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CIIAPTER 9 DRAINAGE IMPROVEMENT

9.1

9.2

9.2.1

9.2.2

(1)

General

The drainage conditions are very poor over the study area due to the topographic and
soil conditions. The topography is gentle, but bumpy, and low depressed lands and
low lying lands arc widely scatiered,  Moreover, medium and light heavy soil with
low permeability is predominant.  The natural streams arc generally not developed
over the study area and inadequate to drain effectively the storm water.  These peculiar
tand forms in combination with the low permeabile soil worsen the drainage conditions

of the study area.

In order to improve the situation, optimum drainage improvenient measures are studied
for the agricultural area besides flood mitigation measures.

Existing Drainage Systems and Facilities
Existing Condition of Drainage Systems

The drainage systems are generally not developed for the agricultural land in the study
area. ‘There arc only small scale drainage canals and farm drains that were provided

locally by land owners.

The major existing drainage systems developed structurally are observed only n

Colonia San Juan and Okinawa.

In the remained areas, natural streams called “quebrada” serve as drains. However, at
times these quebradas are reclimed by the development aclivities such as farm
development and road construction, resulting in worsening of the drainage conditions.
The road embankment like a long dike often causes pondings at the upper side.

The observed existing dranage networks are shown in ig.9.1.1and 9.1.2.
Discharge Capacity of Existing Drainage System
San Juan Drainage Main

San Juan area has two drainage systems composed of seven (7) drainage mains, The
drainage systems have discharge capacities for 2-year probable runoff.  However, the
actual discharge capacities are likely less than the capacities estimated because of lack of

9-1



(2)

(3)

9‘3

proper maintenance works, insufficient flow capacities of the existing culverts and,
outlet facilities. :

Okinawa Drainage Main

The discharge capacity of the drmnage main of Okinawa-1 is lcss than 2- yea_r probable

mnof .

+ Natural River Courses

-'Ihc Arroyo Yapacamcuo, Arroyo Jochi and Arroyo Tejeria are rccogmzcd as the main-

drainage channels in San Juan and Antofagasta. The dlscharge capacmcs of the
Arroyo Yapacanicito and Arroyo Jochi are less than a half of 2-year probable runoff.
The discharge capacity of the Arroyo Tejeria is about 75 % of 2-year probable runoff,
but sufficient at the lower reach, becanse the channel becomes  steep enough to
discharge against the backwater of the Rio Yapacani.

Drainage Problems

9.3.1 Oc¢urrcnce

1y

(2)

Ordinary Condition -

‘The average annual rainfall varies locally between 1,300 mm and 1,800 mm in the

study area, with weslern part receiving more rainfall than eastera part.

The average moathly rainfall varies from 40 mm to 300 mm.  Durin g'lhc months from
November to February, the monthly rainfall exceeds 150 mm; and the number of rainy
days with more than 1 mm rainfall per day in these months are between 10 and 15 days
per month, besides less than 10 days per month during the other months.

The dramage problem secims 10 occur in thcse four months of l\ovcmbcr, I‘cbruary
1lowever, héavy rainfall with a short duration, .around 1 or 2 days, sometimes occurrs

even in the dry season.
Heavy Rainfall

Datly rainfall of 100 mm per day or more occurs almost every year.  This magmmde
of mnfall likely causes mundanon in depressed and low-lying areas. ‘




9.3.2 Top‘ographic‘* and Soil Condition

(D

(2)

Topographic Condition

The land form in the study area is classified as an alluvial plain. The slope is
distributed from 1 /400 to gentler than 1/1000. The study area is classified into three
slope categories as shown in Fig. 9.3.1.  They are, northern part with less than
1 / 1000 slope, middle part with a slope range of 17600 ~ 1/ 800 and southemn part
with a slope of 1 /400,

“The ground surface is not only very gentle, but also irregular over the study area.  “the
“depressed and low lying lands are widely scattered over the arca as shown in Fig.

9.3.2.
Soil Condition

The middle and light heavy soil, the light heavy or heavy subsoil is dominant at the
alluvial plain in the study area and the soil is characteristic of poor permeability because
of the soil texture,

This soil condition also causes the stagnation of water for a long time, when there is no
sufficient drainage system. The soil tends lo have an excessive soil moiswre for
cultivalion in rainy season. .

The idemtified poor drainége lands scattered over the study arca are shown in Fs'g.
9.3.3.

9.3.3 Drainage Problem by Rainfall

On the basis of the results of the questionnaire survey and the study on topographic and
soil conditions, the areas that are frequently inundated, with the depth more than 10 cm
and for more than 1 day, have been studied. The inundated areas are scattered by
small lumps. They are grouped and showan in Fig. 9.3.4.

In the west part of the study area, the poor drainage arca is distributed along the Rio
Yapacani, the lower basins of the Rio Palacios and Rio Patametillas and their tributaries.
They are mostly distributed in the low lying area.

The areas along Arroyo Yapacanicito, Arroyo Jochi and Arroyo Tacuaral, are affected
by floods from those rivers and also encounter drainage problems.

- 9-3



9.4

In the central north part, there are areas that suffer from inundation with a long duration
almost over the entire area.  'The area between the Rio Pirai and the right bank of the
Rio Chane is a heavy inundation area.  ‘The area is mostly inundated by flooding from "
the Rio Pirai and the Rio Chane and also suffers poor drainage of storm water.

In the central south ared, the inundated areas are scattered by small lumps, but the
degree of inundation, indicated by depth and duration of inundation, is comparatively

“low, This area has no serious drainage problems, because it has favorable

topographic condition such as higher ground levels and steeper slopes,

There is an inundation area along the southern side of the national road No.9. The
embankment of the national road functions as a dike against'th'e runoff from the upper
reach and causes the inundation. This condition will be improved with the bridge
construction project, to construct scven (7) bridges along the national road No.9.

In the east part of the study area, there is a frequent inundation area identified along the

Rio Chane and the left bank of the Rio Grande.

For the Rio Pailon basin, the area upstream of the confluence of the Rio Pailon and the

~ Arroyo Honda is frequently inundated by floods from these rivers.

The left bank of the Rio Grande, where there is a natural levee of the Rio Grande, is a
heavy inundation area with a long duration, The upper part of this area also suffers
from frequent inundation, but the depth and duration are low and short.

Examination of Drainage Improveinent Area

Conforming the flood mitigation plan, the drainage improvement areas are divided into

the followings:

West pait: San Juan Antofagasta area
-1 San Juan area, including Lower Yapacanicito area,
-2 Antofagasta area.




