Increase Rate of Investment Cost (%) NPV (105 Peso$).  FIRR (%)

60.00 -2,885 1147
-50.00 -495 11.91
4793 0 - 12.00
4000 1,865 - 1239
30.00 . 4,285 - 12,90
Reduction Rate of Revenue (%) NPV (106 Peso $ FIRR (%)
-30.00 _ S 2764 11.20
-25.00 ' -394 11.89
-24.17 . 0 12.00
-20.00 1,976 12,54
-15.00 R 4,346 13.16

7.49 Environmental Impact Assessment

This project will much contribute to the economical development of Iquique city and
the improvement of the living standards of the citizen. However, it may cause some
negative impacts on the environments of the project area.

The anticipated negative impacts in three (3) project stages of pre-construction,
construction and operation are evaluated as follows.

1)  Pre-construction Stage

The transmission pipeline is laid under the roads (shoulder of the road). Then,
no land acquisition is necessary. However, the construction of the well-field
and tanks requires the land acquisition of 261 ha,

No negative impact is anticipated concerning the land acquisition since the land
is now entirely idle and most of it belong to the government.

There are no valuable historical assets, flora and fauna in the project sites.

2)  Construction Stage

(1) Vibration, Noise and Dust

Yibration, noise and dust may be caused by the construction of the
proposed facilities to some extent. The adverse impacts are assessed as
less important since the construction works are done in the dessert areas
except Pozo Almonte and Alto Hospicio town areas. '
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The transmission pipeline passes through the town areas of Pozo Almonte
and Alto Hospicio. However, the affected area and population are small,
and the vibration, noise and dust can easily be minimized by proper
construction management.

Traffic Disturbance

The transmission pipeline is installed under the shoulder of the roads
including Pan American Highway and Highway Route 1, and crosses the
railway at one (1) location.

The traffic disturbance due to the pipeline installation is considered not

. significant since the traffic density of the roads is small, and as to the

railway traffic, it is several times a week.

Lowering of Groundwater Table

No pipeline is installed below the groundwater table. Well drilling
generally causes no impact on the groundwater table. Therefore, lowering
of groundwater table due to the construction works of the project is not
anticipated.

Operation Stage

The major environmental impacts in operation stage are those on the existing

wells and Tamarugo trees due to the lowering of the groundwater table.

The existing groundwater table will be lowered in future by such various water

developments as municipal water of Iquique city, domestic water of local towns,

irrigation water and mining water. The total draw-down by the proposed project

and other water developments after 100 years is estimated as follows.

- by 25 ~ 30 m in the most seriously affected area

- by less than 15 m in most part of the aquifer area

- by less than 15 m in the existing Tamarugo tree area

1)

Impact on Existing Wells

At present, 12 independent wells and two (2) well-fields (managed by
ESSAT) are extracting the groundwater from the Pampa del Tamarugal
aquifer. Among them, six (6) independent wells with a total extraction

VII - 25



@

quantity of less than 0.3 I/s are as shallow as 15 m in depth. All the other

- wells are deep enough.

' The above six (6) independent wells shall be deepened or reconstructed at

a proper time in the future.

Impact on Existing Tamarugo Trees

‘The Tamarugo trees are widely distributed in the National Reserved Area

of approximately 100,000 ha designated in the aquifer area. Roots of the
Tamarugo tree are generally considered to reach a depth of 25 ~ 30 m,

. 50 m in some cases, to absorb the groundwater,

Hence, no significant adverse impact on the Tamarugo trees is anticipated.
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Table 7.1 Estimated Construction Cost and Power Consumption
<Costo de Construccidn Estimado y Consumo de Energia>

Alt. (1) | Alt. (2) | Alt. (3) { Alt, (4) | Alt. (5)

Construction Cost (Million Peso : M$)

Well-Field Cost 4,336 4,336 4,142 4,142 5,548

(well/pump/elect_ricily/pipeline)

Transmission/Booster Pump Cost 2,031 | 3620 | 3,621 | 3,092 | 6,429

(pump/electricity/house)

Transmission Pipeline Cost 29,081 | 27,534 | 36,891 | 39,367 | 63,468

-(pipeline/pressure relief valve)

Tank Cost =~ 1,373 1,534 1,447 1,476 2,179

(collection/break-pressure/distribution)

Treatment Plant Cost - - - - | 12,360

(for Mn/Fe)

Total Construction Cost 36,821 | 37,024 | 46,101 | 48,077 | 89,984
Power Consumptiqn kw)

Transmission/Booster Pumps 1,280 | 2,320 | 2,260 | 1,320 | 4,540

intake Pumps 981 981 738 738 713

Total Power Consumption 2,261 3,301 2,998 2,058 5,253
Note : - Cost as of March, 1994

