Table 5-3-3  Number of Blocks by A

uifer Depths

Agifer Depth | 0~ | 350~ | 100~ | 150~ | 200~ | >=300 [Unknown| Total

{in) 49 99 149 199 { 299 '

Chuquisaca 349 268 351 155 79 21 - 1,223

South of La Paz 160 35| asof | - - 762

Oruro 23| 24| 28 52 17| - . 544

[Tatija . 197 | 150 5 94 2 631 s1

Santa Cruz a| ss0| 3nm 1S 70 90 6] 1225

Total 536 | 1304 1550 44a| 260 102]| 69| 4265

"Fable 5-3-4_ Distribution by Departmient of the Number of Blocks by Topographical Divisions

Topographical - Valley © Plain
Divisions Altiplano | Cordillera Seraniaé Eastern E5011d0 Chaco | Total
Zone Zone Plain Central Plain

Chuguisaca - 1,039 171 . - 13| 1,223
South of La Paz 689 Bl - - - : 762
Cruio 384 160 - - - 344
Tarija - 315 130 - - 66 511
Santa Ciuz - - 295 732 67| 3l 1,225
Total 1073 | 1,587 506 732 167 o | 4,263

5.3.3 Project lmplcmentatich Case Stl:ld}'

1) Objectives and Procedures

The conditions to realized the growndwater development project can be swmmarized as

follows:

a. Urgent needs for groundwater development (water scarcity, no allerative watér sources.)

b. Availability of groundwater dcvclopmcm {aquifer with sustainable productivity.)

¢. Financial feasibility of thc project {procurcment of investment {‘unds)

d. Willingness and tcchmcal ability of the organization concemed,

¢. Sustainability- for operation and maintenance of the sxstcm (community commnmmt

supporling system.)

f. Effectivencss of the project.’

‘A casc study’ was carried out in order to cxamine the plan targets and project

implmnéntéﬂidn strategy of the groundwater development project in the Stedy Arca. After



| determined the targct cmcngcs project impleinentation slratchcs and pro_:ect forms for the
3 ground\\atcr duclopmcnt project in cach Department, the apphcab!c project was scleeted, and
the needssary cquipment, {érm of drilling; and investmcnt amount were detcrmmed The
appropriate project scale, plan targets, and project implementattob strategics werc then examined
upon assessing the feasibility of the project in financial, technological, and organizational aspéets

based on the resulis of the case study. qun, 5-3-1 sho\\s the proccdun,s for carrying out the

case study.
Present Population ———")I Future Population .
L . L= — { “Target Coverage ]em
Present Population Served — e '
: _ : ( * Scope of the Project J
I
R ) L
(" Asscssrent of Existing _— e
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o | :
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. ( Project
" : Implementation
k Steategies
Sclection of the Projects
(- Fl‘ vpe of Project )¢
Necessary Equipmient © Terms of
Dalling + Iuvestment Costs
. 4
‘Assessineiit of the Project

‘Figure 5-3-1 ~ Protedures for the Case Study

) Targd Population
The !arlgct population was determined by subtracting the population served by existing
facilities from the planned poputation served for the target year. The pop'ulaﬁ()n servied by
existing facilitics was detennined for each water supply block by multiplying the p_rcsénl

population served by the obsolescence factor of existing equipment. Next. thie population to be

o
!
=)



targeted by the groundwater developiment project was determined by taking itte consideration the

factor of cffectivencss after the start of provision of service to the applicable population.

Tacget bofjulmimi = {Planned population served) - [Population sceved by existing facilities)
Planned population served = [Population in the Stady Arca] X [Target coverage]
* Population served by existing facilitics = [Present population served] X [Obsolescence
factor of existing water supply facility]
‘ Targct pi)pi:lalibrﬁ'df the project = [Applicable population] <+ [Effcctiveness factor]

‘able 5-3-5 shows the results of calculating the target population of the groundwater
* developiment project for different target 60y=cragcs set in 10% increments for the niral arcas of
cach Department and subjecting only rural blocks with a coverage of less than 60%. Here, it was
assumed that the present coverage level will be maintained as a whole in the target year in citics
with a population of 2,00() or more and in rural blocks in which the present coverage has reached

60% or more.

‘Table 5-3-5 Target Population of the Groudwater Developinent Praject

(Targeting only the rdral areas.)

Prescit Target Coverage (Year 2000)

Department Coverage 20% 30% 40% 30% - 60%
Chuquisaca 159% | 20,019 | 56928 | 93836 | 130746 | 167655
South of La Paz 16.4% 5,955 19863 | 33,770 | 47677 | 61,585
Cruro 21.3% . 16,095 | 285626 | ¢ 41,158 53,689
Tarija 36.3% : - 1heds [ 730800 | 49758
Santa Cruz 25.1% . 43,095 98,155 |\ 153215 208,274 |

Note:  The q(}’é’cm'e}wss éf the project was presuiied (o be 80%. |

3) Selection of Water Supply Blocks of the Project

The 'dcvcloprﬁcm priority of the groundwater development project is considered to be high
for districts with a large beneficiary po’piulalib'n, districts with low present coverage, and districts
wheré water source dcrclopﬂxent is casy and has a high possibility of success. Besides these, the
willingness of the i:lhabiténl's to participate, the accessibility, the efficiency’ of moving drilliug
cquipment, work efficiency must also be considered.

In the case study, the water supply blocks of the project were selected vpon seiting up the
fO"O\\:’illg thrée project implementation strategies using the three indices of present population,
present covérage, and ¢stimated aguifer depth, which were used as indices for water supply bleck
classification. o o

~ [1] Priority is placéd on blocks with larger poputation unserved {cconomic efficicney).
.fZ] Priority is placed on blocks without existing water supply S}'stc'ms.(bdsic human need).
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[3] Priority is placed on blocks with shallower aquifer {drilling cfficicacy).

The numbers of sclected blocks are shown according to iargct coverage and project
impleimentation strategy for ¢ach Department in Tables 5-3-6 to 5-3-10. While the number of
blocks will be the fewest with project implementation strategy [1]; blocks will be included which,
duc lo_havihg a large population, are given high priority despite being high in coverage. With
project impl_cu_npntalioh slrdtcgy {2}, since only the blocks with a prosent coverage of 0% are
sclected, the mimbcf of blocks will be_co_nsidéraﬁl):'_ hi}gh1 depending on the Départment and blocks
withan cﬂremcly low popuialion will also be included. 'Wﬁh.project imfplémmta!ion steategy [3],
areas in which it is difficult to obtain watcr froni sources other than decp groundwater are

excluded since blocks with a low dritling construction cost per inhabitant are selected.

4} Cost Estintation and Tean of Drilling :
The gronndwater development project can be divided into the procurcnient of cquipment,
well drilling work, water supply facility constriction, survey/design/control activities, ctc. The
follawing project forms can be considered with regard to the method of execulion of the project in

view of the division of domestic funds and forcign funds.

[A] Conmstruction is carricd out by Bolivia on its own. The project ‘is executed by
“commissioning work to domestic private constructor.

[B] Well drilling is exeeuted through grant aids, and the Bolivian side carrics out lhe water
suppl; facility work,

[C] Well drilling cquipment are prOCurvd through grant aids and the Bolivian S[db catrics out

thc works:

Tables 5-3-6 to 3-3-10 cho\\ the results of calcuhlmg the ])l’O_lCCI cost and lhc term of
drilling work according to project form upon sclling the targel coverage and project
implomentation strategy for cach Department and seleeting the blocks to be targeted by the

- project.

[bulmg of Conditions}]

The term of drilling work was caleulated respectively for the case where the work is to be
commissioned to and carricd out by domestic private finms, the case wheee a forcign aid agency
procurcs equipment from the corresponding nation and cartics out the work, and the case where
Bolivian engincers are to carry out the work using equipment procured from overscas. The project

cost was cstimated upon dividing it into the drilling equipment procurement cost, drilling work
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'cC;'st,' water supply equipment procur'cnklil cost, water supply facility construction ‘cost, and
drilting work stafT cost and sctting unit costs for cacli watcr supply block classification package.
The unit cost for ihe drilling work cost was setas a per mcter unit cost, that for the p'réclircmcnt
cost of water supplying cquipment, .such as well casings, sérccns, It pump, gencrator, ctc., was
set as a per site unit cost, ahd that for the water supply construction cost including piping, tanks,

€lC. Was set as a per person unit cost.



Table 5-3-6  Results of Project Implementation Case Study (Department of Chuquisaca)
:E g,g . é« § éa té" g: | ) Project Cost 3 ’5" w
ClLEl 7 £% & g Projéct Cost per Person | B 5 £
o :j g .;,: g Foriu of Project g A (iillion US§) 1 (USS). ~| B
g {3 % @ - - § Linder- l)om;fs Total | Exter- [Domes g 3
n § 34 =3 nal -tic nal “ig 5
ol & [ Funds | Funds | Puds { Funds|
wes | (1| 2] 20301](A] Commission I set - 3] a2 RN ] x
f13] Cooperate im DW 1 sl 1.8 1.3 33 86 72 1.0
_ {C1] Cooperate in PE st 5.1 2.0 T - 252 97 1.3
209 | (21} 2] 20,091]1A) Conumission 1 sat -1 s xRN 22] x
(13} Cooperate in DW isct | 23] s 46 a2 1 14
_ [C1] Coopeiate in PE 1 set sl 22 73] 255 10§ 18
20% [ {3] 280 20,466]|A] Commission 1 set -1 33 33 Rl 1) x
{53} Cooperate in DW 1 st 14 16| 3o0p e8] . 77 09
[ic1} cooperaie in VE ts | 5] 2] 72 11
0% ] (11 9 56.995]{A] Commission 2 sel BN D as| x
|B] Cooperate in DW 5 set g6l 432[ 133 asif 83 10
[C1] Cooperate in PE: I set st es| el el 1NN x
E : , [C2} Cooperate in PE rsel |82l es| asel 1] niel ]
30%% (2] 13 57,297 (A] Commuission ] 2 sel mﬁ 4.5 - 253 - 49 X
o i3y Cooperate in DW 7set BONER] saf aedf 97l 89l 19 x
[C1] Cooperate in PEE tset | sl 23 nad ool siings x
b0 ey cooperate in P 2'set 82| 76| 153 ' 40|
woe [ (31 128] S7114](A] Commission [ 2sel [ RO 028 32 x
‘ 2 [[B] Cooperate in DW 4eet | 66| 34| (120 10]
[C1) Cooperate in PE Iset || 53] 72 ‘123 49
7 : . {I2) Cooperate in PE sl |82l 73f ‘s 25
w0 | {11] 19 91023[[A) Conmission  [aset | R3] 24 I
By Cooperate inDW | -10set JUNISA] C s6| 270] 1% 10 x
[C1} Cooperate in PE st ‘ 0| 172 5| - mz.\:%.\? X
{€2] Cooperate in P i IRENS 23,7 43 X
0% | 12} 27| 93,898}[A) Commission __m 4 sel o 2173| - 48 %
(B3] Cooperate in DW | 12set 821 31.1 1.0 X
[C1] Cooperate in PLI; 1 sut 183 \3\3\3 X
N - lie2) Cooperate in 1 st 26.0] 39 x
d0% | {31 ] 251 93561]1A] Commission 3 set 255 : 47 x
. [113] Cooperate in DW 4 sct 2417 22 X
{C1] Cooperate in P 1 sct 18.5 \w{\?}:\iﬁ X
- {C2} Cooperate in DI 3set 24.0 6] %
{Note)

fAl € ammission private constructor

[B] Cooperation in dritting work _ _ S

fC1] . ('nopcf’rd!fn_n in pmcr}rcmcnl qj"v@nfpmmz! Jin the case where one nnit of véuipn:rcm is to be -
ﬁmmn’d. | _ L o . | ‘

[C2] Cooperation in j»'ncu'reménl of equipmcnt - the nlanber _qu wnits reguired for the completion of

Cdrilling in 3 years is indicated.