(D

Fast part: Chane Pailon area

-3 Las Chacras-Chane area,
-4 Area along Rout No.9

-5 Pailon arca

-6 ~ Okinawa

-7 Other arca

West Part: San Juan Antofagasta arca
1) San Juan aréa _
The drainage problems are caused by floods from the Arroyo Yapacanicito, Arroyo

Tejeria and Arroyo Jochi.

In order to 1mpr0vc the suuanon the 1mprovemenl of river channels for Arroyo Tejeria
and Arroyo Yapammcuo, and the rchab:lnauon of the existing drainage facilities are
required. However, for most part of the lower reach of Arroyo Yapacanicito, non-

structural measures are required in consideration to the existing land use.

- 2) + Antofagasta arca

In order to mitigate the drainage problems of the area the improvement of river channels

~ and natura! drains, and the development of secondary drainage network are required.

The swampy area in the lower reaches of Arroyo Jochi and Arroyo Tacuaral should be
used as a retarding basin in order to minimize the likely impacts by the improvement

.works in the downsiream area.

“The west part of the area has a serious drainage problem, with deep inundation and long

duration. The major drainage problems'arc caused by floods from Arroyo Jochi and

Arroyo Tacuaral and by the lack of drainage facilitics.

~3)  Other areas

Thé land use of the areas, including Palasios area, is still extensive and mainly used as

! forest cover and grazing lands. The areas are likely protected by the non-structural
h measures because the ﬂood and dramagc problcms are sull not that s:gmﬁcanl



)

East Pat: Chane Patlon arca
1) Las Chacras-Chane arca

To improve the flood and drainage problem, lhc'ih-iprovéniem of the Quebrada Las
Chacras and the Rio Chane, and the development of drainage networks are required.

2}  Areaalong Route 9

The channel improvement works for Las Maras, Rancho Chico, Chaco and El Empalme
are required, because this area is expected to be influenced by some increse of runoff
caused by the bridge construction project of the national road No.9.

| 3)  Pailon area

This area is alfected by floods from the Rio Pailon and the m'zdequ'm, drainage f’lCIllt)
In ordcr to unprove the sntuauon. besides the river lmprovemem works for lhe Rio

.PGIIOI] the devclopmenl of secondary dramagc network is rcqmrcd

4)  QOkinawa

This area has a drainage network, but the discharge capacity is assessed to be

insuflicient.

In the upstream reach along the national road No.9, the road embankment dams up and
causes a deep inundation with tong duration. The ﬂood water ﬂows over thc road and
causes floods i in thc downslream rcach as well,

In order (© improve the drainage problems, construction of cross drains across national
road No.9 and the development of one drainage network are required.  The assumed
old trace of the Rio Grande should be used as a drainage main.

5}  Other areas

The areas are located in the upper reach of the Rio Pailon and the ributaries of the Rio
Chane. The areas also suffer from local flood and drﬂmage problems, but the flood
damages are likely not so sxgmﬁcant as in the other areas ~ Some of the habmtal
inundation areas, or swampy areas, could be used as rclardmg bacms In ordcr to
improve and to stabilize these areas, non- -structure measures such as proper farm land
management and farming system are required.

9-6




9.5 Drainage Improvement Plan
9.5.1 Basic Concept

In order to solve the drainage problems, flood mitigation measures and drainage
improvement measures should be planned in tandem.

The basic concept of the drainage improvement plan is shown in Teble 9.5.1 and Fig.
- 95.1. =

9.5.2 Design Criteria
{1 Altowable Inundation Depth for Crop

For the drainage improvement plan, it is rc_ason_abic to consider an allowable inundation
depth for crops.  According to the study.on the flood damage for crops by the Study
Team, the alfowable inundation depth is planned to be 30 cm.

) Design Scale
The design scale of drainage improvement is planned as follows:

- The design scale for the drainage facility is decided to be from 2-year to 5-year
frequency: with no inundation depth at 2-year storm frequency and with allowable
inundation depth at S5-year storm frequency.

(3) Canal Classification

The planned drainage canal is specified by its role in the drainage system. ‘The
drainage main is specified as the primary drainage canal that drains directly to the drain
river, and the secondary drainage canal is the canal to drain to the drainage main.

@ Desigan criteria
1)  Rainfall Intensity

The rainfall intensity formulas within 24 hours are estimated from the formula in Santa
Cruz and Okinawa-2 based on the hydrological study conducted by the Study Team.



9.58.3

(1)

2)  Runoff analysis

For the runoff analysis for planning of drainage facilities the rational formula, one of .
the conventional methods suitable for small basins, is applied.

The lag time in the basin is estimated by the CBR formula, developed in the United
States, that is applled to lhc hydrauhc ana’iy31s of the river systcm

The runoff cocfficient of 0.5 is adopted to this analysis taking into account of the
condition of the area, that is a plain agricultural area.

3)  Flow condition analysis -

The flow condition of proposed drainage canal is evaluated by the cross sectional
discharge capacuy The dlschargc capacily is estimated by the Manning I‘ormuh In
the formula, the roughness coef ﬁcacnt of 0.030 is apphed for the proposed canal

Facility Plan for Struclural Measures
Drainage main
The proposed drainage mains are as follows:

- Arroyo Tejeria,

- San Juan drainage mains,

- Antofagasta drainage main,
- Chane drainage mains,

- Okinawa drainage main.

As for Sun Juan drainage mains, the following two altematives are planned:
a)  Alternative-1

The drainage mains are planned to fulfill the exisling capacities by rehabilitation and the
excess runoff is planned to be diverted to Arroyo Yapacanicito by diversion weirs.

b}  Altemative-2

The drainage mains are planned to facilitate the discharge of the whole design runoff
from ones own subcaichment.



)

3)

Secondary Drainage

* Secondary drainage canals are planned as follows:

- Each canal length : 2-3 km long from drainage main or
| drainage river,

- Drainage area of each drainage canal: 5.0 sq. km,

- Canal density: - 0.4 km/sq. km

*The total length of drainage canal al each drainage arca is estimated based on the case

study conducied in the Chane Drainage Basin and Okinawa Drainage Basin.
YL km = Ay, gy km?X0.40 kmykm?x0.75
whereby,

YL Canal Volume of Length (k)
Agere ¢ Arcaof Basin (km?)

“DPrainage Channels for Crossing the National Road No.9

The drainage planned to be improved or developed are as follows:

- Las Maras Channel,

- Rancho Chico Channel,
- Chaco Channel, ‘
- Ei Empalme 1l Channel.