Cost without Value Added Tax (IVA)
Foreign exchange rate as of March, 1994
US$1.00 = Chile Peso : $435.0 = Japanese Yen : ¥110.0
Construction cost includes M$1,822 for the section between Alto Hospicio and
Cavancha.
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Table 7.2.  Break-down of Direct Construction and Land Acquisition Cost
<Costo de Construccién Directo y de Adquisicion de la Tierra>

1

_ _ TQOTAL
No Work Item Quantity Foreign Local = TOTAL
: Currency Currency :
(1000 xUS$) (1000 x Peso) (1000 xPeso)
Direct Construction | 36,032 4,422,575 20,096,326
1) Intake Works 2,532 1,193,663 2,295,144
(1) Deep Wells 8 Wells, 134 524,369 - 582,632
(2) Pumps 8 Submergible Pump 1,915 92,547 925,470
(3) Electric Facilities . 380 18,391 - 183,908
(4) Collection Pipeline D=250~800 mm, 0 285,009 285,009
| L=5,750m - -
(5) Valves 7 Valves 103 11,194~ 55972
(6) Roads 0 144,051 144,051
(7) Miscellaneous Works 0 118,102 118,102
2) Transmission Facilities 33,499 2,305,366 16,877,636
(1) Transmission Pump 420 KW x 3 units 3,126 151,091 1,510,912
(2) Transmission Pipeline | 30,373 1,468,050 14,680,499
(3) Tanks 1,250m3x3, 0 686,225 686,225
250m3x3, '
7,500m3x3
3) Distribution Network 0 765,546 765,546
4) Electric Transmission Line 0 158,000 158,000
(1) Electric Transmission Line |23 kV, L=20 km 0 158,000 158,000
2 Land Acquisition Cost 0 262,000 262,000
1) Well Field 260 ha 0 260,000 260,000
2) Tanks 1 ha 0 2,000 2,000

Note: Cost: as of March 1994, excluding Value Added Tax (IVA)
Exchange Rate: US$1.00= Chilean Peso $435.00= Japanese Yen ¥110.00
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Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

2024

20235
2026
2027
2028

1,243,210,986
14,456,942,987
15,828,455,682

Table 7.4 Cash Flow Anatysis (Iquique Stage I)

<Analisis de Flujo de Caja (Iquique Etapa I)>

0 & M Cost (*)

82272347
902,192,259
989,262,930
1,084.816,412
1,183,936,597
1,304,922,974
1,431,417,858
1,545,931,287
1,669,605,790
1,803,174,253
1,947,428,193
2,103,222,449
2,271,480,245
2,453,198,664
2,649454,558
8,489,619,214
3,090,323,494
3,337,549,373
3,604,553,323
3.892,917,589
17.869,798,814
4,540,699,520
4,903,955,481
5,296,271,920
3,719.973,673
6,177.,571,567
6,671,771,293
7,205,519,476
7,781,961,034
8,404,517,917

* Considering replacement costs

(Unit ; Peso)

Total Cost ‘Benefits
1,243,210,986
14,456,942,987
15,828,455,682

822,723477  2,095,943,391
902,192,259  2,473.951,210
989,262,930 2,909,759,834
1,084,816412 3,411,511,545
1,183,936,597  3,945867207
1,304,922,974  4,675,886,358
1431417858 5,493917,753
1,545931,287  6,098,248,706
1,669,605,790  6,769,056,063
1,803,174,253  7,513.652,230
1,947428,193  8,340,153,976
2,103,222,449 - 9257570913 -
2,271,480,245 10,275,903,713
2,453,198,664 11,406,253,122
2,649,454,558  12,660,940,965
8,489,619,214 14,053,644,471
3,090,323.494  15,599,545,363
3,337,549,373  17,315,495,353
3,604,553,323  19,220,199,842
3,892.917,589  21,334,421,825
17,865,798,814 = 23,681,208,225

4,540,699,520
4,903,955 481
5,296,271,920
5,719973,673
6,177,571,567
6,671,7717,293
7,205,519.476
7,781,961,034
8,404,517917

VII- 30

26,286,141,130
29,177,616,655
32,387,154 ,487
35,949,741,480
39,904,213,043
44,203,676,478
49,165,980,890
54,574,238,788
60,577,405,055

NPV
FIRR

Cash Flow
-1,243,210,986

-14,456,942 987
-15,828,455,682

1,273.219,915
1,571,758,951
1,920,496,904
2,326,695,133
2,761,930,700
3,370,963,384
4,062 499,895
4,552,317,419
5,099,450,273
5710477977
6,392,725,782
7,154,348 464
8,004 423,469
8,953,054,457
10,011,486,408
5,564,025,257
12,509,221 869
13,977,945,980
15,615,646,519
17,441,504,236
5,811,409,412
21,745,441,610
24,273,661,173
27,090,882,567
30,229,767,807