s j {ndicates the unfovourable condition



. Table 5-3-7  Results of Project Implemientation Case Study (Southern Pact of La Paz) -
= Eég 'g g5 B g Projovt Cost | 2 @l
F-I A g Tgi 7 ‘é:; Project Cost per Person :E'i 4 £
ol gy o g Fonwn of Project g ‘. (million USY) (US$) : 2, ”é_
5 pg % . = - gj Intee [Denes-| Total | Exter- [Domes-] ! E =
1 ¢l & Z[ nal tic nal tic =
B ?Fl . 3 | Funds | Funds Funds lllﬂkl\ - ]
20% | [4) 7 6,083{[A) Comnission I set - 1.1 ) X
[13] Cooperate in DW b set 0.6 04
. . : [C1] Cooperate in PE I set 4.3 0.9 X
20% | 12 |  6096][A) Commission E set - .t X
[13] Cooperate in DW Iset | 09 05 .
) ~_[[c1] Coopeinte in PE tset | 44] 009 X
0% | (3 | 6.081{[A]} Conunission 1 st s 14 X
* ' I3} Cooperate in DW 1 set 0.7 . 03
{C1] Cooperate in PE ' X
0% | {1} 45 20,012|{A] Conunission X
{B} Cooperate in DW
(C1] Cooperate in FL; :
0% | {2} 57 20,013[{A} Conunission X
[ I ' [B] Cooperate in DW ‘
e [C1] Cooperate in P1 -
0% f {3] ) 20,102{{A] Conunission X
f |13] Cooperate in DW B
1 _ ~{[C1] Cooperate in PI:. X
J6% | (1] 105} -33,783[{A] Commission X
v [{B] Cooperate in W ‘
' |ICI]C_0_9pbmlc i PH %
: . [C2) Cooperate in PE - L X
0% 2] 128 13,934|[A] Commission _ X
: ' B3] Cooperate in DW ¢ X
‘ hc 1] Cooperate in PI: X
3 = [[c2) Coopérate in Pl - %
4% | 3] T oaso]  33,79901a) Commission X
: _ " [1B) Cooperate in DW - CK
[C1] Coopérate in PE bs
: [C2] Coeperate in PIE X
{Notc)
fA]  Commission private constructor
B C ooperation in dritling work . _
- fCl} - C oopem!mn in procur c‘mc'm af cqrupmwr{ in lhc case uhmc one unit of equipment is 10 be
- procured. . S ;
[C2] ¢ ooperation in procmcmmr of cqmpmcnl Ihc m:mbm nf wils wqm:ed f' or the completion of

*drilling in 3 years

Indicates the maﬁi

15 J.l}dl(‘t’?k’d

mmabh’ cane lman



Table 5-3-8  Resilts of Project Implementation Case Study (Departinent of Oruro)
5 ':;, ki Al I .E:«; < Project Cost | =2 5| m
'-’;" A & ?‘ E ‘1;9: _ g ;’- Projoct Cost “pet Person’ % 2| E.i.
o 2 B g :—g- Form of Project § ;. (million US$) (US3): : 5 %,
El5% o i - S; Exter- [Dowes-| Total §Unter- [Domes F| 2
25 z| & £l nal tic nat tic 2
N 1 I ~ 43 | Funds | Funds | Funds | Funds
30% | (1] 20] . 16.427[jA] Commission vsel | 30] a0l BRI 1] x
{B] Cooperate m W rsal w9 12 3] el M| 06
[C1] Cooperate in PE lsel] 46\ 17| ‘68 278] 105 14
30% | [2] af - 16,169]{A] Conumission s -] s3] sal SN aof x
B} Cooperate inDW | Tself 43 7] 62{ 281 104F . 23
_ CHCooperatcin P2 | 1se| 46l 270 73] 2finied 32| x
30% | 3] 220 16,268]{A] Commission 1 set - 30 3o - 185 1.7
|13] Cooperate in DW L RE R ) 771 11
[C1] Covperate in P13 tsetf a6l 18] 6a] 2s0] w09 13|
$0% | [ 53] 28,650][) Commission ' vl KRR 7 SR e8] x
[B] Cooperate 1o DW 3 st 5.5 25 8.0 191 88 5.
[C1] Cooperate in PE 1setl  a6] 3l s3] iso) 12| 30
0% | 121 | 3] 28,650[[A] Commission Cpase] CRRRE 6] CROER] sl x
o © 1 B} Cooprate in DW T setbanniet 37 el o] 0o X
(C1] Coojtate in PE Cisel]  ae6]  sel o] is9 §\§\§g§§\;\h\\\1 X
. - lica) Covperate in B NS Y 236%5\"?2& g x
0% | 133 | 6] o 287s38|[A] Commission T TN R
o : B CooperateinDW | 3sal 52 790 sl 9 s
- [C1] Cooperate in P 1sell 16 89 18] | a7
[soea [ py [ 1es)  41.319)(A) Commission © 3 sel - \:\\ o] 136] R i3] x
o (13} Cooperate in DW s Sl dy sal ol o2 o] x
[C1} Cooperate in Pl i 64 110 10 \\x\\\;\@%{%&\f‘:ﬁs X -
N . lic2) Cooperate in P NN Y
| 5026 12 2290 41.188{(A] Commission ' —J3n2ei] . 261 ) W X
SR IEEE |B] Ceoperate in DW 3 §§§E\ﬁ C29.0k x
|IC i) Cooperate in PE P 15.0] P
_ _ , - |ic2) Cooperate in PLE fanel %
30% | {3) 1128 . LG jA} Commission 135 e
N 1 I Codperatd in DW P yag| 15 %
- [iC1) Cooperate in BE: 12 Y 73] x
1l _[tc2) Cooperate in PE 139 amfhnieel 31 %

(Note)
(Al Connnission privaie constructor
(B8] Coeaperation in drifling work: _ _ :
[cly ('oopc'}mmf_r i.;_r prm'u'rw:nc;u fq/'fqufpnz&af it the case u"lw:rc:orﬁ' wunit of equipment is 10 be
_ gn'oém‘od: o C o : | _ | o _
{2} (‘oopc)'a(}'(:ﬁ i p}'ot'mimrM! af equipnicnt - the mmnber of mits )jcqmrédfor the completion of :

drilling in 3 yeary 1s indicated,

Tidicates the mgﬁmmmb!e coidition



__Table 5-3-9  Resulis of Project lmplmnentatmn Case Study {Department of Vavija)
g E‘g E é‘j inil ,.g g Project Cost :»2 o a
eio8 2 E% _ E % Project Cost - per Persont é g £
9 g 5 o %8 Fotin Ql‘?rojcct g8 g (oadlion US$)y | - (USSH) - 'g_
5 ’% E— _t_q = ” g; IExter- |[Dames-} Teta! | Exter- |Bomes- é =
&f_@j g ;8__ 2| wal tie 1ial tic 2
i e 2 | Funds | Funds Funds | Funds
40% | 1] 16 12,245([A] Comnussion 1 set = 2.8 2.8 - i;:fg 2.1
[B] Cooperate in DW 2stfl 25f ool 34f 205 6] 07
___lic1) Coaperate in P tsetl  43] 15| eofNudesl 123 LS
40% | 2] 2]  11,912[tA) Commission tse] o] 32 32l R 2
{B] Cooperate in DW 2 sl 271 1.0 37 223 87 0.7
{C1] Cooperate i PE RS T
40% | 13} 21 12,105[§A) Commission I sat -l 28] is s R
- 18] Cooperate in DW 2st| 200 10] 30| 161 85| 06
; [Cl)Cooperate inPE - | Ist] 46 L3 66 A&Qgg 128 14
so% | 1y |- 59 30,983[[A) Comumission s —RNER so] RaR a4
[3] Cooperate jn DW ssetf 80l 27 103 259 s8] 09
[C1] Cooperate in PE IR BN
— |ic2y Cooperate in Pr: rsef 82 adf el 263 s 2§
30% | 12 89| 30,825{[A) Commission dsel] - RNER] 112 -l 4] x
- * i8] Cooperate in DW osat| 9o 33 oYY 10s] 09 - x
[C1] Cooperate in PE tsef| 0] - 52| o8] welNIE RN B x
. [IC2] Cooperate in PE aset]  82] Cs4] 136] 266l0NITE a4 x
so0 | (3) | 72f 30.905](A) Commission rset] [ se] sol RN 0] x
' - - |i8) Cooperate in DW 1set| 67 30l e a6l 93 10
[C1] Cooperate in PE 1'set] : 46| 44 900 48] 12| 7
. . - lic2i Cooperate in PI. 2se] 82 129] 2651013 x
60% | (1) | 120]  49,938]|A] Conunission A 3sa] = \“f%-i w6 B X
: ¢ IB] Cooperate in DW | 8seal \“QM 19.5 293 ®
{C1] Cooperate in PL 1 sot 46] 73] 126 X -
1 | - lic2) Cooperate in PE 3 st ‘\\1}}‘0 & 180 X
60% | {21 | 185 45,184{A] Commission 4 sel SIS 22 _ %
83) Cooperate in DW 1 salf: 5§‘9‘?- 25T X
e 1) Cooperate in Pf Pset|  36] 147 X
| ] . ilic2) Cooperate in PE 3set] 100000 - 200 X,
s0% | [3] | 139 . 49,765{|A) Comuission 3 set - 16.3 S
o B [B] Cooperate in DW 8 sethil g 184 X
€1 Cooperate in P 1 set 4.6 128 R
[C2) Cooperate in P 2set] 82N 16.2 x

{Note) . _
A} . Comimission priva!é constructor
B/ C ooi)cmuon n dr fﬂmg nork , ‘ _
{C! ]’ L oopcrauon it procmcmcul of c'qmpmem in thcj mm_u'hc'}‘c'onc r_mfl of équ__ipmcm isto b
R pmc ured. : ' L ’ S
2] C oopemlron in procurement of cq:upn.c’n! s the mrmbw of units vequired fbf the mn.vph ton of

dnﬁmg fir 3 years is indicared.

Indicaeés the unfavourable cowdition




Table 5-3:-10  Results of Project Implementation Case Study (Department of Santa Criz)
g gg g _‘Z,;’ = ;” ; o Project cost 3 g’ @
a | o & g =2 e T ¥ Project Cost per Person [ 5 5 E
o g g o i.-" Form of Project § ;_,“ (million USSE) {(US3) = %,
E |43 w - ” g Exter- [Pomes-| Total | Exter- [Domes- E:jj E
5| 2 & Z| nat | e | tic 5
T~ _ & | Funds | Funds Fuads | Punds
0% | [1] 45 43,322¢[A] Commission b set 0.8 6.3 N %\Sgl?é 38 X
[3] Cooperate in DW st 4.4 11 13 100 71 1.0
. . IC1] Cooperate in PE 1 set 300 4.0 9.1 118 23 3.1
W% [ 21 | 6] 43as3][a] Commission 1 st I ssl ssp cRudE 29 x
: [13} Cooperate in DW dset | 00l 34 94 138 78 09
[C1] Cooperate in PE 1 el 51 .46 9.7 118 167) 42
% | 3] 49 43,320([A] Conumission 1 3¢l ={ 60] &0 - 138 16
|3} Cooperate in DW 3 sél ' 7] % 7 08
[C1] Cooperate in PE - 1 sl 92| 18 94 28
400 | (ip | 15 98.354[[A] Commission 3 sel 20.) -] 4] x
[13) Coopeiate in DWW 8 sct 2y 1471 7 10| X
. |[C1] Cooperate in PE - { set C133) sy IRy X
[C2] Cooperate in PE Isel 211 0 113 34 ]
0% | {2] 179 98,311 ([A] Comnmission 235 - i\::w\%ﬁ\\ff 39 x
- © . i3] Cooperate in DW 26.3] 181 8] 10 x
- [iC1) Cooperate in PE 120l 52 12! N %
€2 Cooperate in PU 224 102] 126 4.2
10% | {3 154 ‘)S417.|A] Commission 19.6 — R 3 s X
' (3] Cooperale in DW 209 131 $1). X
[C:1] Cooperate in PE . 15.8] 52 10§ g\: yz X
_ _ [C2] Cooperate in VE 190 83 il 46|
0% | (1) | 275 153,248|(A] Commission . 3 36.5 — ks 49 x
- [B) Cooperate in DW ALs]asst 86l a0l %
[C1} Coeperate in PLE 02350 33 nopmeg X
- . (2] Cooperate in PE Mol 7 sl 50 o x
so% | 121 ] - 337 153,503]1A] Commission 134 B R ES
; 1B} Cooperate in DW 50.1 232 o4 - 10 X
[C1} Cooperale in PE 30 Y ‘\i‘\;“.‘q X
: . {[C2] Cobperate in L a6l sl 1y 50l x
500 | 13 | 297]  153.497][A] Commission e el 43| x.
ay : R 2
‘ © 1B} Cooperate in DW 389] 63| -89 1o X
(C)] Coopetate in PL MR R
] [€C2] Cooperale in P~ k) K& 71 15] X
{Nate) :
A Conunission private mmn‘arc!m-
mi nnpuanmi i dm‘hng nm/\ ‘ o
[C1] - Cooper armn in procurement aof equwnmn m the case w hwc onc wnit of equipment is to be ;
procurcd :
Coeoperation in procurcinent of equipent - the mnmber ol nnits required for the completion of