The drainage channels are designed as same as the drainage main.

‘The facility plan of drainage main, secondary drainage and drainage channel for
crossing the national road No.9 are shown in Table 9.5.2 and Fig. 9.5.2.

9.5.4.N0n-strnctliral Measures for Drainage Improvement

Non:structural measures aim to avoid the deterioration of the poor drainage area by
proper ‘manag'é‘m‘em measures where structural measures are not feasible. The non-
structural measures from the kdrainage improvement aspecls, an introducing water proof
farming system and an instruction of proper farm land management are proposed.



a. Introducing water proof farming system

It is important to introduce appropnate planting program duc to the dramage situation {0
mitigate damages caused by the poor drainage condition.

b.  Instruction of proper farm Iand management

An instruction of proper farm land management to improve on-farm drainage condition
as follows is to be applied 1o the agricultural extension prograni. :

- Conservation of natural streams and small drains in field at developing farm land
- Proper installation of cross drains for farm road not to obstruct surface drainage
- Improvement of penncability in field by altering cultivation method

- Proper land leveling and introducing ridging to prevent crop submergence

Those non-structural measures for drainage improvement are also reqmred to be
introduce in the arca to be improved by structural measures.

The area to be introduced non- structural measures by itself i is cla531ﬁed into 4 (four)
groups corresponding to the land use and drainage condition,

The lower Chane basin and Okinawa 2 area are belong (o Group A, which is classified
as an intensive upland crop arca with heavy and middle drainage problem. A farm
land management and a farming system management are required as major measures.

The south-east part of the study area is grouped into Group B, that is an intensive
upland crop area mainly for sugarcane with middle and clement draihagc problem. In
this area, farm land management such as conservation of natural streams and small
drains is major measures to improve and conserve on- f arm chamage condition.

The lower Palacios and Palometillas basin grouped into Group C, thal is-a forestry and
grazing area with heavy and middle drainage problem, while the upper Palacios basin
and the upper south-gast part are grouped into Group D, that is a grazing and ilpland
crop area with middle and clement drainage problem For thcse groups, the proper
farming system such as mtroducmg appropriate pIannng program or suitable crop
variety for the drainage condition is applied as major non-structural :measprc_s for
drainage improvement. ' | | o

Major non-structural measures proposed are shewn in Table 9.5.3 and Fig. 9.5.3.
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CHAPTER 10  ENVIRONMENT

10.1 .Gcneral

Every flood mitigation measure has some effects on the environment.  Environmental
law and regulation are briefly summarized and natural environmental conditions in the
study arca arc investigaled. ~ Environmental impacis arc assessed as the initial
environimental examination (IEE).

Water quality was also analyzed at some selected points along the rivers, in the study
area to obtain information about the degree of water poliution.

10.2 Law and Regulalions Relaled {o Environment
@ 10.2.1 Natural Environmental Law

The Natural Environmental Law (Modified by Law of Ministries of the Executive
Power) No. 1,333 dated April 27, 1992, was the starting point 0 deal with
environmental issues in a global and systematic manner. The objective of the faw is
the protection and conservation of the natural enviranment and natural resources. It
regulates the action of man related to nature and promotes the sustainable development
in order to raise the quality of life. Sustainable development means the process by
which the necessities of the present generation are satisfied without risking the
satisfaction of necessities for the future generations.  The sustainable development is a
global and permanent task.. Namral environment and natural resources are the nation's
patrimony, their protection and utilization are regulated by law. The law is public
order, of social, economic and cultural interest.

The Natural Environmental Law establishes the principles for protection, conservation
and restoration of both terrestrial and aquatic wild fauna and flora.

10.2.2 Environmental Impact Assessment

Environmental impact assessment (EIA) is applied as a set of management procedures
10 determine the effects of certain actions on the namral cavironment. It establishes the
management process that should follow the tasks or activities in order to comply with
the EIA.

10-1



SEMMA (Secretaria Nacional del Medio Ambiente) and SEDAMA .. (Secretarias ;-
Department! de! Medio Ambiente) are in charge of controlling the compliance of ElA.
Specific regulations are established to govern the administrative and legal aspects of ;.-
EIA.

In May 1994 the Ministry of Sustainable Development and Environment approved a
provisional rule of EIA to set.up the environmental card (FA) as an instrument of
categorization of EIA. At present other plans are being prepared such as regulation of
prevention and control of the environmental quality, which defines the proccdure for
EIA, as well as contro} mechanisms for acnwtlcs works and pro_lecls ' '

10.3 Natural Enviropment in the Study Area

10.3.1 Ecological Areas

In the study area there are five ecological zones as follows:

- . Tropical humid zone,

- Tropical highly humid zonc to subtropical transition zone,
- Sub-wropical humid zone,

- Very humid subtropical zone,

- Mid humid zone.

10.3.2 Vej;clalion and Wil_d Fauna

In the northern part of the study area, different types of forests, medium, high and very
high forests, sill prevail along many rivers. In the central and southern areas
secondary forests, savannas with low trees and pastures prevail, and in those arcas
“impacts due to human intervention are evident. _ _ _ %

The micro-region has areas with a high or very high ecological value.  Rare flora and
fauna and a variety of species are very important, as well as valuable characteristic
biotopes, and require conservation.

There are regions with a very high ecological value:

- Protected area of Seirrania Santa Rosa,
- Protected arca of Bandos Rio Grande, Rio Pirai, and Laguna Bella,
- River protection areas of Rio Pirai, Rio Grande, Rio Suruty, and Rio Yapacani.
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10.4 Initial Environmental Examination (IEE)
10.4.1 Rele of IEE

The environmental impacts by the project proposed in the Master Plan, are assessed
based on the available information.

The objective of IEE is to judge whether the project requires Environmental Impact
Assessment (EIA) or not. . If the project requires EIA, the contents for the further
environmental study will be prepared based on the results of IEE.

10.4,2 Method of 1EE

The 1EE is conducted according to the guideline prepared by JICA for the project

planning of socio economical infrastructure - river and sabo planning (_publisﬁ_cd in

September 1992).  The regulation of evalvation of environmental impact and control of
“environmental quality prepared by MDS in 1994, is also used.

At first, the activity of the project is classified into several components and the impacts
are evalvated on each eavironmental element as environmental matrix.  The elements
arc listed in Teble 10.4.1. They are classified into three main categories; social
environment, natural environment and nuisance. In the matrix, the anticipated degree
of impact on cach element is grouped into four categories as follows:

Important impact,
Moderate impact,
Unknown,

gowEe

No impact.