33,726,641,476

37,621,899,185
41,960,461,414
46,792,277,754
52,172,887,138

~.11,455,886,611

14.86%



STLTIBPE'EIE
996" 9T 686" vLT
8YT'PLT'SHO 0T
PRLSTE'SHLBOT
THE'BET'6TL 08T
L8Y'SLE'PE5'CS L
YZE'L9S TE0'EE]
968'TELYPETIT
TES'POLGOS 6
900'0L+°Z10°08
0£8'669°5L8'99
7S 098 PTESS
£89'0E6'10Z'SY
£LE'TEHIO9E'9E
88TE11'269'8Z
L85 T6Ev00'2
SREOFE 18E°01
68T IFT 1SS KT
LLS'STLAGY'L
792'788'8TL'Y
TOUTLEG6E T
THEE'TL-
SOE'2£9'607'T-
£OLTIS RS E-
SE6'888'TEL v
T8S'96V'E0S" -
SETETI'EH0'y-
L6L'TRY'BHO'E-
909 0ET'60%" 1~
SHE'SOP LLE -
SPT'291'LPS-
695 091°T9

SUIANY 19N
PoTEINIn Y

LEL'LYE'655'SE
61L D8R ELE'YE
$Or'BT0'00E'IE
T6L'901'990'ST
OIS E99'YTI'ST
85T'B00'Z05°TT
STE'PE LeI'0T
£8T'8TE'PED BT
909'PZL 1681
LLI'OLLOEN'E]
63TBEIISE Y
BER'GTYTTL'QL
(1Rl ratn s
SRO'GLETLI'L
10L'124°L29'9
Z0T'5r0'e89'S
960°5010E8'F
1IL'SIS'650
STE'EPR'Z98'E
091'0IS2EL'T
ro1'80£'191'2
T IZE 99!
65PSSEPLTL
TLI9LE YL
9P LOS'OLL
LYE LLE Y
BEVVEY PLG-
I61'vsv'65r L -
199190162
L69°00€'0E5-
669°LO0'S8L-
6v5°091°29-

xe) By
BOUIAIY 13N

TET G ORETT
S06'96T 11811
1Z8'TFE'CEY'DT
TOT'TOL'BYE'S
LERI8R'PLE'S
618'699°005"L
601'SPE'STLG
19L'Zr9'110'9
6OB'PLLS96'Y
ZHE'ETE'BLE'Y
£9L'6LE058'E
£56'60TPLE'E
LEF'6LOSYE'T
STO'E61'8E5'T
L98°DVZ'60T°T
L0t'80C ' v68'
ZEO'SEQ'OLIS'T
P06 ILTESE'T
TLLLPEOTLT
07.'9¢8'016
28E'655'0%L
[80°401'$%5
931'319'16€
YILBSO'GYT
SIT'698'98

X%,

600'L6LE7S' TS 6ZT'060°LZT
$T9°L81'595° 9y 62L'060'L2T
SBT'ILE'LEL' TP 621°060'L2T
950608 vEE"LE 6TUG60LZT
LYE ISE 66 EE 6Z1°060°L7T
$£5'LLG'TO00E 6Z1°060" 42T
2EP'TO6L'CIR'GE 6ZT'G60'LTL
PO 1LS9P0PT 6Z1°060'LLT
SLY'660'E98'S1 6Z1H60'L2T
695'E69°GTS LT 621°060'L2Z
1SO'SISTIOP'ST 6ZI060°LZT
018'6E8°96'E 1 6T1°060'L2T
LEL'LYEORL T 621°060'LZL
EIT'ZLLTET'0 6Z1'060'L2T
89TT96'9€8'8 6T1'060'LTT
EO9'ERE'LLS L 621'060'(2T
ST 0PI 0vv'9 621'060'L2T
SIFLB9TIV'S 621'060'L22
LBO'TGL'ERY'Y GTI060°LTT
188°9pE'Ep9'E 621060'L2T
1687 LLTI882 6L3'060°L22
PIERIFIET 621'060'LTZ
SUS'ELY'99S" | 621'060°L2L
9688166 6T1060'LIT
198'9LY" LTE 621'060°LT2
LYE LLE'0S 621'060°L2Z
SEP' LY v LG 6Z1'060°L22
16T PSP 650 |- 6Z1'060'L2T
199192152 6Z1'060°L2T
LE9 00E'0ES- CBTI060'LET
669'£L00'CRL-
6FS'091'TY
uonmadac] Lapy

