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PREFACE

In response to a request from the Government of the Republic of Bolivia, the
Government of Japan decided to conduct a master plan study on Flood Control in the
Northern Rural Region of Santa Cruz in the Republic of Bolivia and entrusted the study
to the Japan International Cooperation Agency (JICA).

JICA sent to Bolivia a study team headed by Mr. Hajime Tanaka of Pacific Consultants
International and composed of members from Pacific Consultants International and
Central Consultants INC., three times between March 1995 and June 1996.

The team held discussions with officials concerned of the Gavernment of Bolivia and

conducted field surveys at the study area.  After the team returned to Japan, further

studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation (o the officials concerned of the Government of
the Republic of Bolivia for their close cooperation extended to the team.

June 1996

Kimio Fujita
President
Japan Intemational Cooperation Agency
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THE REPUBLIC OF BOLIVIA
June, 1996

Mr. Kimio FUJITA
President
Japan International Cooperation Agency

LETTER OF TRANSMITTAL
Diear Sir,

We are pleased to submit the final report entitled the * The Master Plan Swdy on Flood Control
in the Northern Rural Region of Santa Cruz in the Republic of Bolivia.”  This report has been
prepared by the Study Team in accordance with the contract signed on March 20, 1995,
January 22, 1996 and May 20, 1996 between the Japan International Cooperation Agency and
Pacific Consultants Internationat in associate with Central Consultant Inc.

In the study, the Study Team based on the analysis of the existing flood and drainage problems
in the northern rural region of Santa Cruz, presents a master plan of flood mitigation and
drainage improvement measures and priority projects for Feasibility Study were identified.
The report consists of the Summary, Main Report, Supporting Report and Data Book.

All members of the Study Team wish to express sincere appreciation to the personnel of your
Agency, Advisory Commitiee, and Embassy of Japan in Bolivia, and also to the officials and
individuals of the Government of the Repulblic of Bolivia for their assistance extended to the
Study Team. The Study 'feam sincerely hopes that the results of the study will contribute to
the ficod mitigation and drainage improvement and the socio-economic development in the
norther rural region of Santa Cruz,

Yours Faithfully
7
Hajime TANAKA

Team Leader of the Study Team






THE MASTER PLAN STUDY ON FFLOOD CONTROL IN THE NORTHERN RURAL

REGION OF SANTA CRUZ IN THE REPUBLIC OF BOLIVIA

OUTLINE OF THE STUDY

The study area (approximately 7,000 knv’) is situated in the northern rural area of Santa
Cruz that is the capital city of the Depariment of Sania Cruz, located in the eastern part of
the Republic of Bolivia. The population of the Department was 1,364,389 in 1992 that
accounted for 21 % of the population of the country. The GDP of the Department
accounted for about 30 % of the Bolivian GDP in 1992,

The study area was mostly cleared of forest for cultivation or grazing ground by the
first half of 1980s and has become an important agricultural center, producing soybeans,
sugarcane, rice and livestock.  Also the agro-based industries in the Department are
mostly located in the study area and play an important role in the regional socio-
cconomy.

However, the study arca has been suffering from floods yearly from the rivers,
inctuding the major rivers such as the Rio Grande, Rio Pirai and Rio Yapacani. The
most severe damages in record were caused by the 1992 floods. The flood hazard areas
by the annual eods and by the 1992 floods are estimated to be 2,444 km’® and 4,857
km’ respectively.  The dominant colonies such as Okinawa, Aroma, Puest Fernandez,
San Juan and Antofgasta, are mostly located in the flood hazard area.

The study arca is extremely vulnerable to flood and drainage problems due to the flat
topography and difficult meteo-hydrological coiiditions. These problems are serious
constrains for stabilization and further development.

‘The situation of flood damages and flood hazard arca have been studied and optimum
flood mitigation and drainage improveinent measurcs have been studied for the study
area.



2.1

Master Plan for Flood Mitigation and Drainage Improvement
Basic Concept

The flood hazard areas and poor drainage areas have been asscssed based on the flood
conditions such as flood depth, duration, damage and land use, and divided into the
following arcas:

-1 The area for structural measures with non-structural measures:
The area was selected based on the following criteria:

- Intensive land use areas such as urban and intensive farming areas affected by
annual floods,

- Intensive land use arcas severely affected by the 1992 floods i.e., flood depth
more than 50 cm and duration more than 2 days,

-2 The area for non-structural area:
The area was selected based on the following criteria:

- Notintensive land use areas such as pasture and forest arcas both in the annua
flood hazard area and in the 1992 floods hazard area,

- Intensive land use areas in the 1992 flood hazard area with less than 50 cm deep
and 2 days long.

However, the area influenced directly by the Rio Pirai is not included, because the main
reach of the Rio Pirai has already had a master plan for the management and training of
the main river reach,

The structural measure area was divided by river or drainage basin into the following

seven basins:




a. Chane - Pailon Area

-1 Rio Chang,

-2 Rio Pailon,

-3 Chane - Chacras,
-4 Queb. Chane,

-5 Okinawa drainage.

b. San Juan - Antofagasla

-1 San Juan,
-2 Antofagasta.

The design scales were decided as follows:

-1 Flood mitigation facilities: ' 10-year frequency flood with an allowable
inundation depth of 30 cm,

-2 Drainage improvement facilities: S5-year frequency storm runoff with an
allowable inundation depth of 30 cm

-3 Important or fundamental public facilities such as national road bridges, the design
scale of a S0-year frequency {lood should be considered according to the scale of
1992 floods.

The target year of the Master Plan was decided to be the year of 2010 considering the
target years of the national development plan and the regional development plan.

Socio-economic frames of the target year of 2010 were estimated as {ollows:

- The mean annual growth rate of population in the study area was estimated to be
2.3 % for the pericd. The population of the study area was estimated to be
300,000 in 2010 from 198,000 in 1992, according to CORDECRUZ.

The population will increase in the urban areas, but not increase in the rural area.

- According to the Land Use Plan of the Departient, the study arca is located in the
intensive agricultural area, including intensive calile raising area. The land uses in
2010 was estimated to be the same as those in 1995, because the study arca was
mostly cleared for cultivation or grazing ground by the first half of 1980s and the

land use has been kept same sine the 1980s.



- The national economic growth for the next decade was targeted by the nationat
economic development plan at a rate of 5 % per annui in GDP.

2.2 Flood Mitigation Measures

The proposed measures for flood miligation and drainage improvement are consisting
of structural measures and nont-steuctural measures as follows:

(1} Structural Measures

The structural neasures are composed of river improvement works that increase
conveyance capacities of channels by widening, deepening and improving channels,
and embankment (including road-cum embankment) that confine the flow within a
channel, and drainage improvement works.

The road-cum-embankment is planned between the Arroyo Yapacanicito Basin and
Arroyo Jochi Basin.  The purpose of the road-cum-cmbankmient is (o separate the
flood water of these (wo basins as well as 10 reinforce the evacuation and transportation
route during floods.

The flood mitigation and drainage improvement works are sunumarized in the following
table:

Structurat Measures

Project River Main Secondary Road cum
Improvement  Drainage  Drainage  Embankment

i. Chane-Pailon

-1 Rio Chane 27.0 km 0 0 0
-2 Rio Pailon 32.0 km 6.5 km 50.0 ki’ 0
-3 Okinawa Drainage . 21.5km  147.0 ki’ 0
-4 Quebrada Chane 34.0 km 8.0 km 0 0
-5 Chane-Chacras 36.5km - 210km  284.0 km’ 0
2. San Juan-Antofagasta

-1 San Juan 4.1 km 413 km  115.0km’ 0
-2 Antofagasta 20.3 km 10.0 km 97.0km* 9.0 km

Total 163.9 kim 108.3km  693.0km’ 9.0km



(2)

For Chane-Paillon area, considering the situation of the Rio Chane that is strongly
affected by the flood of the Rio Pirai, two alternative plans were planned as follows:

- Alternative-1 is consisting of the Rio Chane and all the other sub projccts,
- Alternative-1 is consisting of all the sub projects except the Rio Chane.

For San Juan-Antofagasta area, considering the flow capacities of approximately 2 year
frequency of the existing drainage mains, two alternatives were planned as follows

- Allernative-1 is consisting of San Juan and Antofagasta sub projects. In
alternative-1 the flow capacitics of the existing drainage mains of San Juan arca
are planned to be maximized by rehabilitation and the surplus storm runoffs are
planned to be drained by supplementary drainage facilities (o ‘the Arroyo
Yapacanicito.

- Alternative-1b is also consisting of San Juan and Antofagasta sub projects. In
alternative-11 the drainage mains of San Juan area are planned to be enlarged to
discharge the design storm runoffs by improvement.

Non-structural Measures

Non-struciural measures are planned to be applied for the entire flood hazard area.
The structural measures will generally need a long time before completion and the flood
and drainage problems should be mitigated by non-structrual measures as much as
possible.  The proposed non-structural measures are composed of the followings:

a.  Non-structural measures for flood mitigation

-1 Flood warning and evacuation systems for reducing casualtics and flood damages,

-2 Flood proofing and flood plain management for reducing flood damages caused by
inappropriate land use in the flood hazard arca,

-3 Land use control for retarding basins and others for utilization and maintenance of
retarding or regulation effects of natural swampy areas,

-4 Preservation of protected forest along river channels for preservation of the natural

environmenial resources,

-5 Land use management for farm lands and forest areas for reducing flood damages
by appropriate management of farm lands and forest areas.



b.  Non-structural measures for drainage improvement

-1 Introduction of appropriate waler tolerant crops or varieties for reducing damages
caused by drainage problems, '

-2 Introduction of proper farm land management for reducing the damages caused by
drainage problems by proper farm land management.

Preject Cost

The construction costs & composed of direct cost and indirect cost.  The indirect
construction costs are ¢stitnated to be 30 % of the direct construction cost.

