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Abbreviation

Abbreviation

Official Name or meaning

ANA Water National Authority (Autoridad Nacional del Agua)

ALA Water Local Authority (Autoridad Local del Agua)

C/B Cost-Benefit relation (Cost-Benefit Ratio)

GDP PBI (Producto Bruto Interno) (Gross Domestic Product)

GIS Sistema de informacién geografica
(Geographic Information System)

DGAA Direccion General de Asuntos Ambientales (Environmental Affairs
General Direction)

DGFFS Direccion General de Forestal y de Fauna Silvestre (Forestry and
Fauna General Direction)

DGIH Direccion General de Infraestructura Hidraulica (Hydraulic
Infrastructure General Direction)

DGPM Direccion General de Programacion Multianual del Sector Pablico
(Public Sector Multiannual Program General Direction)

DNEP Direccion Nacional de Endeudamiento Publico (Public Indebtedness
National Direction)

DRA Direccion Regional de Agricultura (Agriculture Regional Direction)

EIA Estudio de impacto ambiental (Environmental Impact Assessment -
EIA)

FAO Organizacion de las Naciones Unidas para la Agricultura 'y la
Alimentacion
(Food and Agriculture Organization of the United Nations)

F/S Estudio de Factibilidad (Feasibility Study)

GORE Gobiernos Regionales (Regional Governments)

HEC-HMS Sistema de Modelado Hidroldgico del Centro de Ingenieria
Hidrologica (Hydrologic Model System from the Hydrology Engineer
Center)

HEC-RAS Sistema de Andlisis de Rios del Centro de Ingenieria Hidroldgica
(Hydrologic Engineering Centers River Analysis System)

IGN Instituto Geogréfico Nacional (National Geographic Institute)

IGV Impuesto General a Ventas (TAX)

INDECI Instituto Nacional de Defensa Civil (Civil defense National Institute)

INEI Instituto Nacional de Estadistica (Statistics National Institute)

INGEMMET Instituto Nacional Geoldgico Minero Metalurgico (Metallurgic Mining
Geologic National Institute)

INRENA Instituto Nacional de Recursos Naturales (Natural Resources National
Institute)

IRR Tasa Interna de Retorno (Internal Rate of Return - IRR)

JICA Agencia de Cooperacion Internacional del Japon
(Japan International Cooperation Agency)

JNUDRP Junta Nacional de Usuarios de los Distritos de Riego del Peru
(Peruvian Irrigation Disctrict Users National Board)

/A Acuerdo de Préstamo (Loan Agreement)

MEF Ministerio de Economia y Finanzas (Economy and Finance Ministry)

MINAG Ministerio de Agricultura (Agriculture Ministry)

M/M Minuta de Discusiones (Minutes of Meeting)




NPV VAN (Valor Actual Neto) (NET PRESENT VALUE)

0&M Operacion y mantenimiento  (Operation and maintenance)

OGA Oficina General de Administracion (Administration General Office)

ONERRN Oficina Nacional de Evaluacion de Recursos Naturales (Natural
Resources Assessment National Office)

OPI Oficina de Programacion e Inversiones (Programming and Investment
Office)

PE Proyecto Especial Chira-Piura (Chira-Piura Special Project)

PES PSA (Pago por Servicios ambientales) (Payment for Environmental
Services)

PERFIL Estudio del Perfil (Profile Study)

Pre F/S Estudio de prefactibilidad (Pre-feasibility Study)

PERPEC Programa de Encauzamiento de Rios y proteccion de Estructura de
Captacion (River Channeling and Protection of Collection Structures
Program)

PRONAMACH | Programa Nacional de Manejo de Cuencas Hidrograficas y

IS Conservacion de Suelos (Water Basins Management and Soil
Conservation National Program)

PSI Programa Sub Sectorial de irrigaciones (Sub-Sectorial Irrigation
Program)

SCF Factor de conversion estandar (Standard Conversion Factor)

SENAMHI Servicio Nacional de Meteorologia y Hidrologia (Meteorology and
Hydrology National Service)

SNIP Sistema Nacional de Inversion Pablica (Public Investment National
System)

UF Unidades Formuladoras (Formulator Units)

VALLE Llanura aluvial, llanura de valle (Alluvial Plain, Valley Plain)

VAT Impuesto al valor agregado (Value added tax)
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Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Yauca River

1. EXECUTIVE SUMMARY
1.1 Project Name

“Protection program for valleys and rural communities vulnerable to floods Implementation
of prevention measures to control overflows and floods of Yauca River, Arequipa
Department.”

1.2 Project’s Objective

The ultimate impact that the project is design to achieve is to alleviate the vulnerability of
valleys and the local community to flooding and boost local socioeconomic development.

1.3 Supply and Demand Balance

It has been calculated the theoretical water level in case of flow design flood based on the
transversal lifting data of the river with an interval of 500m, in the Yauca river watershed,
assuming a design flood flow equal to the flood flow with a return period of 50 years. Then,
we determined the dike height as the sum of the design water level plus the dike’s free board.

This is the required height of the dike to control the damages caused by design floods and is
the indicator of the demand of the local community.

The height of the existing dike or current terrain height is the required height to control the
current flood damages, and is the indicator of the current offer.

The difference between the dike design height (demand) and the height of the dam or current
field is the difference or gap between demand and supply.

Table 4.2-2 shows the average water levels floods, calculated with a return period of 50 years,
of the required height of the dike (demand) to control the flow by adding the design water
level plus the free board of the dike; from dike height or current ground (supply), and the
difference between these two (difference between demand and supply) of the river. Then, in
Table 1.3-1 the values at each point are shown. The current height of the dike or the current
field is greater than the required height of the dike, at certain points. In these, the difference
between supply and demand is considered null.
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Table 1.3-1 Demand and supply analysis

Dike Height / current land Theoretical _
. Diff. demand/supply
(supply) water level Dik Required
ike
with a return dike's heigth
Watershed . Freeboard
Left bank Right bank period of (demand) Left bank Right bank
50 years
@ @ ©) @ G=0+® | ©=6-0 | @=6-@
Yauca 187.54 183.01 179.03 0.80 179.83 0.21 0.40

1.4 Structural Measures

Structural measures are a subject that must be analyzed in the flood control plan covering the
entire watershed. The analysis results are presented in section 4.12 “medium and long term
plan” This plan proposes the construction of dikes for flood control throughout the watershed.
However, the case of Yauca River requires a large project investing at a extremely high cost,
far beyond the budget for this Project, which makes this proposal it impractical. Therefore,
assuming that the dikes to control floods throughout the whole basin will be constructed
progressively over a medium and long term period. Here is where this study focused on the
most urgent works, priority for flood control.

(1) Design flood flow

The Methodological Guide for Protection Projects and / or Flood Control in Agricultural or
Urban Areas prepared by the Public sector multi annual programming general direction
(DGPM) of the Ministry of Economy and Finance (MEF) recommends a comparative analysis
of different return periods: 25, 50 and 100 years for the urban area and 10, 25 and 50 years for
rural and agricultural land.

Considering that the present project is aimed at protecting the rural and agricultural land, the
design flood flow was determined in the set value for floods with a return period of 50 years
in the mentioned Guide.

The maximum discharge observed in the past in Yauca river is considerably less than the flood
discharge with return period of 50 years, and the same class of floods occurred three times in
the past.

In Peru the flood protection works in the basins are developed almost nil, therefore it is not
necessary to adopt the design discharge more than the past maximum discharge. However, the
large disasters occurred in the past so that the design flood discharge with return period of 50
years, which is larger than the past maximum, is to be adopted as design flood as in safe side.

1-2
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The relation among flood discharge with different return period, damage caused by the floods
and inundation areas is analyzed in the basin. The results are that the more the return periods
of flood increase the more inundation area and damage amount increase in the basin, however
the increase tendency of damage with project is more gentle compared with former two items,
and the reduction of damage with project reaches to maximum in the case of the flood with
return period of 50 years within the cases of flood with less return period of 50 years.

As described above, the adopted design flood discharge with return period of 50 years is
bigger than the past maximum discharge and damage reduction amount in the adopted case
becomes more than that of the flood discharges with less return period. However the Project
in Yauca river is to be cancelled due to low economic viability studied in the section 4.5
Social Evaluation

(2) Selection of prioritized flood control works
We applied the following five criteria for the selection of priority flood control works.

Demand from the local community (based on historical flood damage)
Lack of discharge capacity (including the sections affected by the excavation)
Conditions of the adjacent area (conditions in urban areas, farmland, etc.).
Flood conditions (extent of overflowed water according to the results of flood
analysis)
» Social and environmental conditions (important local infrastructures)

YV V V V

Based on the river survey, field investigation, discharge capacity analysis of river channel,
inundation analysis, and interviews to the local community (irrigation committee needs, local
governments, historical flood damage, etc...) a comprehensive evaluation was made applying
the five evaluation criteria listed above. After that we selected a total of six (6) critical points
(with the highest score in the assessment) that require flood protection measures.

Concretely, since the river cross sectional survey was carried out every 500m interval and
discharge capacity analysis and inundation analysis were performed based on the survey
results, the integral assessment was also done for sections of 500 meters. This sections have
been assessed in scales of 1 to 3 (0 point, 1 point and 2 points) and the sections of which score
is more than 6 were selected as prioritized areas. The lowest limit (6 points) has been
determined also taking into account the budget available for the Project in general

1-3
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1.5 Non-structural measures

1.5.1 Reforestation and vegetation recovery

(1) Basic Policies

The reforestation plan and vegetation recovery that meets the objective of this project can be
divided into: i) reforestation along river structures, and ii) reforestation in the upper watershed.
The first has a direct effect on flood prevention expressing its impact in a short time, while the
second one requires high cost and a long period for its implementation, as indicated later in
the section 4.12 “Medium and long term Plan”, and also it is impractical to be implemented
within the framework of this project. Therefore, this study focused on the first alternative.

(2) Regarding reforestation along river structures

This alternative proposes planting trees along the river structures, including dikes and bank
protection works.

e Objective: Reduce the impact of flooding of the river when an unexpected flood or
narrowing of the river by the presence of obstacles, using vegetation strips between
the river and the elements to be protected.

e Methodology: Create vegetation stripes of a certain width between the river and river
structures.

o Execution of works: Plant vegetation on a portion of the river structures (dikes, etc.).

e Maintenance after reforestation: Maintenance will be taken by irrigation committees
under their own initiative.

The width, length and area of reforestation along river structures are 11m, 4.4km y 4.9ha
respectively.

1.5.2 Sediment Control Plan

The sediment control plan must be analyzed within the general plan of the watershed. The
results of the analysis are presented in section 4.12 “Medium and long term plan”. To sum up,
the sediment control plan for the entire watershed requires a high investment cost, which goes
far beyond the budget of this project, which makes it impractical to adopt.

Regarding sediment control of the lower watershed, the bed variation analysis has shown that

1-4
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the volume of sediments that are entering and the bed variation volume are not so much so
that the urgent sediment control actions are not required at present although the monitoring
the riverbed variation and the maintenance of river channel depending on the monitoring
results will be required.

1.6 Technical support

Based on the technical proposals of structural and nonstructural measures, it is also intends to
incorporate in this project technical assistance to strengthen the measures.

The objective of the technical assistance is to “improve the capacity and technical level of the
local community, to manage risk to reduce flood damage in selected valleys.”

Technical assistance will cover the Yauca river watershed.

Aiming to train characteristics of the watershed, courses for one will be prepared. The
beneficiaries are the representatives of the committees and irrigation groups from each
watershed, governments employees (provincial and district), local community representatives,
local people etc.

Qualified as participants in the training, people with ability to replicate and disseminate
lessons learned in the courses to other community members, through meetings of the
organizations to which they belong.

In order to carry out the technical assistance goal, the three activities propose the following:

- Bank protection activity and knowledge enhancement on agriculture and natural
environment

- Community disaster prevention planning for flood damages

- Watershed (slope) management against fluvial sedimentation

1.7 Costs
In the Table 1.7-1 the costs of this Project in Yauca watershed is shown. The cost of the watersheds is
around 20.9 million soles.

Table 1.7-1 Project Cost

1.8 Social Assessment

(1) Benefits

The benefits of flood control are the reduction of losses caused by floods which would be
achieved by the implementation of the project and is determined by the difference between the
loss amount without project and with project. Specifically, to determine the benefits, first the
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amount of losses by floods is calculated from different return periods (between 2 and 50

years), assuming that flood control works will last

50 years, and then the average annual

reduction loss amount is determined from the reduction of losses from different return periods.
In Tables 1.8-1 and 1.8-2 show the average annual amount of reduction loss that would be
achieved by implementing this project, expressed in costs at private prices and costs at social

prices.
Table 1.8-1 Annual average damage reduction amount (at private prices)
s/1000
=% (Total Damages - thousand S/.)
MER p— LIRSS % S RE=FTH
Watershed Riurn gﬁ;@ﬁ$ BNEED | 15580 @=0-0 @ Probability x@ ERHYFE
. robability Damages Flow .
Period Mitigated Damages Incremental Average Value Annual Medial
With Project | With Project damages Average value Damage
o ? |s0-2
1 1.000 0 0 0 0 0
2 0.500 0 0 0 0 0.500 0 0
5 0.200 0 0 0 0 0.300 0 0
YAUCGA 10 0.100 1,695 7 1,688 844 0.100 84 84
25 0.040 2,569 1,005 1,564 1,626 0.060 98 182
50 0.020 11,497 2,028 9,469 5517 0.020 110 292
Table 1.8-2 Annual average damage reduction amount (at social prices)
s/1000
#E%E (Total Damages - thousand S/.)
RETHHEE| XHEHEE e | EEHHEED
RERE | g |BREREL[S2em0L] mRE | g R e e
Watershed Return Pnu - BMEED -56Q) Q=0-Q@ @ Probability ERRFE
. robability Damages Flow K
Period Mitigated Damages Incremental A Val Annual Medial
With Project | With Project Average value verage Value Damage
0 o) damages
Q=0-Q
1 1.000 0 0 0 0 0
2 0.500 0 0 0 0 0.500 0 0
5 0.200 0 0 0 0 0.300 0 0
YAUGA 10 0.100 2,150 9 2,141 1,071 0.100 107 107
25 0.040 3,313 1,341 1,972 2,057 0.060 123 230
50 0.020 12,092 2,653 9,439 5,706 0.020 114 345

(2) Social assessment results
The objective of the social assessment in this study is to evaluate the efficiency of investments
in the structural measures using the method of cost-benefit relation (C/B) from the point of
view of national economy. To do this, we determined the economic evaluation indicators (C/B
relation, Net Present Value-NPV, and Internal return rate - IRR).
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The benefits of the evaluation period were estimated, from the first 15 years since the start of
the project. Because, from these 15 years, two are from the work execution period, the
evaluation was conducted for the 13 years following the completion of works.

In Tables 1.8-3 and 1.8-4 the costs at private prices and at social prices resulting from this
project assessment are shown. It is noted that the project will have extremely low economic
effect.

Table 1.8-3 Social Assessment (private prices)
Table 1.8-4 Social Assessment (social prices)

Social assessment showed that the Yauca river watershed project will not give a palpable
economic impact in social prices costs terms. Below are the positive effects of the Project that
are difficult to quantify in economic values.