OUPAYY TN vornmzardag

(osad : 1w}

BEVLRYTLITLS
PELLLT'TEL 9
PIP 197 096" I
SBI'668'IZYLE
QLY TPO'OTLEE
LO8'L9L6TTOE
195°788°060° 2.2
ELUI99'ELTVE
#09°681°060°0T
S69'EBLTLL LT
081'609'829'c T
6E6'6T6'CTLET
LB L0 LO0'TT
ZPTTO6SFOT
LBETSOWI0'6
TELERY'POB'L
LETOETL99'S
TPLLLLGES'S
9T I88'0IL'Y
QLE'LEY'0LE'E
085 L9E'60T'E
ZEHBIS'GI'E
PLOPISCOL L
STO'CTEPEL'Y
066995 v5Y
SITRT'ELT-
G0C Ve Ly
TOOIETET
TES 119"
89501T'0E-
669°L00'S3L-
675'091°29"

uoneadag awoRg
AINTAATY 1IN

SS0'S0V' LLS 09
BBLBETHLE VS
068°086'S91°6%
SLV'GLIEGT VY
EPO'EIZP06'6E
08%' T0L'6V6'SE
L8V PETRETE
SE9'919'LLY6T
OEE'L91'982'9Z
STT'ROTI89'EL
STRIZE'VEE' 1T
ZrR'661'022'61
£5ECEHSIL'LL
£9E°CHFCBOS'ST
TLE' PP EC0 vl
$96'0P6 0991
TZI'EST 0P T T
ELLC06'SLT0L
E16'0L5LST6
QULA'CSTOVE'S
0STTEY'EIS L
CHFI50'69L"Y
50L'857'860°G
L LIG'EEE'S
8CE088'CLY'Y
6T L9B'SHE'E
SHS TS IIVE
PE8'6SL606°T
01T TE6'CLY'T
168'EP6'560'T

QNUAXY $50I0)

LG LIS'POT'S
PEQ 196" T8L'L
HEEISCOT'L
6T LLLTLS'D
196 TLE'LLTD
CLO'ELB'6IL'S
026°1LT'96TS
ISP'$C6'E06'Y
LTS 166'661D
LIS PEP'8ES'E
YHOTILCOLE
£06°697'961'S
LIV LB0'0E'S
TTUEBYGEL'S
L0'TBS 686’y
PET LTS8y
$O8'TTVGEL Y
696'STI9E'Y
159'685°9V5"
99691690y
055" VBT POV Y
TI9'LESEVE'Y
TE9' PRI VOE'Y
BTL'T66'R9T'Y
L9E'61€ 12T Y
CISTHETSLT'Y
58°SE8'8S Iy
HECTTTH 'Y
TPL'TTY'SLY'T
096'EST'66E'T
668" LO0'C8L
6v5 09179

agrpuadyy (00]

<(} vdmig ambmby) oartovou.t opoisg >
(1 78mg snbmby) wawmmg (MowwLy &L HIEL

BYOEPOLS'T
ESHOEP'9LET
EBHOEY'9LS T
EBPOEY'QLL T
£8Y'0EY'0L8"1
ESFOEY' ST
ERPOEY'9LS [
E3VOEL'9LS L
ERFOEL"9L5"T
ESV0EL 0L L
ERFOES'9LE T
ESPOE'9LS"L
E8H0EF'QLE T
ERFOEF'9LE" L
£30ET'GLE"T
EBF0EF'SLE' [
£8F'0EP'GLE ]
35 0EH'GLE'T
£8P'0EH'9LS" T
£8'0E0'9LS 1

rendes

51500 yuanreidas Sumaptsuos g, (o)

vZ5'1IR'RL
SPOEPSLST
TLSHI'9ET
960’98 FIE
129'L0T b6
SrT'6T8'2LY
699°05L' 1SS
€61'TL5°0E9
LILE6E'G0L
TrTSITRBL
$9L'9£0' 158
06T'BER'SG
PIS'6LY 0L
SEC'10S'E0N'L
TORTTETSI'L
8L PPII9T'Y
O16'$96'68€'T
PEr LBLBIY'(
556'809'L6Y'T
EBPOEY'ILS'T
£8P OER'ILS'T
EBPOEP'9LE T
669°L00'S8L
6¢5°081°T9

