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<Notes and Disclaimers>

+ This report is produced by the trust corporation based on the contract with JICA. The
contents of this report are based on the information at the time of preparing the report
which may differ from current information due to the changes in the situation,
changes in laws, etc. In addition, the information and comments posted include
subjective judgment of the trust corporation. Please be noted that any actions taken
by the users based on the contents of this report shall be done at user’s own risk.

+ Neither JICA nor the trust corporation shall be responsible for any loss or damages
incurred by use of such information provided in this report.
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TEAHY Z LR END N, YEITY 2 7 VA RO ESED Z L IINEETH B,

AAMFHE T — 20, BHE (EFRO 0JT) RO I —2@ LT, AU 71l
WZHFDOZW - SE - BFMLOBANEEZ1T 572, C/P KO TOY 7 /P #E
IF. REEICBTDHHESE I T —I280 - 17 2130, BB O KEEH YL
BlIZHBMER LT,
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(6) BXEHEBRMAEEOME
KEHED C/P ALY 7 C/PHEEEDOEEIZLL FTDO B ThH 5,

1) C/P #%R8

HFE

BREE - KEECEIK -« AR E % Viceministerio de Agua Potable y

Saneamiento Basico (VAPSB), Ministerio de Medio Ambiente y Agua (MMAyA)

FifEH#l : Calle Capitan Castrillo No.434 esq. Av. 20 de Octubre, La Paz
FANLAE ¢ 2009 4
FHAR DR : 185 5 FEMOEM TELOBERZ U TOR—2.4 17T, EOXFHF

EIX1 AN 12 ATHD, BITIZE T 2FR TRIER A 7 ¥ a2 — Vi,
8 HIZTH (%) ZAEk - 55, 9 AICPRBUFSAGE, 10 AIZRT T
HREET D, 2B, FERTTHoTHLEMTPHEPFENETH D,
Bt OREAIZ DN T, EARMIZIZEED PEIZE TN TV, B
LIS & L CHEESRN CTOMENATRETH 5, M FARREDOFHE - 1
HIBARDO T A K7 A AT, HPT A TIZK D2 K0 A ENnEY
BALRARRICIR D LD T b,

F—2.4 VAPSB DHIfH

EEE FHETHE (Bs.) BE% (AN

2017 38, 263, 268 79 (9 B, 45 NHATH)
2016 50, 884, 654 81 (9 B, 45 NEHTH)
2015 46, 638, 939 86 (9 .53 NHTE)
2014 54, 482, 319 73 (5 B, 39 NEAITE)
2013 62, 226, 875 83 (9 .46 N HTH)

MR HE) 0 FORRKBERS PRHIRE ff Je ONBEZEM) & B O R AL BR B M

HEAR

TREBNE © LR ARISERD T REUFOIENE - BAIORE, 4 - KkET 0

T ALADEM, YrvV FOEMATREERAELEESHE, ey
VANOES=Y-8)2/
MMAYA Kz TR VAPSB O#HFRX % LL T DX —2. 2 IZ/RT,
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—2.2 MMAYA #HAEX

2) 47 C/P &8

2L

FRAT - =)V T )V b B FKIEAFE Empresa Pablica Social de Agua y

Saneamiento (EPSAS)

FR{EM : Av. Las Américas No. 705, Villa Fatima, La Paz
FRNLAE 1 1997 4R
FARR KR - 12 b R OERM PR E OB A LT DR —2.5 127”7, EPSAS OF

BT _RTHLH > TW5D, SEUMNKEEHEILA, 7Y 14%03 sk Y —
A (27 HIZ L DRHEKRSCHIRAGERERS) BN AN 725, 0DA
AL DANERE T EA LT, EPSASfIlE LTAH T Z—r3— &
EIXTHEALT D0, FETREARITBOFNEE L, BUFH» S B iia
END, B OMEREEE AT EERE H (Gastos Operativos) 28 £
TW5, 2017 FEDOHA ., BIRRE D 5 BRI 609N EERE T, 780 40%
NG E A (Gastos Inversion) THho7-, FEOWETFEELDO L DITIE
HREHTHY, RU7OFHRIFEEEH L LTEt Eahs, @Fix, &
> FEED R USD200, 000~500, 000 < & WOEMFHE /A TN D,

#—2.5 EPSAS OHItE

FE FEHFHE (Bs.) BE#H (N)

2017 320, 789, 510 | IEHkE 460+ FaefE fH 150, 9 b 472 DNk
2016 302, 980, 082 | IERkE 474+ FREFREM 240, 5 5 472 N Hdli#
2015 285, 230, 711 | IETRE 480+ Fgis/E fH 123, 9 5 552 N Elis
2014 290, 731, 046 | [EHkE AT5+EERFEH 97, 9 B 467 N ELfTE
2013 254, 940, 556 | [EkE 493+ EEHEM 91, 9 b 443 N EfE
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MO BR . TR RN LTV M OHHE#IZIS T 5 EFKE Y — B X O#REE

FREGNE © ETAKEV AT LORE, K, HFZETe BN KE R O S -
HERFE B, BR8N

HHAEEA - EPSAS AR 2 LU F D —2. 3 IR T,

—2.3 EPSAS #H#%1

ZFR . TSR EIKERIE N f: Empresa Publica Estratégica Departamental de Aguas
La Paz (EDALP), Gobierno Auténomo de La Paz

FIfEH © F 2B L7 v M i

BALAE ¢ 2015 A

MR DKL « AT 5I3AY Bs. 400, 000 HARE

Ffk D B« HOGE O THRTANC 31T DK FEDSHE, 7 ZAROEBMEE TH -7

FRKEER M A2, — B Al A T B 5 & 512 L7z B E Ak

F/eEBNE . MO TR ORI Uiz H 7 OHRHEl, H 7 25 O 7= BEfFfaK
M DBMEEDHEFFEHIETH Y | FIZERBEZ G L LT 115
A 2 =T AT O XAEEIT o T D,

MR 7 X 2B OV EDALP ORI 2 LU T DX —2. 4 RO —2. 5 ICENEIHRT,
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BK—2.4 F 32 AR

—2.5 EDALP #H#%X

AR A va EK - A - 5 FR Unidad de Agua, Saneamiento Basico y
Vivienda (UNASBVI), Gobierno Auténomo de Oruro

FTTEHE « AL m AL e

FERE OB « 12 5 AE DR TR K OB A L T OER —2. 6 127”7, TH X DASAR
FOTRT s NRALL o TWT, ey =y NPRNOLERTH
RHMEZIT> TV D, DASARIZS DT m Y =7 FTHY | WHE
EHEEFENTELHDOT, BEIZSUTLHEEOHBMELZEGE L TV 5,
DASAR IZ5%F L Ci%.2017~2020 4= CBs. 21, 000, 000 D TR ADWTED |

18



BYENOE L ToND, BNRBERT 2 HFOEIZ X, B2y 70~
85%, TAY 15~30% & &M L, MixEY (BREl <> b A ) X
THRBELTWAS,

F—2.6 A /LuE UNASBVI DI

FE FHFHE Bs.) | BE%K (A
2016 4,043, 097 36
2015 2, 816, 920 35
2014 9,332, 111 36
2013 1,763, 724 33
2012 1,922,614 41

FRRD BB - THRTRAIC IS DK, BRI B ORI BRETIEAR . (EBRET O 3R

LAREHNG TR ORI U R OB 35 % &b =B AR D i
&% DOMERE BESHE

FELAKIX : UNASBVT ROV 7 112 = 7 b DASAR ORI % LA T DK —2. 6 127,

X —2.6 /Lo BFHEEX
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—2.7 A/bv B DASAR-JICA HHi#kIX]

SFR . A vadi ETFAKENAR Servicio Local de Acueductos v Alcantarrillado
(SeLA), Oruro

FRTEM : Av. Villarroel No.222 y Brasil, Oruro

BOLAE 1964 A

FHREOHIRL - L 5 FEMOFEMTRERMOMEE ZR 2.7 [TRT, FHRIZOWTIL,
IKIEEHEIUALZ £V 100%86 5 CTu 2, 2017 4R 3iElR T RARE TR %2
R EEDY | 2018 HFIAKFR TORHNTEIN TN, #HE
FRERAELR LE > TV, BEETHETKEEOERZ LTV, FEWN
BREETHIZIZOBETEIVDLLE N, Tav=) FTHEI AT EZHEA
THERIIHETRND, 20X T XEIETEND ZH SN D03,
IuYx/ NUATHBATZ25E8I2E, TN TEEBETENS &5,

F—2.7 SelA O

R FEMTHE (Bs.) BE#% (N)

2017 51,444, 031 | 286 (9 HAHfTHEk 192)
2016 46,615, 771 | 198 (9 HEIE 133)
2015 41,781,861 | 187 (9 HLHEHE 126)
2014 37,570,794 | 184 (5 HLEAfTH 124)
2013 34,558, 777 | 184 (5 HLH TNk 133)
2012 29, 083, 082 | 183 (9 HLHEI L 124)

HfiE 1% 60~70%

MO HE - A e fiomgicisir 5 ETKEY — B AOfRME
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FREBNE . ETKEY AT A0, KK, P28 L T KEME O EES -
HEFFEEE, BRI
FEHARIX : SeLA OFAREIX 2 LLTF DX —2. 8 IZ/~T,

X —2.8 SelA fHHEX

LW F oY B - KEJEFR Direccion de Cuencas y Recursos Hidoricos
(DCRH), Gobierno Auténomo de Chuquisaca

FT{EHE : Pasaje Gandarillas s/n Zona la Madona, Sucre, Chuquisaca
SRR OB - MESFERIODCRHIND 7 1< = 7 | PROEPPAS D4R T8 K Ok B % &
PLFDF—2.8 12777,

#—2.8 F =Y 4 DCRH O PROEPPAS O Hif

R FEMTHE (Bs.) BE% (N
2017 3,760, 109 | 45 (9 BHEAfTHEE 35)
2016 3,595,867 | 47 (5 HLHHE 37)
2015 8,511,532 | 45 (9 HHIH 43)
2014 5,395,711 | 45( 5 HLHIH 33)
2013 N B

W& DCRH TliE, HFAHIFEOFHER I Ty =7 MLV EM ST
BY ., ThEL DCRH B E N - HZEE LTEBEL WS, 7
A, MERFE BE K O 32 D T 55 & PROEPPAS, UNICEF, CUENCA &\
Sl7myx=s NEfLE72>TWV 5D,
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FER D B Y - THITANZ 81 D 7K 3D %,

FARFEHENE - TR OKFEIIS Uiz H T OREI. H7 % 8 0 I BEAF#G A % O el
S DOMERFE BRI

FHREX] @ FF = 205 0 B % O DCRH AR A LA T D —2. 9 KT —2. 10 (2R,

X—2.9 F =X EHERRX

X —2.10 F = %5 4 I DCRH #HLA%X
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LR B VA JICA H R KFFEGR Proyecto de Agua Subterranea — JICA
(PROASU-JICA) , Gobierno Autoénomo de Santa Cruz

FE : Vo X I NVARY U H TN T e T e T

FHRR OIS - B THEIT. 2014 4512 35, 000, 000 725 7273, 2017 4E121% Bs. 2, 000, 000

WCETHIH L TWD EDZ LN, FEII A,
O BRY - AN BT DK EEO T,
FRFEBNE © TR OUIEIZIS C7o 7 OEL, H7 %25 D 7o BEAAG KT ak D it
B OHMERFE B
HERRIX] 2 o2 7 L A KON PROASU DR IX 2 X —2. 11 O —2. 12 127~

X—2.11 Y& 7))L A EHHREX

—2.12 Y& 7 L AR PROASU-JICA HHAk X
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DR BT NART AT 4 T KIS

FifE# : Calle 24 de Septiembre / Bolivar, Barrio 3 de Mayo, La Guardia, Santa

Cruz

XA 1966 -

FAREOBIEL % 5 MO TR L OB Z L TOR—2.9 1T, PERITTAR
TKIERHEA T T %, HETROLRITKI 3 THY . HFD
HRFICKH L TWD, AT 203 EETHASEE L TV D,

#—2.9 THNT 4 THAKME OB

FE FHFHE Bs.) | BA%K (N
2017 3,210, 040 16
2016 2, 896, 768 16
2015 2, 715, 755 14
2014 1,959, 622 14
2013 2, 226, 802 14

HFROHBY « T HVT 4 THIZBT 5 EAEY—E 2D

FREBNE © FKETVAT L0, ek, HF 25T FAKERR OEE - HEFF
BRL, BN

R« 7 BT 4 T HAKHE O/ Z LL T DX —2. 13 12777,

X —2.13 T HIVT 1 T HKMAREX

L s b x g AR L L KL A Servicio de Agua Potable y

Alcantarillado Saneamiento (SEAPAS), El Torno

FifE#h : Calle 6 de Agosto No.7, Barrio Bolivia, El Torno, Santa Cruz

FRALAF 1 1972 4F

FAAEOBUR - % 5 FHOFEMTPTRELOMERK AL TOR—2.10 [T7-7T, FPHRITT
RTEHBEIA T > TV %,
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F—2.10 =)L L HAME OHFE

FE | FHETPHE Bs.) | BB (N
2016 2, 876, 055 16
2015 2,637,496 15
2014 2,297, 036 15
2013 2, 115, 382 15
2012 1,994, 973 14

MO BB . v ML LIS T D B R KE Y — B R Ot

FERFEFNE . L TAKES AT L0, K, HF 2 &0 BT KEREROER -
MERPEBE, BRI

HGRX . SEAPAS OFHKRIXIE Z BT 1 7 HAKE & [FEkL,

25



3.

RSN E S JOES

(1) EHEBEBOER

BRO: AFNWASEAVEZHNRRES W, HEOHEETORENASMNILE S,
EHI-1: HFEHE~OEERYICEYFFBRRMEDOAFOHEETREZE
HLGAEL., FEMREEHEHMHT S, (2017 £ 3~6 A)
FERETE B R G X O H 7 OBEREAX FARBLIS DUV TUEL 5 1 [BIBLHEE A (2017 423 A)
Je OV 3 [RIBLHIGRA (2017 4R 6 H) U C, FHRX O FEEHE L0 EEHEME L O
BB IEREE, ZOMRE L TIORT,

) SNRBT 4 2K (BEE : EPSAS)

EPSAS WEB L CTWAHT /L7 /L M7 4 7 Z KOOI FHEL, 1990 FITHRHE - diak
SNTZTALADIERET A BD 15 ARKEDEE 30 RKDBEARTHY | 2016 FITH -
2742 COTERPEBEIN TN D, 1990 FOFRRLAE, HFOWH - LEEZ1T->T
BOT, SKEMHAYET LTz, 2000 E458F, 5 Hokd (=7 —Y 7 k)
T T NRADIFEEITRE LN, BIEDEN G LN 2T, EDH%, 2007~2008
TR B OB NEEE & 720 (17, 400L/min—7, 800L/min) . B#E L =801
B H P 2R 23N T Hav, 2010 B2 3 HaHR Lz, 0%, HKEN
50%LL IR T L7z H 7 25604212 2010~201 1 AR 16 H: % 2014 4R 11T 4 Fh 283k L 7=,

BH T OEKE R OIRNORFEEALITE 3. IA~F —3. 1C ITRT LBV THY
2007 FETIXZ 9 LTeE=42 U U 7 NFENE STV R 7223, 2008 4R, 2010 4, 2014
FEIZEHAIAMT i, 2015 AFELARRIL M H Ok & FHA - %aé%éhé koo,

TA A TA VB EBITEEND 18 FHED 2008 HFIZ1E, < OHF THKEDY
WD 30~50%IZME T L TRV, Fiic@Eik s/ _ob\f% 10 A2 D BT
BKEN YOO 30% L TFE7e-7-bDn 8 Hd b, —J7, B-14 o X o IC&7H%% 26
EERTHLHKENZEALKTLAVEFLH D,

k. BIXEY IE#HIZ. Mr. Tomas Quisbert Guarachi (F:Efif), Ms. Ivette Arias
(HEM% « SEERE), Mr. Marco A. Sonco (MizR#EREFEFEYE), Mr. René Espejo (5
S T HEBKGER) X0VBLOTH S,