¢

drilling in 3 years is Jmlu'mcd

Indicates the mgfm ourable condition
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“3) Evaluation of the Case Study
The supply-side restriction conditions for the realization of the groundwater development
project include 1" that the project can be expected to be completed within the planned term ! i
that the project matches the funds provided and the financial ability of the bearing organization,
(3 (hat the investment eflicicney is not poor, and (1 that the project is feasible both i terms of
organization and technology. The evaluation standards for the case study were thus sct as

“follows:

{Evaluation Standards]

() In order to achieve the plan hrgt.ts in3 y..ara the tenm ofdrillmg work is'set to' c."trs' or

lL,SS
2) The total investment amount ofﬁ)rugn funds is 10 million dol!ars or less per l)q)'iilnl!(.‘ﬂt
(3 The total investment amount of domestic funds docs not exceed the amount of lunds
The

3-11 based on the actual amounts

cstimated to be investable inte the water supply department in the next 3 years.
- amounts invcsﬁb!c were cslinntcd as shown in Table §
' mustcd to the basic sanitation dcpmmun of each - Depmlmcn[ and the actoal budget

 amounts of the former € ORDLS

o)) flm investment amount per mhabihnl is 500 dollars of less of I“omg,n lunds and l*'O

dolhrs of less of domcshc hmds

Estimation of (he Annual Amounts Investable into the Water Supply Department

Table 5-3:11
: | _ (Unit: 1000 dolarsfyear)
{Actual amount ihvcstéd_ for 0\:\n funds of former Estimated amount investable
basic sanitation_(A) CORDES: (3 . |mx2) )
Chuqmsaca 3:352 ‘882 760
|South of La Paz 1,345 a1 830
Joruro 3,472 476 930
[Tarija 3415 864 1,730
Sania Cruz 8,720 263 | A0
Total 20,304 1,802 9,600

Note: 1 he actuel antonnt im c'm’d for fmstc mmrunun um{ !he oW fum.i’s of the forpicr
( ()RDI Sme averages for !))2 .

:Hw nzicwm nt amonnt for the smrrhw n part af I a 'y nz wers (ulmiuruf for 16%

{proportion _af popilation) of the entire D( pariment of Lai P

" The case study results can be analyzed and evaluated as follows:

(1) In all of the cases. the project cost per person becomés higher as the tarsel coverage
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| (2) The uppcr limits of the planned target cov cmgy for which tlu pro;cu can be completed
" feasibly within § years are 30% for Chuquisaca, 30% for the southern part of La Paz, 40%
for Oruro, 50% for T{!l’l_](l, and 40% for Santa Cruz. With higher targets, the extent of the
project will be too great and will be difticult to realize n terms of funds, organization,
technology, and time. '

{3) For the case where the a_bové target Coverages are set, thc_minimuiu'nunnbcr of units of
drilling cquipment necgssary for the completion of the pfojccl in 3 vears will be 2 units for
(,huqumca | unit for thg, souther part of La Pa? { wnit for O ro, 2 units for Tarija, and
3 units for Sanla (‘mz '

(4) A ¢omparison of the project cost of each project implementation steatcgy shows that the
project cost will be lowest with strategy [ 1] in most cases. ‘

(3) A comparison of the case where forcign aid is restricted to drilling work (no provision of
cquipment) {form of project [B)) aud the case where drilling equipment aré provided by
foreign aid and (he Bolivian side carries out the drilling work. (form of project [C]) shows
that the total project cost will be lower for |B] in most cascs. However, the difference is not
significant and in terms of effective use of drilling equipment in the futuee, [C] s preferable

as the project form.
5.4 Proposed Project
5.4.1  Selection of Blocks Targeted by the Plan

Upon amlwing the results of (he project implementation casc.sludv it was decided that a

‘high pnonl\ shoutd be placed on blocks with a high population and low present coverage. The

blocks to be mrbulcd by the plan were seleeted from afong blocks with present coverage of less
‘thau 30% 'md in the order statting from blochs of lnghcr unservéd population. .

| The s_clcctcd blocks are shown in Tables 5-d-1 to 5-4-5. The mimber of blocks is 98 for

 Chuguisaca, 46 fbr the seuthicrn patt of La Paz, 72 for Oruro, 85 for Tarija, and 155 for Santa

Cruz or 456 in total. However, since this sclection of blocks to be targeted by the plan is based on

the \\'nlér supply database and the intentions and willingness of the inhabitants to participate are

not takén into ‘-:0nsi=dcrati0n, a detailed fictd study should be catried out prior to starting the

:pmje‘cl for reevaluating. moditving, and finalizing the selection. Figures 3-4-1 to 5-4-5 show the

Iocatlons Ofﬂk sclected blocks.



Table 5-4-1  List of Selected Blocks for the Depariment of Chuquisaca
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Tabte 5-d4-1 ° List of Selected Blocks for the Departmient of Chuquisaca (continue)
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Table 542 “List of Selected Blacks for the SUU"I(’]:'II Part of La Paz
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'l able 5-4- 3 List of Setected Blocks for the Department of Orure
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Table 5-4-3  List of Selected Blocks for the Depariment of Oruro (continue)
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Table 5-4-4  List of Selected Blocks for the Depactment of Tarija
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Table 5-4-4  List of Selected Blacks for the Department of Tarija (continue)
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Figure 5-4-2 Locations of Selected Rlocks for the Southera Part of L.a Paz
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Figure 5-4-4  Locations of Sclected Blocks for the Department of Tarija
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Figure 5-4-5  Locations of Selected Blocks for the Department of Santa Cruz
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“The targeted populations and the number and extent of the wells drilled are summarized

according to Department in Table 5-4-6.

Table $-4-6 _ Outline of the Proposed Project

Number{ Target |Number| Total Distribution of Drilling Depths (i)
Department 1 of Population] of Wells Drilting
. Blocks Depth | 0~350 [ ~100 | ~150 { ~200 | ~300 {>=300
) ' . {in) | f
Clniquisaca - o8| 57,205 osi 1600 38l w4l 3 7 o 3
South of La Paz a6| 10057 a6l sasol 17 200 9
Onuro -~ | 31,000 73| 10400 3| 2s] 3| o s| s
Tarija 85] 35,128 85| 12,750 a0l 27 /Y
Santa Cruz 1ss| 112,396 158] 20650 4 os| 39| 14l 4 s
Total 456] 255,785 ae0| 60850] 62 174l 1ss| 42 19 8

5.4.2 Form of Project -

As a result of the hydrogeological survey, it has been judged that the development potential
for deep groundwater is high in the Study Arca. l \
Also, the results of the project implementation case study show that alihough the promotion
of groundwater developinent is' difficult given the current organizational system and financial
conditions of Bolivia, groundwiter dcvclopmc[jt i rural arcas will be !_"c:\sib]c if international
" cooperation is providcd in an effective manner under clear governmental ;):olicics
Since the Bolivian government 15 judged to have the w lllmgncss and '1b11|() to promotc the
'gfonndmtcr developnicat project, the form of pm}ect is proposui in \\Inch the Bo!man side will
carry out the well dritling work and the water suppl) ﬁc:lru “orl\ In ordcr to realize tln,'ﬁ
procurcment of drilling cquipment, it is considered lhat in addmon to fancial COOpuﬂllO]‘l :
cducation and training on groundwater prospecting techniques and drilling tcdunquc must be
provided (o Bolivian engincers over a period of half & vear toa year.
* The proposed project is one which will provided the government ag"cncics of Bolivia with
the ability to resolve the problems of regional water supply improvement on thcir own and ong b) ‘

which long-term eftects can be anticipated.

54.3 Toiplementation Organization

There are iwo aspects to the groundwater development project, the "public aspect.” under
which the project is put into operation from the standpoint of the cssential objective of public

- welfare, and the "commereial aspect,” for which the manifestation of cconomy is the fundamental
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principte. The groundwater development project must be put into operation upon batancing these
two aspects, : _ _ '

With regard to the executing organizalion for the well drilling work, it is nccessary for a
public agency to provide direct management because of the difficultly of rccovcring'projcct costs
and because private enteiprises arc underdeveloped and low in skill Tevel. It is propased that the
Department is most suited for this purpose since the Department is positioned among the various
relevant organizations of Bolivia to be the planning and execution a géncy for public investnicnt in
regioal areas and has the bést grasp on the circumstances and hydrogeological information of the
waler silppl,\_:' blocks i the }cgioi1al arcas. The basic sdnitation dcpcirtmcht of cach Department
(UNASBAY has maintained a constant level of expericnce and skill refated to well driling work
and water supply work since the days of the formicr CORDES and it is judged that UNASBA can
cstablish reliability as an exccuting agcncy. for the operation and control of the proj'cct and the
operation and maintenance of cquipment and materials through organizational, financial, and
technical fortification, and cooperalion auid adjustment with the central goverment,

The mutual utilization of drilling equipiment and materials among several Departments is
considered to be difficult because the required project burdein is inunense for cach Department

and because of the geographical ceonditions and circumstances of roads in Bolivia.

5.4.4 Required Number of Equipment and Project Cost

The numbers of well drifling cquipment (rigs) nceessary for accomplishing the proposed
pmjcé_l i 3 years arc caleulated to be 2 units C-{lC.‘.l for Chuguisaca and Tarija, 1 unit each for the
southern part of La Paz and Qruro, and 3 wnits for Santa Cruz. _

_ Table 5-4-7 shows the calculated project cost. A total of 71.3 nullion dollars, of which
39.5 million doflars arc cxternal funds and 31.8 million dollars are domestic funds, arc required

for the five Departments.



‘Fable 5-4-7 - Estimaled Project Cost _
' ' ' (Unit: million dollars)

*Investment Amount ‘ B_réakdoy.\n of Project Cost Term of |Number

Dcpnr(mém " [External [Domestic |Total  |Procure- [Water  |Drilling Water  |Drilling Jof Rigs
Funds |Funds ment o_f Supply [Weork  [Supply  |(vears)
Rig Equip- Work

| . ment
lchuquisaca | 90| 69| isol . 78] 32| 20] 20 3 2
SouthofLaPaz | 45| = 30| 75| 41 14| 10| 10| 20| 1
Oruro | 57 44| 101 42 23 2.0 1.6 43 y
Tarija 00| sa| w4l 78| 27| 210 18| 30 2
Santa Cruz 1.3 21| 234] 96 4.9 3.3 56| 36| 3]

CTotal | 395 s8] 73l 33| ws| 104] 129 : 9

(Nbre) The rigs shall be procured and the drilling n‘brk_fbr the Ist year shall be carried out with
forcign funds. The drilling work for the wext year omward shall be carried out by the

Beldivian side.