@  Contribution to local economic development to alleviate the fear to economic activities
suspension and damages
@ Contribution to increase local employment opportunities thanks to the local construction project
@ Strengthening the awareness of local people regarding damages from floods and other disasters
@ Contribution to increase from stable agricultural production income,  relieving flood
damage

® Rise in farmland prices

From the results of the economic evaluation presented above, it is difficult to implement this
Project, even if there is the positive effects of the Project that are difficult to quantify in
economic values.

1.9 Sustainability Analysis

This project will be co-managed by the central government (through the DGIH), irrigation
committees and regional governments, and the project cost will be covered with the respective
contributions of the three parties. Usually the central government (in this case, the DGIH)
assumes 80%, the irrigation commissions 10% and regional governments 10%. However, the
percentages of the contributions of these last two are decided through discussions between
both parties. On the other hand, the operation and maintenance (O & M) of completed works
is taken by the irrigation committees. Therefore, the sustainability of the project is depends on
the profitability of the project and the ability of O & M of irrigation committees.

1-7
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In Table 1.9-1 data of the irrigation commission’s budget of the Yauca River in the last
years is shown.

Table 1.9-1 Irrigation commission Project’s Budget

River Annual Budget (In soles)
2006 2007 2008 3 year
average

Yauca 114,482.12 111,102.69 | 130,575.40 118,720

(1) Profitability

We have seen that Yauca river watershed is not sufficiently profitable, so it is not viable.
The amount of investment required is estimated at million soles (cost at private prices),
the C/B relation is 0.13, IRR = null and NPV = S/. — 13.0 millions. These figures are showing
the economic low efficiency of the project.

(2) Operation and maintenance costs

The annual cost of operation and maintenance required for the project, having as base year
2008 is estimated at soles, which corresponds to % of the construction cost of the
project in the Yauca river watershed. On the other hand, the operating expenses average in the
last four years of irrigation committees is 118,720.

When considering that the annual cost of operation and maintenance represents 75.9% of the
annual irrigation budget, the project would not be sustainable because of the financial
capacity of these committees to maintain and operate the constructed works.

As conclusion, the project is economically less effective; also, it is hardly that irrigation
commissions may pay maintenance costs. So, this project is almost not viable.

1.10 Environmental Impact

(1) Procedure of Environmental Impact Assessment

Projects are categorized in three scales, based on the significance level of the negative and
positive impacts, and each sector has an independent competence on this categorization. The
Project holder should submit the Environmental Impact Statement (DIA, in Spanish) for all
Projects under Category 1. The project holder should prepare an EIA-sd or an EIA-d if the
Project is categorized under Category Il or 11, respectively, to be granted the Environmental
Certification from the relevant Ministry Directorate.

First, the Project holder applies for the Project classification, by submitting the Preliminary
Environmental Assessment (PEA). The relevant sector assesses and categorizes the Project.

1-8
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The Project’s PEA that is categorized under Category | becomes an EID, and those Projects
categorized under Category Il or 111 should prepare an EIA-sd or EIA-d, as applicable.

The preliminary environmental assessment (EAP) for Yauca river was carried out between
December 2010 and January 201land by a consulting firm registered in the Ministry of
Agriculture (CIDES Ingenieros S.A.). EAP for Yauca was submitted to DGIH January 25,
2011 by JICA Study Team and from DGIH to DGAA July 19, 2011.

DGAA examined EAP and issued approval letter of Category I|. Therefore, no further
environmental impact assessment is required for Yauca river.

(2) Results of Environmental Impact Assessment

The procedures to review and evaluate the impact of the natural and social environment of the
Project are the following. First, we reviewed the implementation schedule of the construction
of river structures, and proceeded to develop the Leopold matrix.

The impact at environmental level (natural, biological and social environment) was evaluated
and at Project level (construction and maintenance stage). The quantitative levels were
determined by quantifying the environmental impact in terms of impact to nature,
manifestation possibility, magnitude (intensity, reach, duration and reversibility).

The EAP showed that the environmental impact would be manifested by the implementation
of this project in the construction and maintenance stages, mostly, it is not very noticeable,
and if it were, it can be prevented or mitigated by appropriately implementing the
management plan environmental impact.

On the other hand, the positive impact is very noticeable in the maintenance stage, which

manifests at socioeconomic and environmental level, specifically, in greater security and
reduced vulnerability, improved life quality and land use.

1-9
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1.11 Execution plan

Table 1.11-1 presents the Project execution plan.

Table 1.11-1 Execution plan

1.12 Institutions and management

The institutions and its administration in the investment stage and in the operation and
maintenance stage after the investment, shown in the figures 1.12-1 and 1.12-2.
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MEF (Economy MINAG
and Finance (Agriculture

JICA Ministry) Ministry)
Loan Contracts | DGPM/DNEP |——j | DGAA

Resource loan Agreements tBudget Management EIA Approves

IRRIGATION SUBSECTORIAL PROGRAM

| PSI |
Planning and Budget
Office
Works and goods contracts I Consultants Contract

Works Contractors Enai C ltant
Company and Goods ngineer Lonsultan

Providers Companies

Works Construction and Goods
Providers v v

Works, Reforestation and Training

Environmental Works and
nitoring Supervision

Figure 1.12-1 Institutions related to the Project (investment stage)

MEF (Economy and MINAG (Agriculture
Finance Ministry) Ministry)

\]ICA | DNEP |
I | PSI |_
Loan debt service

4 Service quality regulations
Loan debt service Budget Management
v
ANAALA - USERS BOARD
peration and .
Promote and  support  projects’ Maintenance _ge;)cef;gzic\?; 1
structures : Soonort Ope_ratlon and
Sectorists P Maintenance
h Unit

Figure 1.12-2 Institutions related to the project (operation and maintenance stage)

1.13 Logical Framework
Table 1.13-1 presents the logical framework of the final selected alternative.
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Table 1.13-1 Logical framework of the final selected alternative

Narrative Summary

Verifying Indicators

Verifying Indicators Media

Preliminary Conditions

Superior Goal

Promote socioeconomic
local development and
contribute in communities’
social welfare.

Improve local productivity,
generate more jobs, increase
population’s income and
reduce poverty index

Published statistic data

Scio-economic and policy
stability

Objectives

Relief the high vulnerability
of valleys and local
continuity to floods

Types, quantity and
distribution of flood control
works, population and
beneficiaries areas

Monitoring annual calendar
works and financial plan,
budget execution control

Ensure the necessary budget,
active intervention from
central and regional
governments, municipalities,
irrigation communities, local
population, etc.

Expected results

Reduction of areas and
flooded areas, functional
improvement of intakes,
road destruction prevention,
irrigation channels
protection, bank erosion
control and Poechos dike
safety

Number of areas and flooded
areas, water intake flow
variation, road destruction
frequency, bank erosion
progress and watershed’s
downstream erosion.

Site visits, review of the
flood control plan and flood
control works reports and
periodic monitoring of local
inhabitants

Maintenance monitoring by
regional governments,
municipalities and local
community, provide timely
information to the superior
organisms

Activities

Dikes rehabilitation, intake

Ensure the works budget,

Component A: Structural and bank protection vv_orks, Detailed  design ~ review, detailed design/works
road damages prevention, works  reports, executed . .
Measures . execution/good quality
construction of 28 works, expenses L
. - S, works supervision
including dike’s safety
Component B:
Non-Structural Measures
Works  advance  reports, Consultants support, NGO’s,

B-1 Reforestation and
vegetation recovery

Reforested area, coastal
forest area

periodic monitor by local
community

local community, gathering
and cooperation of lower
watershed community

Component C: Disaster
prevention and capabilities
development education

Number of seminars,
trainings, workshops, etc

Progress reports, local
governments and community
monitoring

Predisposition of the parties
to participate, consultants
and NGO’s assessments

Project’s execution
management
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Project’s management

Detailed design, work start
order, work operation and
maintenance supervision

Design plans, work’s
execution plans, costs
estimation, works
specifications, works
management reports and
maintenance manuals

High level consultants and
contractors selection,
beneficiaries population
participation in operation
and maintenance

1.14 Middle and Long Term Plans

While it is true that due to the limited budget available for the Project, this study is focused
mainly on the flood control measures analysis that must be implemented urgently. It is
considered necessary to timely implement other necessary measures within a long term. In
this section we will discuss the medium and long term plans.

(1) Flood Control General Plan
There are several ways to control floods in the entire watershed, for example, the building
of dams, retarding basin, dikes or a combination of these. The options to build dams or
retarding basin are not viable because in order to answer to a flood flow with a return period
of 50 years, enormous works would be necessary to be built. So, the study was focused here
on dikes’ construction because it was the most viable option.

Flood water level was calculated in the watershed adopting a designed flood flow with a
return period of 50 years. At this water level, freeboard was added in order to determine the
required dikes height. After, sections of the rivers where the dikes or ground did not reach
the required height were identified. These sections, altogether, add up to approx.3km. Also,
from maintaining these works, annually a dragged of the rivers has to be done in the
sections where, according to the bed fluctuation analysis the sediment gathering is elevating
the bed’s height. The volume of sediments that shall be eliminated annually was determined
in approximately 1,200 m°.

In Tables 1.14-1 and 1.14-2 the flood control general plan project cost is shown as well as the
social assessment results in terms of private and social costs.

Table 1.14-1 Social Assessment (private prices )

ETapEEgE | O DAE EES #HEEE B/C NPV IRR(%)
S| BREEE)
pcE
i -
Annual Average Damage RedL.JCtlon " , Cost Benefit Net Present Internal Return
. Evaluation Project Cost O&M Cost :
Damage Reduction . Ration Value of Rate
Period(15years)
Yauca 4,592,758 2,073,999 9,920,549 894,671 0.23 -7,014,101 -

Table 1.14-2 Social Assessment (prices costs)
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ETapEEgE | O DAE EES #HEEE B/C NPV IRR(%)
S| BREEE)
pcE
i -
Annual Average Damage RedL.JCtlon " , Cost Benefit Net Present Internal Return
. Evaluation Project Cost O&M Cost :
Damage Reduction . Ration Value of Rate
Period(15years)
Yauca 5531,228 2497793 7,976,121 719,315 0.34 -4,809,039 -

In case of executing flood control works in the watershed, the works is not economically viable at
both private price and social price, and the Projects’ cost would elevate to 9.9 million soles, which is
a huge amount for this project, so that this project could not be implemented.

(2) Reforestation Plan and Vegetation Recovery

The forestry option was analyzed, in a long term basis, to cover every area that requires being
covered with vegetation in the upper watershed. The objective is improving this areas’ infiltration
capacity, reduce of surface water and increase semi-underground and underground water. So, the
flood maximum flow will be decreased, also it could be possible to increase the water reserve in the
mountain areas and prevent and soothe floods. The areas to be reforested will be the afforested areas
or where the forest mass in the water infiltration areas has been lost.

In Table 1.14-3 the area to be afforested and the project’s cost for the watershed is shown. These
were calculated based on forestry plan of Chincha River. The total surface would be approximately
68,000hectares and in order to forest them the required time would be from 22 years and 184.3
million soles. To sum up, the Project has to cover an extensive area, with an investment of much
time and at a high cost.

Table 1.14-3 General Plan for forestry on upper stream watersheds

Required Period for Required Budget
Watershed Forestry Area (ha) the project (soles)
A (years)
C
B
Yauca 68.296 22 184.340,033

(3) Sediment Control Plan

As long term sediment control plan, it is recommended to perform necessary works on the upper
watershed. These works will mainly consist of dams and bank protection. In Table 1.14-4 the
estimate work cost is shown. There are two costs, one for executing works in the entire watershed
and another one for executing works only in prioritized areas.

All the chosen watersheds for this Project are big. So, if bank protection works and sediment
control dams want to be built, not only the works’ cost would elevate but also a very long period of
investment would have to be done in the watershed. This means that its positive impact will be seen
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in a long time.
Table 1.14-4 Projects Costs of Sediment Control
Watersheds Margin Protection Bands Dams Works direct | Project
cost (total) Cost (in
Areas | Qty. Works direct | Qty. | Works direct | Qty. | Works direct millions
(km) costs (million | (km) | costs (km) | costs (million de s/.)
sl) (million s/.) sl.)
Yauca Totally 565 S/.604 57 S/.2 97 S/.144 S/.750 S/.1,412
Prioritized
areas 565 S/.604 57 S/.2 37 S/.54 S/.660 S/.1,242
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2. GENERAL ASPECTS

2.1 Name of the Project
“Protection program for valleys and rural communities vulnerable to floods Implementation of
prevention measures to control overflows and floods of Yauca River, Arequipa Department”

2.2 Formulator and Executor Units

(1) Formulator Unit
Name: Hydraulic Infrastructure General Direction, Agriculture Ministry
Responsible: Orlando Chirinos Hernan Trujillo
General Director of the Water Infrastructure General Direction
Address: Av. Benavides N° 395 Miraflores, Lima 12 - Peru
Phone: (511) 4455457 / 6148154
Email: ochirinos@minag.gob.pe

(2) Executor Unit
Name: Sub-sectorial Irrigation Program, Agriculture Ministry
Manager: Jorge Zafiga Morgan
Executive Director
Address: Jr. Emilio Fernandez N° 130 Santa Beatriz, Lima-Peru
Phone: (511) 4244488
Email: postmast@psi.gob.pe

2.3 Involved entities and Beneficiaries Participation

Here are the institutions and entities involved in this project, as well as beneficiaries.

(1) Agriculture Ministry (MINAG)

MINAG, as manager of natural resources of watersheds promotes agricultural development in each of
them and is responsible of maintaining the economical, social and environmental to benefit agricultural
development.

To accomplish effectively and efficiently this objective, the MINAG has been working since 1999 in the
River Channeling and Collection Structures Protection Program (PERPEC). The river disaster
prevention programs that are been carried out by regional governments are funded with PERPEC

resources.

1) Administration Office (OA)
- Manages and executes the program’s budget
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- Establishes the preparation of management guides and financial affairs

2) Hydraulic Infrastructure general Direction (DGIH)

- Performs the study, control and implementation of the investment program

- Develops general guidelines of the program together with OPI

3) Planning and Investment Office (OPI)

- Conducts the preliminary assessment of the investment program

- Assumes the program’s management and the execution of the program’s budget
- Plans the preparation of management guides and financial affairs

4) Irrigation Sub-Sectorial Program (PSI)

- Carries-out the investment program approved by OPl and DGPM

(2) Economy and Finance Ministry (MEF)

Public Sector’s Multiannual Programming General Direction (DGPM)

Is in charge of approving public investment works according to procedures under the Public
Investment National System (SNIP) to assess the relevance and feasibility of processing the
disbursement request of the national budget and the loan from JICA.

(3) Japan’s International Cooperation Agency (JICA)

It is a Japanese government institution with the objective of contributing in the socioeconomic
development of developing countries through international cooperation. JICA has extended
financial assistance to carry out pre-feasibility and feasibility studies of this Project.

(4) Regional Governments (GORE)

Regional governments assume the promotion of integrated and sustainable regional development
following the national and regional plans and programs, trying to increase public and private
investment, generating employment opportunities, protecting citizens rights and ensuring equal
opportunities.