26



"L R IR TR VD SR TR R (W
%818 vee 90 LF 0G0¢ |GGe HAsk (0102 8 [I-GIV
— — — —  |ZEl — ieggL |ovl %6'LE — isoel  |LO1 A4 AR F AN 282 66 [0661 | O GIv
%18 81y v687 0.8E |6LV BAsk [0102 8 |-vIV
- — - — |l — 686z |08z %9°9¢ — igroz |9ST 8G¥¢ 1050l |00L 09 (066l | Ol vV
%608 68¢ 78€y 109¢E [I8% OFF |0F02 8 |I-€IV
- - - —  |mEl — izele — %592 LG9 {LZST |OL 056y |ve¥L |v92 ZL (0661 | o1 eIV
%G8 €2¢ 056Gy 1090¢ |[8LE ZhL 0102 8 |I-2Iv
- - - — |l — iggez  |e08 — — ig6ClL — |ozLs jeoLL  |oov 0L 1{066L | Ol v
%16 79 0L€y 02€¢ |9L — il¢6r |88 %ECE —  [IGGF |92¢ €ZIE 06 FF |00L 0L |066F | OF LIV
%y EL g8y GZ9¢ v86F [£9¢ —  GF9F 199 €I 10102 8 |1-01V
- - - - - — |y — — v — loL9s o060l [0L9 LLL |0661 | O (JAY
%901 G6G GL[c [0L8F |96G —  €LGF 696G €ZF (0102 8 -6V
- - - - — - — |y %0'€C 0LvS {v9CL |19l ¥z9y {080l |0OL 06 |066L | Ol 6v
%ic 761 06LF 1GL6F |9Z¢ — 16991 |ove %I VL — 19Vl |616 0S8¢ 109¢lk |00L 06 |066F | oOf 8V
%L Celh ¥G8 89GE G60¢ |vv6 — 06Vl |969 OFF |0F02 8 -1V
- - - - — - —  |mEuE %1 '8Y — ielel |Lee €202 8v'LL |0OL 16 (0661 | O v
%106 0¢8 GO¥E |(1€0C |12b €8 10102 8 -9V
- - - — |l — iggSl  |09g %L'9Y — isy9l |Lze 0L'€S {0LCL |00L 8L [0661 | o1 v
%8801 618 0S¢ G06F |G88 —  16¢€F |€GL G6 (0102 8 -GV
- - - - — - —  |mEyE % 9P 9.2y 16681 |GzE 0062 185¢lL |00L 06 |066L | Ol oV
%2 18 29Y 0CLy 0c¢¢ [69S G6 |010¢ 3 I-vv
— — — — B — eyl |6L1 %2 00Ly L9l 292 0862 (GL¥I |00S 06 |066L | Ol v
%086 LEY 0267 0G%E |ovv GL 0102 8 -V
- - - — |l — 6802 — %91y oves {vsse |16¢ G60F |L09L |00L 06 |066L | Ol eV
%8LG (Y42 €CCy |GEGE |0¢e 0€GE :0C8C |68¢€ 26 0102 8 -2V
- - - - - - —  |mEuE — — 16l — |szee o000z |00S 06 |066L | Ol v
%0vE 8¢¢ Sv iy 0GL¢ |8¢€¢ —  9¢6¢ |8I¢ %067 —  19y0¢ |evE 0GEy 190€lI |00L 06 |066F | oOf v
HENE (uiw /) (w) (wy Tuw/ T W Wy Uy HJENCE (w) (O ICEZEDIC)) (wy (Ui | () &
OHBEFN | (GI)ENE | TIIE | T | BNCEE | TINIE | TNedl | BENCE | OSIFEFN | TINCHE | TIesd | BNCEE | TICE | Tiedd | BNcSE | °# by | (W)
Hzl~1$910¢ HolEv102 HO0130102 H 948007 P o | JH
NEEH HEE

NEZHBEN GO VAL L) A £y LPJ AU LU= VIE—2F

27



e YR RO VD R TT-F R (]
— — — iS¢l — —  ivvS§l — %6°LC L69¢ {6VLl 08¢ 0§ L1 {0599 200} 06 066! 0l Gld
%076 889 GC'eE [006) |cvL — i¢9G1 |L¢L %901 0€¢E ¥991 |[18L 0€'lc 0L ¢EL 69 066! 0l vid
%001 6l1 ¥0'lE 1S¥'6l [EVC — 168Gl [Eh¥ %0" L G0vE 190°LL |L8F 08'0¢ 089 881°L 06 066! 0l €ld
%9'LS 799 9¢¢y (LOVe |0LS — j¢e8l  |[ev9 %6VL 089G (€861 [€98 ¢G'€C (258 [N 06 0661 0l [43:]
%l'v8 88L €G€E lL Ve |LE6 0l0¢ 8 I-1149
— — — — B — i0¢LI — %€ CC 09vS LG8l |[I16] Gy'G¢  (GV'6 868 96 066! 0l 35:!
%6°€01 6¥€ G660y [0v¢ec |9g€ - 0102 8 1-oid
— — — - |FEsE — v€§1  [06¢ %1°9G — 19961 [€0g 00yl {088 0vS 06 066! 0l old
%8°€8 0¢8 GL1E 1098l |8L6 — 0l0¢ 8 11-69
— — — — B — €G€l [08E %09 0L1G 6¢€l [L6C 06'€l 1026 [4:14 06 066! 0l 69
%6 L9] 8¢y L&Vl |0LL — {¢l8 091 %l 1€ — 120l [60¢ 800G 898 ¢L9 06 066! 0l 8d
A4 ¥0S ov'Ly 69V |6VE — 0l0¢ 8 -9
— — — — B — 1866 — %1'8¢ — LLve (8L 0€'ve 0€8 0cy 06 066! 0l L4
%5'¢¢ G¢¢ 0€'LE jcvel |96¢ — 016 LOV %6°LE — 1¢C6 08¢ 006¢ {008 200} 06 0661 0l 94
%8°G¥e L9 0Lr9e jcL el (616G — 0601 061 0l0¢ 8 1-69
— — — — — — — B %1°9€ 006Gy (l1¢0l [El¢ 01'6€ {010l |06S 06 066! 0l Gd
%0°6L YA/ 008¢ [Ov'Gl [LLE OL'LL 966G 010¢ 8 -v4
— — — — — — - [EE — — 800! — 0¢G¢ 0.0l |O¥S 18 [0661 0l 14:]
%9°¢6 3214 8¢¢ce 1G98l |86V 0l0¢ 8 1-€9
- - - —  |EE — 9% L1 |¥6l %8'8€ 0€6S8 (GG¢l [8¥¢ 06'GE {0G'L1 |0¥9 06 066! 0l €d
%C0LL 00y 099¢ 096Gl (€9€ 0l0¢ 8 I-¢9
— — — — B — €80l — %9°0¢ — 19801 (9l 09'1€ 010l 29§ 08 066! 0l ¢d
%' Le 848 G8'ay v¥ElL |98l — 98¢l (619 0l0¢ 8 -149
— — — — — — —  |EE %661 — 9¢7LL |¥EIL 0¥'6¢ (0v0l |¢L9 06 0661 0l 1g
TENE | /W | @ | @[] @ @ G| BEVE | @ @ [Gem] @ @[] @
LB | (i) BN | TS | T | B | THUIE | T | B | odemaie | TOIE | Thice | B | T | i | Ee | 2 ) | @
Hzl~ 139102 HolEHv1i0g Hol$0102 H 93478002 L ¥Oo | g4
VESH s

NEZHBEN GO VL) A gLy LPJ 1 Lu= dT€—2F

28



#—3.1C AT N RITT 4 TZXHTFRE (T4 20 OEKERFEEL

@ BEEE

HPF | O T 20164F
(m) | (4U%) P FS | BKE | #KEL | BKEL | REAME | BKECEY) | XEERBFD

(m) | (it./min)| (m) (m) | (lit./min) (lit./ min) HKk=ELE
C1 8 2016| A~BH 650 — — 3~12H 647 99.5%
C2 8 2016| A~BH 667 — — 5~12H 665 99.7%
C3 8 2016| A~BH 667 — — 5~12H 663 99.4%
C4 8 2016| A~BH 683 — — 3~12AH 670 98.1%
Cb5 8 2016| A~BH 667 — — 9~12H 666 99.9%
C6 8 2016| A~BH 667 — — 10~12H 661 99.1%
C7 8 — — — — — — — —

) BERRAEN 2016 ETHY . AT LIEHKET —F BN YHEORRO T, EMICITREZL TR
72<, 2016 SEFNOELTH B,

2) ALOBF)Lom (BEE : SelA) RWAEBMETH (BEEXIEE R UNASBVI)

SeLA FTE DIKIED 93%IIHTFTH Y | %Y O 1% NREIMAKTH D, BE, 23 KRDAE
FEFDND 0 | 5 FHNEHKEIK TR 7S OBREIR TS L 0 B L CTRVWIRTH
5o BHFDAEFERT v ML 1,200~1,800L/min & 5705, EKEDRES DMK < B
KBFPR S TN D,

SelA REDHFT —HX 2B L7 b DONRFE—3.2 TH D, 1980 FERICEZR S N-H
FINZWRE=HY 77 =2 3> TELT, 2008 F1272 > THEOBIKAL, A
BEOT =X EZET LI LTS, 2008~2016 FORFLEIZL D &, PP-11 H &
N PP-20 HCTHEERAERIR TR RO DI1EN, SeLA-6 H: & OV PP-17 HTHAEERED
KFRRAOND, BEEFRICE D L. PP-9 HiT 1983 FFICER SN HFZ08, W)
HoOH7KEES) 1, 500L/min 23BAE Tl 300L/min IZKTF LTV 5,

fOHTIZONTIE, AEEETFARLINR, ElR Uiz X ) ICAFEEDEKEES)
ICEVHIRENTEY ., SKENLLTOAERESZ LT 5720 BAES(LAE R A3 TIX
RN, 1969 AEICEER SHUT- SeLA2 FEAS 2016 AEHIAE, AEPERS 1, 320L/min & BAFAR
ZEMS, RIUT U F AEHICEH D EPSAS DFEFIZEL, SeLA D FHF DORAES LI

SEMPBPEVEEZLND,

B, B EEY FHIX. Mr. Rolando Herrera (]8#:), Mr. Gary Terceros Cossio (%
Fif), Ms. Lourdes Espaiia (AE#EE), Ms. Raquel Pinaya Céspedes (S - T3
MR LIVEEbOTH D,

A v m B UNASBVT (3, RN OTHTETA O BEFIZE CTHF OHRHI - Rz TV, Ak
% OMERFE LT ML THTA O AHLS /IKEE ST O 0, HF OHMEFEFICET 2 B)
B FREICHIS LTV D, BMEHI L7232 T 350 Hd 5203, M 10 HFEE
IZOWTET—U 7 M DhEEE/mL T\D, BMERVERICLD &L BRNOH
FOONHIFFAITH 20 FETH B2, FHFEREED 7 — 2 o 7 951% O I8 T AR DORIFE -
METHLIEAZ Y —VBNHORXSOREY SICERT A EEZE2 LN, BHE,
T OHERE & mVBE ORISR & 725> T D,

ek, BEEY fF#RIX, Mr. Edwin Lazarte Condori (UNASBVI ##4%), Ms. Maria Mamani
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Quispe (FFFEHE) L VE-HLDOTH D,

#£—3.2 SelA B OEKERFELEA

_ cp— o T E
X HFEE T il 2008 2009 2010 2011 2012 2013 2014 2015 2016
SeLAz | LETFHEIKEL m 24.6 24.2 25.2 24.0 25.0 23.7 223 245 25.1
Faljx QETFHIEKE | lit/min 434, 1,000 897 962| 1054/ 1,061 1,131 1,215 1324
A S L m 275 26.8 276 271 274 257 226 26.3 25.1
° Q lit/min 889 734 811 824 788 627 624 613 616
P17 L m 184 217 24.2 236 253 243 233 208 24.0
Q lit/min 2032 2014|  2376] 2425  2292| 22300 1867 1823 1984
PP-o L m - - - - 116 182 19.1 153, -
Q lit/min - - - - 211 254 229 211, -
P10 L m 30.1 318 30.1 309 30.6 29.9 29.1 25.7 21.4
Q lit/min 908 979 771 995 980 900{ 1,044 979, 1171
P11 L m 22.9 250 21.4 205 196 195 21.2 25.0 24.2
Q lit/min 3,179]  2978! 28221 2520 2370/  1,852] 1443 1393 617
P14 L m 188 188 18.8 195 203 276 242 174 16.9
Q lit/min 21300 20920 2264 2068 2356|2979 2704 2692 2663
P15 L m 15.9 16.4 16.7 178 174 175 172 16.7 16.8
FaUrso Q lit/min 1,651 1,711 1,903] 1930/ 1958 2476/ 2246, 29236 2068
ooz | ppo17 L m 20.8 216 230 256 23.4 21.0 16.3 17.7 158
ey Q lit/min 1,825)  1846] 2033 1954|1814 1765 1462 1428, 1556
P20 L m 15.6 16.0 16.6 16.1 16.8 16.3 17.0 16.0 15.7
Q lit/min 2779 2798  2556]  2068) 1555/  1,553) 1521 1,525 1477
P21 L m - - 19.9 212 20.7 173 180 1556 149
Q lit/min = = 623 1,031 1,313 1,333 1,061 1,184 1,196
P29 L m - - - 136 215 180 273 17.9 184
Q lit/min B - - 835 793 719 1,108 986, 1,056
L m - - - - - - 238 243
PP-23 Q lit/min - - - - - - 1,611 1,132
L m - - - - - - 274 25.2 237
PP-24 Q lit/min - - - - - - 1,621 1,625 1623
L m - - - - - - - 228 9.9
pP-21 Q lit/min = = = = = = = 894 1217
R L m 6.8 71 70 73 72 77 75 73 78
[m]
gvERy | BPI07 Q lit/min 561 573 544 577 567 554 569 574 575
L m 99 838 90 98 93 84 95 96 94
- .
MAILAS | CARMEN Q lit/min 542 574 527 506 493 518 535 550 574
ORX7UANILA L m - 8.4 8.2 338 86 74 8.0 8.2 82
cIo ANGELES Q lit/min = 171 195 361 453 478 505 639 432
" SAN L m - - - - 70 6.0 55 16.0 15.7
ArO
FHASE ISIDRO Q lit/min - - - - 99 139 271 401 494
o _ | PEDRO L m - E - - - - - 184 15.7
1
~NERAI25Y | Feprar Q lit/min - - - - - - - 427 357

3) FaxYHBRY LiABHETR (BEXIESE R DCRH)

A7 LTOKEAF (ELAPAS) OKJFITRTAKTH Y . HFFEHA LT\, IR
@ DCRH 1%, TilTAT D EEFIZIESWTEITH T ORHI - #ix A LTV 5H08, Btk Offe
FREEIITETA OKME/KBEEMT- T D, ZNHOKMEENSH T OLE
(Veif) OFEENRH Y . DCRH & L TRHIG LTV 5D,

mmwi1%8$ A A DB E &1 71 215 TH A OB &2 48D T HK 20 4E03 8%
WLTEBY, W - ZEBRKBELEZTHDIN, HFIFOEHKEEOE=X) T H L
TELPRELMNARHTH D, F—3.3 1%, T £ T DCRH 23EH] « dg% L C&x /-4
FOETH DN 22%MBEHE 7> TnD, — I F OFMmIL 20 FEFR TH 5 23,
T aHG T BRSO E N % < FHa #15$&f®#F#%@ Hi £ 0 Tl
72 TR OFLNHEREDNFIKR & B2 65T D

FFERENO OB E B HFHRICE D & H DI TIE 2001 FFOBERRFFZHI/KAE
23 180L/min T - 7278 2012 4E121E 120L/min I F L, =7 —U 7 M L AW 51T
ST-fEE 150L/min £ TEI{E L7223, 2017 AEICIEHON 120L/min IR F L7 & u\a\
REFEORIEENHDEND EDZ L THD, BRERTIE, 2010~2016 42 21 I
LCET7—U 7 MZEDUHE 2TV, 2 2RO TR ORERE 2 [M118 L 7=,
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R, B EEY EFEHRIX. Mr. Wenceslao Simon Torrez Espada (¥8£:), Mr. Florencio
Garabito (MUEEEEFHEE), Mr. Franklin Vela Mamani (WFE¥EEEFIER) LV 157-H 0
Th 5,

#—3.3 F XY HEDCRHIZ LAY - de% 0 Ik

e2 TRHIFa 2L Bk JFEH:

1998 34 21 13
1999 10 7 3
2000 18 14 4
2001 22 20 2
2002 8 7 1
2003 11 9 2
2004 13 12 1
2005 19 14 5
2006 15 11 4
2007 16 12 4
2008 12 8 4
2009 25 18 7
2010 24 17 7
2011 35 29 6
2012 33 28 5
2013 18 15 3
2014 30 26 4
2015 13 10 3
e 356 278 78

