




52 Targels
521 Targel Year

The target year for the development stratepics shall be set 1o the year 2000, The term of the
project has been set to five years, from 1996 to 2000 '

5. 2.2 " Tarpet Water Supply C owr;age

The target water supply coverages for the year 2000 have been sot for the urban area and

rural arca’of each Department as shown in “Fable 5-2-1. Thesc targel covetages were cstablished
after examincd the feasible seale of‘ the project of well drilling and construction works for five

years, as deseribed in Scetion $.3.2. 1t was supposed that in urban arca and in cities whose

prosent water s'upﬁly_ coverage is over 60%, the present water supply coverages will maintain in

the same level continuously to the target year.

' Table 5:2-1  Target Water' Slipp!y Covéerage (%)

Peosent Water .Su:pply Coverage~ | . Target Water Supply Coverage

Departinent | Urban Area | Rural Area | ~ Total | Urban Area] Rurat Arca |~ "Folal
Ciltthlisaca 885 16.4 196 90 30 | a3
South of La Paz 26.0 16.4 170 |- 80 30 34
Oruro 633 213 30| 80 40 51
Tarija | 8838 3638 5481 9 50 65
Santa Cruz 838 264 | 515 9 0] 6
: Slud)‘ Area | 817 233 40.5 89 38 54

S S.23 Water Supply Service Targets

All houscholds in the water supply districts shall receive water supply service over cight
hours a day throughout the year, regardless of the rainy and dry seasons, or be accessible to such
water supply points with a distaiice within 230 meters approxtmately.

The levels of water supply service are chassifiod into three Jevels; namely Level T (point
sowrce), Level 2 (public faucet), and l.é\'cl 3 (house-to-house comection). As n:m!c, house-to-
house water supplics shall be fumished in concentrated-population type commimities and public
faucets shall be fu ished in dispcrsc&pbpiuln!idu tvpe communilics. Wik this siralcg_\’ focuses
‘on the planning of water supply facilitics up o the main distabution pipe, other facilﬁics should

ba constaicted in accordance with the actual conditions of the communitics.



5.2.4  Water Quality Targels

53

The water quality for domestic use should b accorded with the following couiditions.
- (D Not contain organistus or substances contaminated by pathogenic organisms.
(2) Not conlain hazardous substances which may affect the protection of human healih.
@ Not contain more than allowable amounts of hazardous substances that may cause
~ problems for domestic water use.
‘@ Not exhibit unusual acidity or alkalinity.
'3 Not have any unusual odors or i_asfc. _
® Be subs{ﬁn{ially colorless dnd transparent in appearance.

" The quality of the water o be targeted in the development should comply with the Drinking
Water Quality Standards in Bolivia. Disinfecting and filtration cquipment shalt be provided in
cases where the standards are riot complied with and the water containing hazardous substances

that may af¥ect hurnan health shall not be used as a water souree for deinking water.

Appreaches to {he Strategies

5.3.1 Building up of the Water Supply Daiabase

The groundwater dcvclopnicnt plan must be planned upon performing ficld studies on the
currcnt status of water deimand and supply, groundwater development poténtial, cxistence of
alternative water sources, topography, geology, melcdro!ogy,- cte. to ascertain the actual
conditions in cach water supply block. However, since the Study Aréa is vast a:ud contains 4,265
water supply blocks, a watcr supply database was built 1_np1c; compile these data, and e,
groundwater development steategics was formulated dn the basis ofthis' \\':atc;r Silppl_\l' damﬁbasc.. '

532 Classification of Water Supply Blocks

1} Objectives and Concepts

In order to determine the targets, the development priorities, and to foimulate the
devclopment strategics, it needs to estimate the quantity'of facility and cquipmém, and caleulate
the project cost tequired to achieve the targets. - |

Inthe strdtcgy formulation proccss, the water supply blocks were élassiﬁcd using the water
supply database, and the project cost was estimated upor delchnining the standard specifications
of water supply facilities and cquipments for cach classificd package. Case studies on the |
planning- targets and development p’rioril'ics were then performied to examine the 5ppr0ps'ialc

- project scale, project strategy, project form, etc.

- In the implementation stage for the groundwater development project. fickd studics must be
carricd out in advaiec to clicck the actual circumstances of cach water supply block.

Sinee the database is utilized for classification, the items and classes of classification can

33



be changed frecly according to the purpose of use once the relability of the data has becn
~ confinmed. The classification may be simplificd using a small nuinber of indices in order to grasp
the overall trends in outline of iteis may be added and the classificatiori be made finer in cascs

where more detaited examination is necessary.

© 2) Indices of Classification | |
‘Fhe following indices, which are the basic data that indicate the chardeteristics of water
sﬁpply blocks in terms of the urgency and potential of gfoﬁnd_\'\'étc'_r' dci‘dopnicnt and which are
considered to bc high in reliability among the data in Ihc:databasc, vere set as the classification
indicos. - - -
(@ Scale of the water supply block (present population) |
@ Circumstances of the water supply system (existence of water supply facility and present
coverage) . '
(3 Groundwater dovelopment potential {existence of aquifer and its cstimated depth)
@ Site conditioiis of the water supply block {toper:iphy;geolégy)

The results of performing classification according to cach Departmoent using the above

indices arc shown in Tables 5-3-1 ~ 5-3-4.

Table 5-3-1 Number of Blocks by Population Scale

56

~ Population >=2000 | 1000~ 500~ 300~ s6~ | Total
(persons) 1999 999 499 299
~ [Chuquisaca 4 1 54 190 964 1,223
. [{Southof La Paz 2 7 15 43 695, 762
om0 8 10 15 50 a6t | s4d
[rrija 5 7 28 93 378 | sn
Santa Cruz 4 7] 90 267 793 1225
_ Tolal 60 69 202 643 3,291 4,265
i ‘Fable 5-3-2 Number of Blocks by Exisling' Sys'{cm and Present Coverage
No existing facilitics _With existing facilitics | Total
Present Coverage _ 1~29% | 30-59% [ 60~100%
Chuquisaca 959 ? 64 71 129 1,223
South of La Paz 676 24 19 43 762
Oumro 396 - 57 47 44 544
Tarija 248 38 67 158 Y
Santa Cruz 810 129 61 m | a2ss
Total 3,089 312 269 | 595 | 4263
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