The project costs are composed of direct cost, indirect cost and contingency. The
indirect costs of administration, engineering service and physical contingency are
estimated to be 5 %, 10 % and 15 % of the direct construction cost. %

The project costs were estimated and summarized as {ollows:

1)  Altemative-I
(Unit: 1,000 Bs.)

Sub-Project

LIC FIC Total

i. CHANE-PAILON 449,234 453,041 802,275
(1) Rio Chane 82,582 93,166 175,748
{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 92,613 _ 04,727 187,340
(6) San luan 42,042 44,796 86,838
(7) Auntofagasta 50,571 49931 . 100,502
Total 541,847 547,768 1,089,615

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



2)  Praject costs of Altemative-11

(Unit: 1,000 Bs.)

Project
L/C FIC Total

I. 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 98,201 100,663 - 198,867
(6) San Juan ' 47,633 50,732 98,365
(7) Antofagasta 50,571 49,911 100,502
Total 464,856 460,538 925,394

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

For economic evaluation, OM cost of | % of the direct construction cost, the price

contingency is estimated assuming the inflation rate to be 4 % per annum for foreign

curency and 7 % per annam for the local curiency portion.

2.4 The implementation periad is planned to be complete by 2010, including a preparation

period.

2.5  The economic benefit was assessed by comparing the flood damages in the "with angd

without project” situation. The flood damages are classified into the following categones:

Direct damage to building and household effects,

- Dircet damage to agricultural crops and livestock,

Damage to public facilities, including transportation and agericultural facilities,

Income /profit losses in business activities.



2.6

2.7

The EIRR values of the projects are estimated as follows:

Sub Projects EIRR (%)
Altemalive-1 Alternative-2
N Chane-Pailon 14.04 14.00
-Rio Chane Negative Excluded
-Rio Pailon 14.33 14.33
-Queb. Chane 12.52 12.52
-Chane Chacras 15.38 [5.38
-Okinawa Drainage 12.21 12.21
2 San Juan-Antofagasta 13.4} _ 12.51
-San Juan 9.97 2.48
-Antofagasta 16.24 16.24

Environmental Impact

The improvement of river channels will increase their flow capacitics and might give
impacts not only to the fauna and flora along the river channels, but also to the ground
water table in the flood mitigation areas. However, the adverse environmental impacis
will not be significant. From Initial Environmental Evaluation (IEE), Environmental
Impact Assessment (EIA) will be required for the further study stage.

Project Evaluation

The structural measures in the Master Plan were evaluated from technical, economical,
sociad and environmental terms,  The technical efticiency is evaluated by reduction
effectin flood arca, depth and duration.  The economic efficiency is evaluated mainly
by EIRR of which the values of higher than 10 % is considered to be feasible due to the
opporiunily cost of capital, estimated to be between 10 % and 12 %. The social and
environmental terms are evaluated by reduction of flood hazard area.

1)  Chane-Pailon Area

The structural measures for the area are feasible as a whole in technical, economical,
social and environmental.




The conditions of inundation at the sub projects, i.c., Rio Pailon, Quebrada Chane,
Chane-Chacras and Okinawa Drainage, will be very much improved by both of
Alternative-1 and Alternative-11. However, the amount of the increasing of flood water
level of Rio Chane of Altemative I will be 0.5 m to 0.9 m for 10 year floods.

The FIRR values of 11.04 % for alternative-1 and 14.00 % for alternative-1F (without
improvement of the Rio Chane).  The EIRR values of all sub-projects except the Rio
Chane show higher values than 12.21 %.

The social impacts will be significant both of Alternative-1 and Alternative-11 due to the
protected area of 470 kny’,

As positive social impacts, the mitigation of flood damages, the generation of
employment opportunity and enhancement of land use potential of flood protected land
will be expected.

Environmental adverse effects by the projects will be not significant, except the Rio
Chane in Alternative-H.

From technical, economic, social and environmental aspects, the alternative-l is
rccommended in order to avoid any adverse social and environmental effects, because
the estimated flood conditions will become worse than the existing condition.  The
priorily orders of the sub projects are:

Ist Prionity:
- Rio Chane
- Rio Pailon
- Okinawa drainage

2nd Priority:
- Chane-Chacras

3rd Priority:
- Quebrada Chane

2) Sun Juan-Antofagasta Area

“The structural measures for the area are feasible as a whole in technical, economical,
social and environmental. The conditions of inundation will be very much improved by
both of Allemative-I and Allernative-Il.



The structural measares for the area are feasible as a whole with the EIRR values of
13.41 % for Alternative-1 (with rehabilitation of the draillagc mains) and 12,51 % for
Alternative-1l (with improvement of the drainage mains). Although the structural
measures for San Juan was evaluated marginal with EIRR value 0f 9.97 %.

The social impacts will be significant at both of Alternative-1 and Alternative-1I due to
the protected arca of 210 kin2. The positive social impacts hike the Chane-Pailon
arca will be expected. Tt is considered to be viable {rom the socioeconomic aspecls
becausc the area is one of the most developed agricultural area.  Envirenmental
adverse effects by the projects wilt be not significant.

From technical, economic, social and environmental aspects, the allernative-1 is
recommended. The priorily orders of the sub projects are:

1st Priority:

- Antofagasia

2nd Priority:
- San Juan

2.8  Pnonty Projects for F/S

According to the project evaluation urgent measures that have high technical, economic
efficiencies and social imporiance were selected for the priority projects as follows:

-1 Alternative-1 of Chane Pailon area
-Rio Chane,

-Rio Pailon,

-Okinawa Drainage.

-2 Altermative-1 of San Juan-Antofagasta arca

-Antofagasta.
A draft of terms of reference of the F/S is attached to Appendix-C of the main report.

2.9  The existing organizations related to 1lood mitigation are MDS, SENAMHI, SEARPI,
CDF, CORDECRUZ, MDN and Municipalities. For implementation of the Master Plan,



2.10

the overall coordination shatl be provided by the Ministry of Sustainable Development and
Environment and CORDECRUZ.

The implementation of the proposed measures is planned to be carried out from 1996 to
2010 as follows:

Stage-1: Preparatory period from 1996 to 2000
-1 Institutional Armangement
-2 Execution of F/S flnd D/D on the priority projects, |
-3 Preparation of execution of non-structural measures,
-4 jmplementation of measures for early implementation,
-S Improvement of the h)fdrological observation network,

-6 Preparation of complementary studics on the Rio Grande, Rio Pirai and Rio
Yapacani, and improvement works of secondary roads,

Stage-2: implementation of proposed measures from 2001 to 2010.
-1 Institutional arcangement for execution of the Master Plan,
-2 Implementation of the priority measures identified in the F/S,
-3 Execution of noni-structural measures,
-4 Implementation of complementary works and studies.
Conclusion .and Recommendation

It is concluded that the proposcd flood mitigation and drainage improvement plans will be
feasible in technical, economic, social and environmental terms.  The study area needs
immediate action for implementation of the proposed plans.

The proposed plans will enable the study arca to mitigate flood and drainage problems
and to stabilize the agricultural sector. The stabilization will enable the study area to
achieve a growth rate of § % per annum that is the target of the national economic
development plan by enbancement of high land use efficiency, cxpansion of planted
area, increase of yield, decrease of post harvest damage and introduction of high

I



productive crops. Also high positive social impacts such as the generation of
cmploymicit opportunitics will be expected.

In order to attain the expected project benefit, prompt actions will be required for the
following actions. '

2) It is necessary for the study arca to take an immediate action  for éxecution of F/S for the

urgent Measures.

{3) Preparatory works for regulation or preliminary design of non-structural measures should
be started immediately in order to facilitate the non-structural measures for flood
mitigation.

4y  An implementation organizalion should be established for smooth execution of the
Master Plan, in order.lo carcy out structural and non-structural measures smoothly, and
also to contro! & manage the land use effectively.  The following ideas should be taken
into consideration for establishing the organization:

-1 The organization should be a strong implementation and coordination organization
at Prefecto level.

-2 Some of the counterpart of the Master Plan Study should be assigned for the
organization because of their basic knowledge of the Master Plan.

-3 Also some of the members should be selected from CORDECRUZ, SEARPI and
SENAMHI.

-4 The Organization is responsible to eslablish new organization for execution of the
proposed measures and OM after implementation of urgent flood mitigation and
drainage improvement measures.

(5) Improvement of the existing hydrological observation network should be carried out
immediately in connection with waming systems and complementary development studies. -

(6)  Complainentary development studies and works mentionced in the Master Plan should be
canried out to support the regional development. '

12
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CHAPTER 1 INTRODUCTION

1.1

Background

This is the Final Report for the Master Plan Study on Flood Control in the Northern
Rural Region of Santa Cruz, in the Republic of Bolivia.

The Study was conducted according to the Scope of Work agreed upon between the
Santa Cruz Regional Development  Corporation  (hercinafter  referred  as
“"CORDECRUZ") and the Japan International Cooperation Agency (hereinafier referred
to as “JICA") on December 14, 1994, The Master Study was started at the end of
March 1995,

‘The Department of Santa Cruz is located in the east central region of the couniry and
covers an arca of 370,000 km?.  The population of the Department is 1.4 million and
about 80 % of the population is living in the urban area of Santa Cruz which is the
second largest city in the country.

The Depariment is not only rich in the natural resources such as oil, natural gas and iron
ore, but also favored with a vast potentially good farmiing land.  The Department has
42 % of the agricultural land of the couniry, accounted for 36 % of the national
agricultural production according to the agricultural census in 1991.

The Department has been developed as one of the most important colonization centers
since 1954, when the natonal road from Cochabamba to Santa Cruz was open.  The

population of the Department has increased rapidly by emigrants from the Altiplano and

immigrants from oulside the country foreign and now the Department has become the
most important agricultural area in the country.  The urban area and the northern rural
arca of Santa Cruz have formed an integrated development area.