5.4.5 Stage Plan of the Projects

With regard to the project excetion schedule, the policy of starting the project from
regions with high potential for groundwater dc{-c!owucuﬂ and good access and gradually
cxpanding the project towards peripheral arcas was taken and the amsmal plans were formulated

© upon ¢vening ou_l.lhc term of drilling and project cost for each 3‘car. The year in which the project
" is to be executed is shown for each block in Tables 5-4-1 to 5-4-5 and Table 5-4:-35?10\;\'3 the

number of blocks in which the project is to be exccuted according to Department and vear.
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Table 5-4-8  Stage Plan of the Project

Dcparimcnt Ist Year | 21d Year | 3rd Year {'ath Year | sth'year | T otal |
Chuqguisaca Number of blocks : i9 28 20 20 1) o
Beacliciary population 12,512 | 19,382 9,826 9,558 6,017 | 57,295

Number of wells drilled 19 28 20 20/ 1 08

] [Total drilling depth (m) 1,30 2,050 | 2300 | 3,000 | 29501 11,600
Southof  |Number of blocks 70wl 9l 9 71 46
LaPaz  [Beneficiary population | 4,006 | 6848 | 3480 | 3680 | 1943 | 19,957
Number of wells driticd 7] ol ol 70 4

Total drilling depth (m) 150 1000 | 1350 | 1450 ] ‘1200 | 5450

Oruro Number of blocks 16 19 16 13 i 12
Beneficia r) population 9,990 3,417 7,008 3,511 2,083 | 31,009
Number of wells drilled 17 19 16 13 8 73

Tota! drilling depth (m) 1950 1 1,900 | 2400 | 2050 [ 2100 | 10400

Taja  |Number of blocks 14 | 2 | 13 85
Beneficiary population 7213 9,334 7,322 5,718 5,541 35,128

- [Number of wells drilled 4 19 21 16_ 15 83

Tolal drilling depth () | 1,550 | 2,600 | 2450 | 2900 | 3250 12750

Santa Cruz |Number of blocks .20 36 491 39 20 155
| " |Baicficiary population 13,510 36,933. S 24,273 | 24,907 12,773 | 112,396
Number of wells drilled. 20 39 _ 40 39 20 158

| Total drilling depth (1) 2,100 4,35_0._ ¢ 4,600 4,300 3,100 I 20,650
- Total [Number of blocks 76 116 106 97 61 436 |
 |Bencficiary population | 47,231 | 80914 | 51,009 | 47374 | 28357 | 255,785
Number of wellsdrilled |~ 77| 119} . 106 or| el 460

Total drilling depth ) | 73,500 | 11,900 | 13,100 | 13900 | 14,600 | 60850
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6.1

CHAPTER 6 THE PILOT PROJECT

Oulline of the Pilot Projéct Communiiies

In the pilot project, studies on the water source development potential were conducted in
water supply block coninmnitics b) constructing test water supply systems and conducting
experiments on water supply s)"stcm 'op_c'ration and niinteniance cducation and sanitation
education. _

The communitics subjected to the piloi projoct were Campo Loon in the Department of
Chuguisaca, Corque in the Department ofﬂﬁnrb, La Chosa in tlie Department of Tarija, and San
Carlos in the Departinent of Santa Cruz. Table 6-1-1 shows an outline of the communitics based
on ficld studies and questionnaire surveys.

Campo Leon, in the Department of Chuguisaca, is a typical dispersed’ (ype rmral
community located in the central part of the Plain of Chaco and has a population of 237 that
comprise 44 houscholds. Most of the inhabitanis arc cngaged in livestock ﬁ'lrm'ing. Duc to l.hc hot,
dry climate, there isa significant shortage of wiiter througho:ut the year and all inhabi.lanis,' as
well as the livestock, depend on water from irrigation ponds of raimwater. '

Corqué, it the Department of Oruro, is a rural communily with a population of !,558

persoits and 364 houscholds located in the ceatral part of the }\liiplnno, 75 kmt southwest of

- Oruro City. A highly concentrated community is formed on the slope of a hill, This commmity

~ has a water distribution nctwork that uscs a spring 15 ki away to the north as the water source

and the current water supply coverage is 86%. However, the water source drics up in the dry

“scason and domestic water teinds to be in shortage due to restriction or interruption of the water

supply.

La Chosa, in the Department of Tarija, is a mral comnmml) witha populatlon of 3N aml
85 houischolds located 20 km southeast of Tanja City. The commuml) is formed on a slopci
between the Pan American Highway and 'larua River. Whereas 42% of the 1:}¥1abltaxlts usc water |
from a hand-dug well supplicd by means of a hand pump, cte., the 1est of the inhabitants collect
river water downstream. Although a water supply system diverted from the nearby community of
San Isidro was scheduled to be constructed, since the quantity of water taken in from the water '
source was low, the dnurswn could not be prondcd and part of the distribution tanks and '
distribution piping that wére constructed have bcconu, unusable. '

San Carlos, in the Department of Sanm Cruz, is 2 rural community with a population of

480 and 106 houscholds located 25 km southwest of Santa Cruz C iy, A !ong community is

formed 110!13 a ro:-td This community docs not have a water supply svstem and the mhabltanls
obt'lm domestic water cither by co!lcclmg water from an irrigation pond or by collccimg

Fanwater.
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“Table 6-1-1 “Outliné of thic Pilot Pi;ojeé'l Communitics

Item Campo | “Corqué La Chosa | San Carlos
L Leon | ]
Number of houses (excluding vacant houscs) il -3 76 100
Number of houscholds 44 364 83 106
Total population 237 1,558 371 480
~ JAverage number of persoiis per houscheld 34 4.3 4.4 4.3
Proportion of population beow the age of 15 13.7% 34.9%| 23.5% 45.6%
{llitcracy ofp'crs._ons of age 15 and above 9.0% _ 9.8%| . 22.6% 14.6%
Proportion of workers by 6ccup'aliou (Male; age 15 and above) ~ . .
a) Agriculture - 65%|  223% 83.9% 77.1%
b) Livestock farming 351 8.1 0.0 0.8
) Mining - conslruclion 19.7 246 8.9 16.7
) Commeice 0.0 13.5 0.0 0.3
¢) Scrvice - salary camers 6.6 305 6.3 23
g) Uncinploved, cte. i3 1.0 0.9 23
Employment rate of women of age 15 and 21:1% 38.0% 14.8% 17.7%
above b
Language used at home _
a) Spanish only 90.2% 8.3% 100% 79.0%
b) Spanish and another language _ 822 20.0
b) Another language only 0.8 2.0 - 10
{Guarani) | (}}\ymaraf '(Qu@hua)
QliCCh uay
Sourec'of domestic water s
a) Walter Service - ' 85.9% - o
b) Well ' - 28 41.5% 3.0%
¢) River - 49.6! --
d) Irrigation pond 100% - 69.0
f) Others 11.3 89 25.0
Monthly houschold income - '
" a) Less than 100 Bs 91%|  144%| 118%]  60.0%
b) 100-200 Bs | 482 238 30.9 15.0
) 200-300 Bs 364 54.7 353 16.0
d) 500 Bs or more 6.1 7.1 22 1 9.0
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6.2 Construction of Pitot Project Facilities

1)) Qutlinc of Construction Works

Tn order to carry out education on the opération and niaintenance of watcr SLlppI\ systems

and sanilation cducation aud to make effective use of test wells, 1iflt pumps and other water supply
~ equipment were experimentally Vinslnlfcd in the ¢ pilot project commuuitics, onc in ¢acli of the
Dcpaﬂ.mcms except for the Dc-pamﬁcnt of La Paz.

Aniong the test cquipment, the lit pump and clectric generator were purchased and sent
from Japan. Thé installation of the lift pump and clectric generator, the construction of the
'g‘.ncrator roon 'md water tank, and the piping work were commissioned to and carried out by
local construction firms.

In the construction of the test facilitics, the outling of the test factlitics, the construction
schedule, the methods of inhabitant education, cte. were explained and cooperation was requested
of the coiinterparts of the former CORDES of cach Department and the inhabitants of cach
conmunily. Guidance was also provided on the organization of a water cooperative for carrving
out tlic épcmtion, mantenance, and managanent of the test facilitics.

After the completion of the facilities, trial runs were performied and the facilities were
handed over to cach Department upon providing education on facility operation and other

operation and maintenance methods to the engineers of cach Department and the inhabitants.

2) Outling of the Pilot Project Facilitics o

With the exception of Corque, the test factlitics were those for a Simpic waler supply
system of level 1t {public fanect system). Table 6-2-1 shows an outling of lhc ﬁ:cililii:s As test
facilitics, a submersible motor pump was installed in the test well, a water hnl« and a guicrator
room were constructed nmrby, and pubhc fauccts were mshllcd A diesel engine £eNertor Wi as’
used as the power source for the pump. _

In the case of Corque (Department of Oruro), since the community was approximately 1
ki away from the test well, a waterpipe was laid to the existing :dislribution tank (capacity:
approx. 50 cubic mcters) in view of future water source utitization. A water tank and a public '
fancet were not provided. Also, in the case of La Chosa (Department of Tarija), since the tost well
was astesian, the Lt puinp was installed in & newly crected water tank and used for pumping

water to the existing distnbumw tank (approx. 20 cubic mcters).



Table 6-2-1  Qutline of the Pilot Project Facilitics

1C

Point e IC-2 e
Department . Chiujuisaca Oﬁ_iro Tafija_ L Santa Cruz

I Commumiy Campo Leon Corque La Chosa San Carlos
Water Pump o

Diameter S0mm 40mm 32nim *32mm

Pump diséhargc 17 Vinin. 100 Hmin. 33 imin. 83 Linin.

Pump licad 350 m 50'm S0 m 150 m

Power 11 kW 15kW 0.75 kW 3.7kW
Generator - :

Mode! Dicse! cugine Diescl engine Dicscl eéngine Dicsel engine

Qutput 35KVA I0kVA 10kVA I5kVA
Water fank ' ]

Structure Rcinforccd: congrete -- Rcihforccd coilcrcté Rciﬁt‘orcéd concrete

(.fapacil}' Iny’ - gmd Bm'

Generator house

Structure

Number of fancels

Reinforced concrete

4 faucets

Reinforeed concréte

12 fancets

Structure Reinforeed concreteiReiaforced concrete|Reinforeed concrete)Reinforeed concrete

Arca Asm’ ' 15 m’ 15 m? s’
Piping

Material . PVC PVC PVC PVC

Diamcter 1 inches 4 inches 3 inches 3inches

Length 100 m 1,000 m 100 m 100m
Public faucet : :

Number of I_oc:slitf)ns : ) sct } - 3 sels ' “1set |

Reinforeed concrete

6 fauccts

“Table 6-2-2 shows the demand for domestic water in each communily, the yield limits of

~the test wells, and the pumiping capacitics of the installed pumps. The 'safo. yicld of cach well

exceeds the demand for water in the corresponding community and the necessary water supply

quantity can be provided witl one test well in cach case. It can be scen that the vield is such that

the water consumption requirement can be satisfied by 3 hours of pumping operation a day in

Campo Leon. 13 hours of pumping operation a day in Corque, and 7 hours of operation a day i

San Carlos.
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Table 6-2-2 Comparison of Water Demands of Cornmumitics, Safe Yields, and Pummp Capacities

Comminity Campa Lcon Corgue La Chosa - .| San Carlos

Current population ' 237 poersons | 1,358 persons 37 persons | 48 persons
Mean waler consumption per head | 90 Vperson.day | 70 Upcrson day | 70 Vperson.day | 90 Vperson day
perday 3

[Daily mean water cousump.lion 21 m’/day 1097/ day 26m*/ day 43’/ day |
Safe yicld of well | 225V s 20Vs. 755U s 1001 s
D’ul) maximum )lc!d per d"t) 194 m*/day 173 wfday | 652 m'iday 864 mi’/day
Lift pumyp capacxl) 120 Fmin. [~ 140 Vimin. - 105 Yin.
Hourly yield 7.2n/hour | 8.4 m’thour 3 - 6.3 m’fhour

{Note) The mean water consumption per head per day was deterinined in accordance with

the Water Service Facility Design Standards of Bolivia.
The lift pump capacities are corrected on the basis of the insiallation depths of the

respeciive pumps and the pump perforinance curves

3) Lessons and Problems

Several problems were found in the process of installing the test facilitics. These should be

of reference and taken into further consideration in the full-fledged execution of the growidwater

development project. These probloms are summarized below.

(l) The survey of individual communitics, that was conducted in the present study, has shown

that the populations of the communities differ considerably from the results of the national
census of 1992, One of the reasons is considered to be the mcons:stcncy of the national

census dﬂ,ﬁmhon of the range of a comumunity with the actual circumstances. Commuml)

population surveys inust therefore be conducted for the :mplcmcnmuon plan.

(2) With small water su Iy, blocks, there is ‘also a prob!un m dmcilv |dml:l‘3mg lhc
pp

administeative unit of the comlmuut) (town or \*llhgn,) as an md»pcndcm water suppl)
block. As a malter of fact, it has become clear that, for the 2 communities of San Carlos
and La Chosa among the 4 communitics in which test facilitics were installed at this time,
it 1s more rational in tenns of a water supply system to sct up a water supply block that

inctudes several nearby communitics.