In Bolivia, the environmental impact should be examined for every project. As the
first step, environmental card (FA) becomes an instrument of categorization of EIA.
"The contents of FA are: |

- General information of the project,
- Project location and its description,
- Project description, |
. Raw material, input and production of the project,
- Environmental aspects. '
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The project or activity is classified into the following levels:.

«  Require integrated EIA,

- Require specific EIA,

- Require no EIA but advisable for concepma} EIA,
- Require no EIA.

“The idea of the FA is similar to the IEE. Jn this study, the IEE is modified according

to the contents of the FA.  In the IEE, negative impacts are mainly analyzed On the
other hand in the FA, positive lmpacts are also considered. e

10.4.3 Environmental Impact

ey

The environmental impacts and the enwronmemal lmpact matrix are shown in Tables
104.2 and 10.4.3. ' ' L '

Improvement of channels

The improvement works of river or drainage channels are to increase conveyance
capacitics of channels by widening, deepening and straightening of channels.. An
improved channel with increased flow capacity will likely alter the hydrological
conditions, '

During the wet season, at the upper reach, the flood water level will become lower and
the duration will become shorter, but, at the lower reach, the flood water level will
become higher with longer duration.

During the dry season, the water stage will likely become lower . This may cause the
lowering of ground water table and contamination of the stream water.

Along the river, there are forest areas. The rwersxde forcst may be an lmporlant
shelter for wild animals and birds and rich in flora and fauna comp'ued with
neighboring cultivated lands.  The channe! improvement may cause some impacts on
the flora and fauna in the riverine environment. '

The decrease in flood frequency will improve thc lwm g condmon of the commumty and
intensify the development.  Sometmes this leads to increase 1n the nsk to life and
property due to the concentration of population and property.




@)

3

4

Construction of embankment

The construction of embankments is o confine the flood flow within a river channel.

The construction of embankments will change the land form, forest and cultivated land

along the river and may cause some impact.
Control of land use

In the proposed flood retarding basins, the control of land use will be required as a part
of the non-structural measures of flood mitigation.  This may cause some social and
economical impact on surrounding rural inhabitants, though the impact is unlikely

significant.

Change of land use

In the flood pronc area the land use shall be restricted for the mitigation of flood

damages. This may cause some social impact on the inhabitant, though the impact is

not significant,

The evaluation of impact of cach activity on the environmental element is summarized in
Table 10.4.2, according to the impact evaluation criteria. '

10.4.4 Further Investigation

The influence by the improvement of river channels that increase their flow capacities,
should be studied. The flood flow, low flow discharge and ground water table along
the channel would be altered.  Accordingly not only fauna and flora in the riverine
environment including retarding basins, but also socioeconomic or cnvironmental
conditions in the flood hazasd area will be effected.

In conclusion, based on this 1EE, EIA of the flood mitigation project is necessary
because of the potential modification of hydrological conditions, effect on riverine
forestation and the change of sociat condition of the inhabitants.
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Based on the anticipated environmental impacis likely by the implementation of the
flood mitigation and drainage improvement mcasures, the terms of reference (TOR) for
the further environmentat study should cover the following items:

- Land tenure and existing commons,

- Change of the flow conditions at downstream,

- Change of the ground water lable level,

- Change of the water qualily,

- Tmpacts on the flora and fauna alang the riverine forestation.

10.5 Water Quality Survey
10.5.1 Survey Parameters

~ Water quality was surveyed in May and Scptember in 1995 in the study arca.  The
water qualily parameters measured are as follows: ' ' -

- Water temperature

- PH

- Dissolved oxygen (DO)

- Efectric conductivity (EC)

- BOD

- Suspended solid {(S§)

- Number of coliform groups

16.5.2 Location of Sampling

The samples were taken at the five locations shown in Table 10.5.1 and Fig. 10.5.1.

The locations of No. 2, No. 4 and No. 5 were selected 1o investigate the water quality &
at downstream of sources of wastewater. The, sampling was done twice a day at

locations No. 2, No. 4 and No. 5 and once a day at No. 1 and No. 3.

19.5.3 Method of Analysis

The samples were analyzed confonning the standard methods of the USA.  Thatis the
standard methods for the analysis of drinking water and sewage (metods normalizads
para el analisis de aguas poibles y residuales) edited by Mary Ann H.  Franon and the
committee of American Public Association, American Waier Works Association, Water
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poltution Coritrot Federation, 1992, 'The Spanish edition published in 1992 by Diaz
de Santos S.A., is used. -

10.5.4 Results

The results of water quality analysis are shown in Table 10.5.2.  The water samples at
the locations of No. 2 and No. 4 indicated heavy contamination by organic matter.
The river seems 1o be affected by the discharge of untreated sewage from the urban area
of Santa Cruz and the colonies located along the river.  Elsewhere, the water qualiiy
deterioration is not significant.

At Puerto Pailas located along the Rio Grande, the suspended solids decreased from the
rainy season to the dry season, but BOD and EC (CD) increased. Because of the
decrease of discharge, the sediment load decreased and the concentration of dissolved
material increased.

At Arroyo Los Sauces to where the urban area of Santa Cruz drains pardy, the values of
EC, 8§ and BOD wrer high.  Especially the values of BOD in dry season were twice
times that of the rainy season, and the values of DO decreased corresponding to the
increase of organic matter, ~ At the Rio Pirai, the difference in water quality between
the two seasons was insignificant. '

At the Rio Chane, the water qualily in the dry season was better than that in the rainy
season. The contaminant was likely discharged from the local settlements and catile
ficlds, but likely discharged less in the dry season because of the reduced runoff.

At the Arroyo Yapacanicito, the water quality in dry season is worser than that in the

rainy season,

Dﬂring the study, simple water quality tests were carried out in May and September of
1995, to obtain overall information on the condition of rivers and streams of the study
arca. The test items are water teaperature, turbidity, COD and nitrite. COD
(chemical oxygen demand) is a measure of the amount of oxygen required to stabilize
the wasle chemically.