78. 1% 21.9%

4) BB NVABY 2 7 I ATEABTEMN (BEBE AT« 7HKEERUT
LRIV hkiEE. BEXIEE R PROASU)
oD UL & [FIRRIT, R OMERFE BRI Y BT O KA /K EZEE TV, ¥
77 )V A& PROASU VX IR O THETA O BEEIZEE SV CTH A O] « i k=7 —V 7 k
IZRDWHEEIT> TS, SO - WEDOXGRIFDRMIE & LT, PROASU LV Z
HIT 4 THAMEG & =V by KA O 2 D FTOKME ORI 2521 1=,
FTANT 4 THAKMENEE L CTOWDAEEHITHEBHFO LN 5 HTHY, 205
% No.4, No.6, No.8 D 3 HAMEE 72> T\ 5, AR « HIFIE~OBE I 12X
HEHOMEB L OHEHIFLL TO LBV TH D,
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No.4: 1999 fFEFEEFR, RS 184m, FIHIFR/AKNAL'18m, FIHIEIKAL 75m, #IHIE K&
360L/min, O 8 A L F . KBRRENEDEEH Y | KR 7 L EBKE N
T L7l BEEISHT2 o AR o 7 L kg i@ L CGlEiEH, KORWAKE
HRICEDH DL LT 5 & IR FAKE THYR S L/ FAKRRAREK
BOUINE OkAL) Zido TREBOH T KIIRAT S, HOWIr— v
7 1% OB MBS AR A-53 72 72 015 Y S AT F @5 O # F K ARG B IR
AT DHEDIRKNEZ 2 Hivd,

No.6: 2000 &R, VRS 190m, FIHIFR/KAL 23m, MIHABIKAL 90m, WK &
600L/min, HfE10 A>T, 2, 320HTH0%< HVEREIK T4 208327 —1
7 M X Wi CHRERIET 20T, L HFIC 2Bl — VU 7 h S, R
THERBIK T 92 D3, RN e RERF| ORI - i LdH D WNETr— 7D
I XA OMAITERT 2 EEZX LD,

No.8 : 2010 &%, RS 207m, FIHIEH/KE 1, 500L/min, HEEX%A) 2 MBS L7z
23, TV M KDWY 3RAE L THKED 900L/min (KT L7272 O BIfEIT
FEAEERTR, BRENTNWS EDOEFEH Y, 2015 i 7— 1 7 MEH
LR L, (B ENTWD EOEFITBE NGV LItk bol®
2 HAV, REC R FEHEF| ORI - i Ld DL — v 7 ORI K HH
WOWMNIERTHEBZHND,

)b MV AR AERERT2HFIX6 HTHY , TOMEITR-3.4DLEBY TH
%o No. 2 FHI LR DFRAD & O EEED & < . B/KIRFITHKY 30 73 IR el T 72\ & AU 72K
(72 B0, THAVT 4 THiAKMAD NO. 6 H &N No. 8 & [FIRRIC AT 722 FE L Ab A
DRIFE + fELH DI T — v T OIS I A OMAICER T EEZ 2 65,
No.3 1%, Bk, v HUNCKDBATF—NTRAZ Y= RiEE-TWNDH LI TH D,

B, BEEYFEHRIL, Mr. Clodo Rodriguez Mendoza (HHAEE) LW HE~-HDOTH
el

#F—3.4 )LV HIKEEEEOME

= e | S| OF Bk Z(it/min)
HEE | BE2% | 0 | wp [ mae  [B&00®
2 1989 160 [ 10 & 8 900 505
3 1986 149 | 8 & 6 1,020 515
7 2007 198110 & 8 1,800 640
8 2010 | 207 8 1,500 940
F1 2013 158 6 780 482
9 2015 168 8 1,800 684

EEI1-2 . B - BXEL-REAGZHEAL. RIENFEEHDOFHIZE ZF1TL.
HNEFEFTEEEST 5, 201757 H)
EHERT U A NZH AEERELY R AT i-Do300FI) 2 & MMZoOWT, 2017 4F

4 HRKMEDZ ETHY, FFICBWTRYS ZEMEH L TkA BT 5R10 BRREDOKAD = &,
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5 ARE CICEWEA#Z. 6 A5 BICARY ET7ICmT THE (REiano=H M) L
Too o X 7 VAT CRE BB THi & D%, 6 A 29 BT A%6 CIZRLE STz,
2B ARHETIE /P BENmZ AL NN & RY ETICEB W CLEEES & 4
ZNETHZENEIEENTNWAS Z L, JICA FEFZ M2 AL LSA I3 M B
DHEEITHFICL DRI S, C/PHIA~DOHEENTE RN Eovn | IG5
OB ERMEELmZ AL L THFEOmMAEEZITo7c, LrL, ZOFEE TIIk
MY RMEEOEELR>TLE )72, JICA MUY EDOW &) S 2 C/P
FERAZE CIt 53 2 B OAESCEL JICA HHEATISIER L TH b\ (IR 1
DIEIZLD) | T p & e L,

BEfER 0%, ARERGL A FAWT T H 10~25 HOWFE, 2k - & o EIEEEh %
HHAEE30H (TR H, AR 123, FaxH R AF, ¥ 7 LR E6
) OFHELW A FEE Lz, EfFcoOWTIR, 7 o/P AL mEo L. T E X
DRG & BB BREIR TR EZ A T2 2 & Uik 7 C/PHEBEOERIZH ) Z &
TERNZSEN RN & | I ERASOEENRN L ELZ R L TRE L,

TAHZW A RHFOMERILE —3. 112, ZWRERIIER 3.5 1" T B0V THD, £
7o, RN TR LT ILN G B 2 8 O 7 B OB Wk B2 B E (PIE2 WG
Ro— 8 TR LEE, FRRARKOY U Z I VABTIIRAY U= DR —UAFE N
%<, 27—V 7 MZEDWEEZ T TIEAT+TTHY, V=T 4 TIZX DD
VETHD, AN BEOTF o F B R TIEA 7 — VO EIZH) D, =7 —
V7 M2 na2hEEZ LD, AL m I UNASBVI BAfROH: 7 1% PVC Iz A Y
v FEANTZAZ U=V BHWTWAEDNRZNR, 2 v RBRRKEL HRPOFHRA -
HRENHETH D,

FAHZWT TR A 30 RIS OW T, HRBIKTOERKNAZ U —DHGEEY &5
ZAHND I E, WEIC K-> THRERIEORREMENH 2 2 & 7 C/P BB, Uikt
FOMFFEHZIE T AHBEOERIN S Z L E2E L T 10 HadEd5 & LR
ELT, BEE LRI E 3.5 ICERL TRLT,

D%, KEEERT W T, A RIZBWT SelA Ml L Y PP11 HokRERIE
PRI LW L, PPLL OB DU iE SeLA3 H & OHLY BR 2 A2 DWW THiiWE
R d o 7o, PPLL I (FREIREOFLERIZ K V) 1980 AR R S A, S AJH57K & 3, 000L/min
7Eofeh, BIE 1,200~1, 320L/min IZIKF L CREDEERICRE g% 52TV
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W R OSE GREERS V) 0BG - BE, M - U, B, BKaRER
ZEa OB MR AL, S 100m O
L5 H, BE 200m DBAIE6 H &
T 5,
WA E = USD4l/%/H X (5~6 H) =USD205~246
ZWrER T = USD219+USD20+USD200+-USDO. 48~0. 72
= USD439. 48~439. 72
HEF P — USD9+USDO. 88/ H X (5~6 H) =USD13.40~14. 28
4
ZWr ] = USD246-+USD439. 48~439. 72-+USD13. 40~14. 28
=USD698. 88~700. 00/[a]
T IRADFFEE MAYA AL ORMERIC K D & FH T 0 A ZIZ XD H 2R Ok,
100m LA D59 Bs. 5, 000 (USD738) /HTH 1 | FRLHEEITZ U2 bDEZE X HILD,
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BT 208, BHFMEET VEF LIoBEHERICE D & WBIZ X2 HF oEIER)
H & LT, BBK DA FERIINNR & Z AUl 2 58 BB RIZ O W TR O 508 1
mlokE% ERls, —7F, BRAMDRICO VTR, —ELU EoRIERNE S itk
BIZ X DB T OEFMEO T RHER%E ERlS, £—3.11 OMBFERNGIE, @l
Vv T 4T TIZANLLE, 7T v T+ AT B TIETIE 15%L_ ED[EIE RN
HiiuE, EIC X D HF O RFmbLOD T DR i@%ﬁﬂk&é

ES NI 311@&%%% IIHF A ZIC L 22K M (USD620~700/[A] (2
W%%@ﬁ ‘m)&%m)#aihfwé#\_®$ﬁ%£ML&w . g

I LB EHm mwﬁﬁﬁﬂ%w }:y%4y7%®%A %%# Ty T+ A
T TEOEE 16%REM ET S, L, B ATICE W EirhbnE £ T
Dfﬁﬁ%ﬁotﬁui\@ﬂﬁ&%ﬁ&#ﬁ#&ﬁﬁoﬁ%&w\%5wi%%%
HWENRIADRNLE I BRI THD Z ENRB T EIND AN D, ZDOHAEIC
X BEOFEEERT DR E R GEERPEHET 50, &2 WIEEIRT220%
DEEALEBELNRNT LT 0 | FERITE A RN MR 5 Z L2 o T, 2 x
STEIAMERER-STLE D,

EEN2-5 . P - EEICKYBON-HAFHMBEEEOREZINT 5. (20175
9~12 A)
AU ET TIRZEA LD T TR, BKEDEIME=F 1 IR fTbiLTE LT,
[ B0 72 H P OHMERFE BLO T2 0DIZAT 9 W) OFERIT LR EARZD > TE BT,
FEF ORSREIR T OB R AR CE ., T DOZEr - e - RFEMILOLEE -
FEPHRETE TR, BUEFREO XM ZRIOHITIT, R 7 OREKGE L Bk &
DOFNZRBN IR WFHFFERNEEH 72, TEidEH, D &Ll 1 BoOEIKAL,
BkE, WORADE=21 27 A 1EOHKMDOE=2Y » 7THREE L,
W DI T AT ORIEENEY] TR ERLPVC 7 4 VX —SD A v MENE KR
CICRRTDHEEZLND, WELPDLOBOWANRLLNDHFNH 0 | wEl ik
BROWHFHL0ME) 72 A Y v MED 7 4 V2 —Oli LNMETHL, THLVF 47 8
FIF LB E DS s o To s, FP 0 A T2 LD BIERIZ KV K 188m LIED A7 U —
UG DOHE SRR S N7, KIEE 188m LIED A7V — B A N THERTAHZ
EERKMEAITIREL, L T b oo, HiRibE o7, 29 L DR
D RARD & Z DORPRIZ T 2 18R & Bl s H 7 OMERFE LA IR E LTV 5,
BRI T ORHIT — 2IH 203, HERFFEHT— 203720, A - THEROfER L
EHITRRER & BT OEREPLETH D, A BEIOFEIHEE) A8 U C2Wr - e DN
IS AL, Fa XU, Aol SelA TIIMEREHF — LARBEOEMNH 5.
AN B TIEE THRRE SN TOLHFNE L, TEEAHFICHE T IR VE

6 PVCEICEB Y v X =S L VREEE BT 28 A DA Y — >
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¥ EOTREONE FYOEILFIEICONT, &5 EHTFRRE LTV,

WFEIGA &3, BKREN 2B/ N L T A HEFE S R T, Bzl E e
RTHE0G, ORI RAFICONTRY FORES 2850 LE/KBEEZHOT Z &2
REHTH D,

7RI, W - BUEIZBW TR, HFOMEFERE I LT, HPFU AT OERESH
EOEMEEZIFET 5720 T, BLFIORT LIS, KMo H T OfERE 1
FodrERbIER L,

> EEIIKT L0 R (R, ~V Ay FOFEME)

> R 7Bl & BIFEOEERFCHF NI ETE L S0 D OEEEHE L OV T

DA S5 1%
> RO HFE B L OFHRILA (1 FIT 1 BIFREE DA IE R H s o BafE)

B 22 P OMEFEELD 72 DITAT 5 DT

BEH T ORMEFFEBEO 1201297 2 WO 50T, B EORD . WojiH, KEOE(LTH D Y, 2D

FEZLLTIZRT,

1. BHARCTINETOEME=F ) > 7/ THEIBEHRE CGEKE/AMKTE) SKET 45T <
v 7T 5,

2. BERRTIUZ, YT OBEEZENIIITH2,

3. BAKENSEBEREZ R L TOIUE, BB HENE T YRR T 80%LL FIZIK F LTS Z & &k

BT D,

LB RN 80%LL FOEA L, BARKNME KK OERNEZT =~ 735, KT L THIULHEL

DEEHF & IKALRDUZ DN TIHE T D,

ERRIC AR 2ME T L CWAIEHUR IR OB TH V| KT L TR IFIUE, YEH T OHOBL T

27V —DOHFEE Y ORHEMED E Y,

3) HIBH A EIRIC 80% L LIIR T L7c &, /KR v 7 O BEFECHI E Mg O S5 O AIREMED BV,

4. BK LRI BB AT 2, I L7285813, BKEREINL TH L0 E 5 hEfET 5,

D) ZKENHML TV AAIE, BREIEIKIZ L > THKBNOEKTESD ORAGREZ LBl -7 1
D, XFAZ V= NKPRTIRiEHEL WD 0 L Bbih b,

2) BKENHEM L TOWRWERIT, 7 —2 R OA 7 U — ORHBD T RENEN S 5,

5. FHFONIOEMIT, KFERTEZF LS, HFF AT TRV —rOREEE D RESHARFETT 2
FEAIC AR T B,

1

~

2

~

EE2-6 . REMILETIL BB -8 - BFEEWZEL) M. BT 5,
1) #FHEOBRELIEOETILE

HFITHR 2 ©— 7 ICEKEENBREMICHIE L TV, ZoHmzENE=4
U > X DT — & TR L CWiiE, £ ok F 04 #% o4 PERE /) OIK A,
Fy, WEOZ A I 7HEOTRNAEE L 720 . BRI R HICEIK O A= pE G 2 O 7
DHEFFEEFE 2 TR 225,

L2, AU BT TEEEE T, 2 OHFITBO TRSCEKRED EHE =4
U INRERENTW otz 5 WIEEHIIT — % OFKEL - (N4 THKRE
TIORELIHR A HRE TEZ AT BIEEAERVONRBRTH D, ZOD, HE
RER ONGE DR SN TZ5HT — 2 B LU T O &L 9 Ze a8 B8 %z iV 72 A sk
PR TRBELEND VT 7 & 7 OWREL LI E T 5T /U bLETTo T,
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Q=Qo exp(—ct)
=72 L.

t: R D OB (4R)

Q: HRtFHOBIKES (L/min)

Qo: HEFEEE (t=0) OHIARES (L/min)

c: T

X —3. 4A~[X—3. 41 (BREELT T 7) IR T LI, IR 11 FHDHH 9 Hizon

T, ZOETIMEEIT T, Bk & DB OEKED AP 7L SelA3 K ORI LLE
DEKERRI 72 Mo jotoro24 1XETF /MENINE#ETH » 72, £7=, PP11 KT SelA2 (2D
WX, IO BERE MR, TP E2 2O E A L CREMNRE E&mbd
H— A L 7 DASRES LI & LT,

X —3. 4A HKERELILDOET L —3. 4B Z/K ERFEL L DT T Ak
(EPSAS A1l #) (EPSAS B1-11 #)

X —3.4C HZKBERFLILDOET ML X —3. 4D ik ERELIbDET L
(EPSAS A15-1T #) (Sel.A PP9 )
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—3.4E K EREL(LDOET VAL —3.4F Bk ERFELE(LDOET VAL

(SeLA PP11 #) (SeLA 2 )
X —3. 46 K ERELILOET L X —3. 40 EkEREZILDOET L
(Barranca 12 #) (La Guardia 8 F)

K—3.41 BAKERFELELOET UL (E1 Torno 9 J)
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2) BENRDETIVIE

Wiz, B —3.5A~X—3.51 OEM[D T 7 (LEDHRET VKN (R T LT, £
T LT RES bR CREUES /K BEORRAEZL LK) 2 H\\C, 2017 FI2FEhE L
TeRETORIEFRE O TEER OMREA LR A & . REUED £ F OHERES (Lih
e DERN O FREHEMEONRELERL LT, ZoERT, HkE (L/nin) O
05 2 TR B HIRIC SOV TR L7 b D TH D0, 2T 60 43 X 24 IKFfE] X 365 H
ERERLUDZEICELVEEDKAER - ) O eTs2L L, &6, K
O TERZE @ AREMAER) OBEEZRTHLICLY, EBMMEICE X2,
—F. REUEDE EHEREN —EREIRT T2 &, —BRIC, YT 2B L I
VLN R 20T 5 Z EMTh T\ b, ZoOHA, K—3.5A~[X—3.51 @
FD 7 7R/ T & 91, BRFERH AR T AR & RICBE T 2 RiE
OF FMH LKET 5B OHKE L OERDFR IO L 72D,

X —3.50 UEIC L BREGH T O EFaL & Tk ozh Rl (EPSAS A1l )

[—3.5B  UEIC K BBEFH T O RFEML L H T HRR OB RIE (EPSAS BI-11 3F)
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—3.5C WEICX AEEHFOEHmLE PR OB REE: (EPSAS A15-11 3)

—3.5D  MEIZ L BBEGFH T 0 EFmL & H TR O R (SeLA PP9 )

X —3.58  MUEIC L BREGH T O EFML & ek Oh R ik (SeLA PP11 )

X|—3.5F &I X DEEFH T O EFHmMLE HTHR ORI (SeLA 2 )
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—3.56  WIEIC X DI T ORFM L HTHR ORI (Barranca 12 3)