1lowever, the area is vulnerable to flood and drainage problems, because of the natural
conditions. ‘The area is composed of flat alluvial plains formed by the Rio Grande,
Rio Pirai and Rio Yapacani and there are a lot of low-lying or depressed lands.  Also
the area has been affected by heavy rainfalls pericdically.

" ‘Thé urban area of Santa Cruz was damaged severely by the floods from the Rio Pirai in

1983. Soon after the 1983 floods, CORDECRUZ established the Servicio de
Encauzamiento y Regulaccion de Aguas del Rio Pirai (SEARPI), to deal with the
coordination and planning of social and economic development of the Rio Pirai basin

1-1



1.2

1.3

and in particular with its preservation and reclamation.  SEARPI has: conducied a
Master Plan Study on the Rio Pirai basin by the EEC's assistance and construcied a
flood embankment for the urban area of Santa Cruz.

The northern rural area of Santa Cruz was damaged severgly by the floods in 1992,
More than a half of the rural atea was inundated and damaged by the floods.  Not onty
the rural settfements and their agricultural products, but also major transportation
facilities such as fundamental roads and bridges, were damagéd severely,  In order to
promote the sustainable development that is the national development policy, the

‘northern rural area should be stablhzed by optlmum flood mmganon ‘and drainage

1mpmvemenl measures.

The Government of Bolivia requested the Government of Japan to conduct a Master
Plan Study for flood miligation of the norther rural area of Santa Cruz, '

Objectives and Study Area
The objectives of the study are:
(1) To formulate a comprehensivc_masicr plan on flood control for ihe study area,

(2) To pursue technologlcai transfer to lhe counterpart personnel lhrough on the job
training in the course of the study.

The study area is approx:mately 7, 000 km in the northern rural mgnon of the city of
Santa Cruz between the Rio Grande and the Rio Yapacam Thc study area is s_hown in
Fig. 1.1 '

As for the main reach of Rio Pirai the study is limited to the review of existing data in
order o plan necessary measures for the other river basins, because the basin has
already had a master plan for the management and training of the main reach,

General Approach

The study has been conducted in collaboration with CORDECRUZ and other related
government authorities,  In order to make an optimum plan for mitig’ilion of flood and
drainage problems of the study area, necessary studies and supplcmemary field surveys
have been conducted on the existing condmons and the current ﬂood d'unagcs,

-including the 1992 floods 1hat caused the mosl severe flood damagc registered in the .
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study arca.  An optimum Master Plan including Priority Projects for the F/S study and
an implementation program are proposed.

Study Schedule

The Study is composed of the following two phases:
(1) Phase-1: Basic Study (from March 1995 to August 1995)
The major works are as follows:

- Collection of data and information,

- Execution of field investigation and surveys, _

- Review and preliminary analysis of collected data and information,

- Formulation of a basic idea of optimum flood mitigation measures for a Master Plan.

During the Phase-1 the following reports were issued: -

- Inception Report ( March 1995)
- Progress Report-1 ( June 1995)
- Interim Report (August1995)

(2) Phase-2: Formulating of 2 Master Plan (from September 1995 to March 1996)
‘The major works are as follows:

- Supplementary data collection,
- Execution of supplementary surveys and analyses,
- Formulation of a master_plan,

- Initial environmental examination,

- Evaluation of the proposed master plan,
- Preparation of an implementation program,
- Identification of high priority projects for a feasibility study.

During the Phasc-2 the following report was issued before this report:

- Progress Report -2 (December 1995)
- Drafi Final Report (March 1996)



1.5

1.6

Composition of Report

The report consists of four parts; a Summary Report and a Main Report briéﬁng the
study results and the proposed master plan, and Supporting Reporis from A to K
dealing with detailed technical aspects of the study, and a Data Book,  These outputs
are listed below: : '

1} Summary Report
2)  Main Report
3}  Supporting Reporis: I (A t0 K)

HYDROLOGY

SOCIO-ECONOMY

FLOOD AND FLOOD DAMAGE
REGIONAL DEVELOPMENT
AGRICULTURE AND LAND USE
FLOOD MIiTIGATION
DRAINAGE IMPROVEMENT
ENVIRONMENT
ORGANIZATION

PROJECT EVALUATION

Yo R

4y DATA BOOK

Execution of the Study

The study was carried out by the study team composed of ,cqnsultamé retainéd‘by JICA
and officials of CORDECRUZ and concemed agencies of the Government of Bolivia.

Alist of study participants and the minutes of meetings are shown in Appendix - A and
Appendix - B respectively. ' ' ' : '
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CHAPTER 2 STUDY AREA

2.1

Gengeral

The study area (approximately 7,000 km?) is situated between lat. 160 50" S - 179 50'S
and long. 62°45'W - 64° 00W in the northern part of the ¢ity of Santa Cruz, which is
the capital c:ly ot' the Department of Sant‘i Cruz. .

The study arca is administratively rela!ed to ﬁvc provinces, i.e., Andres lbanez, Warnes,
Ichilo, Sara and Obispo Santistevan, and located in the integrated development area that
is the most developed area in the Deparbnent.  The related administrative districts are
shown in Fig. 2.1.1. o

The topography of the study asea is mostly composed of flat alluvial plains, alluvial
terraces and low-lying areas, formed by the Rio Pirai, Rio Grande and Rio Yapacani.
The land form is inclined at 1/400 - 1/1000 1o the northward. There are depressed

Jands and low-lying areas developed locally which are mostly vulnerable to flood and

drainage problems. The general topography and river bed slopes are shown in Fig.

212,

The climate consisls of dry season (from April to October), wet season (from Ouober
to March) and transition seasons (March to Apnl and September to October).’

The annual rainfall amount varies locally and seasonally.  The mean annual rainfalls in
the western part and in the eastern part are 1898 mm and 1274 mm respectively.
Rainfall amount in the wet season is about 60 to 70 % of the totat annual rainfall,

The river systems, consist of three major rivers, namely, Rio Grande (106,000 sq. km),

) R:o P1ra1 (10 660 sq km) and Rio Yapacani (9,969 sq. km).

- The gencral conditions related to flood mitigation aspects are explained below.

2.2

2.2.1

River Characleristics

River System

* The study area is bounded by the Rio Grande in the east, Rio Piray in the center and

Rio Yapacani in the west. The Rio Chane Basin, Rio Palometillas Basin and Rio
Palacios Basin exist among the above three rivers.  Catchment areas of the Rio Chane,



~ shown in Fig. 2.2.1.

Rio Palometillas and Rio Palacios basins are 2,271 km?, 878 km? and 1,827 km®
respectively.  Those of the Rio Grande, Rio Piray and Rio Yapacani basins in the
study area are 1,248 kin?, 1,165 km? and 536 km? respectively.

The major rivers of Rio Chane Basin are Rio Chane, Rio Pailon, Quebrada Chane and
Quebrada Las Chacras. Those of Rio Palometillas Basin are Rio Palometillas and
Arroyo Quimori,  The major rivers of Rio Palacios Basin are Rio Palacios, Arroyo
Tacuaral and Arroyo Jochi. Arroyo Yapacanicito and Tejeria belong to the Rio
Yapacani Basin, Location and catchment areas of the siver basins in the Smdy area ane

2.2.2 River Topography

(1

(2}

Eastern pait

In the eastern part of the swdy area, ground élevation is higher in the south-western
direction and lower in the north-eastern direction. This part is related to the Rio
Grande and the Rio Chane.

The Rio Grande forms natural levees along the banks and the river bed elevation is
slightly higher than those of the Rio Pailon as well as the Rio Chane in the downstream
reaches f_rdirj Okinawa I1. Accord_ingly the drainage bééin_ of OkinaWa I belongs to the
Rio Grande Basin, | - | o “

The Rio Chane Basin covers most of the eastern part. Main stream of the river
(Arroyo Los Sauces - Rio Pailon - Rio Chane) flows at a distance of about 140 km
from the city of Santa Cruz to the junction of the Rio Piray with the Rio Chane.

The Rio Pailon, Quebrada Chahe, Quc'b'rada El Toro, Quebféda las Chéci‘as are the
major tributaries of the Rio Chane.  Their river bed slopes change at the National Road
No. 9. In the upstream basins from the National Road No. 9, there are many swampy
areas.

Central Part

The main stream of Rio Piray passess through central part.  In the downstream reaches
from the National Road No. 7, the Rio Piray has changed its river course to the Rio
Honda, since 1983 Floods.. The river course of these downstream reaches of the Rio




Piray is still unstable, most likely due to the heavy sediment discharge from the upper
reach as well as frequent floods. '

(3) Western Part

In the western part, elevation is higher in the southemn portion and lower in the northern
portion. At the northern boundary of the study area around Santa Rosa del Sara, there

exists @ mountainous arca.

The Rio Palometillas flows along the north-west direction,  Around the junction of the
Rio Patometillas with Arroyo Quimori, there exists a low-lying arca. 4

The Rio Palacios flows around to north-western direction.  Around the j(mction of the
Rio Palacios with Arroyo Tacuaral as well as Arroyo Jochi, there exists a vast swampy
area. .

The Arroyo Jochi flows near the mid-stream of Amoyo Yapacanicito and the flood
water affects Arroyo Yapacanicito. At the junction of the Arroyo Tacuaral with the

Arroyo Jochi, a swampy area has formed.

The Rio Yapacani meanders in the downstream reachies of the National Road No. 7.

2.2.3 Flow Capa.eity N

The river cross sections are rather smatl compared 0 the respective areas of river basins

as shown in Fig. 2.2.2.