The results are shown in Fig. 10.5.2. The condition of water quality deterioration is
approximately estimated as shown in Table 10.5.3.  Along the Arroyo Los Sauce that
is drained from the urban area of Santa Cruz and flows into the Rio Chane, the water is
heavily polluted.
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The Rio Grande is very clean from the view point of water quality though it contains
heavy silt.  All the other smaii rivers and the Rio Pirat located at upstréam o_f i_hc Ciiy of
Santa Cruz are clean. One of the main sources of the water poliution is the city of
Santa Cruz from where scwage lows into Rio Pirai and Arroyo Los Sauce. . -

In an overall sénse, there is no significant difference between the results of water
quality of May and September. . '
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TABLE 10.4.1 ENVIRCNMENTAL ELEMENT
Social Environmeant -

. Resettlement

. Economic activity

. Traffic and public facilities

. Community

. Cultural property

. Water right and right of common
. Health and sanitation

. Waste disposal

. Safety

R =B - T B N B

Natural Environment

10. Topography

it. Soil

12. Ground water

13. Hydrological condition
14. Coastal zone

15. Flora and fauna

16. Climate

17. Landscape

Nuisance

18. Air pollution

19. Water pollution
20. Soil contamination
21. Noise and vibration
22. Land subsidence
23. Odor

10-9



TABLE 10.4.2 ENVIRONMENTAL IMPACT MATRIX

Environmental Element - Activities

n @
1. Reseftlement C C
2. Economic activity C C
3. Traftic and public facilities C

4. Community activity
5. Cultural property
6. Wader right and right of common B C -
7. Health and  Sanitation
8. Waste disposal

9, Safety

10. Topography

11. Soil

12. Ground water

S 00

13. Hydrological condition
14. Coastal zone

=
o

15. Flora and fauna
16. Climate
17. Landscape
18. Air pollution
19. Water pollution C
20. Soil contamination
21. Noise and vibration
22. Land subsidence
23. Odor
ETA requirement Yes No

Note: Criteria A: important impact
B: moderate impact
C: unknown
E: no impact
Activities (1) Improvement of channels
(2) Change of land use
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TABLE 10.4.3 ENVIRONMENTAL IMPACT

Improvement of channels

Environmental Element Jmpact Causes of the Impact

1. Resettlement C Land acquisition
2. Econoniic activily C Decrease of flood damages -
3. Traflic and public facilities C Improvement of bridges
6. Water right and right of common B Change of water course
10, Topography C Change of channel form
11. Seil C Salinization _
12. Ground water B Modification of surface water
level
13. Hydrological 0011dii_i0:| B Change of water course
10. Topography C Change of channe! form
il. Soil C Salinization
12. Ground water B Moedification of surface  water
. level ‘ '
13. Hydrological condition B Change of flow capacily
15. Flora and fauna B Change of river side forest
16. Water pollution C  Decrease of low flow
Change of land use
Environmental Element Impact | Causes of the Impact
1. Resettlement C Land acquisition
2. Economic activity - C Decrease of flood damages.
6. Water right and fight ofcommon B Land ‘
15, Flora and fauna B Change of land use
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TABLE 10.5.1 SAMPLING LOCATION OF WATER QUALITY SURVEY

Name . +River -
No. 1:  Puerto Palias Rio Grande
No. 2: Estancia Clara Sauce Arroyo Los Sauces
No. 3: Puente Eisenhower Rio Pirai
No. 4:  Comunidad Caimanes Rio Chane
No. 5: Estancia La Enconada | Arroya Ypacanicito

TABLE 10.5.2 RESULTS OF WATER QUALITY SURVEY

(1) May, 1995 | )
Place Temp - P DO CD  SS SS BOD  Colif . Colif

degree ng/} umhos ng/1 ng/l  mg/l nmp/100m1 nop/100mi
C fem _ S .
1 2.5 8.3 82 605 1459 1391 - L5 2.3Et3  4.6E+2
2 21.0 7.5 1.0 807 37 8 41.0  LIE#6  9.9E45
3 26.6 87 84 d4o7 154 139 4.6 5.8E43 - 1.2E43
4 207 83 1.7 896 41 35 12.4 3.5E43 - 1L 3Ei3
5 21.2 1.2 5.7 202 10 T 1.3 2.5E13  1.3E+3

{2) September, 1995 . . : ,
Place Temp PI DO €D S8 S8 BOD  Colif  Colif

degree ag/1 unhos mg/l  mg/l  pg/1nap/100m) nmp/1000]
C Jem
1 19.8 8.2 8.2 943 353 344 2.9  9.9E+2 9. 2E+2
2 22.6 7.4 0.5 1127 45 14 83.0 1.GE+6 . 6. 845
3 2.4 85 1T1.2 430 149 135 4.7 8.G6Et3  8.5E43
4 226 83 63 12609 33 20 20 1553 5.0E2
5 2.7 1.3 4.6 247 13 8 2.2 8. TE+3  2.1EH4

TABLE 10,53 RELATION BET\\’EEN COD AND WATER CONPITION

COD (mg/1) Coadition of Water
0 Clean
0~2 Possibly Contaminated
2~5 Stightly Contaminated
5~10 Contaminated
_ 10~ Heavily Contaminated
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CHAPTER 11 ORGANIZATION

11.1

11.2

General

In order 1o mitigate flood damages, several measures are (aken according o the causes
of flood and the related nateral and socioeconomic conditions.  Absolute flood control
measures arc rarely feasible c¢ither physically or economically. The commonly
accepted measures for reducing flood damage are classified into two categories, i.c.
structural measures and non-structural measures,

In order to implement the proposed flood mitigation and drainage improvement
measures, necessary organizations and their functions are studied based on the exiting

organizations.

Existing Organization for Flood Mitigaltion

The existing organizations related to flood mitigation are MDS, SENAMHI, SEARPI,
CDF, CORDECRUZ, MDN and Municipalities. Those organizations are (o be
reorganized according to the popular participation law and the administrative
decentralization law of January 1, 1996, but the new organization was not determined
by the end of 1995,

In the administrative decentralization law, the executive power at the department level is
exercised by the Prefecture that formed by the governor and the council. The
govemor has the power to inikate and execuie programs and projects for public
investment in the areas of:

- Road construction and maintenance,

- Rural electricity,

- Jmigation infrastructure and production support,

- Technical and scientific research and development,
- Conservation and preservation of the environment,
- Tourism promotion,

- Social assistance program,

- programs for municipal works,

- Other issues related to municipal government.

Flood mitigation measures will be one of these arcas.
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11.3

(1

(2}

All regional development corporations in the country, including CORDECRUZ, were -
dissolved by the end of 1995. The property owned by these organizations is to be
wransferred to the control under the governor of the Depariment.  Also all non:
profitable public institutions are to be dissolved and transferred to the administration of

‘the governor.