[K—3.5H  &EIC L DA ORFEML L HFHR ORI (La Guardia 8 )

351 Sl k BB O RH ML L T HR OB IR (1 Torno 9 )
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3) HFBEERDIMTE

F—3.9\TRT LT, AFHEIIBIT DY T H T Z—R— K ThDHERDOMRKEE
HE K OUKEAT:, FEFHEE OO O F 24 L T ek G, £ L TREHAF
¥EFZDD OB T A KICE A2 HEE LT,

£—3.9 HFotERA (BIRED OB E B IFH)
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TNNAR . TIyvr T AUV S =7 — U7 NOMAEDEIEOSREERIC
DN, EW#F%%’;%%@im~nm®ﬁ$#ﬁﬁwm4m~5mw#(#ﬁ
HAFTICLD2WEET) THH, =7 —1 7 hOLOBEETICHOWTIL, HFE
%_ié%@ﬂqumw#fﬁéoit\#F%%_ié#Fﬁ%7%ﬁmLt$m
DOHOE L, 100m LLIEDH: 75 USD740/HTH 5,

AnelR . =7V 7 FORICILHBEERIZOWTIX, HFEHEICIS o0
USD2, 000/H, ULEE D& D73 USDL, 200/3HTH 0 . FAEZEITH AT 40%[EV,
FaxH R =7 =V 7 FORZLLHBEERIZONTIE, HFEFICELDHD
78 FURE A A% C USD3, 500/, BFLEE D% D73 USDS00/H-TH W | HFEHITH T 70%
PLEARWY,

Yo EINAE . TT oy AUV S 27— 7 FOMAEDbEIEOLE
%m:owf A1 L5 B DIE 180~200m DELSE H: 7 A3 USD5, 000/ (H:7

B AT ZrxEte) . =7 —U 7 FOLOWEEFHIZ oW T, USD2, 500~
3%W#T%é VT 4 TIEICOWTIE, FUEMES T USDY, 000~11, 000/FH: (FF
Fl AT ZWr & O UUERTZ OB KRR A2 EGTe) Th D,

it\@iﬁA@%ELié\#Fﬁ%7%ﬁ%b:$ﬁ@&@%%ﬁU%mev
2,000/HTH 5,

4) HFHRERADOHE
SEE HOHEE & [FIERIC, &K—3.10 127, C/P #BI, ¥ 7 C/P #BS. /K& L
R FEZ PO OB I HFRA KICERZHEE LT,
FoSAE D REFFFEEICE D H DX 100m LIEOEE O F 2 USD37, 000/H:, 100m
PR DO EE D F 7 A3 USD52, 000~59, 000/ 3,
A==
HA¥EEIZEDZ LD PVC OFFF X USDL9, 000~27,000/ H:. & DI F i
USD54, 000/F:
BHEOLD: 100m LAFED PVC DI 1% USD13, 000~18, 000/HTH v, HF¥%HE
IZE D HDIZHEART 30~40%FEEK Y,
FaxHhHE: PVC OFFOHAIEMIZ, REEOSHOT 100m LLEOEA N
USD210/m/F:, 100m LAED 5453 USD280/m/H:, #K5 D H: 7= OHRHI B 1, I B & @ 200m
PIR DA )3 USD340/m/F,
P2 VABE . PVC O T OMEIEAMIX, HTEFICE D HOT 200m BLEOY A
23 USD300~350,/m/F, 200m LATE DA 53 USD200~400/m/ ., $55° D FH: 5 D4 B A%
HFEEIC ;é%@fzmmu&@%Aﬂuwwwmﬁa2mmu%@%éﬂuwwwv
500/m/HTdh %,
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#—3.10 HFOFREM (BIRHEN D OB IRY 1 #H)

1B EY D))

HEOLH #FA(USD)
[} 1EHRT - p BRE | EEE &%
RE | OB e | mae | (%R
(m) vF) .
fiEA)
VAPSB 105 8 5% | 56,125 - HEEH -
N 51,690~ — TR R 7., Bk
S/8% EPSAS 100~120 8 e 59.080 +10,340 | HFEEH o R
#I\;i% 100L0F | B3 | B | 369200 - |#FE [EPSASHREEM
13,200~ [} _
E.UNASBVI 60 6 PVC |t 220 UNASBVI
22,150~ I ~
26,590
120 12-10 | & 53500/ - HEEE -
A0 150 6 PVC 26,180 - HEEE -
100 6 PVC 20,680 - HEEE -
SelLA 51 6 PVC 18,7200 - HEEE -
HEERER R, 8K
80 12-10-8 | #4%& - 147,700 | HF£E |B. RO TINE. FlfH
& EKEZE
— B o Tm 121 O B,
80~100 6 PVC 210 SDORH | @ 1 ars rxchan
Fax| o N ) - 1m 7= 00 B .
1 IEDCRH 150~200 6 PVC 280 RDCRH |2, = 5
. " B o Tm 7= 1) ) B .,
2008k 6 £ 340 EDCRH Tt
La Guardia 190 10 B%E 30,000f - HPXE (JEHIFFER: 2,000
A
KA & 290 8-6 s 35,000/ 75200 | HE%x#E -
El Torno —
RS 210 10 PVC - 78,000 | H P %#H -
. B Tm27=4) 0D B ff,
200LLF 10 PVC 345 SUIGEN | e )
SUIGEN (44| 200U g |TVC. 300/ - suiGen || MEiT=Y D EEfH.
— ﬁ =) _%fﬂlﬁj
INRDHF 10(100m) Tm % 7=1) 0 i
(%) 20084 28(150) PVC 400 - SUIGEN — il
- B T2 7= 4 0D B ff
320 8 #BHE 500 SUIGEN | 211 i
~ Tm&7=1) O B,
$ok 200 10 PVC 280 HO  |ig oz ‘

INR 250~300 6 PVC 200, - H,0 ‘Larm;lfu O B4 i
H,0 (H5Y - B Tm 7= ) EAff,
LADHFE 300 6 s 300 HO sy e
) TmEH =Y B,

ES:: 8 N 400, - H,0 |La Guardiattiisi (EFR
cY)
280 6 R 140,000 _ H,0 IL_:aUC)iuardiaiﬁ!ﬁ(EEEi-h
160 8 $#% | 1300000 - i’é‘jﬁ SAMUSUNG®D T 15
CAPTA AGUA CAPTA
(HoB29)LR 300 6 N 60,000 - AGUA HEED /A X
DHFEESR)
~ CAPTA [HIBEERDIILAIL AV
260 8 N 98,000 AGUA |t
MDRyT i1 T 7k mrnsr
£E |BARERID N B | B 48,000 Hh 2ETH
JIvk
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5 H#FDOHERUVHBDERTME

=3 11 \IRT XD, BFHOBUERNR L HRH O RE R L, S blzent
TUCET 2E MDD EAx I RE RO T, BARDROKEIT ST,

MIEZhE & LT, BRBK DA FE @ INN R & ZAUCHE S 78 EHEInh 1L, Frak oy
N1 BlOEEE BB D05, B ERIT—EL EOEE RN G LT SEc L 58
GFH P OEFEMEOFRHRE ERS, £—3.11 OMBFERNSIX, @Y = v T o
VT AWML E, Ty v T+ AT E L ZETIE 6% E ORI R A S iU,
BEIC LD HFOELFMEO T NHHRLY bAEFL 25,

F£—3.11 HFOUE K OHERIZ L DR

. HEREHIHA W RESRME, AIECHEE L2 P OSiEHE A R O i
HAOWNWTLTFTOLEBYERE LT,
SEEH GFF0 AT O % &)
USD5, 000/ (75w v+ AT T4+ 7—1 7 )
USD10, 000/[a] (Y = v 7 > 7E)
HErakE FH : USD45, 000/F:
e Em A ERAEEROEIS ¢ 0.50SD/m?
JKIE A FE EPSAS & O SeLA DA RIFICEIK A E & % U8 B midaR-3. 12 [TRd &
BOTHY, ZOFT =20 BHEVKOENGE Bd (FERITE Em R R
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DEIE) ZiBE L1,

F#-3.12  AKGEAICBT D EEK O BALTE FE

/N o EPSAS SeLA
— A PE B e k| | st bE | AER ge ke | BAL5E B

(m3/4F) (USD/4) | (USD/m3) (m3/4F) (USD/4) | (USD/m3)
2016 | 76,900,551 | 37,824,119 0.49 11,604,831 | 6,003,354 0.52
2015 | 70,739,340 | 36,404,983 0.51 11,402,406 | 5,542,303 0.49
2014 | 74,961,788 | 34,202,241 0.46 11,086,408 | 4,503,506 0.41
2013 | 73,191,600 | 32,060,334 0.44 10,882,604 | 4,392,027 0.40
2012 — — — 10,714,806 | 4,000,514 0.37

BEQ : ZEILBEETOHFORFILICHAT I —EORMETILAREIN, AU E
7RISR EAG SN D,
EH 31 HEDM - YERVHAFHBEEORM—RICRLIMEENZERT 5.
(2017 % 2~6 A)
JEFHHER OEELE LT 3 7—~D 7 VLB T—a V&R (HAGE - ViR %1{E
L7z, 1 B OT7 =< 3RERS OBIMERTIERLPA T T RAZONTE LD
[1-Do300F- N DAL T « A>T F 2] | 2 FHITHF OZM R OUBEHAMTIZON
TEED DEFZBEECHATS720I2) | 3% BIIHF ORFaMLOR =ML T
hrter L DFFoRFEMEICE 221K THD,

HEZW - WERUHFHFEEORM—MRICHRLIEMHE (EF) 2%
Wb, (2017 F£5~7AH)

RRUGLOBLERE - AT T ARVIHFOZME - EEIFIZOVT, 2017 4F 5
H 16 H~26 HOBIHIZ, x5 4 ROBTIEM (Z 320, Aveifi, 27 Vifi, ¥
VHETIVA T T e T BT 1 B RICHTHEREEOBZEICEET
LEAMERE 116 OSN3 (C/P BERE, oK - JLrfEA - (£ (LU, UNASBVI), #8
T DB LT - A) ZRRIT, W - SUEEAT OB &2 & I F— B CHM L 7=,

HFEDAZICE B EGE R Z LN RWVIHESINE LEL . LETOD AT D
BEPRE O FIEOFTINZ OV TFBEN RV LIS 220D, BiE bR -0
THRECHEG N D T A T %Al o[22 W DA NETBE L 72 CTh o 72, BUEIZ DWW T
i, =7 =V 7 MCEBHEF LIS RWBIMENEL . FHEFEHEOBEAMEE AAD
EZBEALRH D Lot 72k, RTFEHIZOWTIE, BHox T2 B
ROBRITEEEZOWER, F—7NVOBZHEL, MFEORZH, OV 7T IVRT
v 7 B OGN - BRI OW T Z T o 72,

F7-. HFOEFGLONRIEFH G EIC OV T, 201746 H 14 H~7 H 5 HD
B, x5 4 BRORJTAEM O BIREEE 8 2 ATcB VT, EICHKFEDOHNE - &

EE 32
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FERIC ST 2 EHE Q5 2T L X2, FTAY - WEBDIEE Ol CH A EHML
DR T T EOFBI 2 ATV, IHEZ S Uiz, R84 % BRE L K OG22
I~ T 2 &0 D BRFMLOL R Z WM CRMId 2 2 & ITEME 2 < £z,
SESH R TZDOEEERNHIE L THEL TH B o720 T, gL HiEIC >N T
—EOHfRASIZ L EZOND, KEAE 2 HOHESME X, HFDE=F21) 7
& T —Z OEREOMLEM LD T
LU D EEEEHE O S fE RO BT —3. 13 [T & BV Th D, £, YD
& ERE L ORILITE -3 14 IR TEEBY TH D,

#—3.13  HIHHE (%) O R

Wik LI T 1,

A K % P WeT—< SMA$ | LB NE OB
20174E5 H 16 H | EPSAS 7F X T4 | HF 0 A T O # MMAyA. MDRyT. EPSAS,
8:30~12:30 TG EEE|E- AT U 20 EDALP

(Z /3 T) ik, o2
Wr - & H

20174E5 A 19 H | SelLA &= L 19 SeLA, UNASBVI. MMAyA
8:30~12:30 Cwi2=011))
20175 H 23 H | FaXH W RTS - 47 DCRH., UNASBVI. ELAPAS,
8:30~12:30 ZHE (A7 L) AR b I UNASBA
20174E5 H 26 B | ho & 7 )L A BER PROASU., K& (VL
8:30~12:30 BEHERE X — - FRA, AFFT b

IS —= (o [A F 30 I ) Vi SN N

A7V ATH) NEF oz, JE

vy b, BT 7 Y)

201746 A 14 B | VAPSB &&= (7 | O REHm{bo s VAPSB AL « G - & 4>
14:30~15:30 v, RN T R
20174E6 H 16 H | EPSAS 7 F ¥ F EPSAS 77 b HERFE
12:00~12:30 Z WK (Z N A il 2 IR

)
20174E6 A 20 H | SelLA 3% (L L 10 SelA #adk, Heofg, =
9:30~10:30 o ) NI A
201746 4 20 B | I UNASBVI #fE= - A UNASBVI, DASAR
15:15~16:15 (A m i)
201746 H 22 H | DCRH (A7 L) A - 5 DCRH BLFAZE
17:30~18:00
20174E6 A 2T H | 74T 4 T K - 5 AR, B
11:30~12:00 A
201746 A 28 A | —/L kL / HiK#HH - | AR
15:50~16:20 SHAFE )
2017 47 H 5 H | EPSAS Ztjlj - HER% AL ! R
10:30~11:00 AR B
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- BFEMLEHE %Fﬁﬁm@%%ﬂ@%@
TE

WHE DR Z WD T2, HF 2K, HPYED—#EOIFEI AT L7z 2017 4F 12 A
(2, BB, OJT B ORHESINE %% & LT, BB IOk L 57 v — billd
e L7z,

JEFHHES NG 127 4 (BEHEEZRS) O 6, 3L AL AREELHEL Z LN TE
720 ULFIZZDORERETRT,

. 2575 [25Eb | Z5E5) ¥
a € C 5 &

HRHH TORS | Tp g 2 | 2585, ofls

I H AT BT B E AT .

S ADWEIE DN TERTE /2., i ’ ’ 100%

2. DAV TF U REITHZ LD AR o

1 C OB > CERR G X 7, 31 0 0 100%

5 B OTRT B R E R B I

DONWT, HFRKE AT ADFE 30 1 0 100%

FHED IS,

4. HIRTOPTRT 58T, TR,

AT F U ANMBE IOV TIHEA 6 4 4 32%
THZENARRIEEES,
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5. PR, AT v AT HHE 23 _ 0 74%

S BT LIV,
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HMEZOWTEHEFICLSEMESNTWDLZ ERXbND, £72. SLRIHHE~D
SIMER S T4% &R0 @AW ERbhroTe,

—F. 4. BRI-OFFET 28T, 2k, AT U AITRERBEMIZ oW
THATDZZENARELSEE Y, | Lofviced LT, 2289 T£HFH2E
21 D 32%l _Jtio'm\éo ZOERMIZH LT, TZ25Bbkn EEXEEHEIC
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1. BACKGROUND
Under the “National Plan for Basic Sanitation 2008-2015”, the policy goal of Ministry of
Environment and Water (MMAyA), the Government of Bolivia has raised the slogan
“expanding access to clean water supply” and been tackling improvement of accessibility
to safe water. As a result, the access rate to safe water in Bolivia reached 83% in 2015
(source: Plan Sectorial de Desarrollo de Saneamiento Basico 2016-2020, MMAyA), and
the drinking water supply rate of the whole country has been significantly improved.
However, water supply services are lagging behind in urban fringe areas due to intense
population influx from rural areas, and it has become a problem that water supply services
and maintenance capacity of facilities have still been underdeveloped in rural areas.
On the other hand, Bolivia is susceptible to climate change due to its complex terrain and it
has become difficult to secure water resources in many areas due to retreat and
disappearance of glaciers. Thus urgent measures are needed for effective use of water
resources. As groundwater is one of major water resources in Bolivia, proper maintenance
of wells is indispensable for sustainable water supply services. Malfunction of well
facilities due to aging becomes a major factor in the stagnation of water supply rate.
One of the major problems in well maintenance is that a well is constructed underground
and there are no clear grounds for making decisions; whether the existing well can be
rehabilitated or a new well should be constructed instead or what rehabilitation method
should be applied to recover the function of the well. To solve the problems, the most
effective way is to visualize the inside of a well by using a video camera. Once visual
information is acquired, it would be easy to understand the causes of malfunction and
select proper measures.
The product proposed for the Survey is the “Borehole camera i-Do300FII” which was
developed as a well camera in 2002 from the BIP Series. It provides very clear image, is
portable, and durable. It thoroughly photographs the inside of a well and identifies the
cause of problems or malfunction like an endoscope in medical inspection. It is equipped
with dual camera systems which can be switched from the front to the side or from the side
to the front at any time as well as horizontally rotates in any direction. With these features
it is able to acquire detailed information inside of a well by taking the video-images from
every angle.
In order to disseminate the well diagnosis technology using the proposed well camera in
Bolivia, a systematic approach seems to be effective. Therefore the title survey (hereinafter
referred to as “the Survey”) will introduce and transfer a series of well life extension
technologies ranging from diagnosis to rehabilitation to the Bolivian side. Effectiveness of

the technologies will be demonstrated in four prefectures of three areas that characterize
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the geographical features of Bolivia; the western highland, the eastern tropical plain and the

intermediate valley area.