Flow capacities of the major rivers in the study area were checked by using uniform
flow calculation based on the river cross sections surveyed. Flow capacitics of the
rivers in the study area are rather smaller than the annual flood discharges as shown in

Fig. 2.2.3,
2.2.4 Sediment Transport

. The Rio Grande, Rio Piray, Rio Yapacani are: active in sediment production,
- transportalion and c_!eposilion. :

Accorclmg (o the study reporl on “The M*mer Plan for Management and Training of the
RIO Plray Basin in 1991%, the streich from the conﬂuence of the Rio Guardia to the
raitway bridge has strong deposition of sediment. The situation of sedimentation



2.3

vowrre

along the main stream from La Angostura to the confluence with Rio Chane, with a
river stretch of 170 km, was reported as follows;

River Sweich Sedimentation
La Angostura to La Guardia: Morphological equnhbnum
La Guardia to Rio Guenda Confl.: Low deposition, 2.6 mm/year

Rio Guenda Confl. to the railway bridge:  ~ Strong deposition, 35 mm/yéar
The railway bridge to Rio Chane Confl.: Medium deposition, 7 mm/year

Related Plans :_mdFac"ilil_ies :

2.3.1 Related Plans and Projects

(1)

(2)

There arc thiee projects that are related (o this project.  They are the “Flood Protection
Project for the Rio Piray”, “Improvement of the National Road Neo. 9 and the “Bridge
Construction Project for the National Road No. 97

Ilood Protection Project for the Rio Piray

SEARPI prepared to start the detailed design of the priority project with the assistance
of EC. The design work will undeitake Section-A and part of ‘Section-B around
Montero that are among the three sections recommended in the feasibility siudy.  The
major works are as follows: o

Work flem  Section-A Section-B
1. Dike construction 58.0 kmn 319 km
2. Bank Protection
Type-A ©29.5 km
Type-B - C 78km
Soil cement 27km°  02knm
3. Excavation 3.2 Mm? 07 Mm’

Improvement of the National Road No. 9

SNC is implementing the “Road Improvement Project Second Phase (1992 < 1995)”
under the financial assistance of the International D«,velopment Association (IDA).
This project includes the improvements of major roads with total length of 1,546.8 km
composed of paved road of 781.4 km and un- paved road of 765 4 km lmprovcmem
of bridges is included m this pro;ect but new br:dge construcnon |s not mcluded



3

Road improvement between Guabira and Okinawa is one of the component of this
project.. Its major works are as follows;

1. Guabira - Km 24 {Iength 24 km)

1) Raising of road: 30 cm height
2) Pavement: 2.5 ¢m thickness
3) Cross drainage: corrugated steel pipe at 28 places

2.  Km 24 - Okinawa I (length 23 km)

1) Raising of road: 45 cm height
2) Pavement: 2.5 cm thickness
3) Cross drainage: corrugated steel pipe at 25 places

Bridge Construction Project for the Nalional Road No. 9

The project is ongoing with JICA grant aid. The construction works started in
October 1995. The project consists of seven bridges that are planned at the river
crossings between Guabira and Okinawa of the National Road No. 9. They are as

follows;
Name of Bridge Location Length

1. Las Chacras: Tributary of Rio Chane 25.80m
2. Las Maras: Tributary of Rio Chane 51.55m
3. ElToro: Tributary of Rio Chane 71.30m
4. El Empalme ik Teibutary of Rio Pailon 25.80m
5. Chaco: Trbutary of Rio Pailon 51.55m
6. Rancho Chico: Tribwtary of Rio Pailon 25.80 m-
7. Pailon: Rio Pailon 9230 m

2.3.2 Existing Facilities

N

Facilities for Flood Control and Drainage Improvement

Along the Rio Piray, there are flood embankments, with length of 15 km that was
designed in 1987 and constructed in 1993, to protect the city of Santa Cruz.  There are
main drainage channels in Okinawa I (total length 20.0 km), Okinawa 1T (total length
5.0 km) and Colonia San Juan de Yapacani (total length 32.0 km).



{2) Bridges and Culverts

Major bridges and culverts in the study arca are shown in Table 2.3 I and Fig. 2.3.1.
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TABLE 2.3.1 EXISTING MAJOR BRIDGES AND CULVERTS ALONG RIVERS

[ No.[River System Strucleral ___}_I_t!dg_eﬂgu_c_ug_m___g Culvert Dhnenslon Remarks
i I Blver Type 1.{m) Wim) | 1l{m)
WTKR‘GramIe
Gr-1 Rilo Grande Steel Truss Bridge 1,200.0 74 6.0 @ Span=68m
2 Qda. Cotoca Woodea Bridge 8.5 45 26 -span
3 Qda. Cotoca Wooden Bridge 10.3 4.5 1.8 L-span
4 Qda Churia RC-Bridge 9.5 52 45 I-span
3 Qda. Ajal RC-Pipe Culved {15.0) {3.0) (1.4)[13-1.0 ra x 2 pipes
6 Qda Ajal RC-Box Culven (2.0} {6.0) (1.8)|W-27mx 1L-1.8 mx 3 boxes
7 Qdo. Alnd RC-Dox Culver {6.2) {4.0) (1.9)|W-3.3 mx EI-1.9 ny x 2 boxes
8 Qda. Alal RC-Box Culven (6.2) (2.0 Q.3 W-1.0mx H-1.0mx ! box
9 Qda. $Mombre RC.Pipa Culverd (8.0) (2.0 {1.5)|D 1.0 mx 1 pipe
i0 Qda S/Nombre RC-Dox Culvet {8.2) (1.0) (L3} WO nix H-05mx{ box
i1 QdaQkinawa RC-Dox Culven {11.0} (6.3} Q.8 W-2. mx H-2.8 mii x 2 boxes
121 QdaOkinawa RC-Box Culvert (6.0} (5.5 .0} W-1.95 my x 11-2.0 m x 2 boxes
Ric Chane
Ch-{ Rio Pziloa RC-Bridge 28.0 50 2.0 3-spans
2 Rio Pailog RC-Bridge 245 5.5 6.0 3-spans
3 Qda SMNombre Wooden Dridge 6.0 1.2 1.7 1-span
4 Qda Honda RC-Pipe Culver (9.0) {5.0} GD(D-1.5mx 1 pipe
5 Qda Asafran Wooden Bridge 55 4.2 26 I-span
6 Qda Asafran RC-Pipe Culven {6.5) 3.5 D-1.0 i x 2 pipes
7 Qda Asafran Wooden Drdge 12.0 50 4.0 2-spans
8 Qda Asaflcan Woodea Bridge 6.4 39 28 3-spons
9 Qda Asafran Wooden Dridge 20.0 35 1.9 4-spans
0 Qda Asafean Wooden Dridge 20.0 36 5.2 l-span
¥ Rio Paiton RC-Biidge 28.0 £0 1.0 I-span
12 Rio Paitea Wooden Dridge 26.0 4.0 45 4:spans
13 Qda.Chage RC-Fipe Culvent 7.0} {4.5) (1.6} D-1.3 m x 2 pipes
14 Qda SMombre RC-Dridge 10.7 17 39 ..|b-span
15 QdaChane RC-Box Culvest (5.3) (13.8) QREIWS3mix H23mx i box
I6 Qda.Chane RC-Dridge 230 8.0 45 {-span
17 Qda. & Toro RC-Dridge 225 30 55]- i-span
18 Rio (hane Wooden Bridge(Truss) 21.0 40 9.0 1-span
19 Rio Chare Wooden Dridge 8.2 4.0 15 f-span
20 Rio (hane RC-Dox Culvent 2.5) 2.0 QOW25mx 120 m x 1 box
21 Qda. SiNombre Wooden Bridge 3.0 4.5 20 1-span
2 Rio Cliane RC-Bridge 12.0 3.5 4.2 I-span
] Rio Chane RC-Dridge 68.5 8.5 40.0 Y-spans
24 Rio Lieares RC-Bridge 240 5.0 1.0 3-spans
_ 3| Riolinares RC-Bridge 15 35 47 o 1-span .
Rlo P'ila}
Pi-i Rio Mirai Steel Truss Bridge 300.0 7.0 9.7 @8pan=zE0in
2 Rio La Madre RC-Bridge 383 1.6 1.9 F-span
i Rio Pirsj RC-Dridge 92.5 84 ILs . 1-spans
4 Rio {Honda RC-Pipe Culvert {12 %) (5.0) (2.1 D-2.0 mx 2 pipes
5 Rio Vibosi RC-Pipe Culvent @5 (Lo {(1.6}|D-1.0 m x 2 pipes .
6 Rio ilonda Wooden Bridge 546 2.8 1.5 I-span
7 Rio ilonda RC-Pipe Culved Gyl 49 @ND12mx2pipes A
Rio Prlomnetiling
Pri-1 © Rio Asuuicite RC-Box Culven 2.5 {8.0) .2)W-2.5 mx MH-1.8 m x 3 boxes
2 Rio Asuuicito RC-Biidge 19.7 5.0 3.5 1-span
3 Rio Palometilla Wooden Bridge 12.6 4.6 4.9 4-spans
4 Ay, Quimod RC-Bridge 46.0 8.2 10.0 I-span
5 Ay, Quimod Wooden Dridge 200 5.0 18 4-spans
& Rio Palacios-Taca RC-Pipe Culven {11.8) H“.n GIRD20mx 2 pipes
7 Rio Pelacics-Taca |Wooden Bridge | 200 3.0 43 ' 4-spans
o Palactes . b § ~
Pe-] Qdalelomatifla  |RG- Bridge 26.0 8.2 8.0 1-span
2 QdaFPalometilta | |RC-Bridge 9.9 4.0 32 l-span
) QdaPalomelilla RC-Dridge 350 14 50 3.5pans
4 Rio Palacios Steed Truss Bridge 520 5.0 1.0 |1-span
__§ Aoy Piquiricite | Wooden Bridge 14 35 2.5 {-5paa
Rlo Yapacani . i : B
Yal Rio Yepaceni RC-Bridge 700.0 7.8 1.0 @Span=40m
2 Any Tejeria RC-Bridge Y 80 4.6 1-span
3 Aty Yepacenicito |RC-Bridge 5.0 4.5] 3.6 I-span
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CHAPTER 3 SOCIO-ECONOMY

3.1

3.2

- General

" The Republic of Bolivia borders the Republic of Brazl to the north and east, the

Republics of Paragnay and Argentina to the south, and the Republics of Chile and Peru
to the west. The country occupies a total land arca of 1,098,582 km? and has a

- population of 6,420,792, according to the 1992 Census.