1591

FALYA {12
YEO'T9G'EBL'L
SLF'6ISSOTL
6T LLLLL9S
L98'1L8" LTS
ELY'ELE'GIL'S
0Z6'LLT'96TS
12b'656'C06'
0Z5°669'085"y
966 05E AT
685" LIGZARE
ETEESTY00E
ELEGYS LEE'E
PO EIE060°E
TTEOTY 98T
8ES PSEEPOT
P9BEL'ESH'Y
SHT08Y ILTT
SHPTLITLOL'T
EGT'RTY LG'T
EST'PLUEOS'T
06L'§09'699°1
LBT'IE6'SPS T
BSRLIVIEY'T
BL6TTH PO L
LES'9ER'ERL"L
TIF'QLE'PR0'(
0E6'T9T'686

65TTBL'TOS

LLVETL'TIR

() WO

820T
LZ0T

6661

X

VII-31



e - \ B:NORTETANK 22 C.!
( ) &

o

i

SERVICE AREA - IQUIQUE

E : CERRO DRAGON TANK

D UPPER LAS DUNAS TANK

C: LOWER LAS DUNAS TANK
A :CAYANCHA TANK

C . eee C

)

! ' (] =

E : CHIPANA TANK

BParaeeemna, MN<a y Sty l

2 Tazootts, Aniolopats e

<Area del Servicio de Abastecimiento de Agua - Iquique>

THE STUDY ON THE DEVELOPMENT OF WATER RESCURCES IN NORTHERN CHILE l JICA

3
. U R g H
R - Jigoy ¥ - o
# e B il ¥ § P
B g A AR i)Y S ! g
P a, Fy
o 4
S #“:, §
QM
L s
Eal
T
="
=
o
SERVICE AREA i
: 3
A : Cavancha Tank =Y
B : Nerte Tank
C : Lower Las Dunas Tank
D1 Upper Las Dunas Tank
E : Chipana & Cerro Dragén Tanks
' ™
-~
B0
in
INDUSTRIAL
SECTOR NORTETANK pr
H(%RnhﬂwgpﬁTANK ~-SANTA ROSA TANK "
SUB-SECTOR . ? DIANATANK  CANCHONES TANK 3 é
2ANLG S CAVANCIA TANK ¥ = 1000 0¥ EACH V= 1000 Y EACH w4 T
1 (N = 2995 33 gacH w3 B
" o DEEP WELL A i

NUEVA YICTORIA

/

r

wi

QUIQUE CITY

B TRANSMISSION
] HPE Lings 5
£ z
G, & a BOOSTER PUMPING
E‘" z STATION o T3
ik A L
! [PH] ALTO HOSPICIO TANK - DRADY g g3
¥ w 5000 MY & B
¥ = 1000 M? & 7 g
IVesM?
PLAYA BLANCA TANK
Vo 5003

CHUCUMATA AEROPUERTOTANK
¥ = 500 %7

3 TANKS
¥ - 5008

1
TRANSMISSION l_:“ a

PUMPING STATION [
CANCHONES ¥ §

a -

- Quitine of Water Supply Facilities for Iquique

Fig. 7.1 -

<Basquejo del Facilidad de Abastecimiento de Agua para lquigue>

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES INNORTHERNCHILE | JICA

VII-32-



IQUIQUI

RINCONADA TANKS

MAX, WATER 1i59.24

S1ET] #11 Joowl

&g |
WK | S | imsE

D)
Lm2f13

Y
Llé
\
MOCAVAM‘L\
3

g
e | 255
l

SANYL YSOH YINYS S1oee ) 139 e,

sP
D.LP.

Ded50 Le5358]Dud30 Laé 661
.LP. D.LP.
Dty
Lat98
Da300
L1600

D=t} L=3353

S0 | BLS [O6 b

o

g / TNRYL CVauYD
gé /

D500
L4089

[

L)

TRANSMISSION RINCONADA - ALTO HOSPICIO
L6708 1

L=22i0
SP.
DemdOVAD0

L~1000
5.5

D.LP.
C Dw=30v400

D=0

T

D.LP. m‘j

L=13.027

—
—

|} |pmsse Los365 2. Ioust0 La77s s;.| c l o [DEB, s»

- HAV L YO¥NQONTE g kssiipren g
\ YAYNOONTY - YHVIA NCISSINSNY oL §5
NGLLYLS DN WA5008 o0 |$E01ps gt
i 1662 | LE01 pi'iro —
g
3 a i
s 1
'?; 5
Al g DRITSOUD YNYOITHYN Y owaz [0l
p1'
L/
s
n
.3
051
NOLLY.LE ONIRIM NOLTSTMEN Y RL ] uo jElorpaemer
g =
" } S ~ s
I 8 g}
TCINT T Ak
3 FI g B E i
ag g g <|Z1 ®
i e | B
g - E a

Fig._ 7.3

Longitudal Profile of Transmission Pipeline (Canchones-Cavancha-Iquique)
<Perfil Longitudinal de las cannerias de Transmisidn (Canchones-Cavancha-Iquique)>