2. OUTLINE OF THE PILOT SURVEY FOR DISSEMINATING
SME’S TECHNOLOGIES
(1) Purpose

It is verified that the diagnosis technology using the proposed well camera is effective for

selecting appropriate rehabilitation techniques and carrying out the rehabilitation. In

addition, the way of disseminating the technologies is reviewed through technology

transfer to the Bolivian officials engaged in well maintenance/management.

(2) Activities

1) Diagnoses using the proposed well camera were carried out and situations of

malfunctioning wells were identified.

1-1

1-2

1-3
1-4

To examine situations of malfunctioning wells through interviews of officials
engaged in well maintenance or management in target areas of the Survey, and
select candidate wells for the technology demonstration

To carry out preliminary diagnoses of the candidate wells and determine the
target wells using the well camera manufactured in Japan and transported to
Bolivia

To record the inside of ten target wells in four areas on video using the camera

To diagnose and analyze situations of malfunctioning wells based on the video

recording

2) Rehabilitation techniques were appropriately selected and carried out based on the

diagnoses, and it was verified that the diagnosis technology using the proposed well

camera is effective.

2-1

2-2
2-3

2-4

2-5

2-6

To select and determine appropriate rehabilitation techniques based on the above
diagnoses

To determine procedures and necessary equipment/materials for the rehabilitation
To carry out rehabilitation. (The JICA Survey Team subcontracted the work to a
local contractor and supervised it.)

To evaluate the effects of the rehabilitation (by pumping test and by verification
of the cost-effectiveness of the diagnosis using well camera)

To analyze the challenges of well maintenance/management found out through
the demonstration

To develop and examine a model of well life extension (including diagnosis,
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rehabilitation and maintenance)

3) A set of technologies ranging from diagnosis to rehabilitation is demonstrated as a

model of well life extension and transferred to the Bolivian side.

3-1 To prepare training (lecture-type) materials of general technologies related to
diagnosis, rehabilitation and maintenance/management of well

3-2 To carry out the above trainings

3-3 To carry out on-the-job trainings of techniques related to operation and
maintenance of well camera during the preliminary diagnoses for local officials
engaged in well maintenance or management

3-4 To carry out on-the-job trainings of techniques related to diagnosis and
rehabilitation of well during the on-site demonstration activities for local officials
engaged in well maintenance or management

3-5 To prepare a technical manual of diagnosis and rehabilitation of well based on the
above training materials and the results of the on-site demonstration

3-6 To hold technical seminars to report the results of on-site demonstration and to

introduce the above technical manual

4) A plan was developed for disseminating the proposed well camera and expanding the

Raax’s business.

4-1 To plan a framework and a time schedule of Raax’s business development in
Bolivia for the future based on the marketing analysis, and assess the feasibility

4-2 To consider the expected risks and the countermeasures

4-3 To consider the development effects of commercialization

4-4 To plan Raax’s business development and technology dissemination in Bolivia

(3) Information of Product/Technology to be Provided

Provided products are two sets of Borehole Camera [i-Do300F-II]. This product is capable
of diagnosing deep wells. It can shoot videos in any direction and can focus through the
manipulation of a controller. The camera can acquire detailed information inside a well.
Although there are other similar products, the proposed product is superior to other
manufacturers’ products in terms of measuring depth, operability and sharpness of image.
In some developed countries, the proposed product has been introduced in many sectors.

As this product has been improved and devised to endure harsh natural conditions and
some sloppy handling through not only users’ requests but also the manufacturer’s own
experience of surveys, failure is unlikely to occur. However, taking unexpected error in
operation into account, an operation and maintenance manual in Spanish will be provided

and after-sales services will be prepared by educating and training staff of local sales agent.
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Name Borehole Camera i-Do300F I

System configuration: Probe, Cable & Winch and Controller
1. Probe (Camera)

Applicable max. well diameter: ¢ 66~400mm,
Observation direction: Frontward and Lateral (360° Rotation),
Focus: Adjustable,
Effective number of pixels: 380,000,
Water temperature: 0°C~60°C,
Lighting: White LED, Image: Color
2. Cable & Winch

Specification Cable: Outer diameter 5.6mm, Length:300m (5 core logging),
Lifting and loading: Dual systems (electric/manual),
Lifting speed: 0~5m/min,
Cable rupture strength: 140kg,
Power supply: AC100~240V
3. Controller
Monitor: 5 inches LCD Monitor,
Screen display data: Depth, date, code, text
Output terminal: Composite(1), USB(1),
Power supply: AC100~240V

* Probe is an integrated structure with no irregularities and it is
unlikely to get caught in the well hole.

+ Lateral camera rotates 360 degrees.

* Clear images are provided by a twisted pair cable that is

Features insusceptible to noise.

* High performance motor enables stable operation and high-speed
lifting and loading.

* Special software enables the camera to capture a still image by
connecting the controller with PC.,

* Thirty years have passed since the development of the series of BIP
borehole cameras in 1988 and sixteen years have passed since the
development of i-Do300FII in 2002 as a well camera derived
from the series of BIP bore hole cameras. The product has a proven

Advantages in track record enough to optimize the system and improve the data
comparison processing performance. That is the reason why i-Do300FII is

. . superior to rival companies’ products in terms of operability, image
with competitor . . - .

quality, ease of maintenance, durability against outdoor use, etc.
products + With the focus function of i-Do300F II, it is possible to shoot not
only the surface of the well screen, which is the water intake
section of the well, but also the voids of backfilling gravel behind.
As aresult, it is possible to check the cleaning effect in detail.

+ Para-aramid fiber “Kevlar”, which is known for its high strength, is




WATER L. B0

used for the cable, and the cable is highly reliable.

Probe(Camera): Outer diameter 60mm, Length 700mm, Weight Skg
Cable & Winch: (W)520mmx(D)500mmx(H)400mm,
Cable length 300m, Weight 40kg
Pulley: Outer diameter ¢180mm, Weight Skg
Controller: (W)270mmx(D)230mmx(H)170mm, Weight 4kg

Dimensions and

Weight

The home office of MMAyA is going to keep, maintain and utilize
two sets of i-Do300F II granted to MMAyA. MMAyA plans to lend
Installation them to water supply sectors for three years depending on the height

Location of demand. EPSAS, a water supply corporation of La Paz and El Alto
cities, is the first priority and COSALT, a water supply corporation of
Tarija city, is the second for the time being.

Quantity 2 sets

(4) Counterpart Organization
Vice Minister’s Office of Drinking Water and Basic Sanitation (VAPSB), Ministry of
Environment and Water (MMAYA)

(5) Target Area and Beneficiaries
1) Target Areas (the location map is
shown in Figure-1):
La Paz Prefecture: La Paz City and
El Alto City

Oruro Prefecture: Oruro City
Chuquisaca Prefecture: Sucre City
Santa Cruz Prefecture: La Guardia

City and El Torno City

2) Beneficiaries
Prefectural officials and the staff of
public corporations and cooperatives
engaged in water supply, and residents
who are supplied water from wells
Source: Shuttle Radar Topography Mission (SRTM)
Figure-1 Location Map of the Target Areas
(6) Duration
From January 2017 to February 2019



WATER L. B0

(7) Progress Schedule

Outputs, Activities [ vear 2017 2018 2019
No. Contents No. | Contents | Month [ Jan | Feb [ Mar [ Apr [ May[ Jun | Jul | Aug| Sep| Oct | Nov]| Dec | Jan | Feb| Mar | Apr [ May] Jun | Jul | Aug| Sep | Oct | Nov] Dec | Jan | Feb
Preparations Drawing up the implementation plan and preparatory work
To examine situations of malfunctioning wells by interviews (o
1.4 [officials engaged in well maintenance o management n target B
Diagnoses using the arcas of the Survey. and select candidate welk for the technology *
ellc il
:;"1’:::5 d“;lll :::’m To carry out preliminary diagnoses for the candidate wells and |
[ON - . 1-2 | determine the target wells using the well camera [ | -
situations of ) and transported in the Survey
! wells will To take the inside of ten target wells in four areas on video by the
be identified. 13| 0 heamon _
1.4 |To diagnose and analyze sitations of malfunctioning wells based —
on the video taken above
.1 | To select and determine appropriate rehabiltation techniques -
based on the above diagnoses
I . 2. | Todetermine and necessary equi jals for _ l
will be appropriately the -
clected and carried owt | 2.3 | T© €ary out rehabiliation (The JICA Survey Team will ] _
the work to a local contractor and supervise it.) .

based on the diagnoses,

@ ; o To evaluate the effects of the rehabiltation (by pumping test and
and it will be verified that e ) pbme
T 2-4 |by verification of the cost-effectiveness of the diagnosis using (|
the diagnosis technology
ing the proposed well well camera)
using the p ﬂ‘_"’ 2.5 | Toanalyze the chal of well _
camera s effective. found out through the
¢ | To develop and examine a model of wellfe extension (including Om 0
diagnosis, rehabilitation and maintenance)
To prepare training (lecture-type) materials of general
31 |technologies related to diagnosis, rehabilitation and (] il
i of well
3-2 |To carry out the above trainings E
A set of technologies To carry out on-the-job trainings of techniques related to operation|
ranging from diagnosis to | 3-3 |and maintenance of well camera during the preliminary diagnoses 0 [ ]
will be for local officials engaged in well or

To carry out on-the-job trainings of techniques related to diagnosis
and rehabiliation of well during the on-site demonstration
activities for local officials engaged in well maintenance or

@ |demonstrated as a model
of well life extension and | 3.4

transferred to the Bolivian

side.
To prepare a technical manual of diagnosis and rehabiltation of
3-5 | well based on the above training materials and the results of the C H 1M
on-site i |
To hold technical seminars {0 report the resulis of on-site
36 | emonstration and to itroduce the above technical manual my
To plan a framework and a time schedule of Raax's business
A phan will be developed | 41 |development in Bolivia for the future based on the marketing [ ] | [ |
for the analysis, and assess the feasibility
@ |proposed well camera and| 4-2 |To consider the expected risks and the countermeasures 1 1 (|
expanding the Raax’s [ 4-3 | To consider the development effects of ializati 1 1 [
business. o -
|0 plan Raax's business development and technology . 0 0
dissemination in Bolivia .
Reporting Drawing up reports and explanation of the draft final report PR PR2 PR3] [DFR FR
I Activities in Bolivia [ Activities in Japan PR: Progress report,  DFR(Sum): Draft final report (Summary), DFR: Draft final report, ~ FR: Final report

(8) Manning Schedule

Assi t N Affiati yr. 2017 yr. 2018 yr. 2019 Man-months
ssignment lame iliation
9 Jan ‘ Feb | Mar ‘ Apr i May | Jun | Jul ] Aug : Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr : May | Jun ‘ Jul | Aug : Sep | Oct | Nov | Dec | Jan | Feb ||Bolivia| Japan
21 20 | 23 | 84days| 52days|
Mr. Toshimi
Team Leader SUPORI Raax Co., Lid. |;] mm 0 i (] h 00 |;] 0| 2 ;’g 2 N?ll:!
2 3 7 5 3 5 ]
Procurement of Mr. Tetsuya Reax Co.. La. oo 0 0o o 20
Equipment MOGAMI aax Co., Ld. U d . 0.00 | 1.00
6 |2 2
Business Mr. Masayuki Raax Co., Ltd. 0 i i 00 oo lolo oo O O o 38
Development Plan NARITA asx Lo L 1 d i L _ _ - 000} {60
Well Diagnosis/ M. Junii 24 24 48] 27
Maintenance of P Raax Co., Lt 1] O . O (0 1 O 160 | 135
Camera 5 3 2 2 3
20 28 14 20 105! 19
Mr. Tsutomu | Earth System Science
Chief Adviser CURMARA oo L1 | [ ] O ‘ |; D 350 | 0.95
! 3 2
9 14 16] 4 5/6 12 11 3 11] 113 59
Well Operationand | Mr. Yoshinori | Earth System Science [I\]
Maintenance Plan FUKUSHIMA Co., Ltd. I;I E.] [.:,' u] [.] . I Elﬂ] b ; 377 | 295
; 30 30 60 30
Disseminating Mr. Arata Earth System Science :
Activities SASAKI Co., Ltd. _ 1 I:] :I 2001150
31 50 23 104 10
Well Rehabilitation Mr. Ryo Earth Trust Engineering
Techniques 1 FUKUI Co., Ltd. El | ] _ |:| [l | 347| 050
Well Rehabilitation Mr. Chihiro | Earth Trust Engineering 0 32 o 83 10
Techniques 2 DEGUCHI Co., Ltd . 0 q ] 277|050
Raax Co., Ltd. (Man-months) 4.40]  6.85
Others (Man-months) || 1551 6.40
Total (Man-months) || 10.91[ 1325

_ Activities in Bolivia
I:l Activities in Japan (Activities in La Paz, for Mr. Fukushima)
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(9) Implementation System
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3. ACHIEVEMENT OF THE SURVEY
(1) Outputs and Outcomes of the Survey

1) Diagnoses using the proposed well camera were carried out and situations of

malfunctioning wells were identified.

Two sets of the proposed products, the well camera i-Do300FIl, were
manufactured in Japan and transported to Bolivia for the Survey. During the period
from July 10 to 25, 2017, preliminary diagnoses were carried out for 30 candidate
wells; eight wells in La Paz Prefecture, 12 wells in Oruro Prefecture, four wells in
Chuquisaca Prefecture, and six wells in Santa Cruz Prefecture.

The results of the diagnoses showed that well screens seriously clog due to scale
sticking and that the well function deteriorates in a relatively short period in La Paz
Prefecture and Santa Cruz Prefecture. It suggested that the airlifting method is not
so effective and that the jetting method should be applied for cleaning the screen.

It was also recognized that scale sticking on the screen is not so serious and that
general cleaning methods such as airlifting, brushing or swabbing are likely
effective in Oruro Prefecture and Chuquisaca Prefecture.

The wells constructed by UNASBVI of Oruro prefectural government have PVC
screens with slits. It was found that some slits are too wide to prevent the inflow of
sediment and significant amount of deposits were observed at the bottoms of some
wells.

Video images were shot before and after cleaning work for 11 wells selected

through the preliminary diagnoses.

2) Rehabilitation techniques were appropriately selected and carried out based on the

diagnoses, and it was verified that the diagnosis technology using the proposed well

camera is effective.

In total, 11 wells were diagnosed by the proposed well cameras and rehabilitated.
The work was carried out in two wells in Santa Cruz Prefecture, two wells in
Chuquisaca Prefecture, four wells in Oruro Prefecture, and three wells in La Paz
Prefecture. Before and after the rehabilitation work, diagnoses using the well
camera and pumping tests (step drawdown tests) were carried out, and the
rehabilitation effect was evaluated by analyzing the appearance of video images
and recovery of pumping rate and dynamic water level'.

As shown in Table-1, the rehabilitation effect was evaluated comparing the
maximum possible pumping capacities (Qm.x) from the pumping test results before

and after the rehabilitation

"The groundwater level when a motor pump is drawing water from the well
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Table-1 Rehabilitation Effects (from the pumping test results before and after the rehabilitation)

Rehabilitation Effect
Pumping Capacity (lit/min Recovery Rate (%)
Depth | Depth @ ® © @ B 1 2
Name of Sub- | of the |Rehabili-
Prefecture of mersible | top of | tation Reduced Recovered
Well Pump {screen| Method | Initial Beforfe Pumping A‘Fter. Pumping | _ _
Stage R.ehébl_ Capacity Rleha.b|— Capacity =6/@ | =6/}
litation litation
(m) (m) =D-@ =@-@
Ali 37.0 37.2 J 700 31 669 603 572 1,845 86
La Paz B1-II 43.0 30.1] B+S 519 307 212 355 48 16 23
A15-11 38.0 19.1 J 255 365 - 628 263 72 -
PP9 36.0 26.4 J 1,038 399 639 666 267 67 42
Oruro PP11 27.0 36.8 J 3,429 2,679 750 3,394 715 27 95
SelLA2 31.0 235 J 1,266 862 404 944 82 10 20
SeLA3 16.5 18.4] B+S n/a 592 - 676 84 14 -
Chugquisaca Mojotoro 24 375 72.2] B+S 120 322 - 395 73 23 -
Barranca 12 1258 121.8] B+S 140 30 110 66 36 120 33
Santa Cruz La Guardia 8 96.0; 113.0 J 1,500 311 1,189 505 194 62 16
El Torno 9 48.0 85.4] B+S 1,800 796 1,004 948 152 19 15

J: Jetting, B+S: Brushing+Swabbing

Recovery rate-1:  The rate of recovered pumping capacity (&) to pumping capacity before rehabilitation (@)

Recovery rate-2:  The rate of recovered pumping capacity (®) to reduced pumping capacity from the time of construction to the
time just before rehabilitation ()

Recovery rate-2 of Well-Mojotoro24 and Well-EPSAS/A15-11:  As the pumping capacity (D at the time of construction had been
undervalued, the pumping capacity @ before the rehabilitation was larger than (D and the value of 3 was
minus. Therefore the (3 was left blank and the rehabilitation effect was evaluated with the recovery rate-1.