Necessary Organization
Meteorological and hydrological data collection and flood forecasting

Meteorological and hydrological data are 1he basic data and essential for the execution of
flood mitigation measures. In the study area only rainfall data is available, but with

various institutions.

One single information center is necessary to collect and compile meteorological and
hydrological data with the coordination of various institutions. SENAMHI is most

*“suited 1o fulfill this function with the reinforcement of staff and budget.

In a later stage, hydrological observation system enabling the collection of real tme
rainfall and water level data, will be required for flood forecasting as a part of the non-
structural measures. |

Land use regulation

In order to mitigate flood damages in the study area, the land use in the flood hazard
area should be regulated. ' ' o '

Al the downstream of the Rip Chane, structural measures are unlikely feasible
economically. The arca should be preserved as forest cover or wetland in the sense of
natural environmental preservation.  Some parts of the areds should remain as
nonresidential areas to mitigate heavy flood damages. o '

At the upstream, there are some forest areas that function as a retarding basin.  Those
forest areas need some kind of preservation from flood itigation and environmental
conservation aspects.

The local government and CDF have the overall jurisdiction over the land use. It is
necessary to strengthen their functions as stipulated in the related law.
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(3)  Civil Defense

Civil Defense was established to deal with all type of damages by disasters including
floods.

The activities of Civil Defense can be expanded, if it has adequate, staff and budget and
the required data / information.  As the basic information, it needs land use map, road
map, flood hazard area maps and the available means and constraints of transportation
including food and medicines. Canton Civil Defense can be mobilized for the flood
fighting. Training of staff and development of an infonmation newwork is also
necessary.

(4)  Implementation Organization

The organization for the implementation of flood mitigation and drainage improvement

measures should be established. At preseni, there are many organizations in charge of
flood mitigation. CORDECRUZ covers the regional planning that includes the land
use planning of flood prone areas, and has a close relation with SENAMHI and
SEARPI.  SEARPI has responsibilities on the construction and maintenance of river
improvement works in the Rio Pirai.

The organization in charge of flood mitigation and drainage improvement works should
integrate and reinforce the flood mitigation selated functions of CORDECRUYZ,
SEARPI and SENAMHILL

‘The implementation organization for the flood miligation measurcs should have
administrative functions of planning, managing and executing the relaied projects.
The responsibilities of the organization are as follows:

. To organize necessary staff to conduct feasipility swdy detail design and
implementation of the projects, ‘

- Toraise necessary funds for the project aciivities,

- To carry out preparatory works for implementation of the project, including non-
struclural measures,

- To conduct operation and mainterance activities after implementation of the projects.

The functions of the implementation organization shall be discussed more in details.
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CHAPTER 12 CONSTRUCTION PLAN AND COST

12.1 General

The structural measures required for flood mitigation and drainage improvement are
mostly composed of river channel and drainage related works such as channel
improvement, road-cum-embankment, drainage facilities and related structures.  The
construction costs were estimated based on the preliminary design of major facilities.

12.2 Construction Plan
{1) Major Construction Work

The major construction works are summarized as follows:

Counstruction Work

Sub-Project River Main Drainage  Secondary Road-cum-
Improvement  Improvement Drainage Embankment
(km) (k) (km?) tkm)
Al AlLID Al Alll Al Al Akl ALl
1. CHANE
PAILON _
{1) Rio Chane 27.0 0 0 0 0 0 0 0
(2) Rio Pailon 320 320 6.5 6.5 50.0 50.0 0 0
(3) Chane Chacras 36.5 365 21.5 21.5 2840 2840 0 0
(4) Queb.Chane 340 340 8.0 8.0 0 0 it 0
(5) Okinawa Drainage 0 0 21.0 210 147.0 147.0 0 0
2. SAN JUAN
ANTOFAGASTA
%% (6) San Juan 4.1 141 413 413 1150 1150 0 0
(7) Antofagasta 203 203 100 1060 970 97.0 9.0 9.0
Total 163.9 1369 108.3 1083 693.0 6930 9.0 9.0

Note: Alt. I Altemnative-1
Al IE; Alternative-1l

The construction works include replacement of bridges and installation of culverts as
well as rehabilitation works of existing facilities.

(2) Construction Plan

‘The construction schedule of major structural measures are prepared based on the
followings:
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12.3

8y

- The proposed major construction works in the master plan are to be completed within
ten (10) years from the year of 2001 to the target year of 2010,

- The supposed urgent works are to be executed within five (5) years from 2001,

- The major construction work is planned ulilizing heavy cquipment.

 Construction schedules are shown in Tables 12.2.1 10 12.2.4,

Cost Estimate
Baisic Condition

The project cost is composed of the followings:

- Direct cost: Construction cost

- Indirect cost: Land acquisition and compensation cost,
Administration cost,
Engineering service cost,
Operation and maintenance Cost,

- Conlingency: Physical contingency -

- The project cost is estimated in accordance with the followings:

- The cost is estimated based on the prevailing market price in Oct., 1995.

- The unit price such as materials, cqmpmenl and labor wages arc mcorporated as
thirteen percent {13%) of IVA.

= The cost is eslimated according to the method of CORDECRUZ.

- The cost is divided into foreign currency and local currency portion.

- The following exchange rate is adopted for curcency conversion pu rposé.
One (1) US $ = Bs 4.86 = Yen 100.0 - |

The construction cost is composed of direct construction cost and indirect: cost. The
indirect consiruction cost is thirty percent (30%) of the direct construction cost, and is
divided into the following three (3) items:

- Unforeseen 5%
- QOverhead : 10%
- Profit : 15%

12:2




(2) tnit Price

© “The unit price of tabor, materials and equipmient are estimated based on the prevailing
markei prices.  The relevant data obtained from CORDECRUZ and other agencies are
shown in Tables 12.3.1 10 12.3.3.

(3)  UnitCost

The compound unit cost is estimated by totaling the labor cost, equipment cost and
material cost.  The compound unit cost are summarized in Tables 12. 3.4 (1) and (2).
Their breakdown are shown in Supporting Report J.

(4) Currency Portion
Foreign currency and local currency portions arc estimated as follows:
Foreign cursency portion:

- Tmported equipment, materials and supplies.

- Domestic materials for which the country is a net importer.
- Wagesof éxpam’am personnel.

- Overhead and profit of foreign firms.

Local currency portion:

- Domestic materials and supplies for which the country is a net exporter
- Wages of local personnel. '

- QOverhead and profit of local personnel.

- Overhead and profit of local firms.