THE S_TUDY-ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE

JICA

VII- 33



IQUIQUE

By
YHOAVIVIND Yewyi™
N\

oy

T D
£ axe iy

da 00 vonetrd WD
Arasutd D

...,. M=o s s

<03x¢.v¢.1h g, (&Z(m

ety rary

e R

L]

frogn:
w g iy
, nades w2

.mu!!-u -2

P37 T

rudenrery 3

Suu:m _o_v H"«w o131ds0Y 0y

il PMniSpRaR L S Rl

5 oow 3 T~
Sl A 1) sAneWwAY -

be.(z(h _._.uQ 1&.{1&

-
. -
0 e . L
- . . - - ppary ) g
! . . E-.E.!:G.!u
ety s -_.5: =3
: - N ; !..o..t-n -__U
- .
o

BB Rpes

.u“\ Furerats W3
v

SSICLT)
u..#llﬂ..m.. ..,..LE .:...P

T — b.l.o?mh

Pipelines Alternatives (1) - (5) for Iquique Water Supply (from Water Resources to alto Hospicio)

<Tuberias Alternativas (1} - (5) pare el Abastecimiento de Agua para Iquiqe (desde las Fuentes hasta alto Hospicio)>

 Fig. 74

JICA

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE

VII- 34



7 wy {seuingy i BEENG Wi e ) JELR N W 0¥ - T T 1 s
. £ . - h :
w/ﬁlnl [ e | i /(). K Ry .w#. N | sy FuoT U Rqump] sur pue (unm) 1ssmelc] 2di a0y AT )
\ ot < 0 fr =5 mw.v m Y 53e15 18)1y UT I3qUIMN Jur] pue () smaurelq adig : moy Jaddn
- ] R e T iy N [ pusBoy ] .
2 — B2 m ] _. nn. g.\ N nc;:um._< n:G:O. m RS- N Ol v:s’ EELP o..-.v\.m /i.. ?
- eucwa _.\ P SER = zeze, N AR
owoan 0y 3 _. - E:o.n( YR UDIDEISY - et Ll &% .\
SN : .r. e CsRuIfg N =l R
7 . 1o ‘l mmc_n:r.\.lfr\ N ! T eBin ruyuo »/”.l.f ...,J(.
h 4\\2 v n«r - 1. ./fL.\u:U_.E {:-w n:_ucO / o ueg PUIBLE I ﬁ
- 10pL C o (sRum
: T ) vm.mnnz _ﬂ. ., e ./ $TEL, - T 10pu0) W_Va,_o
E . ; \ - . 1Ruuey ten
V4 e A..n et TN e unteyy

/

/'

{ BUOTIRAR)) O] 30JNOS IaTEM WOI] )
W 00929 ="1
sutjadid UOISSTUSTRL L

I (seuin:}

re Ry
- L2+25 enioyn terPuoDuBss! . \\ ?um:ou:nnuw K
) . oo_umbu?wi ﬂﬂun“nm N\\.\ wou;cq 50 s¢1 ¥
P s ...h.-;.\ ST
- ] zsé15Y ...wM
Fa / 1Z€L Jio oprasivan I,
-~ swainn 3 ¥/ -,
../ 2/ IR
[EREA] - - ) .
4 esrt, AT o
A oL
APLs . \\
R
- . 4 LT
] Lz \
ze~1, .’r osucs os T S
. z . sried H ~ I
35 X ! LI . \A -
\\ o L0 Wk e o ezt \

;S:E:nuc._u_
- \Q\All‘lw.‘ ca u_ﬁ

e Sudisiaguwnyl
) : . UL

=
\ dwng UoISSISURI],
< pue jue ] U000
PIold [1oM YLioN edured . osol,
(evenpeq)

ff . aur1 1% 00L0
* (sewinyy D 9w,

\._,Hmﬂmuazu.um{ S_u_mo L PR

e B PR

4

oo\ O ) . ey u T ev01 " .
4 W oot + 19 W ey + 1D W 1T + D
oot . : feowng Jue .H. eIne] ﬁcmm ' V_:a 1 o_uamom anv ~ UB] BYOURAED
Ittt S Gy fuopsnbog:ausyo aewi = S TR i T T,
L e AT T
~ ‘ ..Nnﬂ\u.n.i o) \MWW. A

TLolL.

y/ n..uauuu:.... W / ST \- Iy fia .. Z10¥3d ¥v1 330 vdwwd WJ f/
L ogsodew eway0 - ﬂﬁ.\ . T UMM,I.‘M.-EEW, . - ] .‘.\\.\.\.._.