The regional governments’ participation with their possible financial support is a very important
factor to ensure the Project’s sustainability.

The Special Project Chira-Piura, Regional Government of Piura implemented by the regional
government of Piura also includes Chira River which is the area of this Study.

(5) Irrigation Commission

Currently there are 3 irrigation commissions in the Yauca River Watershed. These have expressed a
strong desire for the starting of works because these will help constructing dikes, protecting margins,
repairing water intakes, etc. These commissions are currently suffering major damages due to rivers
flooding. Next, a brief overview of the Yauca River Watershed is described (for more details, see
Section 3.1.3). Currently, the operation and maintenance of dikes, margin protection works,
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irrigation intakes and channels linked to agricultural land and irrigation systems in the Watershed,
are mainly made by irrigation commissions and their members, with the assistance of local
governments.

Number of irrigation blocks: 3
Number of Irrigation Commissions: 3
Irrigated Area: 1,614 ha

Beneficiaries: 557 productores

(6) Meteorology and Hydrology National Service (SENAMHI)

It is an agency from the Environment Ministry responsible for all activities related to meteorology,
hydrology, environment and agricultural meteorology. Take part in global level monitoring,
contributing to sustainable development, security and national welfare, and gathering information
and data from meteorological stations and hydrological observation.

(7) Civil Defense National Institute (INDECI)

INDECI is the main agency and coordinator of the Civil Defense National System. It is
responsible for organizing and coordinating the community, elaborating plans and developing
disaster risk’s management processes. Its objective is to prevent or alleviate human life loss due to
natural and human disasters and prevent destruction of property and the environment.

(8) Water National Authority (ANA)

It is the highest technical regulating authority in charge of promoting, monitoring and
controlling politics, plans, programs and regulations regarding sustainable use of water resources
nationwide.

Its functions include sustainable management of these resources, as well as improving the
technical and legal framework on monitoring and assessment of water supply operations in each
region.

Along with maintaining and promoting a sustainable use of water resources, it is also responsible
for conducting the necessary studies and developing main maintenance plans, national and

international economic and technical cooperation programs.
(9) Agriculture Regional Directorates (DRA’S)

Agricultural regional addresses fulfill the following functions under the respective regional

government:
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1) Develop, approve, assess, implement, control and manage national agriculture policies,
sectorial plans as well as regional plans and policies proposed by municipalities

2) Control agriculture activities and services fitting them to related policies and regulations, as
well as on the regional potential

3) Participate in the sustainable management of water resources agreeing with the watershed’s
general framework, as well as the policies of the Water National Authority (ANA)

4) Promote the restructure of areas, market development, export and agricultural and
agro-industrial products consumption

5) Promote the management of: irrigation, construction and irrigation repair programs, as well

as the proper management and water resources and soil conservation

2.4 Framework

2.4.1 Background

(1) Study Background

The Republic of Peru (hereinafter “Peru”) is a country with high risk of natural disasters such as
earthquakes, Tsunamis, etc. Among these natural disasters there are also floods. In particular, El Nifio
takes place with an interval of several years and has caused major flood of rivers and landslides in
different parts of the country. The most serious disaster in recent years due to EI Nifio occurred in the
rainy season of 1982-1983 and 1997-1998. In particular, the period of 1997-1998, the floods, landslides,
among others left loss of 3,500 million of dollars nationwide. The latest floods in late January 2010,
nearby Machupicchu World Heritage Site, due to heavy rains interrupted railway and roads traffic,
leaving almost 2,000 people isolated.

In this context, the central government has implemented El Nifio phenomenon | and Il contingency
plans in 1997-1998, throughout the Agriculture and Livestock Ministry (MINAG) in order to rebuild
water infrastructures devastated by this phenomenon. Next, the Hydraulic Infrastructure General
Direction (DGIH) of the Agriculture Ministry (MINAG) began in 1999 the River Channeling and
Collection Structures Protection Program (PERPEC) in order to protect villages, farmlands, agricultural
infrastructure, etc located within flood risk areas. The program consisted of financial support for
regional government to carry out works of margin protection. In the multiyear PERPEC plan between
2007-2009 it had been intended to execute a total of 206 margin protection works nationwide. These
projects were designed to withstand floods with a return period of 50 years, but all the works have been
small and punctual, without giving a full and integral solution to control floods. So, every time floods
occur in different places, damages are still happening.

MINAG developed a “Valley and Rural Populations Vulnerable to Floods Protection Project” for nine
watersheds of the five regions. However, due to the limited availability of experiences, technical and
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financial resources to implement a pre-investment study for a flood control project of such magnitude,
MINAG requested JICA’s help to implementation this study. In response to this request, JICA and
MINAG held discussions under the premise of implementing it in the preparatory study scheme to
formulate a loan draft from AOD of JICA, about the content and scope of the study, the
implementation’s schedule, obligations and commitments of both parties, etc. expressing the
conclusions in the Discussions Minutes (hereinafter “M/D”) that were signed on January 21 and April
16, 2010. This study was implemented on this M/D.

(2) Progress of Study

The Profile Study Report for this Project at Program’s level for nine watersheds of five regions has been
elaborated by DGIH and sent to the Planning and Investment Office (OPI) on December 23, 2009, and
approved on the 30" of the same month. Afterwards, DGIH presented the report to the Public Sector
Multiannual Programming General Direction (DGPM) of the Economy and Finance Ministry (MEF) on
January 18, 2010. On March 19", DGPM informed DGIH about the results of the review and the
correspondent comments.

The JICA Study Team began the study in Peru on September 5" 2010. At the beginning, nine
watersheds were going to be included in the study. One, the Ica River was excluded of the Peruvian
proposal leaving eight watersheds. The eight watersheds were divided into two groups: Group A with
five watersheds and Group B with three watersheds. The study for the first group was assigned to JICA
and the second to DGIH. Group A includes Chira, Cafiete, Chincha, Pisco and Yauca Rivers’
Watersheds and Group B includes the Cumbaza, Majes and Camana Rivers’ Watersheds.

The JICA Study Team conducted the profile study of the five watersheds of Group A, with an accurate
pre-feasibility level and handed DGIH the Program Report of group A and the reports of the five
watershed projects by late June 2011. Also, the feasibility study has already started, omitting the
pre-feasibility study.

For the watersheds of Group B which study corresponded to DGIH, this profile study took place
between mid-February and early March 2011 (and not with a pre-feasibility level, as established in the
Meetings Minutes), where Cumbaza River Watershed was excluded because it was evident that it would
not have an economic effect. The report on the Majes and Camana rivers watersheds were delivered to
OPI, and OPI official comments were received through DGIH on April 26", indicating that the
performed study for these two watersheds did not meet the accuracy level required and it was necessary
to study them again. Also, it was indicated to perform a single study for both rivers because they belong
to a single watershed (Majes-Camana).
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On the other hand, due to the austerity policy announced on March 31%, prior to the new government
assumption by new president on July 28", it has been noted that it is extremely difficult to obtain new
budget, DGIH has requested JICA on May 6" to perform the prefeasibility and feasibility studies of the
Majes-Camana Watershed.

JICA accepted this request and decided to perform the mentioned watershed study modifying for the
second time the Meeting Minutes (refer to Meetings Minutes Second Amendment about the Initial
Report, Lima, July 22", 2011)

So, the JICA Study Team began in August the prefeasibility study for the watershed above mentioned,
which was completed in late November.

This report corresponds with the pre-feasibility study of the Yauca watershed project, of a five
watershed Group A. The feasibility study of Majes - Camana watershed wants to be finished by
mid-January 2012, and the feasibility study for all selected watersheds around the same dates.

Remember that DGIH processed on July 21%, the SNIP registration of four of the five watersheds from
JICA (except Yauca), based on projects reports at pre-feasibility level (according to the watersheds).
DHIG decided to discard Yauca River due to its low impact in economy.

2.4.2 Laws, regulations, policies and guidelines related to the Program
This program has been elaborated following the mentioned laws and regulations, policies and
guidelines:

(1) Water Resources Law N° 29338
Article 75 .- Protection of water
The National Authority, in view of the Watershed Council, must ensure for the protection of
water, including conservation and protection of their sources, ecosystems and natural assets
related to it in the regulation framework and other laws applicable. For this purpose,
coordination with relevant government institutions and different users must be done.
The National Authority, throughout the proper Watershed Council, executes supervision and
control functions in order to prevent and fight the effects of pollution in the oceans, rivers and
lakes. It can also coordinate for that purpose with public administration, regional governments
and local governments sectors.
The State recognizes as environmentally vulnerable areas the headwater watersheds where the
waters originate. The National Authority, with the opinion of the Environment Ministry, may
declare protected areas the ones not granted by any right of use, disposition or water dumping.
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Avrticle 119 .- Programs flood control and flood disasters

The National Authority, together with respective Watershed Board, promotes integral programs for
flood control, natural or manmade disasters and prevention of flood damages or other water impacts and
its related assets. This promotes the coordination of structural, institutional and necessary operational
measures.

Within the water planning, the development of infrastructure projects for multi-sectorial advantage is
promoted. This is considered as flood control, flood protection and other preventive measures.

(2) Water Resources Law Regulation N° 29338

Article 118 .- From the maintenance programs of the marginal strip

The Water Administrative Authority, in coordination with the Agriculture Ministry , regional
governments, local governments and water user organizations will promote the development of

programs and projects of marginal strips forestry protection from water erosive action.

Article 259 ° .- Obligation to defend margins

All users have as duty to defend river margins against natural phenomenon effects, throughout all areas
that can be influenced by an intake, whether it is located on owned land or third parties’ land. For this
matter, the correspondent projects will be submitted to be reviewed and approved by the Water National
Authority.

(3) Water Regulation

Article 49. Preventive measures investments for crop protection are less than the recovery and
rehabilitation cost measures. It is important to give higher priority to these protective measures which
are more economic and beneficial for the country, and also contribute to public expenses savings.

Article 50. In case the cost of dikes and irrigation channels protection measures is in charge of family
production units or it exceeds the payment capacity of users, the Government may pay part of this cost.

(4) Multi-Annual Sectorial Strategic Plan of the Agriculture Ministry for the period 2007-2011 (RM N°
0821-2008-AG)

Promotes the construction and repair of irrigation infrastructure works with the premise of having
enough water resources and their proper use.

(5) Organic Law of the Agriculture Ministry, N° 26821

In Article 3, it is stipulated that the agricultural sector is responsible for executing river works and
agricultural water management. This means that river works and water management for agricultural
purposes shall be paid by the sector.
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(6) Guidelines for Peruvian Agricultural Policy - 2002, by the Policy Office of MINAG

Title 10 - Sectorial Policies

“Agriculture is a high risk productive activity due to its vulnerability to climate events, which can be
anticipated and mitigated... The damage cost to infrastructure, crops and livestock can be an obstacle for
the development of agriculture, and as consequence, in the deterioration of local, regional and national

levels.”

(7) River Channeling and Collection Structures Protection Program, PERPEC

The MINAG’s DGIH started in 1999 the River Channeling and Collection Structures Protection
Program (PERPEC) in order to protect communities, agricultural lands and facilities and other elements
of the region from floods damages, extending financial support to margin protection works carried out
by regional governments.
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3.

IDENTIFICATION

31 Diagnosis of the current situation
3.1.1 Nature
(D) Location

Figure 3.1.1-1 shows the location map of the Yauca River.
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Figure 3.1.1-1 Objective River for the Study
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(2) Watershed overall description

The Yauca River runs 460km to the south of the Capital of Lima and it is the river closer to
the south within the five rivers chosen in this city. It belongs to the Arequipa Region. Its area
covers 4.300 km?. It’s characterized because its width increases as getting closer to the upper
watershed. Altitudes above 4.000 mosl only represent a 10% of the total and 60% is constituted
by 2000 and 4000 mosl altitudes. In its lower watershed, is where the river has a slope
approximately of 1/100 with a 200 meters width.

Annual rainfalls are approximately 500mm at altitudes between 2000 and 3000 mosl. But this
data is not well confirmed because there is no complete monitoring of the details. The middle
flow is the most reduced among the 5 rivers, due to which we are deducing that precipitations
themselves are pretty low.

As to vegetation, upper watersheds are covered with grassland, bushes in the middle
watershed and deserts in the middle and lower watersheds. Agriculture lands are only 1% of the
watershed. The main product is olive, which production occupies almost the entire agricultural
lands in this area .

3.1.2  Socio-economic conditions of the Study Area
(1) Administrative Division and Surface
The Yauca River is located in the provinces of Caraveli in the Arequipa Region.

Table 3.1.2-1 shows the main districts surrounding this river, with their corresponding surface.

Table 3.1.2-1 Districts surrounding the Yauca River with areas

Region Province District Area (kni)
: . |Yauca 556.30
A C [
rquipa aravell Jaqui 424.73
2 Population and number of households

The following Table 3.1.2-2 shows how population varied within the period 1993-2007. From
1,708 inhabitants in 2007, 84% (2,844 inhabitants) lived in urban areas while 16% (549
inhabitants) lived in rural areas.

Yauca population has not varied. However, a reduction of rural population is observed. In
Jaqui district, both populations, rural and urban, have decreased.

Table 3.1.2-2 Variation of the urban and rural population

District Total Population 2007 Total Population 1993 Variation (%)
e Urban % | Rural | % Total | Urban | % Rural % Total | Urban | Rural
Yauca 1.442 84 % 266 16 % 1.708 1.370 81 % 321 19 % 1.691 0,4 % -1,3%
Jaqui 1.402 83 % 283 17 % 1.685 2.016 81 % 482 19 % 2.498 -26% | -3,7%
Total 2.844 84 % 549 16 % 3.393 3.386 | 81% 803 19% 4.189 -12% | -2,7%

Source: Prepared by JICA Study Team, Statistics National Institute- INEI, 2007 and 1993 Population and Housing
Census.
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Table 3.1.2-3 shows the number of households and members per home. The number of
members per household has been 3.5 in average in Yauca and 3.7 in Jaqui. The number of

members per family in Yauca is 3.4 and 3.5 in Jaqui.

Table 3.1.2-3 Number of households and families

Variables Distrt -

Yauca Jaqui
Population (inhabitants) 1,708 1,685
Number of households 492 461
Number of families 499 483
Members per household (person/home 347 3.66
Members per family (person/family) 342 3.49

3 Occupation

Table 3.1.2-4, shows occupation lists of local inhabitants itemized by sector. In Yauca,
primary sector is 39% of labor; meanwhile tertiary sector is 51%, being the second one
predominant. In Jaqui, primary sector is 55% of labor and the tertiary sector is 35%, being the

first one predominant
Table 3.1.2-5 Occupation

Distrito
Yauca Jaqui
N % N %
EAP 688 100 604 100
Primary Sector 269 39.1 334 55.3
Secondary Sector 68 9.9 56 9.3
Tertiary Sector 351 51.0 214 35.4

* Sector primario: agricultura, ganaderia, forestal y pesca; secundario: mineria,
construccion, manufactura; terciario servicios y otros

4) Poverty index

Table 3.1.2-5, shows the poverty index. 28.2% of the districts’ population (956 inhabitants)
belongs to the poor segment, and 4.4% (150 inhabitants) belong to extreme poverty.