~ The Department of Santa Cruz consists of 15 Provinces, 46 Municipal Sections and 162

Cantons. It has an area of 370,621 km? and a population of 1,364,389, according 0

the 1992 Census. The city of Santa Cruz, with a population of 697,278, is a center of

political, administrative, commercial and industrial activities, and the sccond largest city

in the country.

The Study Area is locatcd in lhc nonhern part of the city of Santa sz and spreads over
five provinces; Andres Ibanez, Warnes, Ichilo, Sara and Obispo Santistevan. It has
an arca of approximately 7,000 km? and a population of 220,000.

Population

3.2.1 Census Population

(1)

)

Bolivia

Since 1950 popu!anon census in the Repubhc of Bolivia has been conducted three
times; 1950, 1976 and 1992, The Bolman popuhuon reached 6,420,792 in 1992,
growmg at an average annual rate of 2.09 % for the period of 1976-1992 and 1.64 %
for the period of 1950-1976, and in 1992 the population density reached 5.84
per.sons/km2 which is over twice the population density of 1950 (see Table 3.2.1).

| 'Deparlment of Santa Cruz

The population of the Department of Santa Cruz amounted to 1, 364,389 in 1992, which
corresponded to 21 % of the entire country population.  The average annual growth
rate of population was 3.56 % for the period of 1950-1976 and 4.16 % for the period
of 1976-1992. These population growth rates are the highest among the nine
Departments, and still showing an upward trend.



&)

The population density of the Department of Santa Cruz in 1992 indicated 3.68 -
persons/km?, which is lower than the national average, due to the extensive area of the

Department.

Table 3.2.2 presents a provincial distribution of the population in the Department of

.Santa Cruz in 1976 and 1992. In 1992 the Andres Ibanez province had a population

of 784,678 which accounted for 57 % of the total population of the Department.  In
this Andres Ibanez province, the city of Santa Cruz had a population of 725,087 which
carresponds to 92 % of the provincial population. - Accordingly, the Santa Cruz city
accountcd for more than half (53 %) of lhc total populauon of the Depamncnt in 1992

Durmg the intércensal period from 1976 to 1992 the average annuat pOpulatmn growth
rate of the Department of Santa Cruz indicated 4.16 %, consisting of 6.21 % for the
urban area and 0.80 % for the rural area. It is noliceable that the urban population
increase was very h:gh during this period. Especially, the urban populanon of Ichilo
provmce indicated exmmcly high growth, at an annual rate of 9.24 % on average for
the same period. Following the Ichilo province, the urban populations of Valasco,
Warnes and Andres Ibanez provinces were at the annual growth raté of 7.68 %, 7.41 %
and 6.59 % respectively.

Study Arca

The Study Area is composed of five provinces; Andres Ibanez (except the Sania Cruz
city), Wames, Ichilo, Sara and Obispo Santistevan. It contains 23 Cantons in total”
and has a population of 219,771 in 1992, composed of urban population of 119,485
and rural population of 100,286. In the sa'me _year, the numbef of ﬁdusehoids was
46,801, and the famlly size indicated 4. 70 persons per houscho]d on averagc These

_ distributions by province and canton are given in Table 3.2. 3

Communitics in the Study ‘Area reaches about 370 in number. Their population,
number of houscholds and family size according to each community are gwcn in Tab!es
B.2.4 w0 $.2.8 in the Supporting Report B. These data are utilized as the b'islc
material for the flood damage analysis described in the Supporting Report “K”,
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3.2.2 Populatien Projections

‘The population projections for the whole country and the Department of Santa Cruz
were prepared by INE and CORDECRUZ, respectively as follows:

1.  Bslimaciones y Proyecciones de La Poblacion 1950-2050, Bolivia, Inslituto
Nanom] de Estadistica (INE), 1994

2. Proyecciones de Poblacion por Sexo y Ld'id 1991-2010, D,pt de Santa Cruz,
CORDECRUZ, 1991 :

- These population projections exclude the result of the 1992 census, since the

" projections were conducted in 1991, As a result, the projected population in 1992 was
estimated to be 1,409,226, an increase by 44 837 (3 3 %) compared to the 1992 census
population (1,364,389). =

If it is assumed that the future population prajected herein will indicate a high figures by
approximatcly 3.3 %, the adjusted figures of the future population are given as follows:

Year 1992 1995 2000 2005 2010
Adjusted Population ('000) 1,364 1,525 1,821 2,163 2,552
‘Ratio to National Pop (%) 21.2 20.5 21.9 233 249

.................................................................

Period ' {1992-95) (1995-2000) (2000-05)  (2005-10)
"Annual Growth Rate (%) 3.79 - - 3.61 3.50 3.36

According to the population projection which was published in August of 1995 by
CORDECRUZ, population of the Department was estimated to be 1,545,741 in 1995

- and 1903 559 in 2000, using an average annual growth rate of 4. 16 % for the
mtercemal period of 1976 1992.
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3.3 Gross Domestic Product {GDP)
3.3.1 GDP and Per Capita GDP

(1) Botlivia and Santa Cruz

The Bolivian GDP at current prices amounted to US$ _5,_53_4,945 ;_tho:u_éand in 1992,
increasing at an average annual rate of 4.56 % from US$ 4,629,969 thousand in 1988,
The per capita GDP grew at an annual raie of 2,37 % (US$ base) on average during the
same period and reached US$ §04 in 1992 as shown in Table 3.3.1.

On the other hand, GDP of the Department of Santa Cruz achieved US$ 1,672,301
thousand in 1992, increasing at a high average annual rate of 8.11 % from
US$ 1,223,997 thousand in 1988. In 1992 the GDP of the Department of Santa Cruz
accounted for approximately 30 % of the Bolivian GDP. :

In the same year, the per capita GDP of the Department indicated US$ 1,177, which
corresponded to about 1.5 times of the average per capita GDP of Bolivia.  During the
period of 1988-1992, the annual growth rate was 4.29 % on average.

3.3.2 Sector GDP

Table 3.3.2 provides the GDP of Bolivia at 1990 constant prices, by economic activity.
The real annual growth rate of GDP indicated 3.85 % on average for the period of
1988-1992. Of all sector GDP, the highest growth was in the agro-industrial sector
with the annual rate of 14.39 % on average during the same period, and in contrast the
slowest growth rate of 0.83 % was in the agricultural sector. TFollowing the agro-
industrial sector, .ommunications and mineral sectors indicaled high average annual
growth rates of 12.02 % and 9.80 %, respectively. . o S @

The total GDP of agricullural sector and the related sectors (agrolindusus', Stoci-: raising,
hunting, forestry and fishing) accounted for 17.7 % of the Bolivian GDP in 1992.

Following these sectors, manufacturing industrial sector had a share of 15.4 % in the

same year.

Table 3.3.3 shows the GDP of the Depanment of Santa Cruz at 1990 constant prices,
by economic activily. The real average annual growth rate of GDP indicated 4.82 %
during the period 1988-1992. ‘This growth rate is higher, by about 1 %, than that of
the Bolivian GDP,



Of all sector GDP of the Depariment of Santa Cruz, the agro-industrial sector also

* indicated the highest growth, an average annual rate of 16.27 % during the same period.

Following the agro-industrial sector, the communications and construction & public
works sectors indicated high average annual growth rates of 16.50 % and 13.40 %,
respectively.  Concerning the agricultural sector, despite the slowest growth raie of the
Bolivian GDP, the I> pariment’s GDP achieved a comparatively rapid growth at an
annual rate of 10.32 % during the same period. '

In the Department of Santa Cruz, agriculture and the related sectors (agro-industry,
Stock raising, hunting, forestry and fishing) made the greatest contribution to economic

~growth of the Department, with a share of 21.1 % of the total Deparimental GDP in

3.4

3.4.1

1992. Following the agricultural sector, manufacturing industrial and trade scctors
indicated high shares of 19.2 % and 12.5 %, respectively.

Further information regarding 'Agrichltural Production' and ' Manufacturing Industrial

-Production' is provided in the Supporting Repoit B -

External Trade
Ex por.ts

In 1994, the total export of Bolivia amounted to US$ 722.9 million, and its distribution
was US$ 307.3 million (share of 42.5 %) for minerals, US$ 74.0 million (share of
10.2 %) for hydrocarbons, and US$ 341.6 million (share of 47.3 %) for non-
raditional products. During the period of 1988-1994, the average annual exporl
growth rate indicated 3.15 % for the whole products, with 1.99 % for the minérais, -
16.54 % for the hydrocarbons, and 21.12 % for the non-traditional products (Table

- 34.1).

3'4.2

As evident from Table 3.4.1, no dominanl export products in amount are found.
Products such as tin, zine, gold, natural gas, soybeans and jewelry had a comparatively
high shares of 9.5 %, 11.1 %, 12.0 %, 10.1%, 9.7 % and 11.0 % respectively, in the
1994 exports.

Imports

The 'lgilai import in 1994 amounted to US$ 825.9 miltion, increasing al an average

annual r?{te of 5.75 % sincé__lQSS. Breakdown of the import was US$ 210.2 million
(share of 25.3 %) for the consumption goods, US$ 307.2 million (share of 37.2 %) for

3-5



the interim goods, US$ 300.3 million (share of 36.4 %) for the capital goods, and
US$ 8.2 million (share of 1.0 %) for the other goods. . During the peripd of 1988-

- 1994, the average annual increase rate indicated 8.58 %, 5.07 %, 4.41 % and 25.49 %,

3.4.3

3.4.4

3.5

respectively (Table 3.4.2).

During the period of 1988-1994, although exports exceeded imports for the period from
1988 10 1990, after that period imports have exceeded exports.