The unit prices of each components arc as follows:

PARTICULAR F.C (%) L C (%)
(a} Labor Price 0 . 160
{b) Equipment Price 100 0
{c) Material Price ‘
~Fuel : 0 o 100
Cement _ 0 100
Suucwre Steel 100 - 0
Gabion Mat Net 100 0
Gravel, Sand 0 100
PVC-Pipe 100 0
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(7)

(8

Land Acquisition Cost

This cost is estimated based on the unit cost obtained from CORDECRUZ and survey
in the study area as follows, and incorporated as a local currency compaonent,

- Clear Farm-land 60,000 US$/50ha
- Waste Land 15,000 US$/50ha

Administration Cost

The cost for the prolccl s admlmstrauon, m'magcmcnt and supervnsmn is estimated in
proportion to the construction cost.  An allowance of five percent (5%) of the
construction cost is provided for the cost and incorporated - as a local currency

component.
Engineering Service Cost

The cost is estimated in proportion to the construction cost to cover the detailed design
and construction supervision by consultants, and the proportion of detailed design to
construction supervision has a ratio of sixty percent {60 %) to forty percent (40 %).

‘The engineering service cost is estimated to be ten percent {10%) of the construction
cost and it’s eighty percent (80%) is incorporated into the foreign currency conmpomnl
and twenty percent {20%) into the local cunrency componeat. o

Contingency
1)  Physical Contingency

‘The physical contingency, amounting to fifteen percent (15%) of the construction cost,
is provided to cope with any unforeseen circumstances during the implementation of
this project.

2)  Price Contingency

‘The price contingency is provided for the reflection of the inflation effect until the
implementation of the projects. The price contingency is estimated assuming the
inflation rate to be four percent (4%) per annum for foreign cu.rre?n_cy gmd seven percent
(7%) for local currency. n |
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(9)  Operation and Maintenance Cost

OM cost consists of routine OM cost and civil works.  Annual cost is estimated to be
one percent (1%) of the base construction cost.

(10) Project Cost
The project costs in 1995 price are summarized as follows:

1)  Project Costs of Altemnative-1
{(Unit: 1,000 Bs,)

Sub-Project
LiC F{C Total

1. CHANE-PAILON 449,234 453,041 902,275
(1) Rio Chane 82,582 93,166 175,748
(2) Rio Pailon 144,415 145,967 290,382
(3) Chane Chacras 114,375 107,675 218,050
(4) Qucb. Chane 66,771 59,508 126,279
(5) Okirawa Drainage 45,691 46,725 91,816

2. SAN JUAN-ANTOFAGASTA 92,613 04,721 187,340
(6) San Juan 42,042 44,796 86,838
(7) Antofagasta 50,571 49,931 100,502

541,847 547,768 1,089,615

Note: 1.0 US$ = Bs. 4.86 = Yen 100.0

2)  Project costs of Alternative-1l
(Unit: 1,000 Bs.)

Project
LfC F/C Total
1. CHANE-PAILON 366,652 359,875 726,527
(1) Rio Chane - - -
(2) Rio Pailon 144,415 145,967 290,382
{3) Chane Chacras 110,375 107,675 218,050
{4) Queb. Chane 66,771 59,508 126,279
{(5) Okinawa Drainage 45,091 46,725 91,816
2.SAN JUAN-ANTOFAGASTA 08,204 100,663 198,867
{6) San Juan 47,633 50,732 98,365
{(7) Antofagasia 50,571 49,931 100,502
' Total 464,856 460,538 925,394

Note: 1.0 USS = Bs, 4.86 = Yen 100.0
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TABLE 12.3.1 LABORWAGES

UNIT; Bs / Hour

Labor Study Price Sununary

Hour Day '
Operator Class A 18.62 149.00
Operator Class B 17.31 138.00
Operator Class C 15.37 123.00
Operator Class D - 13.53 108.00
Driver Class A 12.46]. 100.00
Driver Class B 10.85 87.00
Foreman . 10.62 85.00
Helper Class A 9.56 76.00
Helper Class I3 4.90 39.00
Steel Bending Worker 4.90 39.00
Bulding Worker 9.70 78.00
Plant Operator 15.37 123.00
Promipler 12.9 103.00
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TABLE 12,3.2 UNIT PRICE OF T\’PICAL MATERIAL

. UNIT ; Bs
Item Specification Unit | Study Price| Summary
Kerosenng ' Liter 1.13 -
Diesel Liter 1.54
Gasoline Liter i.85
Asphalt Concrete Ton 326.00 ~ 678US
Asphalt Emulsion Liter 1.41
Aggresate M3 35.00
Cement . Kg 0.58
Sand M3 25.00
Crushed Grave) M3 35.00
Crushed Stone M3 33.00
Forming Wood M2 2.20
Steel Bar Ton 2,916.00
Nait Kg 5.80
Wire Kg 5.00
: Corrugated S.P D=36" M 572.00
: Corrugaled S.P D=42" M 683.00
-Corrugated S.P D=48" M 834.00
Gabton Mat t=30cm M2 - 7.00
Transporiation Sand ,Gravel, Agprcgates| M3 121.50 | =100km
Transporiation Sand ,Gravel, Aggregates| M3 36.00 1L=30km
Transporiation Steel bar Ton . 50.00 L=100km :
Transportation Asphalt Concrete Ton 83.00|0.178US/km,L=100km
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TABLE 12.3.3 CONSTRUCTION EQUIPMENT PRICE

UNIT : Bs/ Day

Speciftcation HP Stady Summary
Price

1.Bulldozer
Bulldozer Cat D18 32T 289 204.00
Bulldozer Cat D7 21T 200 186.00
Bulldozer Cat D6 15T 165 112.00
Bulldozer Cat DG 11T 100 94.00
2,.Shovel
Shovel Cat 930 1.4m3 105 94.00
Shovel Cat 966E 1.8m3 170 147.0
3. Motor Gradei' . .
Motor Grader Cat 120G 3.1m 1251 77.00
Motor Grader Komatzo 3.7m 166 107.00
Motor Grader JD 7703 3.7m 107.00
$,Macadam Roller :
Macadam Roller 75 39.00
M.R Dynapac CA-15T 79 42.00
M.R.Dynapac CA-15T 115 58.00
S.Water Truck: : .
Water Truck 10.0m3 $ 290 31.00
Water Truck 30.0m3m3 - 75.00
6.Buck Hoe
Buck Hoe 0.35m3 30 - 63.00
Buck Hoe 0.60m3 99 90.00
7.Dump Truck
Dump Truck Sm3 30.00
Dump Truck 8in3 - 37.00
[Dump Truck 10m3 _40.00
Dump Truck 12m3 67.00]
Dump Truck 25m3 72.00
8. Rubber Tire Réllcr j
R.T.R.Dynapac CP-30T =~ - 100 60.00
R.T.R.Dynapa¢ CP-27T: 100 52,00
2.Asphalt Finisher 2.4-5.0m 160.00]
10.Asphalt Truck Sprayer ' .
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TABLE 12.3.5 SUMMARY OF CONSTRUCTION COST
(ALTERNATIVE])