Table 3.1.2-7 Poverty index
District
Chincha Alta Tambo de Mora
People % People % Total %
Regional Populatio] 1,708 100 1,685 100 3,393 100
In poverty 449 26.3 507 30.1 956 28.2
79 47 150 44

In extreme poverty 71 4.2

5) Type of housing
The walls of the houses are made 55% of bricks or cement, and 24% of adobe and mud. The floor is

made 95% of earth or cement.
The public drinking water service covers approximately 66% in Yauca and 68% in Jaqui, while the

sewage service is 63% in Yauca and 22% in Jaqui (Jaqui is a little far behind in this topic).
Electrification reaches 78% in average.
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Table 3.1.2-9 Type of housing

Districts
Variable/Indicator Yauca Jaqui
Households % Households %
Name of housings
Common residents housing 492 59,3 461 79,2
Walls materials
Bricks or cement 262 53,3 265 57,5
Adobe and mud 133 27 100 21,7
Bamboo + mud or wood 44 8,9 68 14,8
Others 53 10,8 28 6,1
Floor Materials
Soil 136 27,6 160 34,7
Cement 315 64 290 62,9
Ceramics, parquet, quality wood 38 77 10 2,2
Others 3 0.6 1 0.2
Running water system
Public network within household 325 66.1 313 67.9
Public network within building 27 55 49 10.6
public use 4 0.8
Sewage
Public sewage within household 308 62,6 99 215
Public sewage within building 19 3,9 27 5,9
Septic Tank 23 47 147 31,9
Electricity
Public electric service 422 85,8 321 69,6
Member quantity
Common residents housing 499 100 483 100
Appliances
More than three 198 39,7 136 28,2
Communication Services
Phones and mobiles 241 | 483 7 1,4

Source: Prepared by JICA Study Team, Statistics National Institute- INEI, 2007 Population and Housing Census.

(6) GDP

Peru’s GDP in 2009 was S./392,565,000,000.

The growth rate in the same year was of + 0..9 % compared with the previous year with the
poorest level within 11 years.

Itemized by regions, Ica registered a growth of 3.8 %, Piura 2.0 %, Lima 0.4 % and Arequipa
0.2 %. Particularly Ica and Piura regions registered Figures that were beyond the national
average.
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Ayacucho 11,0
Caiamarca 71
Apurimac 5,3
Cusco 4.4
lca .8
San Martin 3,6
Huancavelica 3,5
Amazonas 3.5
Funo 3,4
Lambayegque 3,0
Ucayali 2.3
Lareto 2,2
Tumbes 5,2
Fiura 20
La Libertad 1,7
PERU 0.9
Hudnuco 0.6
Lima 9,8
Arequipa 0,2
ancash |01
Tacna
Moquesua
Junin
Medrede Dicz
42 Fasco
50 4,0 -2,0 0,0 2,0 4,0 5,0 B0 10,0 12,

INEI Source — National Accounts National Direction

Figure 3.1.2-1 Growth rate of GDP per region (2009/2008)

The Figure 3.1.2-2 shows the contribution of each region to the GDP. Lima Region
represents almost half of the total, that is to say 44.8%. Arequipa contributed with
5.3 %, Piura 4.6 % and Ica 2.9 %. Taxes and duties contributed with 7.2 % and 0.4 %,
respectively.
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INEI Source — National Accounts National Direction

Figure 3.1.2-2 Region contribution to GDP

The GDP per capita in 2009 was of S/.13,475.

The Table below shows data per region: Lima S/.17,800, Arequipa S/.17,200, Ica
S/.15,600 and Piura S/.10,200. The first three regions exceeded the national average,
with exception of Piura.

INEI Source — National Accounts National Direction

Figure 3.1.2-3 GDP per capita (2009)
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Table 3.1.2-7 shows the variation along the years of the GDP per capita per region,
during the last 9 years (2001-2009).

The GDP national average increased in 44% within nine years from 2001 until 2009.
The Figures per region are: +83.9 % for Ica, +54.2 % for Arequipa, +48.3 % for Piura
and 2.9 % for Lima.

Figures in Table 3.1.2-7 were established taking 1994 as base year.

Table 3.1.2-7 Variation of the GDP per capita (2001-2009)
(1994 Base year, S/.)

Accumulated
Departament 2001 2002 2003 2004 2005 2006 20070/ 2oospf 2009E/ Growth

2001-2009 (%)

Cusco 21%% 2086 2195 2 565 2768 3071 3 340 3554 3 685 67,9
Ica 4055 4 259 4343 4663 5 214 5582 6025 7 265 7457 839
La Libertaxd 3162 3316 3483 3410 3 697 4 216 4 586 4874 4 B9S .8
Ucayali 3 063 3149 3203 41 3584 1754 3 846 4007 4039 3.9
Moquegua 10 405 11 967 12670 13 455 13 882 13794 13 606 14 201 13 865 3.3
Aredjuipa 5387 5 766 5895 #4143 6 488 & 807 7786 8379 B 208 54,2
ApurEac 1216 1278 1334 1400 1404 1 619 1653 1601 1770 45,5
Piura 2733 2 780 2847 3040 3192 1472 3780 4007 4052 48,3
San Martin 2026 2059 2094 2232 2393 2476 2655 2870 2928 44,5
Ayacucho 1788 1870 1942 1900 2045 2 207 2448 2 540 2 896 619
Amazonas 1835 1910 1996 2081 2012 2349 2510 2684 2761 50,5
Madre de Dios 4441 4708 4550 4 846 5171 5215 5617 5878 5 564 253
Cajamanca 2493 2731 2947 2968 3 165 3113 2 864 3094 3 295 342
Ancash 4037 4 703 AT772 4876 4999 5 089 5408 5852 5827 443
Tumbwes 2744 2802 2873 1018 335 3Nz 3427 3504 3611 IL6
Lima 6451 6579 G 700 6915 7 84 787 8520 9314 9 20 429
Pima 2105 2236 224 2270 2 365 1460 2617 2731 2 800 330
Lanshayeque 2941 I M6 3132 295 3164 3 300 3615 1882 3963 348
Junin 3245 i3 3350 57 3505 3 856 4 072 4379 4 ME 0,9
Lonzto 2827 2937 2936 2995 3079 3 192 3 287 3 402 3429 1.3
Huadnucoe 1678 1 694 1833 1 866 1890 1915 1942 2050 2044 na
Pasco 5137 51552 5481 563 5644 6 062 G711 672 6 349 23,6
Tama G 004 6124 6382 6643 6782 6 M1 7 256 7458 7253 2.8
Huancavelica 2 700 2 632 2683 2 697 2 B4 34 2903 2959 3039 125
GOP 4 601 4765 4 890 5067 5345 5 G89 G121 G 643 6625 44,0

INEI Source — National Accounts National Direction

3.1.3 Agriculture

Next is a summarized report on the current situation of agriculture in each Watershed,
including irrigation commissions, crops, planted area, performance, sales, etc.

1) Irrigation Sectors

Table 3.1.3-1 shows basic data on the irrigation commissions. In the Yauca River
Watershed there are 3 irrigation sectors, 3 irrigation commissions with 557 beneficiaries.
The surface managed by these sectors reach a total of 1,614 hectares.

Table 3.1.3-1 Basic data of the irrigation commissions

Areas under o
irrigation N’ of
Irrigation Sectors Irrigation Commissions T Beneficiaries River
ha % (People)
Yauca Yauca 523 32 350
Mochica Mochica 456 28 57 Yauca
Jaqui Jaqui 635 39 150
Total 1.614 100 557

Source: Prepared by JICA Study Team, Users Board of Yauca, October 2010
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) Main crops

Table 3.1.3-2 shows the variation between 2004 and 2009 of the planted surface and
the performance of main crops.

In the Yauca River Watershed, olive represents 70% of the planted area and between
80 to 90% of the profit, being the key product of this area.

The profits of 2007-2008 were a total of S/.24,808,192, duplicating compared to
former years calculations, thanks to the increase of olives production.

Table 3.1.3-3 Sowing and sales of main crops

Variables 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009
Planted Area (ha) 1,002 1,002 1,002 1,162 SD
Unit Performance (kg/Ha) 6,009 4,846 3,604 11,635 SD
Olive Harvest (Kg) 6,021,018 | 4,855,692 3,611,208 | 13,519,870
Unit Price (5/./Kg) 141 1.75 1.90 1.70 1.90
Sales (S/.) 8,489,635 | 8,497,461 | 6,861,295 | 22,983,779
Planted Area (ha) 328 347 309 290 257
Unit Performance (kg/Ha) 31,160 28,096 33,074 32,480 28,674
Alfalfa Harvest (Kg) 10,220,480 9,749,312 | 10,219,866 | 9,419,200 7,369,218
Unit Price (S/./kg) 0.09 0.10 0.10 0.10 0.10
Sales (S/.) 919,843 974,931 | 1,021,987 941,920 736,922
Planted Area (ha) 56 53 85 77 85
Unit Performance (kg/Ha) 2,035 1,990 2,693 3,297 2,760
Cotton Harvest (Kg) 113,960 105,470 228,905 253,869 234,600
Unit Price (S/./kg) 2.20 2.00 2.70 2.54 1.82
Sales (S/.) 250,712 210,940 618,044 644,827 426,972
Planted Area (ha) 20 163 110 33 13
Unit Performance (kg/Ha) 6,633 7,752 6,719 7,202 8,005
Com Harvest (Kg) 130,660 | 1263576 | 739,000 | 237,666 104065
(yellow) Unit Price (S/./kg) 052 0.50 0.70 1.00 0.70
Sales (S/.) 68,983 631,788 517,363 237,666 72,846
Planted Area (ha) 10 16 22 23 11
Sweet Unit Performance (kg/Ha) 7,583 7,792 7,710 7,611 10,127
potatoe Harvgst (Ko) 75,830 124,672 169,620 175,053 111,397
Unit Price (S/./kg) 0.59 0.60 0.75 0.83 0.92
Sales (S/.) 44,740 74,803 127,215 145,294 102,485
Others Planted Area (ha) 27 147 46 29 95
Planted Area (ha) 2,522 3,189 3,037 2,864
Total Harvest (Kg) 49,052,450 | 47,090,300 | 47,103,115 | 56,176,725 | 41,216,009
Sales (S/.) 42,792,005 | 41,282,962 | 47,588,416 | 66,174,879 | 35,998,549
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Figure 3.1.3-1 Planted Surface

Figure 3.1.3-2 Harvest

Figure 3.1.3-3 Sales
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3.14

Infrastructure

(1) Irrigation Infrastructures

In Yauca River there are a total of 48 intakes, from which 2 are permanent. Derivation
channels of firs, second and third order add up to 191.96km, from which 24.14km

(12.6%) are lagged.

Table 3.1.4-1 Existing Irrigation Channels

TOTAL

) PERPEC

235.11.7299.58730

34.121 40.2305 74.357

2

No PERPEC project has been implemented in Yauca River between 2006 and 2009.
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3.1.5 Real flood damages
@ Damages on a nationwide scale

Table 3.1.5-1 shows the present situation of flood damages during the last five years (2003-2007) in
the whole country. As observed, there are annually dozens to hundreds of thousands of flood affected

inhabitants.
Table 3.1.5-1 Situation of flood damages
Total 2003 2004 2005 2006 2007

Disasters Cases 1,458 470 234 134 348 272
Victims people 373,459 | 118,433 53,370 21,473 | 115,648 64,535
Housing loss victims people 50,767 29,433 8,041 2,448 6,328 4517
Decesased individuals people 46 24 7 2 9 4
EthS'Z'S'y destroyed Houses | 50,156 | 17,928 | 8847| 2572| 12501 8308
Totally destroyed Houses 7951 | 3757 1560 471 | 1315 848
houses

Source SINADECI Statistical Compendium

Peru has been hit by big torrential rain disasters caused by the El Nifio Phenomenon. Table 3.1.5-2
shows damages suffered during the years 1982-1983 and 1997-1998 with extremely serious effects.
Victims were approximately 6.000.000 inhabitants with an economic loss of about US$ 1.000.000.000
in 1982-1983. Likewise, victims number in 1997-1998 reached approximately 502.461 inhabitants
with economic loss of US$ 1.800.000.000. Damages in 1982-1983 were so serious that they caused a

decrease of 12 % of the Gross National Product.

Table 3.1.5-2 Damages

Damages 1982-1983 1997-1998
Persons who lost their homes 1.267.720 —
Victims 6.000.000 502.461
Injured — 1.040
Deceased 512 366
Missing persons — 163
Partially destroyed houses — 93.691
Totally destroyed houses 209.000 47.409
Partially destroyed schools — 740
Totally destroyed schools — 216
Hospitals and health centers — 511
partially destroyed

Hospitals and health centers totally — 69
destroyed

Damaged arable lands (ha) 635.448 131.000
Head of cattle loss 2.600.000 10.540
Bridges — 344
Roads (km) — 944
Economic loss ($) 1.000.000.000 1.800.000.000

“~*: No data
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(2) Disasters in the watersheds object of this study

Table 3.1.5-3 summarizes damages occurred in the Arequipa region, to which this study belongs to.

Table 3.1.5-3 Disasters in Arequipa Region

Years

1995 11996 | 1997 [ 1998 {1999 {2000 {2001 | 2002 ] 2003 | 2004 | 2005 | 2006 [ 2007 { 2008 [ 2009 { 2010 | Tota

Vledia

LANDSLIP
FLOOD
COLLAPSE
LANDSLIDE
AVALANCHE

23

TOTAL SEDIMENT DISASTERS| 6
T0TAL FLOODING] 3

811 5
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3.1.6  Results on the visits to Study Sites

JICA Study Team made some technical visits to the selected watersheds and identified some

challenges on flood control through visits and interviews to regional government authorities and

irrigation associations on damages suffered in the past and the problems each watershed is currently

facing.

(1) Interviews

Lowest watershed’s bridge

>
>

Y VvV

Main crop is olive

400 olives, approximately of 100 years were overthrown by the river’s
overflow a couple of years ago

The river’s bed elevated due to EI Nifio floods in 1998

The maximum water level was reached during 1983 el Nifio, which water
raised up to the upper section of the bridge on Panamericana Highway

o San Francisco

» Small olives trees are seen downstream this area, this was the affected
area by lasts year’s floods

» Olives may be harvested 8 years after the trees are planted. Trees with
more than 20 to 30 years have more to harvest. There are trees of 100 to
500 years

» From one tree you can obtain a harvest of approx 200 to 250 kg/year.
There are 100 trees per hectare. The cost of 1 kg is about 3.5 soles

» The lower watershed sector has an approx extension of 400 hectares

o Mochica Intake

> 1700L/s are taken

> There are 580 hectares of olives in the middle watershed
3-12
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A\

A\

>

>

The harvest volume is 80kg/year per tree (max 200kg). In an abundant
harvest year, a hectare may pay up to 10.000kg

There is a Dam in Ayacucho, upstream, where water is discharged for a
month between August and September

The total capacity of this dam is 23 x 106 m*

This dam has been built 120 years ago, it has cracks and water leaks.
This dam had been used in Yauca and another community until 2006,
then another community was added, but it cannot supply more
communities any longer

MINAG determines the water discharge period from the dam

It is hoped to give the maximum use to the water. It is better to control
the water from the river’s bed

The fluvial terrace is used without authorization for agriculture
production, which is an issue

The bed continues to raise

o Bridge in the narrow section (last bridge on the Yauca River upper watershed)

>
>
>
o Intakes
>
>
>

From this point upwards is Jaqui sector
There are 490 hectares of olives and 14 intakes
Floods destroy intakes leaving them out of service

Flood water reaches olives

The channel upstream the intake is destroyed due to floods

Water volume has been decreasing in the past 15 years, so much that
producers have been planting olives even near the river bed

Every Jaqui channels are made of masonry and are destroyed every time
a flood occurs. All 14 channels have been destroyed with the same
frequency (it does not happen that some of then are destroyed and some
are left ok)

o Drinking water Intake

>

It was finished building last year

o Purification Plant

>
>
>

It was finished recently
Currently, chemical treatment is not being done
Water is used for human consumption in Jaqui, downstream
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(2) Description of the visit to the study sites
Figure 3.1.6-1 shows pictures of main sites visited.

rrigation intake ¢

. New purifying plant i
under construction)|

Upper watershed olives | - i
: [right margin} . e = - . —.
L) o= - L

AT

Sher e

f t"r lower watersheds” olives =
{right margin}

Figure 3.1.6-1 Visit to the Study Site (Yauca River)
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(3) Challenges and measures
The following table shows challenges and possible solution measures for flood control
considered at this moment, based on the results of technical visits.