»
- A - <..\\\ .
\ e F T ~ ~ 7 — \

JICA

VII-35

<Carieria de Conduccidén Prospuesta>
THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE

Proposed Transinissio_n Pipeline

Fig. 1.5




WURL BINET RIES
SOLL+=TIMH

w009'/9 =1X
(W) BYOUBABY) DJBMO} BUBLI[ BT WOJL 90UBlSI
o (] ™Y —
S S S S S = S S
o [} (=) < [ o o
o o o g
8 8 s 8 3 S S 3
; : I 1 T — " : 69¢ 8mg wag|
: m P 000'€ z 00L wisy Fao]] - Dol (eesiD) sgmg
m " N \ 00 U 00L a8nig Wiy | ;| smyseres  uomonnsuoy | |
| : SR (w) (—) {wwr) WBmg m % _ . [puasyy]
] ' Y @dury  Jegunpour] ISPWey]  UOPANSUCD |« P oo
. , b ! u 1 P ] ' 1 | J M [ i | ' ' + . - v_.‘ |m| ” L ! :
: : A ST T oL oy Woy] | ¢ T
! . P _ 058°01 1 00L sfmguwny | 1| b
; i ; () () (wu) admg ! R
m P D] wBuoy  smqumyoury sowwmg  wemennsuoy | i b G| p i
; Co P Sy 11 3 005 Wiay Bu0] Pl
' . " ; 0§9'11 1 00§ wwsm wig cpo
Camr DEE (w) - () {ww ey Vo
,v:p.”.._.n_uWw L97% ! : YiduaT  Isquing Pur}  Joruren] UCTIONIISUO) N
; T A T o
N xc.ww m_._ocm.)mOm _ . " L1 7 00¥ unay, duo] o
BLir=IMH ; I 00L'1 1 00 Begwny
oot @ : A B (—) (ww) sfmg T
. . Y A GILONIIS: Co
aNEA BUPNPSPINSSald : P/ ﬁwﬁg_ _o.pen.ioﬂ.ﬂ _:«we.ﬂnm PRI
K m ; VAL A oovor Z 00L ] Fuo ]
Sere o m s Ty : () s
4 ] b mau . Aallv WL £l +
Huel oodsoH ony ;o ' (fua]  IeqUnN SUr] PRWEL]  UOIDILISUOD
0S6+="TMH H fo, ! il : n T ; ; ; : ;
b WOSLY/S=L L Pl w
R 0944719 son
{ juel goioL 13 f |1 ] P
L GOIFEIMH S - ‘ Lk : e
ﬁ P e : ot T B tarEie SR T b= ]
S wosgeg=ny F bt 0k oL o " AT ) R s G
I I S/6+1D | .EOO_. =1 T T I T [ ] ' PR
yueL (-CI0) (3 omomj_%m - OGS 8= Duissoz) a|buelL
086+ IMH auel esi (wose 2= T SoRSo s Deen B
. S50 L+=TMH BUISSTI) BudiSRqUInH (WO0B'S=" buIss0.D pecE BUI .EEmmw.? o
EM% 5 N_.‘_,mwJ QoY 0r=1 (WQ5LZg=]) diing UOISSILISUEI ],
$$040 PECY MIN [ TS . BWOULY OZ0g POy JlaM BUeN: B

52019

001+
002+
0og+
00%+
005+
009+
00+
008+
006+
000°L+
oowg+_

A
W

(W) jane] eag aaoqe épn’;mv

Longitudinal Profile of Proposed Transmission

Fig. 7.6

“JICA

<Perfil Longitudinal dela Conduccidén Prospuesta>

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN N'OHTHERN CHILE

VIi- 36



voir

_ FNHD NHIHLHON NI S30HN0S3Y HILVM J0 INIWLOTIAIQ IHL NO AGNLS IHL

<PID] ] - DUDLL | DT U SOIOJ P DILIDG [0 U DISINASOLT UOIIIMPUOD) 2P DAOPOAI]T DID] >
Ue[d - PO (oM PUBILY ¥ UL ROtNG dIUm UOISSRUSURIY,

8L 8

44000

00 M
0T [N
e e L3 [s43]¥
- s 5
2 f gl
= 5 EEE
= VI :
23 T | [T
£ B
g .
VIR ,ﬁm i
glg_ Al =ly | o =
=t 3 m;....-..ﬂ..uuh.. .m: m
Mx = i g
RS e
= 2l Shl 0L A1) -~ r
SE—tHaehreddlt |9
mm _ .lgtr...l._ T m.
r ™ Nz )
...m.. m - M ! ".._M
g 5 L
8 K
= 5 =z
-
.,m [T
b - 4
g g 3
£ &
w 7]
] 3 g
§ RIHIH g
H vy ...W
.
2
- < las g }
3 25 _mlids
m e nm.. o _ nm
SIEHE
m _....I.,Vo .uwuml_. 4 .rom.
g [T% mmﬁ; 5
T L [
e H M

p |

!