(3} Information, on cxisting facilitics, in particular, on tanks, pipes; and other cquipment that

have been constructed it the past as a part of a facility but have been abandoned due to the
non-completion of the entire facility because of soine reason or the other, hau, not been
prcser\-‘cd in an organized manner and in many cases, such lacilitics are not discovered
unless a ficld stidy is actually conducted.

In many cascs, such cxiéiing facilities can be worthy of incorporating into the overall plan
when planning new facilitics, The collection and disclosure of such information is thus

strongly dasired.

- {4) In all communitics, the inhabitants demonstrated an extremely high demand for house-to-
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house faucets. However, this demand cannot be considercd fo be realistic in districts With a
dispersed residential pattern and cfforts must be made to coivince the inhabitants

correctly.
6.3 Workshop .

[} Outlinc of the Workshops
\-Vorkshops oi1 methods of foriulating groundwater dcvclopmeni plans and water supp]_f
plans and on operation and maintenance methods for \\‘a:tcr; supply systems were held for the
cngincers of cach rDcpa'rh:hcnt in order to contribiite te the improvement of the surveying skills in

cach Department,

2} Workshops of Groundwater Development T Cchno.iog_\'
For technical transfer, on-the-job training on geophysical prospecting methods and on test
boring techniques were provided through field survey work at cach of the Departménts, Seminars
were also held on the methods of analyzing geophysical prospecting and test boring techniqucs,

hvdrogeological investigation mctheds, cte.

3) Wofkshops'oﬂ Water Supply Planning and Opceration and Maintenance chhnology

Workshops on water supply planning were held in the form of seminars on methods of
~ formulating regtonal water Sllpply plans and water supply systcm operation and maintenance
- methods. Slides and cducational materials prepared by the Study Team were ljscd in these
seminars. Also, these seminars were not limited to general lecturcs on water service techniques
but included cxplanations on prrictica_l technical topics for water supply p]'an'ncrs and laid a stress
" on the characteristics of regional water supply svstems and the forms of technical support for

water supply system operation and maintenance for regional comuunitics.
Also, opinions on the classification of water supply blocks, methods of sclecting high
-prionity development arcas, and other fundamental topics were exchanged fr('d_x' between the

paiticipants and the Study Team,

4) Lessons and Problems _

{1) The number of participants in the water supply pla.nning seminars amounted to a total of 73
persois for the 5 l)q)ar{méms. These pacticipants were generatly enthusiastic and some
have already attained a high level of knéwlcdgc. However, there is a shortage of staf¥ for
formulating plans and providing teclmical su'ppoﬁ efectively in the numcrous water supply
blocks dispersed in each Department. More planning engincers and stafF who specialize in
technical support should be sccured and cducation and training  programs should be
expanded. _ _

(2) There were many participants who did not have an ﬁdcdnalc knowledge o.F the natural and

social characteristics of the regions targetéd for regional water supplying and the aclual
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circimstances of water supply i the individual water supply blocks. Tt is desired that
inforimation on thc_a'c{u;'ll circumstances of water supply, cte. in cach rfegion in cach
Dcparlaﬁcﬁt be grasped accurately and accumulated as a common database and that such a
database be vsed effectively as a planning tool.

(3) Although the participants have a considerable knowledge on water supply systems per sc,
they do nol necessarily have adequate practical knowledge on facilitics, such as pumps and
piping, (hat are the key clements of water supply systems. Since the technical support
prowd o to mhablhnls will ainty consist of dlSLl!SSIO!lb concerning hardware facilitics, the
acquisttion of knowledge i m this ficld is important,

(d) The paticipants do not SCCM {0 use 4 conitmon tmanual on regional water supply but scem to
use reference’ materials which they have ‘obtained wnder individual opporiunitics. Since a
significaint number of seminars secn to be held by interational agenciés and support groups,
it is desirable for a manual that can be used in conunon for the cutire nation or an entire
Departimient be prepared by organizing the materials uséd in such seminars,

*(3) There was the impression that the participants did rot have a very strong fecling of urgency
regarding the system of extemal technical suppoit, which is a most ihportant function for
cstablishing a systeim of operation and maintenance of the water supply system by the
inthabitants. It is clear that there is a shoctage of staft, in tenins of both quality and number,
for the regional gov.bmmcnt and pu_[}!ic agencics to serve this function in a practical manncr,
It is therefore desirable for the refevant persons of public agencics to make cfforts towards

" actively opening up a way for using private firms and consullants.

6.4 Pilot Study
6.4.1 Educationon Water _Supply F:lciiity Operation and Maintenance.

1) Outlingof Opcmllon and Mamtwancc Education
Water supply system opcralion and maintenance cducation was provided aiming at
members of water cooperatives and inhabitants who will be involved in the operation and
maintenance of system s in the future in the 4 commumtics subjected to the pilot project. A total
of 51 persons participated from the 4 water supply blocks. Slides, operation and maintenance
manuals, and pamphlets with pictures were prepared as cducatibnal matcrials and guidance on

operation methods were provided through actual dentonstrations at (he site

2) tessons and Problems
(1) Since the starting and stopping of pumps and cagines are cmbhd b\ bution opuahon
those did not present a problem for the inhabitants. There were no problems with the
monitoring of fuel oil and cooling water as well. However, it is considered that in cases of
“an abnormal phenomenon, such as idle running of the pump due to lowering of the water

fevel of the well or an overcurrent of overheating accident of a pump or enginé. it is nearly
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nnposwb]c for a’ inhabilant without experience to detect stich phenomicna 1mlm.dlatcl) and
1ake CIergency measiees.

(2) Although 1nhabltams can take cmergency measurcs '1gamsl leakage from piping or tank
the pursuing of the cause and the takmg'of fundamental measures are beyond the abilitics
of the inhabitants. | '

(3} Keeping lhc'su'rroundings of the public water faucet cleari is an extremely importait daily
‘habit and water washing and ditch clearing must be pcrfonncd frequently, Although such
\\ork can be carried out b) the inhabitants, it fequircs cwr\dq) cﬂorls and cannot be
cwmod ont eftectively without the aid of sanitation education.

E)! Allhough the bedring of opcmllon costs will probabb be acccptcd by the mlnbmnls
without any problems, there is a strong tendeney for .mhabllanls to cut the water supply
instead of saving water inorder to lower the operation costs. The problem will be serious if
the water quantily required for keeping up a sanitary life is reduced and appropriate
guidance is Nocossary.

(5) As has been described above, there are many problems which are difficult to resolve by
the ¢fforts of the inhabitants alonc. External techinical support is esscntial for the success
of water supply systems and the systematic constriction of chamnels for {his parpose is

desired.

6.4.2  Sanitation Fducation

1) Outline of Sanitation Education
' “The Study Team and the counterparts cooperated in performing sanitation cducation of the
: inhnbimms in the 4 communitics subjected to thb pilot project. The total number of participants in
thu 3 Dup'lr(mnnts was appw\lmatd) 630 and approxunately half of the inhabitants pasticipated.
_ Vndu:)s ‘pamphiéts (c'artoons) and posters pupmd in Spanish, Aymaran, and Qucehuan weré

* wsed as cducational matmals
The cducation ‘was aimed at making the mhabmm‘s understand lhc d'mgcrs to health
' presented by the wse of polluted water and the benefits of drinking water and at teaching daily
liabits, stich as washing the hands before meals, bathing, cle., to thereby spread the recognition of
" the impaortance of water cooperalives for water supply sysiom operation and maintenance and the
;pa_\'i.ng of fees. The imporlaﬁcc of the role of womén in various stapes of construction and

sgperation and maintenance were also stressed.

2) Lessons and Problems
(1) Vidcos. pamphlets (cartoons), and posters prepared in Spanish, Avmaran, and Quechuan
 were used as educational materials. These materials were popular among the inhabitants as
being casy to understand and it is cons:da.n.d that these can be used effectively in other
regions as well. '

£2) Accordmg to the qmahonnalru surveys held “after lhc sanitation cducation’s. s, most
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~participants has understood the importance of water and the noed of operation and

mainteniance of the systenr. However, the cllallgillg of thee sanitation habits of inhabitants is
not éomcthihg that can be accomplished in a short term and sanitation education should be
introduced from the water supply system planning stages and should be continued for an
appropriate term afler construction while checking the response of the inhabitants.
Education must therefore be incorporated in the water supply plan exccution schedule.

(3) Dialog between the educator and the pdrticipants is necessary in carrying out education.
The cooperation of schools and pricsis can also be obtained to incorporate sanitalion
education in the schoo! education curriculum and messages dehivered after pravers.

~ (4) Most women works inside their houscs in the rueal afea and water drawing works are
carricd mostly by women and children in the Study Arca. This particular works
presumably requires a large proportion of their working hours. Women have so much
interests in water supply projects, so that it is effective to focus on women for tlic
operation and maintenance training and sanitary edacation program. In order to fomulate
cffcctive water supply planning; it is necessary to incorporate the living pattem, needs and
opinion of women as end useis of water. '

(5) Many inhabitanits in rural area desire the constriction of water supply system more than
other mfrastructure projects and improvement of education at present. Especially they
hope the implemcentation of groundwater development which water would not dry up even
in dry season. Many inhabitants have agreed the necessity of water tariff payment and the

importance of operation and maintenance.
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CHAPTER?  WATER SUPPLY PLANNING
FOR PILOT PROJECT

7.1 General

In the pilot project, public faucet type water supply facilities were constructed at four
communitics where the test well had been drilled. However, since these fagilitics were mainly
constructed for the purpose of operation and maintenance ¢ducation and sanitation cducdtion,
they are ihadcquatc as full-fledged facilitics for futurc use. The objcetive of this chapter is to plan
domestic \'.‘a:tcr supply sy'stems of a higher degree of complation for ihe 4 communitics based on
the information obtained from the pilot project and to examine the feasibility for exceuting the
groundwater development projéct.

The water supply plans make the mast vse of the existing facilities and the facilitics
constructed in the pilot .projcct. {fit is possible to distribute water to the surrounding communitics
with gravily, the water diversion scheme shall be included in the combined water supply planning.
However, the feasibility of the project shall be examined on the case where it was assumed that

there are no cxisting factlitics.
7.2~ Water Supply ]?acility Plans
7.2t Campo Leon (Chuquisaca)

1) Qutline of the Existing Facilitics

There were no water supply facilitics prior to the exceution of the pilot project.

In the pitot project, a decp well was conslrucilcd, a submesible motor pump and clectric
gencrator were installed, and a non-clevated water tank and a 'gcncrc;am'r house were cdns'trucicd_.
and public faucets were installed at 01;0 location, |

The safe vicld of the test well was 1944 cubic nicters per day, the static u';futér level was 190
i, and the dynamic water level was 283 meters. The water consamption in this community ean be

covered satisfactorily with this well alone.

2} Water Supply District aund Planned Water Consumption _ L :
Table 7-2-1 shows the plamed  domestic water consumption. Althoughi the water
consumplion witl be twice that shown if water for livestock is included. the plan will be aimed

only at domastic water here.

3) Facility Plan _
I an clevated tank is installed near the test well and a distnbuting pipe is laid, the water
can be distribuied to the water supply districts by gravity flow. Since the 1ift pump installed in the
pilot project hias an adequate head, \\':tlc_r"is pumped dircétly to the clevated tank. The water
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supply plan didgrany is shown in Figure 7-2-1.