CHANE - PAILON

UNIT ; 1000Bs

Sub Praject i Works Width ' Depth Length Construction Cost Land
' {m) {m) (kmY - Lp FP . Total Acquis'i-k-‘il
1. Rio Chane- L ' ' _
Rio Chang Improvemeat 100~45  6.00-4.50  27.00 62,111 71,549 - 133,660 KP2 ]
Sub total ' - 62,111 71549 133660 324
2. Rrio Pailon _ ' ‘
Rio Pilon Improvement - 7065 . 500 3200 99955 99477 199,432 433
MainDrainage 30~18 350-3.00 6350 . 4,092 5933 10,025 79
Secondary Drainags 12 300 1600 5508 5882 13390 23
Sub Totat 109,558 111,292 220,847 1535,
3. Chane Chacras o S
Queb. Las Chacras Improvement 4537 00 3650 135,440 30,183 65,623 365
Main Drainage ' : 35-25 3.50-300 2150 18538 20111 - 38,619 284-
Secondary Drainage 12 13000 4200 .29.605 31,618 ' 61223 125
Subtotal 83583 81,012 165,495 774
4. Quebrada Chane R ' oo
Qucb. Chane Improvement 4533 4.50-350 1800 13518 RS9 . 21677 165
Queb. El Tolo Improvement 58 400 1600 3544 34601 70,005 128
Main Drainage ' 2 300 800 2068 2193 426 47
Sub Total 50990 44953 95,943 340
5. Okinawa Drainage S o : :
Main Drainage ©35~16 400300 2100 18174 18783 36957 230
Secondary Drainage i2 300 4600 15835 16912 - 32,747 67
Sub Total 33,009 35,695 69,704 306
Total 340,248 345401 685,649 ° 2,279
SAN JUAN - ANTOFAGASTA UNIT ; 1000Bs’
Sub Projoct / Works Widih | Depth Length ConstructionCost - - land .
(m) (m) (km) ‘Lip F/P : Total Acquisition
0. San Joan _ '
Arro. Yapacanicilo Improvenient 15-30 300 1410 7,561 6,895 14,456 11%
Main Drainage{ S.Juan Q. Tejeria) ~ ~ 21~11 ~ 4.00~3.00 4130 10,160 12360 22,520 76
Sccondary Drainage Y 300 3400 13953 15,029 28982 60
Sub Total : 31674 34,284 65958 254
7. Aniofagasta . . : B :
Arro. Tacuaral Tmprovement 26 400 770 6010 6356 12,366 -5t
Ao Jocki  Improvement 30-22 356 12600 7,261 6,787 - 14048 120
Road {San Juan-Antofagasia) 9.1 L. 900 4818 2177 7422 198
Main Drainage{Antofagasta) 2825 400 1000 5768 7,179 12947 98
Sccondary Drainage 4 300 3800 - 1402 15,530 29632 67
Sub Total ' 38,086 38020 76,115 534
Total 69,760 72313 142,073 758
( Alterative I ) Total 410,008 417,714 827722 3,067
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TABLE 12.3.6 SUMMARY OF CONSTRUCTION COST

(ALTERNATIVE 1)
CHANE - PAILON UNIT : 1000Bs
Sub Project / Works Width  Dopth Leagth Construction Cost Land

(m) {m} {km) Lip F/p Tolal Acquisilion
I. Rio Chanc
Rio Chane Improvencnt 10045  6.00-450 2700 0 0 o 0
Sub total 0 0 0 ¢
2, Rrio Pailon
Rio Pilon Improvement 10~65 500 3200 99955 99,477 199432 433
MainDrainage 30~18  3.56-3.00 6.50 4,092 5933 10,025 79
Sccondary Drainage i2 3.00 1600 5,508 5882 11,390 23
Sub Tolal : 109,555 111,292 220847 533
3. Chane Chacras
Queb. Las Chacras Improvemeal 45-37 300 3650 35440 30,183 65,623 365
Main Drainage 35-25 350~300 2150 185338 20,111 380649 284
Sccondary Drainage 12 300 4200 29605 31618 61223 i25
Sub total 83,583 EBI912 165495 774
4. Qucbrada Chanc
Queb. Chans Improvement 45-33 450-350 1800 13518 §159 21,677 165
Queb. El Tolo Improvement 58 400 1600 35401 34,601 70,005 128
Main Drainage 25 3.00 8.00 2,068 2,193 4,261 47
Sub Total 50,990 44953 95943 340
5. Okinawa Drainage
Main Drainage 35~16  400~300 2100 18,174 18,783 30,957 239
Sccondary Drainage 12 300 4600 15835 16912 32,747 67
Sub Total 34009 35695 69,704 306
Total 278,137 273852 551989 1,953
SAN JUAN - ANTOFAGASTA UNIT : 1000Bs

Sub Project / Works Width Deplh Length Construclion Cost Land

{m) (m) {km) L/p ke Total Acquisition
6. San Juan
Arro. Yapacanicito Improvement 35-30 300 1410 7,130 6418 13548 118
Main Drainage( 8.Juan Q. Tejeria) 2114  4.00~3.00 4130 14838 17377 32215 76
Sccondary Drainage 14 300 3400 13953 15020 28982 60
Sub Total 35021 38824 74,745 254
7. Antofagasta
Arro. Tacvaral Improvement 26 4.00 7.70 6,010 6,356 12,306 51
Arro_ Jochi - Improvement 30-22 350 12060 7,261 6,787 14018 120
Road (San Juan-Antofagasta) 2.1 - 900 4935 2117 122 198
Main Drainage(Antofagasta) 28~25 400 1000 5,768 7179 12,947 98
Secondary Drainage 14 300 3800 14,102 15530 29,632 67
Sub Tolat 38,086 38,029 76,115 534
Total 74,007 76,853 150,860 788
{ Alternative I1) Total 352,144 350,705 702849 2,743
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