Balance of international Payments

Table 3.4.3 shows the batance of international paymé.nts in 1992 and 1993." ‘The
export value of goods were US$ 638 million in 1992 and US$ 710 million in 1993, in
TFOB prices. On the other hang, the import values were US$ 1,090 million and
USS$ 1,206 miltion in each year, in CIF. Accordingly, the external trade of Bolivia
indicated an unfavorable deficit balance of 452 million and 496 million in cach year.

The balance of services and interests of investment also indicated a deficit in both years,
Accordingly, the current account deficit (except the wansfers account) amounted to
US$ 655 miiltion in 1992 and US$ 710 million in 1993. These deficits are high when
compared with the total export in the respective years.  Such deficits in both years
were almost compensated by transfers and capital accounts.  However, as a resull the
international paymients of Bolivia indicated an unfavorable deficit balance of US$ 146
million in 1992 and US$ 123 million in 1993, due to the negative values of errors and

orissions.
Foreign Exchange Rate

Table 3.4.4 lisis rend of the average monthly exchange rate of Bolivians to US$ for the .
period of 1990-1994. The average exchange rate indicated Bs. 4.62/US$ in 1994,
changing at the annual average rate of 9.91 % from Bs. 3.17/US$ in 1990.

However, this variation was on a downward trend in recent years, for example, average
monthly variation rate decreased from 1.09 % in 1990 to 0.43-% in 1994,

Consumer Prices

Table 3.5.1 shows the consumer price indices at the national average, the La Paz city
and the Santa Cruz city in the year 1994 (1991=100).  During the period of 19911994,
the generat consumer prices recorded an increase rate of 32.2 % as the national average
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3.6

and in the La Paz city, and 30.3 % in the Santa Cruz city, while, the average annual
inflation rat¢ was 9.76 % and 9.22 %, tespectively.  These inflation rates are close to

- the average annual variation rate (9.91 %) of the exchange rate shown in 7able 3.4.4.

During the same period, the consumer prices of food and beverages, which have a
weight of 49.1 % of the whole consumer goods in 1991, indicated an increase rate of
33.2 % as the national average and 31.5 % in the La Paz city, and 31.7 % in the Santa

" Cruz city, while the average annual inflation rate was 10.02 %, 9.57 % and 9.63 %,
respectively.  The price indices of other sectors are listed in Table 3.5.1.

Budgets

3.6.1 Central Government

Table 3.6.1 provides a financial statement of the Central Government of Bolivia for the
period from 1988 to 1991, . Revenue of the Central Government achieved Bs. 2,775
million in 1991, increasing as much as 2.2 times compared with the revenue of Bs.
1,246 million in 1988.  The average annual growm showed a high rate of 30 % during
the said period.

Of the total revenue, revenue of the pclrolehm royalty accounted for approximately
50 %, and amounted to Bs. 1,348 million in 1991 at the average annual growth rate of
25 % for the period of 1988-1991. Following the petroleum royalty, domestic iax
revenue indicated Bs. 8§19 million in 1991 at the annual growth rate of 31 % during the
same period. '

On the other.hand, the budget expenditure of the Central Government amounted to Bs.
2,725 million in 1991, at the average annual growth rate of 28 % during the same
period.  The expenditure in 1991 corresponds to 2.1 times of the 1988 expenditure.

Of the expenditure, it is noted that the public debt amounted to Bs. 690 million in 1991

- which corresponded to 3.7 times the 1988 public debt, with the ligh annual increase

rate Qf 55 %.

3.6.2 CORDECRUZ

In 1994, the income of CORDECRUZ amounted to US$ 42,413 thousand, consisling
of US$ 27,934 thousand for the own income and US$ 14,479 thousand for the external
income, The oil bonus, which contributed the highest share of 30 % in the total
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3.6.3

income, was US$ 12,788 thousand in the same year.  Following the oil bonus income,
the internal credit and the tax revenue indicated US$ 9,434 thousand and US$ 8,008
thousand, respectively.  However, the 1994 income of. Cordecruz decrcased
somewhat compared with those in 1991, 1992 and 1993, as shown in Table 3.6.2.

On the other hand, the expenditure amounted to US$ 40,994 thousand in 1994,
composed of US$ 27,249 thousand for the own expenses and US$ 13,745 thousand

- for the external expenses.  Of individual expenses in 1994, the investment to projects

amounted to US$ 8,766 thousand accounting for 21.4 % of the total expenses.
Expenses to the debt service with US$ 8,563 thousand (20.9 %) und the internal credits
with US$ 8,116 thousand (19.8 %) followed the investment to projects. .

As shown in Table 3.6.2, the investment expenses had the highest share in the budget .
expenditure of CORDECRUY, every year, and itis expected that this share will remain
so for the time being. According to the investment plan of CORDECRUZ for the
period of 1995-1999, it is éxpected that in 1999 the investment will amount to
US$ 142,926 thousand, consisting of US$ 102,302 thousand (71 %) for the
transportation sector, US$ 21,032 thousand (15 %) for the agricultural - sector,
US$ 15,310 thousand (11 %) for the basic sanitation sector, and US$ 4,282 thousand
for other sectors. High investment (0 the transportation sectior is noticeable.

Public Invesiment of Municipalities

The department of Santa Cruz is composed of 47 municipalities.. Table 3.6.4 lists the
budget for public investment of each municipality in the Department in 1995, The pubic
investment budget amounted to Bs. 342 million (US$ 71.2 million) for the whole
municipalities, of which the Santa Cruz city received Bs. 251 million (US$ 52.3
million) corresponding 10 73 % of the whole budgel. The average budget per
municipality, except the Santa Cruz city, is estimated ‘at Bs. 1.94 million (US$ 0.40

million).

On the other hand, the public investment bud get is divided into two categorics; local and
external finances.  The 1995 budget was Bs. 306 million (US$ 63.7 million) for the
former and Bs. 36 million (US$ 7.5 million) for the latter. Of the external finance, the
grant in foreign aid was Bs, 14 million (US$ 3.0 million). - o N
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3.7

International Aid {o Bolivia

3.7.1 Outline of International Aid

Table 3.7.1 shows the economic aid received from major countries and international
fund agencies for the period of 1990-1994.  During this period, the external aid
amounted to USS 2,095 million, consisting of US$ 824 million (39 %) from forcign
countries and US$ 1,271 million (61 %) from international fund agencies. The
average annual amount was approximately US$ 400 million. Among these countries
and agencies, United State of America (USA), Banco Interamericano de Desarrollo
(BID) and Banco Internacional de Reconstruccion y Fomento (BIRF) had a comparably
high share of aid, as shown in Table 3.7.1.

3.7.2 International Aid Projects in the Departineat of Santa Cruz

The number of projects related to international aid by industrial sectors in the
Department of Santa Cruz for until 1991, reached 50 in total, consisting of 19
agricullural projects, 2 livestock projects, 2 manufacturing industrial projects, and 27

transportalion projects.

The total project value for the period of 1991-1995 amounted to US$ 126,260 thouvsand,
composed of US$ 41,742 thousand (33 %) in local currency {(own fund) and
US$ 84,518 thousand (67 %) in foreign currency (aid fund).

The average annual valve is estimated at US$ 25,252 thousand, consisting of
US$ 8,348 thousand in own fund and US$ 16,904 thousand in forcign aid fund.

On the other hand, international technical cooperation projects in the Department of
Santa Cruz for the period of 1988-1995 reached 33 in number, and the value amounted
to US$ 57,214 thousand in total, comprised of US$ 44,394 thousand (78 %) for
agricultural projects, US$ 2,558 thousand (4 %) for indusirial projects, and
US$ 10,262 thousand (18 %) for wansportation projects. Almost all of them have
been funded by the grant-in-aid, ar the average amount of US$ 7,152 thousand per

annum.

Further information regarding foreign aid projects and aid conditions of internationat
agencies, is given in the Supporting Reporl B.
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TABLE 3.2.3  POPULATON AND NUMBER OF HHOUSEHOLDS BY PROVINCE
AND CANTON IN THE STUDY AREA IN 1992

Province/ Number of Population Number of Average Size
Canton Comnmuanities  Urban Rural Total Households of Household
(person/hh)
[. Andres tbanez
1. Palmar del Oratorio 23 0 4,820 4,820 1,167 4.13
2. Cotoca : 32 9229 10402 19,631 4,255 4.61
3. Ayacucho 17 0 4,69 4,690 1,146 4.09
4, Terebinto : 15 0 3,582 3,582 863 4.15
5. Montero Hoyos 6 0 3719 3,719 674 3.52
Total 93 9,229 27213 35442 B,105 4350
1§, Warnes
I. Warnes 10 10366 . 2,251 13,117 2,816 4.66
2. Tocomechi. 9 . 0 2,704 2,704 554 4.88
3. Los Chacos 44 2,580 12,655 15,241 3,286 4.64
4. Juan Latino 4 0 818 818 180 4.54
5. Azusaoui 9 0 3,150 3,150 640 492
6. Chuchio 1} 0 3,255 3,255 736 442
Total : - 87 13452 24,833 187285 8,212 4.66
I, Ichilo -
I. Buena Vista 23 2,873 6,584 9,457 2,113 448
2. San Javier 2 0 325 325 . 97 335
3. San Miguel _ 2 0 490 490 101 4.85
4. San Isidro ' 2 0 542 12 . 107 479
Total ‘ 26 2.873 7.911 10,784 2418 4.46
IV. Sara _ Z
1. Portachuelo : 12 9453 . 1,807 13,260 2434 4.63
2. San Ignacio de Sara 9 0 2021 2,021 444 4.55
3. Pereoto 10 4,615 2,463 7,078 1,262 5.61
4. Santa Rosa del Sara 16 - 3,125 3,196 6,321 1,410 4.48
5. Palomiclas 9 0 2,920 2,920 666 4.38
Total 56 17,193 12407 29,600 6,216 4,76
V. Obispo Santistevan .
1. Montero ¥ 57,027 1,542 58,569 11,903 492
2. Gral. A, Saavedra 35 2918 8,721 11,639 2,502 4.65
3. Mineros o589 16,793 - 17,659 34,452 7,445 4.63
Total . 1058 76,738 27,922 104,660 21,850 4.79