Table 7-2-1  Planned Water Consuiplion in Campo Leon

237 persons

Curreat poputation

Planned population 273 persons
Planned mean water consumption per head per day 90 Vperson-day
Planned daily mean water consumption 25 m’/day
Planned daily maximum water §0:13z1111pli0:1 30 w/day

Pianned houtly maximum water consumption

-5 wthour

Note : Hourly maximuns ratio: 4.0

4) Required Facilitics

{1 Welt Existing
(2) Lift pump Exisling: submersible motor pump,
¢ 30mm X 120//min X 290m X 11k\W)
{3} Elcctric generator  Existing; I5KVA
) Elevated tank Stricture ;- Reinforeed concrete
Capacity 0m*

{cquivalent to 16 hours of plarined daily maximuam water consunmiption)

& Distribuling pipc  Specifications: PVC pipe, diameter ~350mnm

-Extension: approx. dkm

IEIC\'a[éd Tank

adig Sunnquisiq

L4

Public Faucet and House Conncclion

O IR .1 Genérator

[ - Submersible Pump

Figure 7-2-1 - Water Supply Plan Diagram (Campo Leon)
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722 Corque (Oruro)

1) Outling of the Existing Facilitics
o This community has a water supply system using a spring, located approximately 18 km

north of the community, as a water source. A reinforced concrete distributing tank is installed at
the hill side of the communily and distributing pipes are laid to the community from this tank.
However, although water can be obtained from the water source of the existing facility during the
rainy scasmi, the inflowing water quantity drops nearly to zero and water shortage occurs during
the dry scason.

[n the pilot project, a decp well was constructed approximately 1 km cast of the community,
a submcrsible motor punip and electric generator were installed, and a waterpipe was laid to the
existing distributing fank.

The safe yield ofthc tost well was 173 cubic mcters per day, the static water level was 7 m,
and the dynamic water lovel was 29 meters. The water consumption can be covered with this well

alone if the 1ift pump is opcrated 24 hours a day.

2} Water Supply District and Planned Water Cbnéumption

Table 7-2-2 shows the planned domestic water consumption,

_Table 7-2-2_ Planned Water Consumption in Corque

Current population _ | 1,558 persons |
Planned population . ) 1,792 p'cr.sons
- |Planned mean water consumption per head per day | 70 Wperson-day
|Pianned daily imean water consumption ' ‘ | 125'1113/d.'1)' ‘
Planned daily maximum water consumption ‘_ f : 151 _m"fday
Planned hourly maxinm water consumpti_on: L : i 15.7 m*hour

Note : Hourly moximum ratio: 2.5

3) Facility Plan
Since the submersible pump installed in the pilot project is insufTicient in cap'téit):' a waler
tank shall be constmcted near the tank and a conveying pump shall be installed to pump up water
from this water tank to the existing distributing tank, With rcgard to the distributing tank and the
distributing pips, the C\lS[ng facilitics shall be used. Figure 7-2-2 shows the water suppl_s plan

diagram.



Spring Water Soticce Conduil Distributing Tank
- (existing) {existing) (cxisting)
. . Y
Distributing Pipe

:§ Network (existing)
8
o
=
[¢]

5 Water Tank ‘

Generator

[I |- Submersible motor pump

Figure 7-2-2 - Water Supply Plan Diagram (Cerque)

4) chuircd Facilities

1 well Exisling
2 Lift pump “Existing |
3 Electric gencrator Existing
i Addition:
YD Water tank Structure

Capacity

(& Conveying pump  Model:

Specifications :

=

! Distributing tank  Existing
Addition:
Total :

=)

) Waterpipe Existing -

¢ 40mm X 1401/min X 35m X 1.3kW
10kVA

15kVA

Reinforeed concrete

approx.16 m

Volute pump

@ S0mm X 263/mni X S0m X 7.5kW
(opcrawd 24 hours a day)

¢ 100moy X 1,300m

30w’

30w’

60 w’

{cquivalent to 10 hours of planned daily maximum water conswemption)

§' Distributing pipe  Existing
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7.2.3

l.a Cliosa (Tﬁrija)

1} Ouilmw, of thc Fxns!mg Facilitics

- On the premise that water will be dm,ru,d from the ncighbaring village of San Isidro, a
distributing tank was installed on a hill at the western side of the Pan Amertcan Highway and a
distributing pipe was laid from this lank. However, duc to a shortage of the water source quantity
in San Isidro, the distribution of water has become impossible and the water could not be
supplicd.

-+ - In the pilot projéct,‘ a deep well was constructed, a submersible motor pump and electric -
gesierhtor were installed, and a non-elevated water tank; a generator house, -aud public fauccts
were constructed.

The test well is 120 m deep and one from which water flows out natirally. The artesian

vield was 7.6 liters per second (653 cubic meters per day).

2) Water Supply District and Planned Water Consumpiion

Since the artesian yield is high and the water can be diverted by gravity flow to 3
nughbormg villaggs, the water supply block shall be compriscd of the 4 villages of La Chosa,

Ventolera, Angostura, and Sanchu Way kho. Table 7-2-2 shows the planned water consumption.

Table 7-2-3  Water Consumption in La Chosa and Other Districts

3) Facility Plan

: LaChosa | Ventolera | Angostura | S Waykho Total
Current population {persoirs) 371 177 200 196 9.44
Planned population (persons) 425 200 225 220 1,070
Planned mean water consumplion 70 70 70 70 - 70
per head per day (Vday. person) ' ' .

|Planned daily mean water - 30 . 14 16 15 5
consumption (m*/day) . ‘ ' '
Planncd daily maximum water 36 17 19 18 90 .
consumption  (m*/day) _ . ' ‘
Hourly maximun ratio 3.5 5.0 5.0 5.0 -
Planned hourly maxinism water 33 33 4.0 38 16.6
consumption {m*Mhour)

Distance from La Chosa - APProx. - approx. . approx. -
3.5 km §“I§_n_15_" ‘3 km

The water tank installed in the pilot project shall be used as a rclay tank, a conv u ing pump
‘:hail be installed to 1iR water to the existing distributing tank, and water shall be dlslnbulcd
within the La Chosa community from this tank using the existing dlslnbulmg pipe.

Also, conduits to the three villages of Ventolera, Angostura, and Sanchu Waykho shall be
installed ancw and water shall be diverted by means of a gravity flow system. Figure 7-2-3 shows

the water supply plan diagrant.
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| Water tank (existing)
8
o
it
L]
Water Tank
T O
La Chosa Distributing d |3
: ' 3
A ;o ] Pipe (existing) 5.
Generator | ---: : -
= Saichu Waykho -~ |€—
Venlolera e
Arlesian
Well
Angostura G

Figure 7-2-3  Water Supply Plan Diagram'(La Chosa)

4} Required Facilitics

(T el Existing
2 Wétcr tank Existing o 8’
3 Conveyihg pump ~ Modcl: : Volite pump
' Specifications .- ¢ 40mm’X 280Mmin X S0m X 3.7kW
b Electric generator © Existing | © T10kVA
o Watcrpipc (from water tank to distribu!itlg tank)
: © - Specifications : - PVC, ¢ 100mm
Extension: ' approx.300m

G- Distributing tank  Existing 30w’

i z\d&ilién . 23w’

" 'I'Edtal : ' 53

(cquivalent to 14 hours of planed daily maximum water consumption)

s,

Distributing pipe Existing approx. tkm
1§ Conduits (from distributing tank to neighboring 3 villagces) _
' ‘Specifications Steel pipe, ¢ 50-75mm

Extension approx. 9km
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7.24  San Carlos (Sania Criz).

1y Outline of the Existing Facilitics
There were no water supply facilitics prior to the exccution of the pilot project.
Tn the pilot project, a decp well was constructed, @ submcrsible motor pump and clectric
_generator were installed, and a non-clevated water tank, a gencrator house, and a public favcets
were constructed.
The safe yicld of the test well was 36.0 cubic meters per hour, the static waier level was 38
m, and the d)mmic. water level was 93 meters. The planned water consumption can be covered

satisfactorily with this well alone.

2) Wiiter Supply District and Planncd Water Consuinption
Since the well has an abundant yield and the water can be diverted by gravity flow to 2
ncighboring villages, the water supp!y block shall be comprised of the 3 villages of San Carlos,

San Juan, and Villa Rosario. Table 7- 2.4 shows the pl"mmd consumption.

Table 7-2-4  Planned Water Consumption in San Cartds and Other Districts

San Carles San Juan | Villa Rosario Total
Current population (persons) : 480 100 _ 2350 ¢ 830
. {Planned population (persons) 552 1ns 2838 - 955
Planned mean water consumption per 1o . 90 90 90
[head per day (Uperson*day) -
Planned daily mean water 61 o |- 2 97
consumption (m*day) 1 .
Planned daily maximum water - .73 12 ] | | U6,
consusption (m“"ld:;y): : o '
Hourly maximumratio  © 3.5 50 1. 40 N
Planncd hourly naximusm water 106 25 .52 ‘ :18.3
COLISU mptioﬁ {(nm’/hour) ' i ‘) e
Distance from San Carlos - approx. 3km | approx. 3km

3) Facility Plan _ . _ :

A disiributing:!al_lk shall be installed anew at the hilltop part of San Carlos, a cbn_vc_\’ing
pump for liflting water shall be newly installed next to the water taok instalted in the pilot project,
and a distributing pipe shall be laid for distribution of water by gravity within the i:omnumity,' of
San Carlos. |

Also a connection shali be nndc with distributing pipes and conduits shall be laid todivert
water 1o the two villages of San Juan and Vifla Resario. Figure 7-2-1 shows the water supply

plan diagram.

7-7



Distributing Tank

b

ol Pu‘_o!ic Faucet and
Water Tank - é . Housc;; Connection
g .
Bl )
R —-él San Juan
.
8

-f—){ Villa Rosario

Gendrator .-

[ oJ-Lift Pump

Figure 7-2-4 Walcr.Supp.!y'PIah Diagram (San.Cm'los) _

1) Required Facilitics
() Welt
@) Lift pump
3 Water tank

) Conveying pump

{5 Electric gencrator

6y Wat_crpipé {from water tank to distrjibuting tank)

17+ Distribuling tank

' Exisling
Exisling - ¢ 32mm X 105Vmin X 100m X 3.7kW)
Existing 15m®
Model: Volute pump . :
Specifications : & S0mm X 305Vmin X 80m X 7.5kW
Existing 13kVA
Addition - 20kVA
Total : 35kVA
© Specifications PVC, ¢ 40mm
Ex(ension: approx. O‘Skm‘
Structure Reinforeed concrete
Capacity: approx. 70 w?

‘73?. Distributing pipe

{cquivaleat to 16 hours of planned daily maximum water consunption)

© Specificitions: Steel pipe; ¢ 75-1235nun

Extension: approx. 2k’

{0 Conduits (from distributing tank to neighboring 2 villages)

* Spetifications: Steel pipe, ¢ 73mm

Extension: approx. Skm
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7.3 Cost Estimation and Fedsibility of thé Project

1.3.1 Project Cost
Initial investment Qf the groundwater development and water supply project is composed of
well drilling cost, construction cost of water supply facilitics, land acquisition cost, and
engincering cost for ‘investigation, design and supervision. Among these, many beneficiary
communitics nii ght carry the land acquisition cost and the labor cost for the facility construction.

The project costs for construction of water supply facilities are shown in Table 7-3-1;

‘ostimated according to the facility p!aiming in the scction 7.2 and the following conditions.

a. Well construction costs were estimated for the operation of driifiilg equipment, the
procurement and installation for casing and strainer, and the field examination,
excluding depreciation costs of the equipment and physical ‘contingencics.

b. Couistruction costs for water supply facilities were estimated as far as distribution pipes
and public water faucets, based on the contracts with private constructor.

¢. Bach costs were estimated upon mulliplying the quantity of each facility and the unit
prices of market, excluding reserve funds.  To verify the total ‘costs, the cost for
construction of the existing facilitics were also estimated on the current pricb bases.

“d: Engincering and consulting costs were estimated at five pereent of the total dircet costs.