1) Challenge 1: Floodplain area (km 7.0 downstream)

Current situation | - Main product is olive

and challenges - Urban area is relatively in a high elevation so direct risk of floods
and overflowing is reduced. The elements to be protected are the
trees and hydraulic installations

- A dike is built empirically and partially, but banks are erosioned
and flood may affect the olives

Main elements to | - Agricultural lands (main product: olive)
be conserved
Basic measures * Repair existing dike

+ Execute bank protection Works (banks erosion control)
- Build retarding reservoirs

“|Enbankment

Olives (Km 4, right margin}

Figure 3.1.6-2 Local conditions related with Challenge 1 (Yauca River)

3-15



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Yauca River

2) Challenge 2: Water intake point in the middle watershed (km 25.0)

Current situation | - The fluvial terrace of the opposite bank began to be cultivated

and challenges recently, so, overflows will be on the right bank

- As main problem that has to be solved, the flood impact on the
intake is mentioned, also the right bank’s erosion were the highway
passes is mentioned too

Main elements + Olives (from this area and from the lower watershed)
to be conserved

Basic measures - Reinforce the intake
+ Execute bank protection works (right bank erosion control)
- Built retarding reservoirs (buying lands from the opposite bank)

Area turned into
agricultural land

o e e =

e I

Water Intake Current situation of the intake

(km 25, right margin}

Figure 3.1.6-3 Local conditions related with Challenge 2 (Yauca River)
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3) Challenge 3: Upper watershed intake point (km 27.0 upper watershed)

= There are several relatively simple intakes
= Some of these intakes are destroyed and require to be repaired
every time a flood takes place

Current situation
and challenges

Main elements to

be conserved = Olives (from this area and from the lower watershed)

= Built retarding reservoirs (to reduce floods peak stream)

Basic measures . . . .
« Built an intake (to integrate the existing small works)

Current flow of the upper
watershed (km 41, upstream)

' e

y Example of a simple intake
{km 39)

Figure 3.1.6-4 Local conditions related with Challenge 3 (Yauca River)
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3.1.7 Current situation of vegetation and reforestation

M)

Pursuant to the 1995 Forest Map and its explanations, the Carfiete, Chincha, Pisco and Yauca

Current Vegetation

watersheds extends from the coast to the Andean mountains; usually, they feature different vegetal
coverage according to the altitude. From coast up to the 2,500m.a.s.I (Cu, Dc) have scarce vegetation.
Some meters above in altitude, there are only scarce bushes disseminated in the area due to the rains.
Although, in zones close to the rivers, high trees are mainly develop (4 meters approximately), even in
arid zones.

Table 3.1.7-1 List of representative vegetable forming in the Yauca watersheds

Symbol Life Zone Distribution of Altitude Rainfall Representative Vegetation
1)Cu Coast Crop Lands | Coast Almost none. Coastal crops
2)Dc Coast Desert 0~1,500 m.a.s.| Almost none, there are | Almost none, there are vegetation
mist zones. slopes
3)Ms Dry Thicket 1,500~3,900 m.a.s.l 120~220mm Cactus and grass
4)Msh Subhumid Forest | North-center: 2,900~3,500 m.a.s.| | 220~1,000mm Perennial bushes, less than 4m high
Inter Andean 2,000~3,700 m.a.s.|
5)Mh Humid Forest North: 2,500~3,400 m.a.s.| 500~2,000mm Perennial bushes, less than 4m high
South 3,000~3,900 m.a.s.|
6)Cp Puna grass Approx 3,800 m.a.s.| No description Gramineae
7)P] Scrubland 3,200~3,300 m.a.s.| South zone with low | Gramineae
Center-South up to 3,800 m.a.s.| rainfall: less than 125mm
East springs: higher than
4,000mm
8)N Ice-capped — —
mountains

Source: Prepared by the JICA Team based on the Forest Map. 1995

Area and distribution of vegetation

)

The present study was determined by the surface percentage that each vegetation formation
occupies on the total watershed’s surface, overcoming the INRENA study results of 1995 to the GIS
(see Tables 3.1.7-2 and Figures 3.7.2-1). Then, the addition of each ecologic life zone’s surface,
outstanding the coastal desert (Cu, Pj), dry grass (Ms), bushes (Msh, Mh) and puna grass (Cp, Pj).
Table 3.1.7-3 shows the percentage of each ecologic area. It is observed that the desert occupies 20%
of the total area, 10% of dried grass and puna grass 50%. Bushes occupy between 10 to 20%. They are
distributed on areas with unfavorable conditions for the development of dense forests, due to which
the surface of these bushes is not wide. So, natural conditions of the four watersheds, Cafiete, Chincha,
Pisco and Yauca are set. In particular, the low precipitations, the almost non-fertile soil and
accentuated slopes are the limiting factors for the vegetation growth, especially on high size species.
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Table 3.1.7-2 Vegetation formation surface of the watershed’s surface(Yauca River)
Vegetation Cover
LEEELE Cu [Dc [Ms [Msh  [Mh __ [Cp [P} IN [Total
(Surface: hectares)
Yauca River | 6948] 1.43326] 99099] 730,67] 23449] 42864]  43504] 0,00] 4,322,57
(Percentage: %)
Yauca River | 1,6] 33,2] 229] 16,9 5,4] 99] 10,1] 0,0] 100,0
Source: Prepared by the JICA Team based on the INRENA1995 Forest Map
Table 3.1.7-3 Ecologic Life Areas Percentage (Yauca River)
Ecologic life areas

R Desert, etc. (Cu, Dc) (DNrI); )grass Grass (Msh, Mh) Bushes (Cp, Pj) Snowy (N) | Total
(Percentage: %)
Yauca | 34.8 | 229 | 22.3 | 20.0 | 00 | 1000

Source: Prepared by the JICA Team based on the INRENA1995 Forest Map

Forest area variation

®)

Although a detailed study on the variation of the forest area in Peru has not been performed yet,
the National Reforestation Plan Peru 2005-2024, Annex 2 of INRENA shows the areas deforested per
department until 2005. These areas subject matter of this study are included in the regions of Arequipa,
Ayacucho, Huancavelica, Ica, Lima and Piura, but they only belong to these regions partially. Table
3.1.7-4 shows the Figures accumulated areas deforested in these regions. However, in relation to the
Arequipa Region, data is not available.

Table 3.1.7-4 Area Deforested Until 2005

Area Area deforested accumulated (ha) and the percentage of such area PESHAEI ] SV
Department (ha) in the department area (%) NCILEEe LR
P Area (ha) area(ha)
Arequipa 6.286.456 - R -

Source: National Reforestation Plan, INRENA, 2005

The variation of the distribution of vegetation was analyzed per watershed, comparing data from the
FAO study performed in 2005 (prepared based on satellite figures from 2000) and the results of the
1995 INRENA study (prepared base on satellite figures from 1995). (See Table 3.1.7-5).

Analyzing the variation of the surface of each vegetation formation, it is observed that the
vegetation has reduced in the arid zones (desert and cactus: Cu, DC and Ms) and bushes (Cp, Pj) but
have increased in the arid area (desert DC) and scrub area (Msh, Mh).

Table 3.1.7-5 Changes in the areas of distribution of vegetation from 1995 to 2000
Vegetation Formation
Watershed TH [ cu cu | [ cu ] [ <
(Surface of the vegetation cover: hectare)
Yauca (a) -20,22 33,63 -10,87 3413 | 2115 | -4262 -15,20 — 4.322,57
current | 6948 | 1,433.26 990,99 | 73067 | 23449 | 428,64 | 43504 0,00 4.322,57
Surface (b)
Percentage of
current 29,1 23 11 +4,7 +9,0 99 35 -
surface
(a/b) %

Source: Prepared by the JICA Study Team based on the studies performed by the INRENA 1995 and FAO 2005
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4 Current situation of forestation

As indicated before, the climate conditions of Yauca River watershed do not improve high trees
species development, so natural vegetation is not distributed; this only happens in the banks were the
freatic water table is near the surface.

So, due to the difficult situation of finding a good spot to grow trees is why reforestation great
projects have not happened in this area. There is no reforest project known with commercial aims.

In the lower and medium watersheds, trees are planted mainly for three objectives: i) reforest along
the river to prevent disasters; ii) for agricultural lands protection from wind and sand; and iii) as
perimeter for housings. In any case, the surface is much reduced. The most planted specie is
Eucalyptus and is followed by Casuarinaceae. The use of native species is not very common. On the
other hand, in the Mountain region, reforesting is done for logging, crops protection (against cold and
livestock entrance) and to protect the recharge water areas. There are mostly eucalyptus and pines.
Many reforest projects in the Mountain region have been executed following PRONAMACHS
(currently, AGRORURAL). Such program gives throughout AGRORURAL seedlings to the
community, which are planted and monitored by producers. There is also a reforest program
implemented by the regional government, but in a much reduced way. In this case, the program
establishes the needs to achieve consensus from the community to choose the areas to be reforested.
However, in general, mostly all farmers want to have greater crop lands and achieving consensus
always takes more time. Another limiting factor is the cold weather on altitudes greater than
3.800m.a.s.l. In general, no information has been able to be collected on reforestation projects to date,
because these files were not available.

The National Reforestation Plan (INRENA, 2005) registers forestation per department from 1994 to
2003, from which the history data corresponding to the environment of this study was searched (See
Table 3.1.7-6). It is observed that the reforested area increased in 1994, drastically decreasing later.
Arequipa, Ica and Lima are departments located in the coast zone with scarce rainfall, thus the
forestation possibility is limited, besides the scarce forest demand.

Table 3.1.7-6 History registry of forestation 1994-2003

(Units: ha)
Department | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | Total
Arequipa 3.758 435 528 | 1.018 560 632 nr 37 282 158 7.408

Source: National Reforestation Plan, INRENA, 2005
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Figure 3.1.7-1 Forestry map of Yauca River Watershed

3-21



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level), Yauca River

3.1.8 Current situation of the soil erosion
(1)Information gathering and basic data preparation

1) Information Gathering

During this study the data and information indicated in Table 3.1.8-1 was collected in other to know
the current situation of the sediment production behind the Study Area.

Table 3.1.8-1 List of collected information

Forms Prepared by:
Topographic map (Scale Shp INSTITUTO GEOGRAFICO NACIONAL
1/50.000)
Topographic map (Scale Shp,dxf INSTITUTO GEOGRAFICO NACIONAL
1/100.000)
Topographic map (Scale SHP Geologic data systems
1/250.000)
Topographic map (Scale Shock Wave INGEMMET
1/100.000)
30 m grid data Text NASA
River data SHP ANA
Watershed data SHP ANA
Erosion potential risk map SHP ANA
Soils map SHP INRENA
Vegetal coverage map SHP2000 DGFFS
PDF1995
Rainfall data Text Senami

2)  Preparation of basic data
The following data was prepared using the collected material. Details appear in Annex 6.

- Hydrographic watershed map (zoning by third order valleys)
- Slope map

- Geological Map

- Erosion and slope map

- Erosion and valley order map

- Soil map

- Isohyets map

(2 YAnalysis of the causes of soil erosion

1) Topographic characteristics

i) Surface pursuant to altitudes
Table 3.1.8-2 and Figure 3.1.8-1 show the percentage of surface according to altitudes
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Table 3.1.8-2 Surface according to altitude

Area (km?)
Altitude
(m.a.s.l) Yauca
0 - 1000 332,79
1000 — 2000 575,82
2000 — 3000 1302,58
3000 — 4000 1504,8
4000 — 5000 602
5000 — More 0,55
TOTAL 4318,54
Maximum
Altitude 5060,00

Source: Prepared by the JICA Study Team based on the 30 m grid data

7000

6000
- B 5000 - more
‘g 2000 @ 4000 - 5000
X 4000 | | ©3000- 4000
Y 02000 - 3000
G 3000 — | m1000 - 2000
E 2000 o 0-1000

1000 A

0 .
Yauca

Figure 3.1.8-1 Surface according to altitude

ii) Zoning according to slopes
Table3.1.8-3 and Figure 3.1.8-2 show the slopes in each watershed.

Table 3.1.8-3 Slopes and surface

Yauca
Area
Watershed slope (%) (kmz) Percentage

0-2 79,01 2%

2-15 1190,19 28%

15-35 1591,21 37%

More than 35 1458,13 34%
TOTAL 4318,54 100%
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Figure 3.1.8-2 Slopes and surface

iii) River-bed slope

Table 3.1.8-4 and Figure 3.1.8-3 show the slope in every river and the length of streams
including tributaries. Figure 3.1.8-4 shows the general relation of the movement of sediments and
the river-bed slope. Supposedly, sections with more than 33,3 % of slope tend to produce higher
amount of sediments, and hillsides with slopes between 3,33 % and 16,7 %, accumulate
sediments easier.

Table 3.1.8-4 River-bed Slope and total length of stream

River-bed slope
(%) Yauca
0,00-1,00 39,13
1,00 - 3,33 312,82
3,33-16,67 1687,19
16,67 - 25,00 352,42
25,00 - 33,33 185,78
33,33 — More 226,92
TOTAL 2804,26
5000 m33.33 - moRE
m25.00-33.33
— 4000
c 0 16.67 -25.00
X 3000 03.33-16 .67
T —— 1.00-3.33
E 2000 i '
M m0.00-1.00
G 1000
T
H gl D
Yauca

Figure 3.1.8-3 River-bed Slope and total length of streams
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Figure 3.1.8-4 River-bed slope and sediment movement pattern

3) Rainfall

On the Pacific coast there is an arid area of 30 to 50km width and approx 3.000km long. This region
belongs to a climate zone called Chala, where the middle annual temperature is about 20 °C and
almost it does not rain along the year.

Altitudes between 2500 and 3000 m.a.s.l. belong to the Quechua zone, where annual precipitation
exist between 200 and 300mm. On altitudes from 3500 and 4500m.a.s.| there is another region, called
Suni, characterized by its sterility. Precipitations in this region occur annually with 700mm of rain.