GrandTotal; o 3;.}'0' 119,485 100,286 - 219,771 46,801 470

Source: Censo Nacional de Poblacion y Vivienda 1992, Instituto Nacional de Estadistica
Note : Ciudad de Santa Cruz is excluded.
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TABLE 34.1 EXPORT STRUCTURE OF BOLIVIA, 1988-1994

il Unit:US§ Milien
- . Average Annual  Share of

Products 1988 1980 1990 1991 1992 1993 1994 Growth Rate(%) Export Products

e ... 1988-1994  in 1994 (%)

1 Minerals 273.1 4034 407.2 356.0 379.7 362.0 3073 1.99 42.5
Tin 77.0 1265 1065 99.7 1074 834 687 -1.88 9.5
Zinc : 60.1 1322 1460 139.7 1728 1195 80.0 4.88 11
Silver 451 588 508 431 444 560 483 1.15 6.7
Antimony 174 158 128 103 93 78 84 -11.43 1.2
Tungsten s3 . 69 47 717 51 6 1.7 -17.26 0.2
Gold 59.8 444 646 391 219 763 864 6.33 12.0
Oihers 84 188 218 164 182 174 1318 8.63 1.9

2 Hydrocarbons 2189 214.0 227.0 241.2 1263 965 74.0 -16.54 10.2
Petroleum 00 00 00 59 16 61 L1 - 0.2
Natural gas 214.9 2138 2253 2326 1228 902 729 -16.49 101
Propane gas 0.0 00 00 00 00 00 00 - 0.0
Butane gas 00 00 60 00 00 00 00 - 0.0
Others ' 4.0 0.2 17 2.7 1.9 6.2 00 - 0.0

3 Non-traditional 108.2 204.5 2926 251.3 206.3 2960 3416 21.12 47.3
Coffee 169 - 127 143 172 68 37 122 -5.29 1.7
Wood 255 442 499 488 499 523 514 12.39 7.1
Sugar - 63 193 317 308 253 185 3zl 31.18 4.4
Rubber 20 14 20 10 07 13 00 - 0.0
Leather 195 177 265 125 103 122 174 -14.91 1.0
Soybeans 202 543 482 693 515 689 704 23.13 9.7
Metal machine 0.1 05 ¢4 035 00 00 00 - 0.0
Craft products 00 00 00 77 81 19 57 -4.89 0.3
Chestaut 00 00 00 115 113 149 116 0.14 1.6
Cattle 00 00 00 149 00 04 00 - 0.0
Colton* 00 00 00 131 65 103 144 £.59 2.0
Clothes® 006 00 00 68 66 83 99 6.46 1.4
Qils* 0 00 00 74 39 73 148 12,25 20
Jewelry 00 060 00 00 59 580 792 - 11.0
Others 177 544 1196 198 195 320 325 10.66 4.5

L4 Towl* 6002 8219 9268 $48.5 7123 75457229 315 1000

Source : Boletin Estadistico No.283, Sep.1994, Banco Central d¢ Bolivia
Note : ¥ Average annual growlh rates for cotlon, clothes and oils are for the period 1991-1594,
** Total does not express FOB value.



TABLE 3.4.2 IMPORT GOODS ACCORDING TO ECONOMIC PURPOSE, BOLIVIA
1088-1994 o _
Unit : US$ Million

Average Annual  Share of
Classification 1988 1989 1990 1931 1992 1993 1994 Growih Rate{%)Import Goods
1988-1994  in 1994{%)

I Consumption goods. 128.3 137.5 1529 2060 20438 2_42.7'210.2 858 25.5
Non-perishables - 574 702 633 963 889 1099 924 826 112
Perishables 709 673 896 1097 1159 (328 117.8 8.83 14.3
2 Interim goods 2283 2490 2535 3512 3847 4228 307.2 5.07 172
Fuel and lubricants 48 26 35 78 120 26 34 -5.59 04
For agriculture 83 97 109 218 131 166 170 12.69 2.1
For industry 1857 1993 1941 2634 3073 3476 2238 316 27.1
For construction 295 374 450 S82  S23 560 630 1348 7.6
3 Capital goods 231.8 2208 2708 3835 4695 5183 3003 441 364
For agriculture 134 139 160 246 186 208 117 . 224 . 14
For industry 1374 1276 169.2 2523 3015 3094 1859 5.17 225
Transpost equipment * 81.0 793 856 1066 1494 188.1 1027 4.04 124
4 Others 21 37 100 287 33 221 82 2549 1.0
5 Total (CIF value)  590.5 611.0 687.2° 969.4 1,090.3 1,2059 825.9 5.75 100.0

Source : Boletin Bstadistico No.‘23_3. Sep.1994, Banco Central de Bolivia
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TABLE 3.4.3 BALANCE OF INTERNATIONAL PAYMENTS,
BOLIVIA, 1992 AND 1993

Unit : US$ Miltion

Itemms 1992 1993

1. Current Account {A+B) -408 -472
'A. Goods, Services and Interests (142+3) -655 710
1 Trade , -452 -496
-Exports (FOB) - . - 638 710

-lmports (CIF) : -1,090 -1,206

2 Services | : -10 -9
-Exports 177 184

-Imporis’ ' S -187 -193
3 Interests of Investment -193 -205
i) Received 15 12

i) Paid - -208 217

-Intcrests for public external debt -99 -119

-Other interents S -109 -98

B. Transfers - : 247 238

II. Capital Account (A+B) 406 377
A. Direct Investment 120 §22

B. Other Capital 286 255

‘% I11. Basic Balance (I1+11) ' -2 -05
1V. Errors and Omissions -144 -28
V. Total {I1I4+1V)) -146 -123

Source : Boletin Esladistico No.283, Sep.1994, Banco Central de Bolivia



TABLE 34.4 OFFICIAL EXCHANGE RATE OF FOREIGN CURRENCY
B (BOLIVIANS/UNITED STATE DOLLAR)

“Average Annnal

Month/Year 1990 1991 16992 1993 1994 Variation Rate

(%)
January 29915 34344 37534 41027 44844 1065
February . 3.0296 34671 3.9726 4.1296 45164 .. 10.50
March 3.0653 34969 3.7921 4.1595  4.5585 1043
April 3.0053 35207 38113 4.1880 4.5870 10.33
May ‘ 31224 35424 38369 42176 4.6147 - 1026
June 31427 35690 3.8647 42483 4.6500 10.29
July 31660 3.5937 3.8992 42782 - 4.6495 10.08
August 31927 36131 39437 43050 4.6640 9.94
September 3.2360  3.6377 3.9883 43323 4.6753 9.64 %
October 32798  3.6676 4.0185 43666 4.6700. - 9.24
Neovember 33197 36960 4.0467 44070 4.6900 9.02
December 32698 37208 40795 44476  4.7000 8.67
Annual Average  3.1676 35800 39006 '4.2652 '4.6217 991
Average Monthly '

Variation Rate(%)  1.09 073 076 074 043 -

Source : (1) Boletin Lstadistico No.283, Sep.1994, Banco Central de Bolivia
(2) Devaluacion e Inflacion de Bolivia y los Paises Limitrofes, Enero 1995, INE
Note : Exchange rate in table indicates an average between purchase and sale rates.
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TABLE 3.6.1 FINANCIAL STATEMENT OF CENTRAL GOVERNMENT

Unit : Bs. Million

Average Annual
Financial Tteris 1988 19389 1990 1991 Growth Rate
' : (%)
{. Revenue
1. Tax Revenue 11,2033 1,3424 1,7332 2,335.2 247
1) Domestic Revenue 167.2 446.6 560.5 819.3 307
23 Custom Revenye 1404 ‘1383 1319.7 160.1 45
3) Royalty 695.7 7515 1,033.0 1,3558 24.9
Mineral 1.6 16.6 113 7.1 0.4
Petroleum 688.4 1409 1,021.7  LM81 25.1
2. Other Revenue 434 2106 1242 | 4404 116.5
3. Total (Bs. millicn) 1,246.7  1,553.0 18574 27756 306
© (US$ million) 5864 - 7753
II. Expenditue
1. Pesonnel Expenses 6461 771.0 9151 1,1209 20.2
2. Purchase of Sétvices 96.6 1192 133.7 172.6 21.3
3. Purchase of Materials 114.% 149.2 160.6 188.2 182
4. Fixed Assets 454 46.8 64.7 826 221
5. Publiz Debt 1852 2342 389.6 690.2 55.0
1) Domestic Debt 16.2 223 1385 - 3200 170.3
2} Foreign Debt 169.0 2119 251.1 © 3702 299
Repayment 69.9 89.1 1§1.7 3702 74.3
Interest _ 99.] 1228 1394 0.0 -
6. Transfer/Investment 200.0 225.3 27 350.8 - 206
7. Other Expenses 9.7 158 419 - 1199 . 1312
1. Total (Bs. million) 1,297.1  1.567.5 2,034.3 2,7125.2 28.1
{US$ million} 642.2 761.2
il -504 -14.5 -176.9 504