Table 7-3-1  Construction Costs _
(Unit: dollar)

: Campo Leon Cdrquc - La Chosa ~ San Clarlos'
¢ |Well Drilling 48,100] 11,100 13,400 (13,400)] 24,0060 (24,000)

 |Facitity Construction b o -
Submersible Motor Pump 12,000( - 3,100 . 5,600° (5:690)
Lifting Pump - 2,500 1,300 (1,300} 2,500 (2,500)
Transit Tank - 33,0000 1,200 (900} 2,300 (1,500)
Distribution Tank 4,500 9,000 7,500 (3,600) 10,500 (4,500)
- Lifting Pipes - 22,000( 3,000 (3,000 1,000 (1,000)
- Distribution Pipes 25,000] $2,000] 10,000 (10,000)] 20,000 (20,000)

Conduit Pipes to Other : - o
Comnnitics _ 90,000 ) 30,000  (0)
- Distribution Pipes to Others - - 113,000 SO 17,000 - (0)
Generator 28,000 22,5001 11,000 (11,000 22,500 (22,500)
Gencrator House 3,000 3,000 - 3,000 (3,000) 3,000 (3,000)
Sub-total 120,600 158,200 155,400 (46,200) 158,400 (84,600)
Consulting Engincering 6,000 7,900 7,800 (2,300 7,900 (4,200)
Total © 126,600 166,100] 163,200 (48,500)| 166,300 (88,800)
Per Capita : 464 “93 133 (1i4) 174 {l6l)

Note: ligures in { ) show the case of the individual planning,
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 Estimated construction costs of the facilitics vary widcly from $93 to $464 per person.
Campo Loon is such a dispersed community with small population and decp groundwater level
that the construction cost is comparatively high. The costs of Cotquic is the lowest because of
greater population scale and shallow gn}und\\'zi!er level. At La Chosa and San Carlos, the
individual watcr supply planning costs lower than the combined planaing with neighboring

communiitics as a result of long distances.

71.3.2 Qperalion and Maintenance Cost

‘Operation and maintenance costs cover the energy costs for fuel, electritity abd chemicals,
the personiel expenses, the procurement expenses for expendables, the cost of materials and labor
wages for repairing, and the dep'rcéiation expeases for facilitics.

Table 7-3-2 shows the operation and maintenance costs in the pilot project communiities,

estimated upon the following conditions.

a. Fuel costs were estimated upon mubktiplying the average working hours of generator, fucl
consumption rate and untt price. '

b. Personnel expenses vary from the number of staff and the daily wages. Moathly
expenditure were estimated for three days of daily allowance at Campo Leon, 20 days
at Corque, and 10 days at 1.a Chosa and San Carlos.

¢. Annual rcpairihg costs were estimated at 0.2 percent of the construclion cost of
facilitics. '

d. Depreciation costs of facilitics and equipment were exeluded in the cost estimation here.

Table 7-3-2 * Operation and Maintenance Costs

(Unit: doliarimontl)

. _ Campo Leon Corqic | iaChosa |  SanCarlos
E“_Lij:_lﬁ(jﬂﬂu}lpli()li ' 132 248 56 (23) 376] (201)
Personne! Expenses 20 140 700 (70 70 (70)
Repairing Cost | 20 o 26| @ 26l (9
Total _ 172 4| 82| qon| 472 (285)
Pet Capita | 0.63 023 ol 024 049 (052
Pei Houschold Bsl6  Bs 6 Bs 4} (6) Bs12 . (13)

Note: Figurcs in{ ) show the case of the individual planning.

Estimated opcration and maintenance costs ranges from B3s.4 to Bs.16 per houschold per
month. Campo Leon is (he most expensive, while Corque and La Chosa is comparatively
inexpensive. Fuel costs account for 60 (o 80 pereent of the total operation and maintenance cost

exeept for La Chosa where groundwater spouts to thé ground with its pressure.
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7.3.3 Feasibility for Water Supply Planning

1) Average monthly income is assumed to be around $10 to $100 per houschold in rural
conuiumitics, which means the construction cost is equivalent to the income of all houscholds for
onc year at Corque and five years at Campo Leon. The construction of water supply facilitics
should be charged to public investment because the project cost is fir beyond the limit of the
commnﬁity‘s financial capacity.

' 2) Operation and maintenance cost was estimated at Bs.16 per houschold per month at
Campo Lcon, accounting for around cight percent of the monthly income. However, average
monthly expenditure amounts to around Bs. 10, some houscholds charge up to Bs.20 pér month
for purchasing drinking water of tanker and many inhabitants said they could barely pay up to
Bs.20 per month according to the questionnaire surveys. Therefore, it might be possible to charge
the communilics water tariff for operation and maintenance of water supply scrvices.

3) The implementation of water supply projects planned in this Chapter will realize a stable
water supply and improve the living condition of beneficiary communitics. As the comnitics
are considered to have strong wills and abilitics to operate and maintain the \\'ﬁ!CFISlepl}' systens
independently from the points of view in the pi[ot‘projccts, the project is concluded to be viable
after realization of an initial investiment.

4) The simple technology employed in water supply planning must be adapted for rural
comnuinitics to operate and maintain the system, Howcv.rcr, supporting system should be
cons.tmclcd by the Prefecturcs, the Municipalitics and private dealers to cope with the case of

incident or disorder of the cquipnicai.
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CHAPTERS  PROJECT IMPLEMENTATION PLAN

8.1 Ouiline of the Project

1) The planned project aims at developing groundwater for domestic use and supplying and
distributing water for domestic usc to 98 communitics in Chuquisaca, 46 communitics in the
southent part of La Paz, 72 conimunitics in Onwo, 85 communilics in Tanja, and 1353

_communitics in Santa Cruz, or a total of 456 conunanitics which face serious shotiage of

domestic water dug to delays of water resource development.

2) International aid shall be depeided on for the procurement of the well drilling cquipment
{rigs) necessary to exccute the present plan. In order to serve the additional purposc of ghidance
on cquipment operation skills, the well drilling work for the first year shatl be carried out in
cooperation with cngincers of cach Prefecture, which are the prbjcet exceuting bodics and

agencics ta which the equipment arc to be provided,

3) The respective Prefectures shall be fully responsible for carrying out the well drilting
work from the sccond year onwards and all of the water supply- system construction work while
making adjustments with the relevant agéncies in the central govemmient, Prefecture, caty,

targeted comnwnity, ctc.

4) The term of execution of the projeet is considered to be restricted by the project
financing conditions, the financial circumstances of the contral government and ihc respeclive
Prefectures, Although it may take approximately half a’ year to a year for the cquipmicnt
procilrcz_ncnt.fonn‘alitics to: be completed if international c_bopcratiou is'to be depended 'on for part
of the financing, plans were formulated so that the p'la'nniflg "targcits will B_c achicved in 3 i.\'c‘aré in

view of the urgency of exceution of the project.



8.2

Execution Schedule

Figure 8-2-1 shows the ¢xccution schedule for 1he projcci. In’ the first year, drilling
cc.lui'pmcnt shall be procured, the projoct execution system shall be established, and preliminary
field surveys, selection of applicable projects, and detailed field surveys shall be carricd out, The
drilling work for the first year shall bé performed in an on-thejob training form for the
acquisition of skills. :

The water supply system construction work shall be performed upon making facility plans
that take ;thc'p_opulation,‘ water consumption, site coiidilidns, groundwater lovel, yield, cte. into

consideration.

1st Year | 2nd Year| 3rd Year | 4th Year | Sth Year "Remiarks
Project preparation RN ' ' ' '

Procurement of drilling SN

cquipnient _ : _ . .
Sclection of drilling points | SR I &V 80 U 8¢ 8 N N |Field survey

s
s

oA

%

Well drilling work SR RN RN NN Y JAnaual inspection

Detailed design of water "
supply facilitics

7

]

SRR RS

2

S Ny
3

RN SRR

8.3

8.3.1

Construction of water supply
factlitics

pa

-

Figure 8-2-1 - Project Execution Schedule

Water Supply Plan
Basic Policies

The procedures for water supply plan formulation are shovwn in Figure 8-3-1.

r N
. . 1
[ Detennination of Water Supply Blocks l [ Determination of Target Year
! J
I
l Estimation of Served Population ]

]

I Estimation of Water Consuinption

1

[ Istimation of Water Supply Volume l

[ Selection of Water Source }

[ Determination of the Scale of Facilitics )

[ Basic Design of Facilitics ]

Figure 8-3-1 Procedures for Wa.tcr Supply Plan l"orn'ml'ali'on
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The water supply facility plan shall be formulated in accordance with (he following basic

policics, - ‘ o o

D The planning and design of water supply facilitics shall be carried out on the basis of

 the circumstances of cxisting water stipply syétcms and the Dosign Standard of Water
Supply Facility Design Standacds in Bolivia.

{2 ‘The scalc of facilities and the improvement/expansion plan for existing systons shall
be planned on the basis of the planncd population for 10 years after the time of
planning, . _

{@ With regard to water sources, grondwater development by means of wells shall be

~ given first consideration. _

@ This development plan shall be planned for major facilitics such ds the water source
facility, waler conveying facility, distribution rescrvoir, distributing main, pipe.

(B In cascs where the sustainable yvield exceeds the water demand of the corresponding
block, diversion of water to nearby blocks shall be considered.

@ In cases where water supply facilitics exist already, improvement and expansion work
shall be carried out to cnable effective utilization of such facilitics.

(D The capacities of cach facility shall be designed for 8 hours of opcration a day as

standard.

8.3.2 Planned Water Volume

The incan water ¢onsumption per head per day have boen set as shown in ‘Tablc 8-3-1
based on the Water Supply Facility Design Standards in Bolivia and in accordance with the

population of ¢ach water supply district and the zonal division,

Table 8-3-1 Planned Mean Water Cdns_mﬁpiion p;er.’llea.d per Day
' R (un‘fl:‘lf’pefsofr ~day) .
Zonal Division Population of the Comliuuiiily .
<=500 501~2,000 | 2,001~5,000 | 5.001~20000
Altiplano - 30~50 30~70 30~80 30~100
Valley §0~70 50~90 70~100 120130
Plain 70-90 70~110 90-120 150200 |

Table 8-3-2 shows the total water demand for the projeets. Planned  mcan water

consumption amounts to 24, 116 cubic racters per day in total.



© Table 8:3-2 * Total Planned Water Volume in Esch Department

(unit; m’/da}j

- Hem - |Chuquisacal - Southof | * Oruro | Tarija |Santa Cruz|  Totat -
B ' " LaPaz _ . '
Numtber of targeted blocks 98 46 72 - 85 155 456
Planned datly mean water 5,073 1,176 1,867 2,815 1,3185 24,116
consumption. - . ) .
Plannicd daity masinum 6088 | 14t | 2240| 3378 | 15822 28930
water consumption * 7| - f¢ - ' ey R
Planned groundwater yield |~ 6,696 | 1,552 2464 | 3,716 | 17404 | 31,832

‘Note lemeddm'h’ maxinm waler consumption = [Plained datly nean water consumptionj X" 1.2
£ P

Pimmed growdwater vield = [Planned daily micxinimm water consunipiion} X 1.1
833 Facility Plan

1) Water Supply System
Water supply systems using gronndwater as the water source can be classified into the
following four types according to the water infake incthod, the population of the targeted
community, and the forms of the community (Figare §-3-2). Motorized pump system is applied for

the water supply systems in this Project.

(1} Hand Punmp System
This type of system can be '1doptcd for sh'lllow welts and dec p wells with a water level at
- 1bou! 40 m or shallower and is applicable to distncts where the umber of houscholds is abouit 20
or less. This type of system is lhc most m(’\pcnsnc in tcrms of‘ constniction cost and opcration

:md m'untumncc cost.

2 Gravity Flow System
This type of system can be adopted in cases where spring water cait be collected from an
area that is higher in altitude than the targeted district. Since power will not be required if water
intake facilitics and conduits are consiructed, the operation and maintenance cost will be

imexpensive,




(1) lHand Pump System 2) .G raviiy Flow Sy_sic'm

\ Resenoir

Bistribution fank

Dastribution pigw

(3a) Motorized Pump System
Distribution ¢4 - '

Tack T ] (without relay tank)

1]

Howse connection

Génerator house

Tl

Public fance

5
Bistnbution pipe
Lifling pump
— Disteibution
[ = tark
. ; . . ; : )
(3b) Maotorized Punip System _ : B

- {with relay tank)

Distribution
pipe
Relzy tank

: Conveying pipe
Generater house YT pipe

sy
0.1
| L S———
Conveying purp . .
Z (4) Water Distribution With Tank Lorry
l ’ Lifting purnp Resen oir \’u’varcvl‘l;)r.l.

=1 - Q@_@B <

Wates Tank Lorny

Figure 8-3-2 Basic Water Supply Systems
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¢} Motorized System _ .

In this type of system, a power ]m.mp_ is used to pump up water froim the well to a
distibution tank (clevated water tank) where il is stored and then distributed by gravily. For the
lift pump of a deep well, a submersible motor pump shall be used upon inslallitfg in a casing. In
the case of a shallow well, operation and maintenance will be easier if a non-clevated centrifugal
pump is used.