Recovery rate-2 of Well-SeLA3 : Since the pumping capacity (D at the time of construction was unknown, the value of @ could
not be obtained. Therefore the 3 was left blank and the rehabilitation effect was evaluated with the recovery
rate-1.

* Regarding the rehabilitation effect, characteristics by region were not clear.
Regarding the rehabilitation effect by cleaning method, the effect by the jetting
method was that the recovery rate-1 was 10 to 1,845% (median value 65%) and the
recovery rate-2 was 15 to 95% (median value 45%), and the effect by the
brushing+swabbing method was that the recovery rate-1 was 16 to 120% (median
value 19%) and the recovery rate-2 was 15 to 33% (median value 25%)

* Based on the aging deterioration trend of well pumping capacity and the
rehabilitation effect, a well life extension was modeled as shown in the left diagram
of Figure-2.

* On the other hand, when the pumping rate of the existing well decreases to a
certain extent without rehabilitation, it is generally decided to abandon it and
construct a new well instead in an adjacent place. It was modeled assuming the
recovery rate-2 as 100% as shown in the right diagram of Figure-2.

* In the graph of Figure-2, the difference (hatched part in Figure-2) between the
pumping capacity recovered by the rehabilitation of existing well or the

construction of new well and the pumping capacity when the existing well
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continues to be used without rehabilitation shows the effects of rehabilitation or

construction.

Figure-2 Comparison of the effects of rehabilitation and construction of new well
(Well-SeLLA/PP9)

As shown in Table-2, the effects of rehabilitation and construction were replaced

with increasing sales of tap water, and each cost-effectiveness was analyzed and

evaluated from the rate of the increasing sales to the cost.

Table-2 Comparison of the effects of rehabilitation and construction of new well

Rehabilitation Effect
Year of ) ® ©) @
Name  |Rehabi-| o0~ [Rehabi=|Bvaluaiyy s opgq of Cost
o very | litation | tion - Increase of 0s
Prefecture of litation ; Drinking L Effect—
Well Method Rate and Period Water Drinking Cost |
%) Con:‘st— (Year) Production | Water Sales (UsD) ;'veness
ruction () (UsD) -2/3
J 86 3,026,027 1,513,013{ 10,000 151
All New 100 2017/ 60 3,540,240 1,770,120 45,000 39
_ B+S 23 252,864 126,432 5,000 25
La Paz Bi-l New 100] 2025 30 1,116,818] 558,409, 45,000 12
_ J *) 72 387,247 193,623 10,000 19
A15-11 New 100 2034 60 1,395,522 697,761 45,000 16
J 42 3,164,709 1,582,354! 10,000 158
PP9 2017 70 ’ ’ ’ ! !
New 100 7,573,966 3,786,983! 45,000 84
J 95 18,357,534 9,178,767 10,000 918
Oruro PPIT New 100, 2017 70 | 19'256155) 9.628.077 45000 214
J 20 984,014 492,007 10,000 49
SeLA2 New 100 2017, 80 4,848,070 2,424,035 45,000 54
. B+S 33 190,997 95,498 5,000 19
Chuquisaca | Barranca 12 New 100 2017 40 583.601 291.801! 45000 6
. J 16 552,485 276,243 10,000 28
Santa Crus LaGuarda 8|\, | 100, 292°| 40 | 3386108 1693054 45000 38
El Torno 9 B+S 15 2030/ 30 354,350 177,175 5,000 35
New 100 2,340,576 1,170,288 45,000 26

J: Jetting, B+S: Brushing+Swabbing, New: Construction of new well

*): Recovery Rate—2s were applied as Recovery Rates. Regarding the Well-EPSAS/A15-1], the Recovery Rate—1 was

applied because the Recovery Rate—2 could not be obtained.

10
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According to the results of the analysis using the well life extension model, the
effect of the increase in production volume of drinking water and the effect of the
increase in sales amount resulting from the construction of new well are better than
the rehabilitation of existing well. However, regarding cost-effectiveness, the effect
of rehabilitation exceeds the effect of construction if certain levels of recovery
rate-2 exceeding 40% in case of jetting or 15% in case of brushing+swabbing are
achieved. Therefore, in order to recover water intake capacity from groundwater
resources, it is recommended to firstly diagnose existing wells using a well camera

and examine the feasibility of rehabilitation including economic evaluation.

3) A set of technologies ranging from diagnosis to rehabilitation was demonstrated as a

model of well life extension and transferred to the Bolivian side.

At the beginning of the Survey during May to June 2017, diagnosis and
rehabilitation technologies using well camera were introduced at the workshops to
the operators in charge of well maintenance at the sites. The workshops were held
at the target four prefectures. A total of 116 people participated from the
counterpart organization, water supply departments of prefectural governments,
water supply corporations and cooperatives.

How to evaluate the effectiveness of well life extension was also introduced to a
total of 27 managers of eight organizations who are responsible for strategies and
plans for water resources development or water supply services.

At the final stage of the survey during June to July 2018, technical seminars were
held in four cities. In three cities, Oruro, Sucre and Santa Cruz de la Sierra, Raax’s
overall products and technologies, general methods of maintenance and
rehabilitation of wells, the results of the Survey and the effectiveness of well life
extension were presented to 30 to 40 operators of the prefectural government and
water supply public corporation at each seminar.

In La Paz, the "National Symposium on Groundwater and Applied Technology"
sponsored by MMAyA, JICA and Belgian Technical Cooperation Agency (CTB),
was held in July 2018. There were more than 70 participants from the central
governmental organizations such as MMAyA, MDRyT, SERGEOMIN,
COFADENA and EMAGUA. Local officials from the prefectural governments, the
municipal governments, water supply corporations, universities, etc. all over the
country were also in attendance. At the symposium, various presentations were
made by related national and international organizations including Peru National
Water Authority and Catholic University of Colombia.

Pamphlets (Spanish version) were prepared summarizing the features of the

11
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proposed product, and distributed to C/P and sub C/P organizations and to the
participants of the seminars.

* Draft technical manual (Spanish version) of diagnosis and rehabilitation of wells
was prepared based on the results of the Survey. Copies were distributed to C/P
and sub C/P organizations. It organized the following contents so as to be a
practical and popular:

i. Maintenance and management of wells
ii. Monitoring and inspection of wells
iii. Diagnosis of wells
iv. Rehabilitation of wells
v. Evaluation of rehabilitation (removal of clogging) effect
vi. Cost-effectiveness of well life extension
vii. How to operate a well camera

4) A plan was developed for disseminating the proposed well camera and expanding the

Raax’s business

» It is likely that there are 5,000 to 10,000 wells including private sectors’ wells
throughout Bolivia. It suggests that the potential demand for well camera is 50 to
85 units throughout the country, if it is assumed that diagnosis and rehabilitation of
a well is performed once every five to ten years.

* Based on this potential demand, the target of production, sales and income was
planned to sell 40 cameras (22 for public sector demand and 18 for private sector
demand) in five years.

* The strength of the proposed product (i-Do300FII) is its good performance such as
sharpness of the shot images as shown in the following pictures, durability and

good operability in the field.

[ Observation of filled gravel behind the screen]  [Confirmation of leakage from fine damaged

portion of casing pipe]

12
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* On the other hand, the price of the proposed product may be more than doubled
when import tax and value added tax are added, compared with US competitors'
products which costs USD 20,000 to 30,000. Therefore, this shows that the
proposed product is not price advantageous.

* At the moment, among the demands for well cameras, sharp shot images are not
necessarily required for some purposes such as checking the installation of screen,
overviewing the clogging or confirming falling objects. It seems important to
firstly disseminate diagnosis using a well camera rather than ensure accuracy of
shot images. Therefore, it should be a practical strategy to introduce the Smart
Camera, which is a simplified version of the i-Do300FII and is price competitive.
This should be done at the early stage.

* The Survey planned the sales schedule as follows:

v About three units of Smart Camera will be sold in the first year to the public
sectors such as prefectural governments or urban water supply corporations,

v' In the following year, the sales target will be expanded to the private sectors
such as well rehabilitation contractors in urban areas,

v' The demand is expected to increase from the third year when MMAyA's
guidelines or norms on plan and regulation for groundwater conservation will
come into effect. Seizing the opportunity, the sales including i-Do300FII will
be promoted using the catchphrase to advance diagnosis technique, and

v In five years, a total of 40 well cameras will be sold and the goal will be
achieved.

* The basic concept of business development in Bolivia is sales by consignment
through a local sales agent. In the first year, maintenance training for the local
agent will be implemented at the Raax’s headquarters in Japan, not only to
maintain two sets of well cameras granted to MMAYA but also to establish a local
maintenance service system.

* For the time being, the proposed product will be produced domestically in Japan.
Raw materials and equipment will be procured in Japan. In the long term, a part of
the system such as the winch, will be procured locally to improve the price

competitiveness of the i-Do300FII.
(2) Self-reliant and Continual Activities to be Conducted by Counterpart

Organization

* Regarding the utilization of two sets of well camera granted to the Bolivian side,

13
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MMAVYA plans to review the proposals submitted by the prefectural governments and
water supply corporations/cooperatives that wish to use the cameras and to lend them
for three years in order of priority.

* The MMAUyA shall impose the following basic conditions for lending the well camera:
the organization should be able to properly maintain the camera, bear the costs of
maintenance, and return it in the original state. Upon lending, MMAyA and a
borrower will conclude an agreement that obligates the borrower to report the state of
the camera regularly (once or twice a year) to MMAyA and JICA office. For
emergencies, the borrower should ensure that other organizations can temporarily use
the camera.

* Apart from lending the well cameras, MMAYA plans to use them to diagnose about 20
wells throughout the country in order to collect information for planning and
regulation of groundwater conservation.

* Until now, water supply departments of prefectural governments have prioritized
development over maintenance as a policy of groundwater use. It has been usual not to
assign full-time engineers or technicians for well diagnosis and rehabilitation. On the
other hand, some prefectural governments have understood that well life extension
through diagnosis and rehabilitation is effective and important through demonstration
activities of the Survey, and they are trying to organize maintenance teams. Guidance
and support of MMAYyA 1is expected so that this movement will spread to other
prefectures and that diagnosis and rehabilitation using a well camera will also spread.

* Currently, MMAVYA is preparing the guidelines related to the plan and regulation of
groundwater conservation. One of them is "Technical Guideline on Geophysical
Exploration and Well Drilling" which covers all stages of groundwater use, namely,
preparatory stage of groundwater development, drilling and construction stage of new
wells, and maintenance stage of existing wells. Upon request, the Survey provided
MMAyA with "Manual for Diagnosis and Rehabilitation of Well using Well Camera
(Draft)"

» It is expected that the above mentioned MMAyA’s technical guideline clearly states
the effectiveness of well life extension by appropriate diagnosis and rehabilitation
using a well camera as well as concrete methods and procedures of well maintenance.

The guideline is expected to come into force as a national standard within 2019.

4. FUTURE PROSPECTS
(1) Impact and Effect on the Concerned Development Issues through Business
Development of the Product/ Technology in the Surveyed Country

14
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Increase of diagnosis capacity by using the well camera will make it possible to
improve the capacity for maintenance and management of wells, which enables well
management organizations to carry out proper rehabilitation depending on cause and
extent of functional deterioration and to contribute to extension of existing wells’
lives.

The well camera will also make it easy to check whether screens are installed at the
designated right positions, which contributes to improve the construction quality of
wells.

Well life extension and appropriate construction of new wells will improve the
capacity of taking water from wells, which contributes to effective use of limited
water resources and improvement of accessibility to safe water in rural areas and
urban fringe areas that are major development issues in Bolivia.

Diagnosis using the well camera will increase the efficiency of rehabilitation of
existing well, which will reduce maintenance costs as a result. Extending existing well
life is more cost-effective than constructing new well when a certain recovery rate can
be achieved by the rehabilitation. Then proper diagnosis and rehabilitation will
contribute to efficient use of limited budget related to water supply.

Promoting extension of existing well life will reduce the number of abandoned wells,
which will reduce the risk of water pollution of aquifers through the abandoned wells

and contribute to improvement of accessibility to safe water.

Lessons Learned and Recommendation through the Survey

First of all, basic information about existing wells should be arranged and analyzed to
perform proper maintenance and management of wells, as shown in the appendix 4,
“Manual for Diagnosis and Rehabilitation of Well using Well Camera (Draft)”. Generally
in Bolivia, well ledgers have not been prepared, water level and pumping rate have not
been regularly monitored, and necessary information for understanding effectiveness and
feasibility of well life extension is lacking. The well ledger should include and accumulate
monitoring data such as weekly dynamic water level, pumping rate and sediment inflow
and monthly static water level at least. The data such as specifications of well, geophysical
logging data, pumping capacity at the initial stage and treatment history should also be
included.

As a primary diagnosis, the causes and trends of functional deterioration of a well are
analyzed based on the well ledger. Following it, detailed diagnosis is carried out using a
well camera, and appropriate measures can be planned and implemented at the right time

to extend the well life. For example, in a hospital, a medical chart is prepared based on the
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patient's age, physique, anamnesis, etc., periodical measurement data such as body
temperature and blood pressure are added, and primary diagnosis is carried out. Further
detailed diagnosis is carried out by endoscopic examination, the lesion is properly treated,
and finally, the patient’s life is extended.

The results obtained from the demonstration activities of the Survey showed that extending
existing well life is cost-effective and better than constructing new well when a certain
recovery rate can be achieved through rehabilitation. Therefore, in order to recover
pumping rate of existing well, it is important to firstly diagnose the well using a well
camera and examine the feasibility of the rehabilitation including economic evaluation.
The rehabilitation cost examined in the Survey includes diagnosis cost of around 10% of
the total by using the well camera. This means that the overall cost will increase. However,
without the diagnosis using the well camera, rehabilitation by trial and error will likely be
the regular approach. In this case, multiple methods maybe tried resulting to higher cost of
rehabilitation and possibly doubling the cost. The trial and error approach may not
successfully identify the appropriate rehabilitation method. This approach will not
determine, at the outset, whether rehabilitation is required. Thus, it will incur
unnecessary costs. Meanwhile, performing the diagnosis can immediately identify whether
rehabilitation work will be required for well recovery. As stated, the cost may increase by
10%, but in the end, it will be more cost-effective by avoiding the multiple costs of trial
and error.

It is necessary to increase the cases of diagnoses by utilizing the well cameras granted to
the Bolivian side and classify and organize causes and features of the functional
deterioration. It is also necessary to list the differences of recovery rate of pumping
capacity by rehabilitation method and use it as reference information for selecting an
appropriate rehabilitation method through diagnosis.

Based on the diagnoses of wells, the Survey carried out not only the removal of the
clogging of screens but also the observation and recovery of falling objects, evaluation of
slit width of the screen, checking the sediment inflow from the screen and suggestion of
countermeasures, etc.. As the well camera will dramatically improve the capacity for well
maintenance, the Bolivian side is expected to utilize the granted well cameras aiming for
improvement and promotion of well maintenance and management technology

It is remarkable that there are many wells with falling objects. Current maintenance
procedure for wells such as lifting a pump should be improved not to drop objects such as

a pump into the well, and the techniques to recover falling objects should be improved.

16



WATER L. B0

ATTACHMENT: OUTLINE OF THE SURVEY
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MANUAL DE DIAGNOSTICO Y REHABILITACION DE POZOS CON EL USO DE CAMARA DE POZOS

1. OPERACION Y MANTENIMIENTO DE POZOS

En este manual, se resumen las técnicas relacionadas con el diagndstico / rehabilitacion centradas en el uso de la
camara de pozo para la operacién y mantenimiento de pozo profundo.

Los pozos profundos, se refiere a pozo de diametros de 300mm (12”) perforados con maquinaria, por lo general
pozos de mas de 30 metros de profundidad. (Citado del glosario relacionado con el proyecto de desarrollo de
agua subterranea de la Cooperaciéon No Reembolsable).

De esta manera, un pozo profundo tiene la capacidad de bombeo mas alto en el momento de la construccion,
pero como los afios se nota un deterioro por corrosién y la calidad de agua del propio acuifero y los filtros se
incrustan y produce un deterioro de la tuberia (ademe). Aunque estos pueden ser restaurados hasta cierto punto
mediante trabajos de rehabilitacidn, etc., al final tendran su vida util.