e

To lquique

Transmission Pump Station - Plan

yalr — IHHD NEZHLHON Ni 830HN0SAY HALvM JO LNIWJOTIAT IHE NO ACNLS IHL
<(DAOIF » [} TUDLL U] 9P SO0 I UILOF VI P LYIIAGUSHT>
(98935 151) PTIL] [IoM, BUeILL ¥ JO ok L3y
E g8
R R
>
% g
g Well - D2 =
= A w
& > o ™~
g 3 ° B .5
m = 1 = m =
ok m n.\U, % g
] Well - C1 Jied Well - ]
= Ll a
- Maaonﬁ. amuoaa% mxu A
1=250m 1=250m
g| B
g g
gl €
galf 3 ek
>3 ..M.w m
- Hi L Well- Bl Well - B2 x
= ] m
o #250mm ¢ 250 mm m
| [=250m | 1=250m x
E i
ElS ¢_ g
<0.« ™ » m
> onf g
g Vg _$450mm K _.
.\mu m g 1=500m ) ( Future )
= m m
Well - A1 B! & Well - A2 2
L2 8 .m. »
% | ¢250mm | 250 om _ ) .
C1=250m  1=250m -
E ! B ! g
g | 250m 250m | 250m _ om_ o
50m| | 500 m [ 300m ' -
L I
850 m
= g
@/ 1 1,600 m
= { Future )
..h...w
3
L7

VII - 37






Chapter VIII RECOMMENDATIONS

D

2)

3)

Studies on Further Water Resources Developments for Arica City

The proposed Lower Lluta Water Supply Development is expected to satisfy the water
demand of Arica City only up to the year 2003. Such projects as mentioned below
should be studied to meet the water demand after the year 2003,

(1)  Basin/watershed management of Lluta and San Jose rivers
(2)  Groundwater development of the river basins in Altiplano
3) Surface water development of Lluta River by dam/reservoir
(4) Groundwater development at La Concordia area

(5)  Recycling use of wastewater in Arica City

(6) Desalination of seca water

) Reduction of water loss in Arica City

Groundwater Conservation of Azapa Valley

The groundwater resources of Azapa Valley will be exhausted within the period of 20
years if the existing water use continues. The following actions should be taken to
prolong the life of the groundwater.

(1) The water rights rented to ESSAT on a temporary basis for the Emergency
Water Supply Project must be revoked once a final solution for the water supply
of Arica is found.

(2)  The existing water loss in the distribution networks in Arica City is as large as
approximately 40%. It should be reduced to 30% by the year 2005 as assumed
in the projection of the future water demand in this Study.

3 The agricultural water uses must be strictly controtled. Further expansion of
agricultural land is not recommended and totat consumption of irrigation water
(on real consumption basis) in future must not exceed the cxisting level.

(4) Some amount of river water spills over to the sea at the time of floods. The
construction of groundwater recharge dams in the middle or upstream reaches
will be able to retard the flood water for a short period and thereafter, release it
slowly to increase the groundwater recharge in Azapa Valley.

Early study on such groundwater recharge dams is recommended.
Treatment of Existing Raw Water in Canchones

The groundwater quality in Canchones well-field of Pampa del Tamarugal (existing
water source of Iquique) exceeds the standards of drinking water in terms of Mn and

VIIL- 1



4)

3)

As. The contents of these elements are fortunately decreased to the level below the
standards before reaching the consumers due to the natural purification effects in the
tanks and transmission pipelines. ' '

However, the natural purification effects are not reliable. Hence, an artificial water
treatment must be applied in future.

Water Quality Re-confirmation of Proposed Well Field in La Tirana

The water quality of the proposed well-field in La Tirana for the water supply to

- Iquique was estimated from the observed water quality of the wells existing in the

neighbourhood. The water quality of those existing wells are suitable for drinking use

- with no treatment. The clean water well nearest to the proposed well field exists close

to the town of La Tirana approximately 10 km to the southwest from the proposed well-
field. Therefore, a clean groundwater requiring no treatment is exploitable within or
near the proposed well-field. '

However, prior to determination of the detailed location of the well-field, it is
recommended to re-confirm the water quality of the proposed well-field by drilling a
test well. ' '

Groundwater Monitoring

The existing monitoring system of groundwater in Azapa Valley, Lower Lluta Valley
and Pampa del Tamarugal must be strengthened.
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