Ds.pcndmg on thc location of the dtSlnbLtthh tank, the water may bc pumped up directly to
an ¢levated tank by mcans of submersible pu mp or he water may bo pumped up w ith a conveying
pump to a distribution tank via a relay tank.

This type oF systcm rcqums lhc appointment of a person rcsponsnblc for management
activilies, including the operation of cquipient, maintenance and inspection, prevention of
excessive pumping, etc., and the pro:vision of a suppott systein for'opcration and maintenance.
The operation and maintenance costs of this type of system aie hi gh.

D Wal.er Distribution with Tank Lorry

In this type of sysiem, clean water collected from a water sotrce in another district is
transported by means of a water tanker and supplicd to the targeted district. This type of system
is applicable to districts in which satisfactory groundwater cannot be obtained or in which water
supply facilitics cannot be furnished due to high construction cosls, opcrfation and maintenance

Ccosis.

2) Required Facilitics

The facilities required in cach type of water supply system are shown in Table §-3-3.
Constmchon sﬂcs access roads, and operation and mamlcmncc facility, groundwater mom(onng _

l"'u:lht} and accessorics are also rcqulrud n 1ddmon to the items shown below.

_ Fable §-3-3 Req!uired Facilities by Watei Supply Systems
Water Supply System Required Facilitics

1) Hand pump system

Well, hand pump, foundation

2) Gravity flow of spring water

Catchment well, conduits, water storage tank, distribution pipe

k)] PO\_\.‘cr piamp systcm

Well, 1ift pump, clectric generator, control house, distribution tank,

distribution pipe (relay tank, conveying pump, conveying pipe)

14) Water distribution by
lzansporiation

Water t'zmkcr, water tank

 Note: Depending on the water qualitv, disinfecting aud filtration devices may also be necessanv.

3y Planning lSmndards

The planning standards for motorized pump type watetr supply systenmare as follows,
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@ welt
The number of wells is determingd based on the safe :'yig_*.ld calculated baécd on the
estimated water consimption and the pumping test results, The drilling method and well structure

are described in section 8.4,

@ Lift Pump

in lhc case of a deep well, a submersible notor pump shall be uscd. In the casc of a shallow
well or in the case where the water level is high, a non-clovated centrifugal pump shall be used
and a tow-level stoppage limit switch should be installed. Puriiping pipes, submersible ‘cablés,
control panel, power equipinent, cte. will also be nécessary. As a rule, the pump capacity should
be caleulated for 8 hours of operation a day. A pump room should be installed for housing the

control panel,

@ Power Source
An engine generator should be instatled in the case of a district without commercial power. -

Depending on the area, solar power gencration may also be possible.

(4> Distribution Tank _
An clevated tank shall be installed at a location and height that would enable the
continuous supplying by gravity of the nccessary quantity of water at '[a'ccmin pressure Eor niore
- to the area to be supplicd. Depending on topographical and site conditions, a it pump > relay
tank => comcymg pump => distributing tank arrangement shall be used. The structure ‘shall be
of reinforced concrete and the effective volume of the tank shall be sot to an cqua_vqlcnl of 0to 18

hours of the estimated daily niaximum water consumption.

/5! Distribution Pipe

Distribution pipes should have adequate icsistanfi:c?ag:aiﬁsl! “:'alcr 'pr'cssur'\c _énd éar_ih‘
pressuee and should be one by which the water will not be pollu!.cd or will not leak: The minimum
water pressure for a distribution pipe shall be 1.5kg/om’ of more as standard. [n terms of matertal,
the pipe should be a galvanized steel pipe or polyvinyl chloride pipe and ficezing should be
considéted for cold arcas. In cases where a distributing pipe network ‘already exists, the

connection positions should be exanined

Table 8-3-4 shows an cwnplc of water :nppl\ system spcuﬁcauons calcutated b'lS(‘d on

the above planning standards for communitics of representative population scales.



Table 8-3-4 ~ Model Designs for Water Supply Facilities

Populauon scale of comnmuuity 200 300 | S00 1,000 2,000
o persons- | persons | persons | persois pcrsoﬁs

Mean watcr consumption per head per day. 80 80 80 100 120
{I/person: day) L
Planncd daily :_nca_:ﬁvatcr consumption (m*/day) 16 24 40 100 | 240
Pi:inned daily maximum i\‘atcr consumption (*/day) 19 29 48 120 280
Hourl) maximiim ratio - | 5.5 4.5 4.0 ° 30 | 25
Planticd houtly maximum \\ﬂtcr Consumpuon 4.4 5.4 8.0 150 | 300
{m’/hour) '
Planited yicld (Vniin.) >=22 | >=32 | =53 | >=132 | >=317
Capacity of lift pump (I/min.) 16 67 11 275 | 661
Capacityofdisirj_biltillg tank (m°) 15 20 .28. 60 . 120
Capacity of conveying pumip {[/min.) 74 90 | 133 250 300
C apa’city of rrcléy tank (') 5 6 8 15 30

Note: 8 hours of operation a day vwas presumed for the h’ﬂ pump. Depending oi the topographicel conditions,

the conveving pinup eurd refay tank may not be necessary.

8.3.4 Facility Construction Plan

1) Procurcment of Equipiment and Materials

Amdng the water supply cquipmient, forcign products must be impol:tcd for the lift pump

{(submersible motor pump) and the dicsel engine generitor since there are no maitufacturing

factorics in Bolivia for these itoms. It is considered that the other equipment can be procured in

the domestic market. Standards and specifications shonld be standardized in the procwrcment

Process.

2) Consteuction Works

The water supply facility construction work should be undertaken as contracted work by a

“donicstic’ construction firm. With regard to the labor force for the construction work, the

coopuranon of the resideitts of the district should be soug,ht as much as possible and employinent

-~ opportenitics should be increased.

The design, ‘cost cstimation, and exceulion contml should be mrmd out under the

responsibility of the Prcfecture.
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8.4  Well Construction Plan
8.4.1 Basic Policics

The basic policics for the well cotistruction pi_an arc as follows.
® Water source of this project shall be deep groundwater in an artesian aquifer,
@ In order td determine the drilting depth and drilling method for a drilling point, detaited ficld
: sur.\'c_ys' muist be exccuted and the hydrogeological structure of Ihc'plannci'i position must be
chocked prior to the exceution of the project. '
€ The yicld should be set within the safe yickd range upon cohﬁrnfin_g the yicld of the welt and

confimming that there will be no influences on water wtilization in the surroundings.

842 Well Drilling Plan

1y Well Drilting Procedures

The procedures for exccuting the survey and work for welk drilling are shown in‘rFigu'rc 8-
4-1. In order to secure stable intake of water, adequate studics, including the collection and
organization of ¢xisting inaterials, hydrogeological surveys, geophysical prospecting, ctc., must
be conducted to seck out a favorablé aguifer and the formulation of a drilling plan suited for such
an aquifer, the installation of scréenis, and the sclection of a pump with & capacity that matches
the cxisting groundwatcr quantity 'mi:st be carried out. The dnfling point should be sct in
consideration of (he position and height relationships with respect to the district to which the

water is to be supplicd.

Selection of Region I ... Site prepasation, teansportation
_ I - _ - Preparation I :mdinslal!ation‘ot‘:xlcttcrialgalld
P — ] : equipment : :
Preliminary Study T ‘ R
Studv of materi =l . Drilling Saniple colléction ¢ oo
Study ol materiais | _ Preparation of geological colunin

Study of nearby wells

Electrical logging

Petermination of water samipling

' | .
i , . . 1 laye
- Hydrogeological Study [ustallation of casing e
Sunvey of the surface geology - |
Gcophysical_ prospecting " Back-fifling Washiug of well, scaling work
Scismic prospecting ]
Boring survey Pumping Test Stepwise puniping test, aquiter
I - i test, water qualily test
Selection of Drilling Point Cleaning up of Drilling Equipmient

—— ! [ 1

Installation of Submersible Pump

Figure 8-4-1 Flowchavt of the Well Drilling Work

2) Drilling Methed _
' 89



- Well drilting methods can be lasgely classificd into open hole methods and cased hole
“methods. In open hole methods, the interior of the drilied holg is filled with slurry to prevent the
éoll:ipsiné of the hole and drilling is continued in the open hole condition up tc_';'a. prcdétc’miin'cd:
depth \‘\‘hilc.m;’iking a mud wall. In cased hole mcthods, drilling is continued while inserting
casings in order to prevent the éol]apsing of soft ‘strata and using only clear water instead of
sthrry. Well drilling machines can be di\{.ided into the pcrcussion't_\pc and the rotary type, and the
typc fs sclected ﬁc’cording to thic type of strata, the drilling dcinh the site condilions cte. With a
pcrcussnon typé well dritling maching, vertical mot;on is apphocl toa bit *md the strata are crushed
and drilled through by the impact force, Dnllmg is |,crf'onmd by applying a rotating force to the
bit in a rotary type well drilling machine, uhtch may be cIaSSthd furthcr into a spmdlc type,
turntable type, reverse rotary type, ete. '
The drilling method must be sclected according to the type of strata, the drilling depth, the

site conditions, ¢tc.

3) Year-wise Drilling Plan _ _

In consideration of the working and transport ¢fficiency of the drifling. cquipment, the
policy of starting the work from regions with high groundwater developiient potential and good
access and then gradualiy expanding to peripheral arcas shall be taken for the execution schedule
for the well drilling work. Table 8-d-1 shows the number of locations drilled it cach plan year in

cach Department.

4) Well Structure
The well stracture nust be determined in consideration of the planned dcpth yield, and
water level and water quality of the groundw ater.
Figurcs 8-4- 2 :md 8-4-3 show standard cross sccnons of the welk: As standard, the well
 drilling diamcter _shall be 10-12 inches and the casing diameter shall be 4-6 iinches. Casings shali

be made of sicel and screens shall be made of staintess steel or FRP.



Table 8-4-1 Nember of Locatios Drilled in Each Plan Year in Fach Department

_ Drilling Number of Driliing Wells by Planncd Drilling Depth (1) Dritling -
Department | Year | 0~50 | S0~100 |100~150]150~200]200-300] >=300 | Total | Extent (m)
Chuquisaca [Ist Year [ 15 | 1 3 19 1,300

2nd Year| 21 2 q l 28 2,050
3rd Year 2 10 -8 20 2,300
dth Year I 18 l 20 3,000
Sth Year | ' ! 5 1 2,050

: Total | 38 14 | 34 7 98 11,600
Southof |ist Year | 6 1 7 430
La Paz 2nd Y_eaf e 3 14 ' 1,060

3rd Year 9 9 1,350
4th Year 7 2 9 1,450
5th Year : 7 7 1,200
Total | 17 20 | 9 46 5,450 |
Qnuro tst Year 2 3 17 1,950
2nd Year| 3 13 3 I9 1,900
3rd Year ' 16 16 2,400
4th Year 11 2 _ 13 2,050
5th Year 3 5 8 2,100
Total [ * 3 25 | 35 3 5 73 10,400 |
Tarija 1st Year 1 3 ' 14 1,550
Znd Year 11 6 2 19 2,600
3rd Year 15 3 ! 21 2,450
4th Year 3 8 I 16, 2,900
5th Year 5 L5 5 15 3,250
Total 40 27 | 7 Lgsc [ 12,750
Santa Cruz’ |1st Year 18 2 | 20 2,100
|2nd Year]. 4 2 | 13 39! 47350
3rd Year | 28 12 a0 14,600
dth Year 27 12 30 4,500
‘15th Year 14 e 20 25,100
Total 4 95 39 M) 158 | - 20650
Tota} Ist Year | 2i 42 14 . 770 1350
IndYear| 39 | 45| 20 | ) 2 1o | 11,900
rdYear | 2 | s3] s0 1 | 106 <|' - 13,100 |
4th Year 31 56 | 6 4 97 | 13,900
5th Year 6 | s 61 14,600 |
Total | 62 | 174 | 1ss [ 42 | 19 |_400 60,850 |
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Figure 8-4-2  Designed ‘Fype of Well (in case of Hand Pump)
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Figure 8:4-3 Designed Type of Well (in case of Submersible Pump)
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