Para que un pozo dure mas tiempo, es muy importante conocer bien sus caracteristicas (particularidad) y
administrarlo adecuadamente. Sus caracteristicas, ya casi establecida en el momento de la construccion del pozo,
se determinardn durante el periodo comprendido entre la planificacion inicial hasta el final a través de estudios y
de su propia construccion. Como sus caracteristicas no se pueden cambiar, la forma de operacién vy
mantenimiento afectara la vida util del pozo una vez completado.

Lo basico para mantener y administrar pozos profundos es asegurar el volumen de agua bombeada dentro del
rango del balance hidrico del agua subterranea. El bombeo excesivo de los pozos profundos (sobre explotacion),
el nivel del agua baja con la velocidad de flujo de carga en el pozo, este fendmeno producird un ingreso de arena
fina y limo, ademas al sobre bombeo los filtros quedan vacios (nivel dindmico por debajo de los filtros) la parte
de los filtros pueden oxidar y acelerara el incrustaciones.

Es decir, un aumento en la caida de nivel de agua del pozo, no sélo va afecta al aumento de costo de energia,
sino que conduce a un aumento en la elevacién de la bomba, también se produce en el pozo profundo una
variedad de anormalidades tales como:

Aumento de la velocidad de captacion de agua

Generacion de flujo turbulento en la parte del filtro

Obstruccion de la pantalla con particulas de arena fina y limo

Originan incrustaciones e ingreso de limo alrededor de los filtros

Hundimiento debido al bombeo excesivo por la presién de deshidratacion de la capa de arcilla

Incremento en el costo de energia

SECHCNCETNCNG)

Obstrucciones por incrustaciones por sobre bombeo dejando vacio los filtros.

Por lo tanto, el bombeo excesivo (sobre explotacion) de pozos profundos no solo induce a la bajada del nivel
dinamico del agua sino también varios perjuicios, por lo que es indispensable desde el punto de vista de
conservacion de pozos profundos operar por debajo del caudal 6ptimo de bombeo diseiado.
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2. Monitoreo e inspeccion de pozos

Para gestionar adecuadamente un pozo, es tener registrados todos los datos del pozo.

“Datos sobre pozos son (ubicacion de filtros y otros): tipos de bombas sumergible, resultados de las pruebas de
bombeo, resultados de calidad del agua, presencia / ausencia de trabajos de reparacion, método de trabajo de
reparacion, etc.” = Crear registro de gestion de pozos (Ver ejemplo en la Figura 1)

Figura-1. Libro Mayor de Control de Pozos (Ejemplo)

Para mantener un bombeo estable de los pozos, es importante medir periddicamente los niveles de agua
estaticos y dindmicos, y bombear sin causar turbulencias para que la arena fina no fluya dentro del rango de
caudal determinada. Ademas, el control de calidad de agua se lleva a cabo periddicamente, y cuando se
descubre la contaminacién del agua, es necesario responder con prontitud y precision.

Para comprender la tendencia del cambio anual, es importante organizar y almacenar los datos obtenidos por
inspeccién como una base de datos.

Los elementos principales que se verificaran mediante un monitoreo regular son los siguientes.

1) Nivel Estatico del agua de pozo

El nivel hidrostatico se refiere al nivel de agua (nivel de agua natural) en estado natural antes de bombear
usando una bomba sumergible en un pozo. La medicién del nivel estatico del agua sirve como un estandar para
la operacion y mantener pozos profundos y es un dato valioso para considerar el balance hidrico del agua
subterranea. Existen las dos formas siguientes de registrar el nivel de agua medido.

(D Método para mostrar la profundidad desde la superficie del suelo de cada pozo hasta la superficie del
agua subterranea en estado natural sin bombeo.

@ Método de mostrar el nivel del agua subterranea reemplazando por la altitud barométrica.

Aunque es deseable utilizar el método @ es mas conveniente para comparar y examinar la tendencia del nivel
del agua de pozo, incluso si se controla mediante el método de (1), se convierte a la altitud una vez al afio en Ia

2
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medicién mensual, dibujando una linea de nivel de agua de pozo y conviértalo en un material para evaluar el
nivel de agua subterrdnea en un area amplia. El periodo de medicién se mide mensualmente o al menos una vez
cada seis meses.

2) Nivel Dinamico del agua de pozo

El nivel de agua dinamico significa el nivel de agua (nivel de agua de bombeo) en un estado donde se opera la
bomba sumergida y existe una descarga del agua de pozo. La medicién del nivel dindmico de agua, puede
realizar la relacion entre el volumen de agua bombeada y el nivel dindmico de agua, como la caida del nivel
desde el nivel estdtico, se convierte en un material necesario para el mantenimiento adecuado de la bomba
sumergible de pozo profundo, registrarla y guardarla en almacenamiento.

3) Caudal de Bombeo

Dado que el nivel de agua de bombeo varia mucho segin el caudal de bombeo, el volumen de descarga
(bombeado) de agua se mide todos los dias, el nivel dindmico se mide al mismo tiempo con el volumen de agua
bombeada y se mide periédicamente al menos cada mes. Segun este valor medido se debe tener precauciéon en
el bombeo y al descenso excesivo del nivel de agua. Ademas, analice completamente el contenido del informe
de la prueba de bombeo, etc. en la inicial (en el momento de la construccién) y compdrelo con el nivel de agua
dindmico actual caracteristica del pozo (relacidn del nivel dinamico y volumen de bombeo, etc.) y el volumen de
agua bombeada, y realice el tratamiento adecuado para preservar el pozo.

4) Volumen de descarga especifica (Capacidad Especifica)

Con respecto al caudal de bombeo, el indice de Capacidad especifica (Capacidad especifica) es un indicador para
el diagndstico simple de la capacidad del pozo. La cantidad de descarga especifica muestra la capacidad del pozo
(descarga de agua por 1m de la caida del nivel de agua (abatimiento)), y es la volumen obtenida por el volumen
de descarga + el abatimiento (nivel hidrostatico - nivel dindmico). A medida que el nivel dindmico disminuye, el
abatimiento es mayor y la Capacidad Especifica disminuye. En Japdn, se debe considerar la recuperacion
funcional mediante trabajos de reparacidn, etc., si la capacidad especifica ha disminuido a aproximadamente
80% del momento de la construccion. Si la capacidad especifica baja al 50%, incluso si se rehabilita, a menudo no
se puede esperar su recuperacion.

3. Diagnéstico del Pozo
El diagndstico de pozo profundo es como se muestra en la Figura-2, Diagrama de flujo.

El diagndstico del pozo se lleva a cabo contra anormalidades tales como volumen de bombeo, niveles de agua,
etc. comparados con datos en la etapa inicial (en el momento de la construccidn o rehabilitacion).

1) Diagnéstico del Volumen de bombeo y la Caida de Niveles de agua

1) Se puede verificar con el diagndstico del pozo si existe una reduccion mayor (al 80% en Japon) al nivel
estandar de la capacidad especifica.

(1) Cuando la capacidad especifica no ha disminuido

Aunque la capacidad especifica no haya disminuido, pero en caso que el volumen de bombeo esta

3
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disminuyendo, existe la posibilidad de una anormalidad de la instalacién de bombeo siguiente.
(D Desgaste del impulsor de la bomba
@ Degradacién del motor
(@ Rotura de la tuberia de bombeo
@ Falla del equipo de medicién

En estos e casos, verifique el voltimetro, amperimetro, resistencia de aislamiento del motor de la
bomba sumergible etc., del panel de control.
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(Fuente: “Manual técnico para la gestion de pozos", Japan Water Works Association, 1999)

Figura-2 Flujograma del Diagndstico de Pozos Profundos
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(2) Cuando la capacidad especifica esta disminuyendo

En muchos casos, el nivel del agua subterranea (especialmente el nivel dindmico) disminuye, la capacidad
especifica disminuye, y la profundidad de la bomba es insuficiente, por lo que se reduce el volumen de agua
bombeada.

Si el nivel dinamico de agua es bajo a pesar del volumen de bombeo del pozo en cuestidn, se de detener la
bomba y medir el nivel estdtico del agua. Si existiese un pozo que se descarga del mismo acuifero en las
cercanias, también se debe investigar el nivel del agua de pozo. Si el nivel de agua del pozo no disminuye, es
un fendmeno solo en el pozo objetivo, y el filtro (rejilla), el acuifero y la apertura del filtro se haya producido
muy probablemente una obstruccién. Las siguientes causas pueden considerarse como obstrucciones
(incrustaciones), pero se deben inspeccionar y confirmar mediante una observacion con una camara de pozo
(cdmara de video sumergible.

(D Obstruccién por particulas del suelo

@ Adhesién de incrustaciones

@ Corrosién

@ Crianza de Bacterias

(® Burbujas y éxidos debido a la exposicién de la rejilla

Si el nivel del agua subterranea se reduce no solo en el pozo objetivo sino también en los pozos cercanos,
existe la posibilidad de que el nivel de agua en toda el drea haya disminuido. Particularmente cuando los
pozos estan cerca el uno del otro, es concebible que el nivel de agua disminuya por interferencia mutua.
Incluso si no es una interferencia mutua directa de los pozos, puede ser que el balance entre la recarga de
aguas subterraneas y la cantidad de agua bombeada en toda el area se colapsa, el volumen de agua
subterranea almacenada en toda la cuenca de agua subterranea disminuye, el balance de agua disminuye y el
nivel de agua baja.

2) Diagnostico de escorrentia de arena fina

Cuando existe el ingreso de arena fina, los pozos se colapsan, lo que reduce la altura de la bomba debido al
desgaste de la bomba sumergible, la obstruccién del acuifero y de los filtros, etc.

Como la causa del aumento de ingreso de arena fina se debe al aumento del volumen de agua bombeaday a la
rotura del filtro, en estos casos se debe regular el caudal de bombeo para que no se extraiga arena. Si la arena
figue fluyendo, es necesario inspeccionar con cdmara de pozo teniendo en cuenta el dafio de los filtros del
ademe.

Si el ingreso de arena fina no se detiene desde el principio, o la graba seleccionada de empaque, existe la
posibilidad de que la abertura de los filtros sea demasiado grande.
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4. Rehabilitacion de Pozo

1) Eliminacion de las incrustaciones y obstrucciones en los filtros

LW - WE~=2 T (R)

Se requieren trabajos de rehabilitacion si el caudal de bombeo, el nivel dinamico del agua se reduce o la calidad
del agua cambia y se considera que la rejilla del pozo estd bloqueada. Si la capacidad de bombeo diaria y
registrada disminuye de manera sucesiva desde el momento de la construccién, se puede suponer que la causa
es la obstruccion de la rejilla o causa similar. En tal caso, investigue el interior del pozo con una cdmara
sumergible, etc. y, si se confirma la obstruccién de la rejilla, realice el trabajo de rehabilitacién de la siguiente

manera. En muchos casos, estos métodos se combinan.

e Método de cepillado

e Método de pistoneado

e Método de inyeccidon de agua a alta presion (Jetting)

e Método de limpieza de tipo inverso

e Meétodo con tratamiento quimico

@O Método de cepillado

Un método que consiste en mover
axialmente un cepillo de alambre (u otro
material) un poco mas grande que el
diametro interno de la tuberia, raspando vy
eliminando las incrustaciones en la rejilla
(filtro) y la superficie de la tuberia. Es
efectivo para eliminar y limpiar las
obstrucciones en la superficie de la tuberia
de revestimiento, pero es dificil eliminar las
incrustaciones duras, remover el empaque de
grava y la obstruccién sedimentadas en los
filtros.
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® Método de pistoneado

Considerando la tuberia como wun
cilindro, es un método para descender
una herramienta similar a un pistén
(piston) colgaba con un cable (cafieria),
aumentando la fluctuacion del agua
mediante el movimiento axial para
eliminar la incrustacion y los granos de
arena alrededor de la rejilla. Existe
peligro de rotura si la rejilla y otros estan
corroida o deteriorada
considerablemente.

Método de Inyeccion de agua a alta presién

Un método que se inyecta agua a alta - Jetting (Inyeccion de agua a presion)
presion desde el interior hacia el

exterior de la rejilla para eliminar las
incrustaciones de la rejilla y eliminar la
obstruccién.

® Método de lavado inverso

En la rejilla obstruida, varias veces se

produce una accidon repetida de - Lavado Reverso
lavado inverso con la operacion

repetitiva en la que el aire o el agua

fluyen repentinamente al pozo para

elevar el nivel de agua en la tuberia

de inmediato y las sustancias que

obstruyen la rejilla y el empaque de

grava se agitan y remueven.
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@ Método con tratamiento
quimico

Para eliminar la obstruccién de Ia
parte de la rejilla, inyecte productos
quimicos en el pozo, disuelva el
producto, disuelva el éxido de metal
y elimine la incrustacion de la
superficie de la tuberia. Es dificil
decir si es efectivo o no, y a menudo
es dificil juzgar el efecto.

2) Prevencion de flujo de arena fina

Existen tres causas principales del fendmeno de flujo de salida (ingreso) de arena fina mezclado con limo durante
el bombeo.

(D Por bombeo excesivo o funcionamiento intermitente de la bomba sumergible.

@ Debido a la rotura por desgaste o por corrosién de la parte de las juntas de la tuberia ciega vy la rejilla o
filtro.

Debido a la obstruccién de filtros y acuiferos, por el aumento de la velocidad del flujo de captacion.

Debido a estos fendmenos, la arena, la grava y materiales similares del acuifero pueden fluir hacia el pozo, lo que
puede provocar la falla de la bomba sumergible, el colapso del pozo, el colapso del pozo y otros dafios similares.
Como medida, si la arena y limo se mezcla durante la inspeccidon de bombeo que se realiza en el patrullaje diario,
y el porcentaje de mezcla estd aumentando, investigue el estado de la tuberia / filtros utilizando una camara
sumergible, etc. Es necesario realizar un tratamiento
adecuado, como un encamisado doble. En el Reparacion Jetting
encamisado doble, se inserta una tuberia que tiene un Doble encamisado
diametro menor que la tuberia instalada, y se llena
cemento fino en la ranura anular para fijar la tuberia 'y
evitar la salida de arena y materias similares.

Empaque de grava

Doble encamisado

3) Dragado

El dragado es un proceso de descarga de arena

cuando la arena que fluye desde la rejilla se acumula

en un depdsito de arena en el fondo del pozo. En el

caso de detectar arena fina en el bombeo de agua, también es posible que se acumule en el fondo del pozo, de
modo que eleve la bomba sumergible y mida la profundidad del pozo. El dragado es necesario porque la rejilla
inferior puede ser enterrada por la sedimentacion.

Existen los dos métodos para eliminar sedimentos, () es adecuado para recuperar sedimentos relativamente
blandos, @ se utiliza para arena y grava relativamente compactas que son los siguientes.



a4, HF AT ERRALIEHFOZE - S~ ==27 1 (F)

@ Eliminacién de depésitos por empacadoras o cucharén

® Eliminacién de sedimentos por método de compresorado

4)

epara

cion y

reem

plazo

de

bomb

a

sume

rgible
En muchos casos, la degradacion de la capacidad de bombeo de agua se debe a un deterioro de la bomba
sumergible. El deterioro del motor puede verificarse con un medidor de resistencia de aislamiento. Si el valor de

la resistencia de aislamiento es de 1 MQ o menos, medido con 500 V, es necesario repararlo o reemplazarlo lo
antes posible

Como el deterioro de la bomba aparece como una caida en el cabezal de la bomba, se compara con el valor
inicial y se lleva a cabo la reparacién y el reemplazo de las piezas dafiadas.

10
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5) Prevencioén de la contaminacion del agua subterranea

Como un caso donde el agua subterrdnea esta contaminada con sustancias que no se encuentran en la
naturaleza, la contaminacion secundaria de agua subterranea de depresion contaminada o agua subterranea no
presurizada contaminada puede ocurrir a lo largo de la pared del pozo profundo como invasion a través
infiltraciones. En este caso, se inyecta lechada de cemento desde la superficie mediante el método de inyeccién
de lechada, llenando el espacio que se convierte en la ruta de contaminacién y realizando un trabajo de
bloqueador de ingreso del agua.

Para el ingreso de agua contaminada de la parte defectuosa de la unién soldada de la tuberia, se debe verificar
mediante una cadmara de pozo las uniones, y en su caso solucionar con un combinado del método de doble
entubado y cementacion.

Ademas, para evitar que los pozos profundos causen la difusién de la contaminacién del agua subterranea,
cuando se utilizan pozos profundos como pozos de desechos, se inyecta lechada de cemento (cementacion)
desmontando el tubo Tremy en el pozo y las partes de la rejilla, partes rotas, etc. Es necesario instalarlo para que
esté completamente bloqueado.