Figure 3.1.8-5 shows the isohyets map (annual rainfall) of the watershed.

3-25



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level), Yauca River

L

=

el Enrn i

— PR S T |

ATOUR

1} 1 o W

= . Precipitacién Anual - Altitud
| Bk — _ Cuenca del Rio Yauea i

A
|

Source: Prepared by the JICA Study Team based on the SENAMHI data
Figure 3.1.8-5 Isohyet Map of the Yauca river watershed

Annual precipitations in the flood analysis area fluctuate between 0 and 25mm. The average annual
precipitation in the northern area of 4000 m.a.s.l is between 500 and 750 m.a.s.l.

4) Erosion

The characteristics of erosion of the watershed in general are presented below. This is divided in
three large natural regions: Coast, Mountain/Suni and Puna. Figure 3.1.8-6 shows the corresponding
weather and the rainfalls. It is observed that the area most sensitive to erosion is Mountain/Suni where
the pronounced topography without vegetal coverage predominates.
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Figure 3.1.8-6 Relation between the erosion volume and the different causes

(3) Identification of the zones more vulnerable to erosion

The erosion map prepared by ANA considers the geology, hill sloping and rainfalls. Supposedly, the
erosion depth depends on the hillside slope, and in such sense the erosion map and the slope map are
consistent. Thus, it is deduced that the zones more vulnerable to erosion according to the erosion map
are those were most frequently erosion happens within the corresponding watershed. Next, the
tendencies regarding the watershed are described.

Between 1000 and 3000 m.a.s.l are located on slopes with more than 35 degrees. It is observed that
this watershed’s topography is less accentuated than the Cafiete, Chincha and Pisco watersheds. In
particular, between 1000 and 2000m.a.s.l, 76% of slopes are more than 35° and are deduced to be

more susceptible to erosion.
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Table 3.1.8-5  Slopes according to altitudes of the Yauca river watershed

SLOPES Total
Altitude 02 | 2-15 | 15-35 | morethan3s
0-1000 21.13 106.81 86.07 118.78 33279
Ratio 6% 32% 26% 36% 100%
1000 - 2000 1.48 40.14 04 66 439.54 575.82
Ratio 0% % 16% 76% 100%
2000 - 3000 1472 350.89 39092 538.08 130361
Ratio 1% 27% 31% 41% 100%
3000 - 4000 2507 408.75 686.54 20534 15057
Ratio 2% 33% 46% 20% 100%
4000 - 5000 17.56 194 38 324.82 67.24 604
Ratio 3% 32% 4% 11% 100%
5000 - More 0.15 0.22 0.1 0.18 0.65
Ratio 23% 34% 15% 28% 100%
Total 80.11 119119 1382.11 145914 432257
Ratio 2% 28% 37% 34% 100%
4000
3500
3000
2500
;i 2000 ® Over35
g 15-35
1500 m2-15
IIIII IIIII 02
1000
500 S
= B m 0=
0-1000 1000-2000  2000-3000  3000-4000  4000-5000 5000 - Mas
Alutitude(km)

Figure 3.1.8-7 Slopes according to altitudes of Yauca River

(4) Production of sediments

1) Results of the geological study

The study was performed on the upper watersheds of Pisco and Cafiete Rivers. It is considered that
the conditions for Yauca River are similar. The results are described below.

e On mountain slopes there are formations of clastic deposits leaved by collapses or wind
erosion

* Production patterns are differentiated according to the foundation rock geology. If this
foundation is andesitic or basaltic, the mechanisms consists mainly in great gravel falling (see
Figure 3.1.8-8 and 3.1.8-9)

e There is no rooted vegetation (Figure 3.1.8-10) due to the sediment in ordinary time. On the
joints of the andesitic rock layer where few sediment movements occur, algae and cactus have
developed
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* In almost every stream lower terrace formation was observed. In these places, sediments
dragged from slopes do not enter directly to the stream, but they stay as deposits on the
terraces. Due to this, most of the sediments that enter the river probably are part of the
deposits of the erosion terraces or accumulated sediments due to the bed’s alteration (see
Figure 3.1.8-11)

e On the upper watershed there are less terraces and the dragged sediments of slopes enter

directly to the river, even though its amount is very little

Figure 3.1.8-8 Andesitic and Basaltic lands collapse Figure 3.1.8-9 Sediment production
of the sedimentary rocks

Presence of cactus can be seen on the rough soil
surface and some sediment is dragged

Figure 3.1.8-10 Cactus Invasion
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Material deposit formation with dragged sediments (without water's intervention) . i

Material
Depasits

Figure 3.1.8-11 Movement of the sediment in the stream

2) Sediments movement (in the stream)

In ravines terraces are developed. The base of these terraces is directly contacted with channels and from
these places the sediments will be dragged and transported with an ordinary stream (including small and
medium overflows in rainy season).

3) Production forecast and sediments entrainment

It is expected that the amount of sediment production and entrainment will vary depending of the
dimension of factors such as rainfall, volume of flow, etc.

Since a quantitative sequential survey has not been performed, nor a comparative study, here we
show some qualitative observations for an ordinary year, a year with a rainfall similar to that of El
Nifio and one year with extraordinary overflow. The scope of this Study is focused on a rainfall with
50 year return period, as indicated in the Figure below, which is equivalent to the rainfall producing
the sediment flow from the tributaries.

Sediments dragging occurred in the past

V=
Generated
Sediments
Volume

River's margin Tributary
erasion < sediments flow

Study Approach

_/

10 25 50 100 1074

] R = Rain return period

El Nifio Phenomenaon
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(i) An ordinary year

- Almost no sediments are produced from the hillsides

- Sediments are produced by the encounter of water current with the sediment deposit
detached from the hillsides and deposited at the bottom of terraces

- It is considered that the entrainment is produced by this mechanism: the sediments
accumulated in the sand banks within the bed are pushed and transported downstream by
the bed change during low overflows (see Figure 3.1.8-12)

LEGEND
Sediment movement

due to metheorization ;
and soil sliding withnut//_\ },/ Ealic ergsion
entering the river i #

Sediment movement
Shores erosion, terraces
sand enbankments,
sediment movement due

Shares erosion, terraces to riverbed’s changes.

sand enbankments, Mainly fine grains

sediment movement due — Section susceptible to
to riverbed's changes. ergsion

Mainly fine grains. | Mﬁ' | L
i -1 e Sedimentaticn section

&« Sediment flow
(Sedimentation section}

o E :
.ﬁ" B
r— |
Alluvial Fan . Valleyplain, . Ravines Mountain -
alluvial cone ¢ (mainly slopes

tributaries}

Figure 3.1.8-12 Production and entrainment of sediments in an ordinary year

(ii) When torrential rains with magnitude similar to that of the El Nifio happen (50 years return
period)

Pursuant to the interviews performed in the locality, every time El Nifio phenomenon
occurs the tributary sediment flow occurs. However, since the bed has enough capacity to
regulate sediments, the influence on the lower watershed is reduced.

+ The amount of sediments entrained varies depending on the amount of water running by
the hillsides

+  The sediment flow from the tributaries reaches to enter to the main river

- Since the bed has enough capacity to regulate the sediments, the influence in the
watershed is reduced
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Figure 3.1.8-13 Production and entrainment of sediments during the torrential rainfall of
magnitude similar to that of El Nifio (1:50 year return period)

(i) Large magnitude overflows (which may cause the formation of terraces similar to those
existing now), with a 1:10.000 year return period
In the coast, daily rainfall with 100 years of probability are approximately 50 mm, so land
slides entrained by water scarcely occur currently. However, precisely since there are few rains,
when torrential rainfall occurs, there is a high potential of water sediment entrainment.

If we suppose that rainfall occurs with extremely low possibilities, for example, 1:10.000
years, we estimate that the following situation would happen (see Figure 3.1.8-14).

+ Sediment entrainment from hillsides, by the amount congruent with water amount

+ Exceeding sediment entrainment from the bank and bottom of hillsides by the amount
congruent with the water amount, provoking landslides which may close streams or beds

+ Destruction of the natural embankments of beds closed by the sediments, sediment flow by
the destruction of sand banks

- Formation of terraces and increase of sediments in the beds of lower watershed due to the
large amount of sediments

- Overflowing in section between alluvial cone and critical sections, which may change the bed.
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Figure 3.1.8-21 Production of sediments in large overflowing (geologic scale)

3.1.2  Run off analysis
1) Rainfall data

1) Current rainfall monitoring system

The current rainfall data collection system used for the discharge analysis was reviewed; besides,
the necessary rainfall data was collected and processed for such analysis. Rainfall data was obtained
from SENAMHI and ELECT.PERU.

Tables 3.1.9-1~2 and Figure 3.1.9-1 indicate the rainfall monitoring points and the data collected
according to the period.

In Yauca river watershed rainfall monitoring is performed in 7 stations (including those currently
non-operative), for a maximum period of 47 years since 1964 until 2010.

Table 3.1.9-1 List of rainfall monitoring stations (Yauca river watershed)

CODEof | LENGTH | LATITUDE | HEIGHT PERIOD
NAME
STATION ™ [ [m.as.]

YAUCA 000743 74°31'01.0" | 15°40'01.0" 1964-1976,1979-1982
CARHUANILLAS 157220 73°4401.0" | 15°08'01.0" 3,000 1967-1968,1971-1987
CHAVINA 000742 73°5001.0" | 14°59'01.0" 3,310 1964-1982
1964, 1966-1984,

CORA CORA 000743 73°47'01.0" | 15°01'01.0" 3,172 1987-1988,1991,
1993-2010

SANCOS 000740 73°5701.0" | 15°04'01.0" 2,800 1964-1980
TARCO 157216 73°4501.0" | 15°18'01.0" 3,300 1967-1969, 1971-1973
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Table 3.1.9-2 Period of rainfall data collection (Yauca river watershed)
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Figure 3.1.9-1 Monitoring stations location map
(Yauca River watershed)
2) Isohyet map

Annual rain isohyets maps are described next (average of 10 years) elaborated by SENAMHI using
data recovered in the period 1965-1974.

Figure 3.1.9-2 shows a map of the isohyet of Yauca River watershed.
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In the Yauca River Watershed is observed that the considerable variation of the annual rainfall
depending on the zones, with a minimum of 25mm and a maximum of 750 mm approximately. The
rainfall is lower on the lower watershed and it increases as the altitudes gets near the upper watershed,
increasing the altitudes.

The annual rainfall in the low watershed, subject to the control of floods, is reduced ranging from
25 to 50 mm.

— AT bt v |

| AT R
|
1

Esain 1) $500500

Precipitacién Anual - Altitud
Cuenca del Rio Yauca i

il Wam

Figure 3.1.9-2 Isohyet Map (Yauca River watershed)

2 Rainfall analysis

1) Methodology

The statistic hydrologic calculation was made using the rainfall data collected from several stations,
to determine the rainfall with 24 hour return period in every station.

Several models of distribution of return periods were tested and the most adequate one was adopted.
Thus, the precipitation with 24 hours return period was determined with this model.
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The statistic hydrologic models were:

+Normal o Gaussian distribution

+  Log-Normal of 3 parameters distribution
+ Log-Normal of 2-parameters distribution
+ Gamma distribution of 2 or 3 parameters
+Log Pearson Type Il distribution

+ Gumbel distribution

+ General distribution of extreme value

2) Results of the rainfall analysis of return period-t

The rainfall of several stations are shown below and the reference point of each watershed,
according to return periods.

Rain observed in Yauca River stations has been greater than 40mm with a maximum of 84mm.

Table 3.1.9-3 shows the monitoring points and the rainfall with 24 hour return period in each station.
Figure 3.1.9-3 shows the map of isohyets of rainfall with 50 year return period.

Table 3.1.9-3 Rainfall with 24 hour return period
(Yauca river watershed)

Retunr Period T [YEARS]
Station Name
PT 2 PT 5 PT_10 PT_25 PT_50 PT_100 PT_200
CARHUANILLAS 26.0 420 54.0 70.0 84.0 98.0 114.0
CHAVINA 320 420 48.0 54.0 59.0 62.0 66.0
CORACORA 28.0 36.0 41.0 46.0 49.0 52.0 54.0
SANCOS 34.0 48.0 57.0 67.0 74.0 80.0 86.0
TARCO 20.0 32.0 41.0 54.0 65.0 77.0 91.0

Table 3.1.9-4 Rain of 24 hours for the different return periods
(Reference Point: San Francisco Alto Station)

Return Period (years) | Maximum Precipitation
in 24 hours (mm)
5 28
10 33
25 39
50 45
100 50
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Figure 3.1.9-3 Map of isohyets of a 50 years period rainfall (Yauca river watershed)

Table 3.1.9-5 Pluviograph of the different return periods

Hours Total
Years Precipitation
1 2 3 4 5 6 7 8 9 10
(mm)

5 1 2 3 4 3 3 2 2 1 1 22
10 1 2 3 5 4 3 3 2 2 1 26.5
25 2 3 4 6 4 4 3 3 2 1 31.3
50 2 3 5 7 5 4 4 3 2 1 36.2
100 2 4 5 8 6 5 4 3 2 2 40.2

3 Run off analysis

1) Flow monitoring

The current flow data collection system used in the discharge analysis was reviewed, and the
necessary flow monitoring data were collected and processed for such analysis. The flow data have
been obtained mainly from the DGIH, irrigation commissions, Water National Authority (ANA) and
the Chira-Piura Special Project.
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2) Run off analysis

The statistic hydrological calculation was made using the data of the maximum annual discharge
collected and processed in the reference points, to determine the flow with different probabilities.
Table 3.1.9-6 shows the probable flow with return periods between 2 and 100 years.

Table 3.1.9-4 Probable flow in control points
(m3/s)

Return periods

Rivers 2years | 5years | 10years | 25years | 60 years ylegfs

41 81 116 171 219 273

Yauca River
San Francisco Alto

3)  Analysis of flooding flow with t-years return periods

(a) Methodology
The probable flooding flow was analysed using the HEC-HMS maodel, with which the hyetograph
or return periods was prepared, and the peak flow was calculated.

For the rainfall used in the analysis, the hyetograph of several periods prepared in the rainfall

analysis was used.

(b) Analysis results
Table 3.1.9-7 shows the flow of floodings with return periods between 2 and 100 years of the Yauca

river watershed.

Likewise, Figure 3.1.9-4 shows the hydrographical map of probable flood in the Yauca river watershed. It
can be noticed that the numbers in Tables 3.1.9-6 and 3.1.9-7 are similar. So, for the following flood analysis

the figures of Table 3.1.9-7 were decided to be used because they match the hydrograph.

Table 3.1.9-6 Flood flow according to the return periods
(Peak flow: Reference point)

(m*/s)
Return period
Rivers 2years | 5years | 10years | 25years | 50years | 100 years
Yauca River
San Francisco Alto 24 37 90 167 263 400
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Figure 3.1.9-4 Hydrogram of Yauca river

3.1.10 Analysis of inundation

(1) River surveys

Prior to the flood analysis, the transversal survey of Yauca river was performed as well as the

longitudinal survey of dikes. Table 3.1.10-1 shows the results of the surveys in the five rivers subject

of this Study.