. Surplas/Deficit

Source : INE




TABLE 3.6.2 RUDGET EXECUTLON OF CORDECRUZ FOR THE PERIOD 19838 - 1994

2L2E NILEAY X6Q] 60, 02| 3996 LIRS 10856 ZLY[ 9.069; 159 45861 (17

: Unit : US$S 1,000
1538 1559 1990 1941 1992 1993 1994
| Description Ancunt} @ TAmount] % TAmoum] % TAmoun] 5 JAmavnt] & JAmouns] & Tameenl %
L TOTAL INCOME . 20467, 10860] M) (100.0] 29K 1E 100.0] 42,8367 1000 5..“7; 160.0] S1.78: 1000 42.4]3{ 100.0
£ Owa bngone 9467 N0 AT, 100D 200100 [000| ASBM] 7S] A4, M| 432 R 27.934i 559
1L Current lacome 3\.1'.‘(.'1)? ) 21725 62s| 22482 7s4| 26385 558 25.?.‘4‘ 514 '26.0‘“' 454 QI.H‘?| 199
Tax colledtion ’ 6.“)3f 3| Abso, 2 kR L] pod | £488, 19| 1M M4l 1Ay 008 189
fHl banus I.“.H‘J1 Sad E23360 RSSO 14649 AR IS 3R] 13T ML 12241 202 12 TE W2
Wouod bonus 14| 5i 2.7 M 01 IS."i (1R NG .6 356 1.1 g} 012 15 | 08
Mining bonus o 04 (Ji. 0.01 16 ol 1 0.0) 1 un i 0.0 Di Q.04
Various curne sl jncome (\725 21 K] IS' 32 |m|| lé {.RBRS) 10 m 15 k| 01 - w31 D2
Sale of dhvused goods 0, o 0, 60 OI [y, a 00 [ X 120, 03 o, 00
i
) 2 Extrapndinary Encome u, 00 [I[ Q.0 0 o b] 0.0 sS4 10f 7455 119 kEY| %)
’ | 1
Privatizaticn Oi 00 o 00 Oi 00 0 0N 0 0of 6551 111 tlS"! (%]
Exiraord. payruc al (Oaf Experf - 0 0D o 0D 0‘ 00 0 00 0 08 498 09 Oi oo
Fuad deposit FINDESA 0 wo B 0.0 04 00 ) Q.0 54 10 OI 00 0 0o
Tolt collections Oi op 0, 00 ¢ 00 0 00 0 0.0 o, 00 212 0.5
1

L3 Recoveries 6.249
Dbl recovedes I..\B-!i 44 190; 035 (33 Q6] 59 [t 348 0| - 1024 18] 3453 8.4
Bonas of debl recovery 2945 168] 1263 64 SEMS 196 MG 1R4] FABY) 147] BA4S HE] 1508 38
Fixed term deposit recovery : 1
1.4 Bulanwe in Bark ’ 3”‘1 03 147 [13] 1308 44 493 18 0 00 . 513 0.9 1492 15
2. Exterool Income . ﬂl 0.0 - 040 0 05| ULy 25 12993 2591 14544 s Ay 3
24 hatcemaf Croedit . 04 00 B 00 0 00] 4540 98| BA38  JA0] 959k 168] Gals 122
1.2 bnternal Transfem a9, 00 0‘ [iX 0 00 Q9 Q0] 0 C 0| 376 (1) ?H= 1.7
23 Externdl cradits ' 4, 0.0 @& 0.0 Q! 00| 2530 i3 1590 1] a0 49 l.?(ﬁ' 40
2.4 Donations o oo o 09 ol 00| asey 93] 2sesl syl a9, 30l 3630 62
{ - '
HY TOTAL EXFENSES 293350 100.6) 32,873 100.0] 19404 (00.0] 473820 100.0] 49373) 100.0] 43,795 1000 49,W4I 100.0
1. Own Urpenscs 29338 100,08 32873 1000 29.401] 1000 3K 784] 36380, 7AT| IROSE 3] 22349, 468
B8 Currenh Expenscs 4660, BRS] SALI] 194] W09 243 - RASS! TR 1443 He] 1906 347 18788 36D
Tersonal scavices LT Y S R 1T BETL BT 151 SA57 109 4903 99| 4.098 88 32 10! e
Mon-personal services LE4&L  3GF T 1,432 44 1528 52| 2088 44 2190 44| 2497 51 l.(NOI 25
Matesial and supplivs SU}E 1.¥ 492 1% 68, 1% T3 1.6 60, 14 381 £ 6, 08
Financing assels 0! [} o, 0o O‘I 0.0] o oC 181 00 35 o1 6. 09
Dbl service R 0! 00|’ ) 0.0 Oi 0.0 0, 0.0 s1en kS| RS 13 Z,Sﬁj‘l %9
Sovial reserves 9 0 XY 28 5?2| (K 175 04 608 2] 2246 446 L3R, LX)
P2 Transfers 25 LY 4200 129 3369, 1XE} ARRY 82 1550 60l DS 78 AEm 9.0
13 Investmenis l_ﬂ.dfﬂl 629 22060, 677 ERS23 30| 23s72 soo| 19299 s} 4388 25 8a9I] 204
Tvestinenls in assels W] oeal nf el oy oos| o oea s od] e ol s Oy
lavestmens in projects IR3S3, 628 2639 67.7] IR3RE]  62.5] 24600) 49E[ NVSAU3[  IRTF[ MAISE 294] BRI M4
% 2 Lxternad Expeases Oi 00 G 00 0' 00| 1head M6 12993 263 KEBN 5.3 1],?45‘! 335
20 Imetnal eredits BI 0.0; L] Q.0 1) 00| 450 96 8538 1231 9593 197 8156/ 19§
22 {rcmal tasferences DI (4% 9 00 13 a0 0 0.0 0 0.0 490, 143 7!45 17
13 Exeraal credits 0, 00 0 00 L 00| 2330 33 1850 A8 19035 21| 28820 6.5
24 Donations 01 b0 o 0D o, ool 4asol o3l asesl s3] ssm 3| a0l s
11I. SURPLUSDYFICIT "l.‘l% - 205 - 410 . |5 H kL ) . 89533 - 1.419! -

Source : Tinance Office, CORDECRLUZ, 1995
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CHAPTER 4
FLOOD AND FLODD DAMAGE






CHAPTER 4 FLOOD AND FLOOD DAMAGE

4.1

4.2

~ Major Floods

The recorded major floods in the study area from 1960s to 1995 arc as follows;

Eastermarca: 1968, 1972, 1983, 1987 and 1992
Western arca: 1963, 1966, 1982, 1983, 1991 and 1992

1992 Floods is recorded as the largest floods in recent years.,  The 1983 Floods was
caused by the overflow of the Rio Piray. '

Flood and Fiood Damage Survey

Flood and flood damage survey were conducted to make clear the conditions of 1992
Floods as well as annual floods. The method of the survey was questionnaire to the

“inhabitants and interview to the local government officials.

4.2.1 1992 Floads

m

Fig. 4.2.1 shows the area of 1992 Floods in the study area. Total area of 1992
Floods was 4,857 km’. Followings describe the condition of 1992 Floods in the

castern area and weslern area of the study area.

Eastern Arca

© Fig. 4.2.2 shows the inundation area with average depth and duration due to the 1992

Floods. During the 1992 Floods, overflow occurred along the Rio Chané, Rio Pailon,
Quebrada Chané, Quebrada Toro, Quebrada Las Chacras and Quebrada Las Maras.

In the Rio Chané Basin, 46 percent of the area was inundated in the upstream basin and
almost the entire arca was inundated in the downsiream basin from the National Road
No.9. Depth of the inundation was 0.4 m to 1.0 m in the upstream basin and 0.4 m to
1.3 m in the downstream basin. Due to the existence of road embankment and
insufficient openings at the crossing sites of the fiyers_, flood condition was made
Worse along the southern side of the Road No.9. '

The Rfo Piray overflowed in the downstream area from Warnes. Along the Rfo
Grande, overflow occurred at two or three places i the downstream reach from the
Road No.9.



) Western Area

Fig. 4.2.3 shows the inundation area with average depth and duration due to lhe 1992
Floods. Overflow occurred along the Rio Palometillas, Rio Palacios main stream,
Arroyo Yapacanicito, Jochi, Tacuaral and Tejeria with average depth of 0.4 mto 1.0 m.

Rfo Yapacani also overflowed around Santa FE as well as low-lying areas along the
downstream reaches from the National Road No.7.

4.2.2 Annual Floods

Fig. 4.2.4 shows the area of Annual Floods iﬁ the study area, Total aréa of Annual
Floods is 2,444 km? Fig. 4.2.5 and Fig. 4.2.6 show the mundanon areas wnh
average depth and duration of eastern area and western area rcspectwcly '

(N | Easte:jn Area

About 20 percent of the arca is inundated in the upstream basin and about 60 perceat in
the downstream basin from the Road No.9. The Rio Piray overfllows around Montero.
The Rfo Grande overflows at two or three places in the downstream reach from the
Road No.9.

(2)  Western Area

About 50 percent of Arroyo Yapacanicito, Jochi and Tacuaral Basins are inundated
annually, Most of the area of Arroyo Tejeria Basin is inundated. Overflow occurs’
along the downstream reach of the Rio Palometillas, Inundation also occurs along the
mainstream of the Rfo Palacios. .

4.3 Causes of Floods

Causes of floods were stadied by analyzing the information and data of 1992 Floods.
The causes of floods in the study area are as follo_ws;

1) Inundation by the Rio Pnray, RIO Grandc or Rio Yap'icam .

2) Tnundation by its own basin runoff with backwater cffect of the Rlo Plray

3)  Inundation by its own basin runoff ‘with inflow water from the Rfo Piray, Rfo
Grande or Rio Yapacani ‘

4)  Inundation by ils own basin runofi f




4.4

(D

@

(3)

Fig. 4.3.1 shows the division of arcas corresponding to the above causes of floods.

Study on Flood Damage
General Assets in the Study Area

The assets are composed of general assets, agricultural crops, public facilitics and
others. The general asseits are composed of buildings and household effects.  Table
4.4.1 shows the general assets of the provinces and municipalitics related to the study
area. Table 4.4.2 shows the general assets in the study area divided into river basins.

Agricultural Crops

Supplemental questionnaire survey was conducted to carifly the flood damage of
agriculture products. By the survey, it became clear that the crop damage is more
related to flood depth than flood duration in both of easiern and western areas of the
study area. Furthermore, it became clear that the ratio of agricultural yiclds such as
crop, livestock in 1992 were much smaller than that of average year.

Assets in Potential Damage Area

Assets in the Chané - Pailén and San Juan - Antofagasta were estimated.  Table 4.4.3
shows the estimated assets of these areas.
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