6) Control de calidad de la construccién

Con el fin de preservar la cantidad y calidad de los recursos limitados de agua subterrdnea y hacer un uso
efectivo de manera sostenible, es esencial construir primero un pozo y mantenerlo adecuadamente y usarlo
durante muchos afios. . La Figura 2 muestra el flujo de diagndstico para el mantenimiento y la gestidn segun el
lugar, pero los esfuerzos de mantenimiento y gestion se desperdician si existen fallas en la construccion de modo
que la rejilla no cumple la funcién por su mala ubicacidn predeterminada desde el inicio de la construccion del
pozo. Para evitar esto, es posible excluir pozos con una construccién deficiente realizando una inspeccion de
finalizacidon que confirma si la construccion se ha ejecutado de acuerdo con el disefio de pozo utilizando una
camara de pozo.

5. Evaluacion de resultados de la Rehabilitaciéon de Pozo (Eliminacién de
incrustaciones)

En cuanto al resultado de la mejora del pozo (eliminacion de obstrucciones), el efecto de rehabilitacion se evalua
a partir de una evaluacion general, comparando las imagenes fotografiadas con la cdmara de pozo antes y
después de la rehabilitacién y de la evaluacion cuantitativa por comparacion de los resultados de la prueba de
bombeo.

1) Evaluacién general con la camara de pozo
Como se muestra en el ejemplo de la Fig. 3, compare las imagenes antes y después de la rehabilitacion de cada
pozo, como una rejilla en un plano de la seccién del pozo, tenga en cuenta el efecto de la eliminacién de

obstrucciones. En el caso en que sea dificil juzgar solo con las imagenes fijas, compare en detalle y evalue con el
video de la parte correspondiente.
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Ejemplo de una Comparacion Antes y Después de la Rehabilitacién con uso de la Camara Sumergible
19.1m - 2.1m 56.0m - 58.0m
Profun Ubicacion 23.6m - 6.6m 69.0m - 71.0m
0.0m - 90.6m : 28.1m - 7.0m 73.0m - 75.0m
idad de Filtros 38.5m - 15m 77.0m - 75.0m
43.5m - 7.5m
Prof. (m)
GL
o—
sl
10—
 ———— — D Sy
133m
b 3
15—
Estado en la union en la prof. De 11.3m) [Estado en la unién en la prof. De 11.3m|
No s observa dafios ni fugas Nose permite dafios ni fugas. Se ha
20——
25—
30—
35—
Estado de filtros en los 30.0m Estado de filtros en los 30.0m
Obstruidos los filtros por Se ha eliminado parcialmente, pero
40| adn existen muchas
45—
50——
55—
s6om
Estado de los filtros en los 45.0m %5311'“ Estado de los filtros en los 45.0m
Incrustaciones que obstruyen los Las incrustaciones yla obstruccién se
0 tros elimina con la limpieza
65—
70—
75—
Estado de los filtros en los 73.2m Estado de los filtros en los73.2m
[Comprado con los filtros superiores. Casi no se observan obstrucciones, se
w0l (~58.0m), se observa menos puede ver las gravas al fondo de los
85—
90— Prof. Pozo 90.6m
95—
Estado del pozo a los 82.2m Estado del pozo a los 82.2m
Se ha precipitado material suave Se juzga que es casi el fondo de pozo.
1004——-
Posibilidad de Se prevé gran espectativa desde el estado de las ) » L
X Metodo |letting a alta presion y Compresorado |Prioridad| A
rehabilitacion incrustaciones en los filtros
Notas * Consid |_ ) ) )
Existen muchas obstrucciones en los filtros superiores ( ~ 58.0m), existe sedimentos de 8m
eraciones

Figura-3 Imagen fotogrdfica en el pozo antes y después de la rehabilitacion con cdmara de pozo (ej.)
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2) Evaluacion cuantitativa mediante prueba de bombeo

La figura 4 muestra un ejemplo de evaluacién cuantitativa mediante la prueba de bombeo.

Primero, realizamos una prueba de bombeo antes y después de la rehabilitacién, con estos resultados
graficamos la caudal de bombeo (Q) y el abatimiento (s: diferencia entre el nivel estatico y dindmico), luego se
halla la férmula de aproximacion de la curva Q-s. A continuacion, se estima el caudal maximo de bombeo (Qmax)
gue viene a ser la profundidad mas arriba del ler filtro o en su caso mas arriba de la ubicacién de la bomba
sumergible. El resultado de la rehabilitacion es el indice o porcentaje de recuperacién obtenida de la
comparacion de Qmax de la prueba de bombeo antes y después de la rehabilitaciéon o bien con el Qmax de la
construccion del pozo. En el ejemplo mostrado en la Fig. 4, el Qmax (66 L / min) después de la rehabilitacion que
recuperd en 36 L/min en comparacion con el Qmax (30 L/min) antes de la rehabilitacidn, por lo que la tasa de
recuperacion es del 120 % (Tasa de recuperacion 1 = 36 |/min + 30 I/min). Ademas, dado que la caida del caudal
(caida del Qmax) desde la inicial (140 L/min) hasta antes de la rehabilitacion es 110 (= 140-30) L/min, la tasa de
recuperacion (tasa de recuperacion 2 = 36 L/min + 110 L/min) se evalia como un 33%.

Fig. 4 Diagrama comparativo de resultados de la prueba de bombeo en el momento de la construccion del pozo,
inmediatamente antes y después de la rehabilitacion (ej.)

6. Beneficio de costo de extender la vida util de un pozo

1) Modelacion del deterioro de un pozo

Normalmente, se considera que los pozos tienen su punto maximo en el momento de su construccidn, y la
capacidad de bombeo se va deteriorando con el tiempo. Al registrar este deterioro y al graficarlo, podemos
obtener una curva de deterioro de la capacidad de bombeo del pozo y predecir si podemos seguir usandolo
durante aproximadamente un aifilo mas.

13
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Sin embargo, si no se registran los niveles de agua y los volimenes bombeados periddicamente o si los datos de
medicién se han perdidos, se debe obtener minimamente los datos de la perforacidon del pozo y algunos datos
medidos Ultimamente, con estos estimar la curva de deterioro o estimar de otros pozos, si no se realiza una
modelacion del deterioro del pozo no se puede determinar la vida util del mismo. En la Figura 5 se muestra un
ejemplo de modelo de deterioro de un pozo.

Variacion a largo plazo del vol.

Q (L/min) bombeo de Pozo Profundo
800
4 Registro
700 ||
— Deterioro (tendencia)
600 -
500 \ y=702e008x |

\ R? =0,9206 i
400
300 \
200 \ 4
100 \

0 T T T T 1
0 10 20 30 40 4 de Aftos

Figura 5 Modelo de deterioro de un pozo (ej.)

2) Cuantificacién de los efectos al prolongar la vida util de un pozo

Con los métodos y estimaciones para estimar y evaluar la relacion costo-efectividad al cuantificar el efecto de la
vida util prolongada mediante la rehabilitacion de pozos utilizando el modelo de deterioro se muestran a
continuacion.

Si rehabilitamos 27 afios después de la construccion y asumimos que el 50% de la tasa de recuperacion (tasa de
recuperacion 2) fue efectiva, si graficamos el deterioro hasta 60 afios (2050) después de la construccién como se
muestra en la Figura 6. El deterioro en el caso de no realizar ninguna rehabilitacién esta representada con la
curva negra, y el cambio después de la rehabilitacién estd representada con una curva azul. Por lo tanto, la
diferencia entre ambas curvas es el efecto de recuperacidon del caudal de bombeo, y la seccién achurada
(magenta) muestra el efecto de la mejora durante la vida util prolongada del pozo por la rehabilitacion.

Este efecto es un aumento en la produccidn de agua, alcanza a 1.774.670 m3 en 60 aios. Dado que el volumen
de ventas / produccion de agua de la EPSA de Bolivia se estima en alrededor de 0.55US/m 3, si este aumento en
la produccién se convierte en valor monetario, serd de SUS.887.335.

14
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Figura-6. Resultado de la prolongacion de la vida util del pozo y recuperacion de caudal mediante la
rehabilitacion del pozo

Por otro lado, suponiendo que un pozo de 27 afios de vida no se ha realizado ninguna rehabilitacién y se lo
descarta, se lo sustituye por otro nuevo, se asume que el pozo hasta, si prolongamos la utilidad del pozo antiguo
hasta los 60 afios (2050), lo graficando los resultados de degradacién se muestra en la Figura 7. El deterioro del
pozo existente estd representado por una curva negra, y el cambio del nuevo pozo estd representado por una
curva verde. Por lo tanto, el caudal de bombeo originado recientemente por el nuevo pozo, es decir, la parte con
el sombreado (azul) muestra el efecto por la construccion de un nuevo pozo.

Este efecto es un aumento en la produccidn de agua, que es de 3.891.978 m3 hasta el 2050. Como en el caso de
la rehabilitacion, cuando este efecto de aumento de volumen se convierte en valor monetario, significa en USD
1.945.989.

Afos transc.

Fig. 7 Efectos de la recuperacién del caudal de bombeo mediante la construcciéon de un nuevo pozo
15
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Tanto para rehabilitacion como para casos de pozos nuevos, se estima que el costo requerido es de
aproximadamente USD 9.000 para la rehabilitacion (incluido el diagndstico mediante camara de pozo) vy
aproximadamente USD 30.000 para construcciéon de pozo, por lo que la rentabilidad de ambos casos, el valor
calculado de rehabilitacion se estima en 99 y la cantidad de pozos de renovacidon es de 59, y la rehabilitacién es
mas ventajosa.

Sin embargo, dado que el resultado de este ejercicio depende de las condiciones tales como el método de
rehabilitacion, la tasa de recuperacion, el momento de implementacién, la profundidad del nuevo pozo,
diametro, condiciones geoldgicas, etc., es necesario ingresar valores numéricos concretos para pozos similares
para determinar cual es mds ventajoso. Aunque es necesario verificar cada vez, es vital establecer un plan de
mantenimiento y un plan de prolongacién de la vida util razonable para un pozo utilizando el método de
evaluacién anterior.
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7. Método de operacidon y manejo de la camara de pozo

1) Presentacion de la camara de pozo i-Do300F- I

Componentes del equipo

17
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@ Especificaciones del Equipo
[sonda]

[control]

18
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[Guinche]

[Poleay Video]
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2) Manejo de la camara de pozo i-Do300F- I

@ Flujograma para el diagndstico de un pozo

(2) Preparativos antes de su uso

[ Verificacion de la situacién del sitio]

atc.)
yosible su uso.
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[Instalacion del Guinche]

[Instalacién de la polea]

(@ Preparativos antes de la observacién (Instalar Polea )

Instalar para que quede al centro del pozo
Ej.) Visto de arriba debe estar al centro

21
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[Instalacion del centralizador]

[ Conexion de cables (PoleasSonda]
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[ Conexidn de cables (Guinche<Control&Video Monitor]

[Encendido ON]

*Energizar la Sonda

Antes la alimentacion
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[ Configuracién del Guinche]

[ Preparar la sonda para introducir al pozo]
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[ Configura la profundidad a Om]

[ Configurar el Tablero de Control]
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@Método de inspeccionar un pozo

[Operacién del equipo]

[Puntos a tener en cuenta al observar un pozo]

26
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[ Verificar datos al momento de su conclusién]

@ Administracion y almacenamiento del equipo

[ Limpieza posterior a la conclusién de la inspeccidn]

27
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[Limpieza de cables]

[Limpieza de una parte del protector]
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[ Cambio del protector laterales]

[ Mantenimiento de O-ring]
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@ Ordenamiento de las imagenes

[Edicion de imagenes captadas]

[Elaboracidon de informes]
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m FABRICANTE de la Camara de Pozo: RaaX Co., Ltd.

1-12, kita-24, Higashi-17, Higashi-ku, Sapporo, 065-0024, JAPAN
Tel:Int+81-11-780-2222

Email:eigyo@raax.co.jp

Web:http://www.raax.co.jp

m REPRESENTANTE EN BOLIVIA: Construction and Services SUIGEN S.R.L.
Los Angeles Avenue # 4 Neighborhood Unit 119

Barrio California, Santa Cruz, Bolivia

Tel:+591-3-3544430

Email : suigen@cotas.com.bo
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Camara para M‘ahtuenimiento de:-pozo
= '

~ lﬂ \

ol -Do300F-II

Puede observar con precision el interior del pozo con una
operacion facil, dltima camara para mantenimiento de pozo.

Es una camara pozo que capta imagenes claras con camaras
frontal y lateral. La cAmara tiene una rotacién de 3609, regula el
enfoque, se puede captar imagenes y observar las obstrucciones,
incrustaciones dafios, etc. de la rejilla. La operacion se la hace
con un controlador terrestre y la grabacion y toma de imagenes
se la realiza con el video grabador adjunto.
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Esquema del dispositivo IREEELS . R (i-Do300FIT) D/3 7Ly |

eSonda

La camara tipo doble, captura el objetivo frontal / Iterales
Camara giratoria de 360° Funcién de enfoque

Camara lateral Camara frontal

Dimensiones externas : Diametro 60mm, L=700mm
Resolucion de Camara efectivo : 380,000 Pixels
lluminacion : LED blanca

Ambiente operacion : 0 a 60°c

Control & Guinche Polea Video

Longitud del Cable 300m Visualizacién de profundidad en Grabador incorporado en el monitor
Peso : 35Kg iempo real Medios de grabacion: tarjeta SD
Alimentacién : AC100-240V Peso : 5Kg Grabador: MP4 Imagen fija: JPEG

Resolucion: 1mm

Usos /
Verificar resultados de la Verificar la ubicacién y profundidad de o . . .
L . . Verificar las incrustaciones en los filtros
limpieza antes y después los filtros

Verificar la situacion de deformacion / dafio dentro

Inspeccidn de las condiciones de construccién de un pozo
del pozo

nuevo

Ademads de pozos, puede ser ampliamente utilizado, para la verificacion de grietas de la roca y observacion del estado
de pilotes
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Imagen capturada J/

Antes

Después

—- Lateral —- Lateral

Estado al interior

Dano de la tuberia

—GE  Fonal —am oo

Grava atras del filtro

Objetos que caidos

—- Lateral —4@l)> rontal

Con la funcién de enfoque, se puede observar hasta el empaque de grava en el fondo !

Ejemplo de estudio /

Se ejecuta el Estudio de Diagndstico con la cdmara de pozo en Bolivia, segun los resultados se seleccioné el método de
limpieza y rehabilitacién de pozos. El area del Estudio son 4 Departamentos, La Paz, Oruro, Chuquisaca y Santa Cruz donde
se ejecuta el Diagndstico y Rehabilitacidn, se ha verificado el efecto del aumento en el nivel y de bombeo y la recuperacion
del nivel de agua al eliminar la obstruccion en el filtro, lo que causa el mal funcionamiento.

PROCESO DEL ESTUDIO CON LA CAMARA DE POZO

Diagndstico antes de la Seleccion del Ejecucion de la Diagndstico Verificacion de los
rehabilitacion método rehabilitacion después de la reha. efectos

Se aclara el estado al Seleccion del Ejecucion con el Para verificar los Se verifica los resultados

interior del pozo, método segun el met. seleccionado efectos se realiza con la prueba de

incrustaciones y otras. diagndstico nuevamente la bombeo

toma
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Resultado/informe /

Informe del diagnéstico y rehabilitacion de pozos Resultado de la prueba de bombeo

Al comprador de la cdmara de pozo, se le proporcionan los
siguientes manuales elaborados de acuerdo a la ejecucién de
Estudio.

® Manual de diagnéstico de pozos

® Manual de trabajo de rehabilitacion

® Ejemplos de informes de diagndstico de pozos

Respecto a RaaX /

Nuestra Empresa se inicié hace 30 afios con el desarrollo de equipo para estudio geoldgico, se tiene un historial probado de
mas de 10 afios desde el desarrollo de la cdmara para pozos.
Se tiene un historial de muchas ventas al extranjero. Nuestra tecnologia de la cdmara ha ganado el "Premio de Ciencia y

Tecnologia" otorgado por el gobierno japonés.
Camara para inspeccion al interior de pozos “Camara
inteligente”

Equipos de estudios fuera de la camara de pozos
Camara para pozos para estudios geoldgicos BIPS

La Camara BIPS, es un La camara inteligente es una camara de vision directa de
sistema que captay $38 mm.

registra en forma continua Se puede observar a una profundidad de 200 m con un
las paredes del pozo sistema compacto vy liviano.

perforado.

Se puede registrar la
inclinacién mas
pronunciada y precisa de
la discontinuidad, como las
grietas.

Izg.) Imagen de expandida

de la pared del pozo en

360°.

Der.) Imagen desarrollada en 3D.

RaaXco.1td.

1-12 kita-24,Higashi-17,Higashi-ku,Sapporo
065-0024,JAPAN

Tel:Int+81-11-780-2222 Email:eigyo@raax.co.jp . .
Web:http://www.raax.co.jp RaaX SRt

Se observa la deformacién de Parte de la cdmara
la tuberia

Edificio y Oficina Central y de ventas de RaaX
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