In order to obtain the topographic data for the analysis of the flooding zones, the results of the true

measurement results indicated in Table 3.1.10-1 were used as a complement, using the satellite figures

data.

Table 3.1.10-1 Basic data of the river surveys

Survey Unit Quantity Notes
1. Control points survey
Yauca river No. 5
2. Dikes transversal
250m Interval, only one bank
survey
Yauca river km 45
3. River transversal
500m Interval
survey
Yauca river km 31.9 91 lines x 0.35km
4. Benchmarks
Type A No. 5 Every control point
Type B No. 25 25km x one point/km
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(1) Inundation analysis methods

Since the DGIH carried out the flood analysis of the profile study at a program level using the
HEC-RAS model, for this Study, we decided to used this method, and review and modify it, if
necessary.

1) Analysis basis

Normally, for the flooding analysis the following three methods are used.

(D Varied flow unidimensional model
©) Tank model

@ Varied flow horizontal bidimensional model

Transversal
Rising Floodabie Area
| DEM (prepared based

| on satellite images)

-—— DEM |(prepared based -
on satellite images)

Floodable Area |
]

Floodable Area !

|
__™. Keep the same height
of transversal rising

and the soil height of
the area

Figure 3.1.10-1 Idea of unidimensional model

The time and cost required by each method vary considerably, so only the most efficient method
will be chosen, which guarantees the necessary accurateness degree for the preparation of the
floodable zone maps.

Table 3.1.10-2 shows the characteristics of each analysis method. From the results of the simulation
performed by DGIH, it is known that the rivers have a slope between 1/100 and 1/300, so initially the
varied flow one-dimensional model was chosen assuming that the floods were serious. However, we
considered the possibility that the overflowed water extends within the watershed in the lower
watershed, so for this study the variable regimen horizontal bi-dimensional model was used to obtain
more accurate results
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Table 3.1.10-2 Methodology of flooding analysis

Analysis Vary flow unidimensional model Tank model Varied flow bi-dimensional horizontal
methods model
Basic concept In this method, the flood zone is This method manages the flood zone and | This method manages the flood zones
of the flood considered to be included in the river | bed separately, and considers the flooding | and the bed separately, and the flood

zone definition

bed, and the flood zone is determined
by calculating the water level of the
bed in relation to the maximum
flooding flow

zone as a closed body. This closed water
body is called pond where the water level
is uniform. The flood zone is determined in
relation to the relationship between the
overflowed water from the river and
entered to the flood zone, and the
topographic characteristics of such zone
(water level- capacity— surface).

zone is determined by analyzing the
bidimensional flow of the behaviour
of water entered to the flood zone.

Approach

The bedn and the flood as a whole

Flood zone, Bed

Flood zone

Flood zone Bed

Characteristics

It is applicable to the floods where
the overflowed water runs by the
flood zone by gravity; that means,
current type floods. This method
must manage the analysis area as a
protected area (without dikes).

Applicable to blocked type floods where
the overflowed water does not extend due
to the presence of mountains, hills,
embankments, etc. The water level within
this closed body is uniform, without flow
slope or speed. In case there are several
embankments within the same flood zone,
it may be necessary to apply the pond
model in series distinguishing the internal
region.

Basically, it is applicable to any kina
of flood. Reside the flood maximum
area and the water level, this method
allows reproducing the flow speed
and its temporary variation. It is
considered as an accurate method
compared with other methods, and as
such, it is frequently applied in the
preparation of flood irrigation maps.
However, due to its nature, the
analysis precision is subject to the
size of the analysis model grids.

2) Overflow analysis method

Figure 3.1.10-2 shows the conceptual scheme of the variable regimen horizontal bi-dimensional model.
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@ Overflow analysis model
1. Floodable zones model
2. Bed mod_el - ) -‘ €  For the flood zone, identify the pattern of water flow
& Ideny the characterlstlps of every section extension by applying the horizontal bidimensional
€  Prepare the hydrographlcal study of the flow ——
of 17l I applying the varied flow € Section the zone in a 50m x 50m grid, enter the
unidimensional model. ) ' features that may have an effect on the water flow,
¢ Applythe same_calr;ulatmn base a_pplled for for instance, altitudes, roughness, embankments,
the bed calculation in the preparation of the -
floodable zone map. '
y i i _Embankmén_t
— A — —— e =
/ Overfiow /
: e x "9~/ Box-culvert
AR S0 2 AR /4
7, , e . = = /
2 ’.l e/ / ~ - /
y ~ 2 /
- /
3. Dike breakage and water overflow model L e e il el
€ Each section is immediately broken once
they arrive to the beginning of the breakage 4. Extemnal forces
level. 1. Conditions of the high watershed
@ Define the dike breakage overflow and the flr;/z:sgraphical study mathematically
width calculated y applying the rehabilitation
@ Make the temporary calculation of the e
overflow charge in the dike breakage point
and provide the data to the floodable zones. 1 Condifons of the low watershed
Data of the water level (médium
level of water in the high tide)
Figure 3.1.10-2 Conceptual scheme of the overflow analysis model
(2) Discharge capacity analysis

The current discharge capacity of the beds was estimated based on the results of the river
survey and applying the HEC-RAS method, which results appear in Figure 3.1.10-3. This
Figure also shows the flooding flows of different return periods, which allow evaluating in
what points of the Yauca river watershed flood may happen and what magnitude of flood flow
may they have.
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Figure 3.1.10-3(1) Current discharge capacity of Yauca River

(4) Inundation area
As a reference, Figures 3.1.10-4 show the results of the inundation area calculation in the Yauca

river watershed compared to the flooding flow with a 50 year return period.

Figure 3.1.10-4 Inundation area of Yauca river (50 year period floods)
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3.2 Definition of Problem and Causes
3.2.1 Problems of flood control measures in the Study Area
Based on the results of the Yauca River, the main problem on flood control was identified,

as well as the structures to be protected, which results are summarized in Table 3.2.1-1.

Table 3.2.1-1 Problems and conservation measures of flood control works

Overflowing Non-wor
. Non-wor .
Problems Without | Sediment | 1<K Dike Banks king King
thout | Sedime of erosion erosion intake | derivatio
dikes in bed width n works
Agricultural
o O O O O O O
lands
Irrigation
o o
Structures | channels
tobe | Urban area o o o
protected
Roads o
Bridges o

3.2.2 Problem causes

Next, the main problem and its direct and indirect causes for flood control in the Study
Area are described:

(1) Main Problem

Valleys and local communities highly vulnerable to floods

(2) Direct and indirect causes

Table 3.2.2-2 shows the direct and indirect causes of the main problem
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Table 3.2.2-2 Direct and indirect causes of the main problem

Direct cause [1. Excessive flood flow (2. Overflowing 3.Insufficient 4. Insufficient
maintenance of control |[communitarian
works activities for flood

control

Indirect 1.1 Frequent 2. Lack of flood control [3.1 Lack of 4.1 Lack of knowledge

causes occurrence of works maintenance and flood prevention

extraordinary weather knowledge and skills  |techniques
(El Nifio, etc..)
1.2 Extraordinary rains |2.2 Lack of resources |3.2 Lack of training in [4.2 Lack of training in
in the middle and upper [for the construction of |maintenance flood prevention
basins works
1.3 Vegetation cover 2.3 Lack of plans for  |3.3 Lack of dikes and |4.3 Lack of early
almost zero in the flood control in basins |banks repair warning system
middle and upper
basins
1.4 Excessive sediment |2.4 Lack of dikes 3.4 Lack of repair 4.4 Lack of monitoring
dragging from the works and referral and collection of
upper and middle river making hydrological data
levee
1.5 Reduction of 2.5 Lack of bed channel|3.5 Use of illegal bed
discharge capacity of |width for agricultural
rivers by altering purposes
slopes, etc.

2.6 Accumulation of  [3.6 Lack of

sediments in beds maintenance budget

2.7 Lack of width at the

point of the bridge

construction

2.8 Elevation of the bed

at the point of the

bridge construction

2.9 Erosion of dikes

and banks

2.10 Lack of capacity

for the design of the

works

3.2.3 Problem Effects

(1) Main Problem

Valleys and local communities highly vulnerable to floods

(2) Direct and indirect effects

Table 3.2.3-1 shows the direct and indirect effects of the main problem
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Table 3.2.3-1 Direct and indirect effects of the main problem

Direct 1. Agriculture 2. Direct 3. Social infrastructure 4. Other economical
damages to the
Effects Damages . damages damages
community
. 2.1 Private
1.'1 Agriculture and property and 3.1 Roads destruction 4.1 Traffic interruption
livestock damage -
housing loss
. 2.2 Industries 4.2 Flood and
1.2 Agricultural L . . .
and facilities 3.2 Bridges loss evacuations prevention
lands loss
loss costs
. 2.3 Human life 3.3 Rgn_nlng water, 4.3 Reconstruction
1.3 Irrigation electricity, gas and
. loss and 29 costs and emergency
. channels destruction . communication
Indirect accidents - ) measures
infrastructures’ damages
Effects 7 2 Work
) . 2.4 Commercial 4.4 Work loss by local
destruction and . .
I loss inhabitants
derivation

1.5 Dikes and banks
erosion

4.5 Communities
income reduction

4.6 Life quality
degradation

4.7 Loss of economical
dynamism

(3) Final effect

The main problem final effect is the community socio-economic impediment

development of the affected area.

3.2.4 Causes and effects diagram

Figure 3.2.4-1 shows the causes and effects diagram done based on the above analysis

results.
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Figure 3.2.4-1 Causes and effects diagram

3.3 Objective of the Project

The final impact that the Project wants to achieve is to alleviate the vulnerability of
valleys and local community to flooding and promote local economic development.

3.3.1 Solving measures for the main problem
(1) Main objective
Soothe the valleys and local community to flooding vulnerability.
(2) Direct and indirect measures
In table 3.3.1-1, direct and indirect solutions measures for the problem are shown.
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Table 3.3.1-1 Direct and indirect solution measures to the problem

Direct 1. Analyze and relieve  |2. Prevent overflow 3. Full compliance with 4. Encourage community
measures |excessive flood flow maintenance of flood flood prevention
control works
Indirect 1.1 Analyze 2.1 Construct flood 3.1 Strengthen 4.1 Strengthen
measures [extraordinary weather (El|control works maintenance knowledge [knowledge and skills to

Nifio, etc..)

and skills

prevent flooding

1.2 Analyze
extraordinary rainfall in
the upper and middle
basins

2.2 Provide resources for
the works construction

3.2 Reinforce training
maintenance

4.2 Running flood
prevention training

1.3 Planting vegetation
on the upper and middle
basins

2.3 Develop plans for
flood control basins

3.3 Maintain and repair
dikes and banks

4.3 Creating early
warning system

1.4 Relieve Excessive
sediment entrainment
from the upper and
middle river dikes

2.4 Build dikes

3.4 Repair intake and
derivation works

4.4 Strengthen
monitoring and water
data collection

1.5 Take steps to alleviate
the reduction in discharge
capacity of rivers by
altering slopes, etc.

2.5 Extends the width of
the channel

3.5 Control the illegal use
of bed for agricultural
purposes

2.6 Excavation of bed

3.6 Increase the
maintenance budget

2.7 Extending the river at
the bridge’s construction

2.8 Dredging at the point
of the bridge construction

2.9 Control dikes and
banks erosion

2.10 Strengthen the
capacity for works design

3.3.2 Expected impacts for the main’s objective fulfillment
(1) Final Impact
The final impact that the Project wants to achieve is to alleviate the vulnerability of the
valleys and the local community to floods and promoting local socio-economic
development.

(2) Direct and indirect impacts
In table 3.3.2-1 direct and indirect impacts expected to fulfill the main objective to
achieve the final impact are shown.
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Table 3.3.2-1 Direct and indirect impacts

Direct 1. Agricultural damage |2. Relief of direct harm |3. Relief of social 4. Relief of other
Impacts relief to the community infrastructure damage |economic damage
Indirect 1.1 Relief to crops and  [2.1 Housing and private |3.1 Road destruction 4.1 Traffic interruption
Impacts livestock damage properties loss prevention prevention

prevention

1.2 Relief for farmland
loss

2.2 Prevention of
Industries and facilities
establishments

3.2 Prevention of
bridges loss

4.2 Reducing costs of
flood prevention and
evacuation

1.3 Prevention of the
destruction of irrigation
channels

2.3 Prevention of
accidents and human life
loss

3.3 Running water,
electricity, gas and
communication
infrastructures’ relief

4.3 Cost reduction of the
reconstruction and
emergency measures

1.4 Prevention of
destruction works of
intake and derivation

2.4 Commercial loss
relief

4.4 Increase of local
community hiring

1.5 Dikes and banks
erosion relief

4.5 Community income
increase

4.6 Life quality
improvement

4.7 Economic activities
development

3.3.3 Measures - objectives — impacts Diagram
In Figure 3.3.3-1 the measures - objectives — impacts diagram is shown.
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Figure 3.3.3-1 Measures - objectives — impacts diagram
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4. FORMULATION AND EVALUATION

4.1 Definition of the Assessment Horizon of the Project

The Project’s assessment horizon will be of 15 years, same as the one applied on the
Program Profile Report. The Annex-10 of SNIP regulation stipulates that the assessment
horizon should be basically 10 years; however the period can be changed in case that the
project formulator (DGIH in this Project) admits the necessity of change. DGIH adopted 15
years in the Program Profile Report and OPI and DGPM approved it in March 19, 2010. In
JICA’s development study it should be generally 50 years, so the JICA Study Team inquired
on the appropriate period to DGIH and OPI, they directed JICA Study Team to adopt 15
years. And the social evaluation in case of 50 years assessment horizon is described in
Annex-14 Implementation Program of Japanese Yen Loan Project.

4.2 Supply and Demand Analysis

The theoretical water level was calculated considering flowing design flood discharge based
on river cross sectional survey executed with a 500m interval, in each Watershed,
considering a flood discharge with a return period of 50 years. Afterwards, the dike height
was determined as the sum of the design water level plus the freeboard of dike.

This is the dike height required to prevent damages caused by design floods and represents
the local community demand indicator.

The height of the existing dike or the height of the present ground is that required to prevent
present flood damages, and represents the present supply indicator.

The difference between the design dike (demand) and the height of the present dike or
ground represents the difference or gap between demand and supply.

Table 4.2-1 shows the averages of flood water level calculated with a return period of 50
years in “3.1.9 Run-off Analysis”; of the required dike height (demand) to control the
discharge adding the design water level plus the freeboard dike; the dike height or that of the
present ground (supply), and the difference between these last two (difference between
demand-supply) of the river. Then, Table 4.2-2 shows the values of each point in Yauca river.
The dike height or that of the present ground is greater than the required dike height, at
certain points. In these, the difference between supply and demand was considered null.

Table 4.2-1 Watershed Demand and Supply

Dike Height / current land Theoretical ) Diff. demand/suopl
(supply) water level Dike Required - pply
with a return dike's heigth
Watershed Left bank Right bank ggind of Freeboard (demand) Left bank Right bank
years
@ @ ©) @ G=0+® | ©=6-0 | @=6-@
Yauca 187.54 183.01 179.03 0.80 179.83 0.21 0.40
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Table 4.2-2 Demand and Supply according to calculation (Yauca River)

(m)

Dike Height / current land (supply)

Theoretical water

Required dike's height

Diff. demand/supply

Distance (km) Left bank Right bank Ieyel with a return Dike Freeboard (demand) Left bank Right bank
o) ) period of 50 years @ ©=-0+@ ©=6—D D=6-®
0.0 4.97 2.94 2.11 0.80 2.91 0.00 0.00
0.5 3.27 1.76 2.37 0.80 3.17 0.00 1.41
1.0 10.87 3.64 3.10 0.80 3.90 0.00 0.26
1.5 4.97 4.97 4.10 0.80 4.90 0.00 0.00
2.0 5.80 7.83 4.90 0.80 5.70 0.00 0.00
2.5 7.47 7.31 6.96 0.80 7.76 0.30 0.45
3.0 14.25 8.72 8.61 0.80 9.41 0.00 0.69
3.5 37.20 10.24 10.62 0.80 11.42 0.00 1.17
4.0 27.20 14.89 13.45 0.80 14.25 0.00 0.00
4.5 41.61 16.73 15.01 0.80 15.81 0.00 0.00
5.0 48.40 18.05 17.08 0.80 17.88 0.00 0.00
5.5 49.60 21.82 20.69 0.80 21.49 0.00 0.00
6.0 66.64 22.59 22.57 0.80 23.37 0.00 0.78
6.5 26.15 27.58 26.44 0.80 27.24 1.10 0.00
7.0 31.56 30.44 29.54 0.80 30.34 0.00 0.00
7.5 35.06 33.45 33.74 0.80 34.54 0.00 1.09
8.0 55.64 36.76 36.54 0.80 37.34 0.00 0.58
8.5 92.42 42.03 40.95 0.80 41.75 0.00 0.00
9.0 47.78 51.89 43.97 0.80 4477 0.00 0.00
9.5 46.33 47.03 47.70 0.80 48.50 2.16 1.47
10.0 63.63 57.95 50.05 0.80 50.85 0.00 0.00
10.5 54.18 54.90 54 .33 0.80 55.13 0.95 0.23
11.0 58.49 57.64 58.23 0.80 59.03 0.55 1.39
11.5 67.51 65.23 62.01 0.80 62.81 0.00 0.00
12.0 78.41 69.53 64 .45 0.80 65.25 0.00 0.00
12.5 80.32 87.31 68.29 0.80 69.09 0.00 0.00
13.0 71.34 71.52 71.17 0.80 71.97 0.63 0.45
13.5 83.84 83.32 75.46 0.80 76.26 0.00 0.00
14.0 79.35 78.03 78.67 0.80 79.47 0.12 1.45
14.5 94.44 83.42 83.15 0.80 83.95 0.00 0.53
15.0 103.94 85.08 86.11 0.80 86.91 0.00 1.83
15.5 91.45 93.23 90.89 0.80 91.69 0.24 0.00
16.0 103.13 94.80 95.66 0.80 96.46 0.00 1.66
16.5 101.27 99.13 99.45 0.80 100.25 0.00 1.12
17.0 105.25 104.77 105.16 0.80 105.96 0.71 1.19
17.5 117.49 114.65 109.53 0.80 110.33 0.00 0.00
18.0 115.48 124 .95 112.85 0.80 113.65 0.00 0.00
18.5 120.59 118.49 117.47 0.80 118.27 0.00 0.00
19.0 122.18 122.34 121.71 0.80 122.51 0.32 0.17
19.5 128.61 130.38 127 .62 0.80 128.42 0.00 0.00
20.0 132.85 134.29 132.42 0.80 133.22 0.37 0.00
20.5 136.79 141.05 137.34 0.80 138.14 1.34 0.00
21.0 146.87 158.06 141.99 0.80 142.79 0.00 0.00
21.5 152.18 167.34 147.07 0.80 147.87 0.00 0.00
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22.0 166.56 166.11 151.74 0.80 152.54 0.00 0.00
22.5 167.23 176.01 157.30 0.80 158.10 0.00 0.00
23.0 200.98 174.62 162.00 0.80 162.80 0.00 0.00
23.5 179.36 168.30 167.46 0.80 168.26 0.00 0.00
24.0 192.88 172.51 172.67 0.80 173.47 0.00 0.96
24.5 177.96 190.53 177.87 0.80 178.67 0.71 0.00
25.0 207.59 202.14 183.38 0.80 184.18 0.00 0.00
25.5 207.43 215.11 188.96 0.80 189.76 0.00 0.00
26.0 238.50 207.55 193.98 0.80 194.78 0.00 0.00
26.5 208.54 208.50 201.43 0.80 202.23 0.00 0.00
27.0 217.45 208.19 208.06 0.80 208.86 0.00 0.68
27.5 222.97 215.11 213.55 0.80 214.35 0.00 0.00
28.0 231.57 220.68 219.73 0.80 220.53 0.00 0.00
28.5 237.11 230.00 226.05 0.80 226.85 0.00 0.00
29.0 233.54 236.00 233.35 0.80 234.15 0.61 0.00
29.5 243.36 239.69 239.11 0.80 239.91 0.00 0.22
30.0 247.66 246.30 246.24 0.80 247.04 0.00 0.74
30.5 254 .22 253.31 252.58 0.80 253.38 0.00 0.07
31.0 262.98 262.55 258.54 0.80 259.34 0.00 0.00
31.5 268.93 264.18 264.74 0.80 265.54 0.00 1.37
32.0 271.56 271.80 270.59 0.80 271.39 0.00 0.00
32.5 294.15 281.23 277.73 0.80 278.53 0.00 0.00
33.0 289.54 285.00 283.63 0.80 284.43 0.00 0.00
33.5 314.58 292.43 291.29 0.80 292.09 0.00 0.00
34.0 301.91 300.00 298.40 0.80 299.20 0.00 0.00
34.5 309.96 303.26 304.17 0.80 304.97 0.00 1.71
35.0 309.63 308.91 309.80 0.80 310.60 0.97 1.69
35.5 316.12 315.88 316.26 0.80 317.06 0.94 1.18
36.0 321.67 322.81 321.73 0.80 322.53 0.86 0.00
36.5 327.48 342.42 326.88 0.80 327.68 0.20 0.00
37.0 333.64 332.74 333.85 0.80 334.65 1.01 1.90
37.5 340.40 339.28 339.41 0.80 340.21 0.00 0.93
38.0 350.09 345.56 345.70 0.80 346.50 0.00 0.93
38.5 351.81 352.28 352.26 0.80 353.06 1.25 0.78
39.0 386.18 358.72 357.64 0.80 358.44 0.00 0.00
39.5 364.24 363.43 364.22 0.80 365.02 0.78 1.59
40.0 371.86 370.50 369.82 0.80 370.62 0.00 0.12
40.5 376.35 375.80 375.71 0.80 376.51 0.16 0.71
41.0 384.23 399.63 381.90 0.80 382.70 0.00 0.00
41.5 395.43 406.83 388.05 0.80 388.85 0.00 0.00
42.0 406.80 394.91 393.12 0.80 393.92 0.00 0.00
42.5 410.39 408.45 399.38 0.80 400.18 0.00 0.00
43.0 405.33 418.83 404.79 0.80 405.59 0.26 0.00
43.5 410.55 423.82 410.54 0.80 411.34 0.78 0.00
44.0 417.99 417.91 418.22 0.80 419.02 1.04 1.11
44.5 438.95 424 .57 424 .52 0.80 425.32 0.00 0.75
45.0 431.48 431.34 431.86 0.80 432.66 1.18 1.32
45.5 438.56 438.49 438.89 0.80 439.69 1.12 1.20
46.0 447.75 446.76 446.80 0.80 447.60 0.00 0.84
Average 187.54 183.01 179.03 0.80 179.83 0.21 0.40
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4.3 Technical Planning

4.3.1 Structural Measures
As structural measures it was necessary to prepare a flood control plan for the whole
Watershed. The later section 4.12 “Medium and Long Term Plan” and 4.12.1 “General Flood
Control Plan” details results on the analysis. This plan proposes the construction of dikes for
flood control in the entire Watershed. However, in the case of the Watershed of the Yauca
River, a big project needs to be set up investing very high costs, far beyond those considered
in the budget of the present Project, what makes it difficult to take this proposal. Therefore,
supposing the flood control dikes in the whole Watershed are built progressively within a
medium and long term plan, they would be focused on the study of more urgent and priority

works for flood control.

(1)Design flood discharge
1) Guideline for flood control in Peru

The Methodological Guide for Projects on Protection and/or Flood Control in Agricultural or
Urban Areas prepared by the Public Sector Multiannual Programming General Direction
(DGPM) of the Economy and Finance Ministry (MEF) recommends to carry out the
comparative analysis of different return periods: 25 years, 50 years and 100 years for the
urban area, and 10 years, 25 years and 50 years for rural area and agricultural lands.

Considering that the present Project is focused on the protection of rural and agricultural
areas, the design flood discharge should be the discharge with return period of 10year to
50-year.

2) Maximum discharge in the past and design flood discharge

The yearly maximum discharge in the watershed is as shown in Figure-4.3.1-1. Based on the
figure, the maximum discharge in the past can be extracted as shown in the Table- 4.3.1-1
together with the flood discharges with different return periods.

The maximum discharge observed in the past in Yauca river is considerably less than the
flood discharge with return period of 50 years, and the same class of floods occurred three
times in the past.

In Peru the flood protection works in the basins are developed almost nil, therefore it is not
necessary to adopt the design discharge more than the past maximum discharge. However,
the large disasters occurred in the past so that the design flood discharge with return period
of 50 years, which is larger than the past maximum, is to be adopted as design flood as in
safe side.

The relation among flood discharge with different return period, damage caused by the
floods and inundation areas is analyzed in the basin. The results are that the more the return
periods of flood increase the more inundation area and damage amount increase in the basin,
however the increase tendency of damage with project is more gentle compared with former
two items, and the reduction of damage with project reaches to maximum in the case of the
flood with return period of 50 years within the cases of flood with less return period of 50
years.

4-4



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Yauca River

Table - 4.3.1-1 Flood discharge with different return period(m?®/sec)

Watershed 2-year |10-year (25-year |50-year |100-year [Max.in Past

Yauca 24 90 167 263 400 211

Figure- 4.3.1-1 Yearly Max. Discharge (Yauca)

3) Relation among probable flood, Damage and inundation area

The relation among probable flood, Damage and inundation area in the watershed are
shown in the Figure-4.3.1-2.

Based on the figure the following facts can be expressed.

(D The more increase probable flood discharge, the more increase inundation area (green
line in the figure).

@ The more increase probable flood discharge, the more increase damage (red line in the
figure).

@ According to increase of probable flood discharge, the damage with project increase
gently (blue line in the figure).

@ According to increase of probable flood discharge, damage reduction (difference
between red line and blue line) increase steadily, and it reaches maximum at the
probable flood of 50- year within the scope of study.

As described above, the adopted design flood discharge with return period of 50 years is
bigger than the past maximum discharge and damage reduction amount in the adopted case
becomes more than that of the flood discharges with less return period. However the Project
in Yauca river is to be cancelled due to low economic viability studied in the section 4.5
Social Evaluation.



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Yauca River

Figure—4.3.1-2  Probable Flood Discharge, Damage Amount and Inundation Area (Yauca
river)

(2) Topographical Uplift

The topographical suevey was carried out in selected places for the execution of structural
measurements (Table 4.3.1-1). The preliminary design of control works was based on these
topographical survey results.

Table 4.3.1-1 Summary of Topographical Survey

) Topo lift. Transversal Lifting (S=1/200)
River I(_’\?;:a)ltlon Installations . Middle Total length
. (ha) Line No. length (m) (m)
Yauca Ya-1 Dike 5.0 11 50.0 550
Ya-2 Dike & 10.0 6 200.0 1,200
excavation
Ya-3 Dike 12.5 26 50.0 1,300
Ya-4 Reservoir 10.0 6 200.0 1,200
Ya-5 Dike 2.5 6 50.0 300
Ya-6 Dike 2.0 5 50.0 250
Total 42.0 60 4,800

(3) Selection of control works against priority floods
1) Basic Guidelines
For the selection of priority flood protection works, the following elements were considered:

Demand from the local community (based on historical flood damage)
Lack of discharge capacity of river channel (including the sections affected by the scouring)
Conditions of the adjacent area (conditions in urban areas, farmland, etc.).
Conditions and area of inundation (type and extent of inundation according to inundation
analysis)
» Social and environmental conditions (important local infrastructures)

YV VY

Based on the river survey, field investigation, discharge capacity analysis of river channel,
inundation analysis, and interviews to the local community (irrigation committee needs, local
governments, historical flood damage, etc...) a comprehensive evaluation was made applying
the five evaluation criteria listed above. After that we selected a total of six (6) critical points
(with the highest score in the assessment) that require flood protection measures.

4-6



Preparatory study on the protection program for

valleys and rural communities vulnerable to floods in Peru

Profile Study Report (Pre-feasibility level),Yauca River

Concretely, since the river cross sectional survey was carried out every 500m interval and
discharge capacity analysis and inundation analysis were performed based on the survey
results, the integral assessment was also done for sections of 500 meters. This sections have
been assessed in scales of 1 to 3 (0 point, 1 point and 2 points) and the sections of which
score is more than 6 were selected as prioritized areas. The lowest limit (6 points) has been
determined also taking into account the budget available for the Project in general

Table 4.3.1-3 details evaluated aspects and assessment criteria.

Table 4.3.1-3 Assessment Aspects and Criteria

Assessment Aspects

Description

Assessment Criteria

Demand of local
population

e Flood damages in the past

e Demand of local population and

producers

+ Flooding area with big floods in the past and
with great demand from local community (2
points)

- Demand of local population (1 point)

Lack of discharge
capacity (bank
scouring)

e Possibility of river overflow
given the lack of discharge
capacity

e Possibility of dike and bank
collapse due to scouring

- Extremely low discharge capacity (discharge
capacity with return period of 10 years or less)
(2 points)

+ Low discharge capacity (with return period of
less than 25 years) (1 point)

Conditions of
surrounding areas

e Large arable lands, etc.

e Urban area, etc.

e Assessment of lands and
infrastructure close to the river.

+ Area with large arable lands (2 points)

- Area with arable lands mixed with towns, or big
urban area (2 points)

- Same configuration as the previous one, with
shorter scale (1 point)

Inundation e Inundation magnitude + Where overflow extends on vast surfaces (2
conditions points)
+ Where overflow is limited to a determined area
(1 point)

Socio-environmental
conditions
(important
structures)

o Intake of the irrigation system,
drinking water, etc.

e Bridges and main roads
(Carretera Panamericana, etc.)

+ Where there are important infrastructures for the
area (2 points)

Where there are important infrastructures (but less
than the first ones) for the area (regional roads,
little intakes, etc.) (1 point)

2) Selection results

Figure 4.3.1-3 details assessment results of each the river, as well as the selection results of flood
protection priority works.
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Yauca river is characterized due to its overflowing tendency at km 7 downwards the intake, flooding right bank
crops. Therefore the flood prevention works are to be inundation prevention work for farmland in the section
downstream of 7km and conservation works for intake and regional road eroded by scouring with high priority.

Table 4.3.1-8 Selected sections bases to execute works (Yauca River)
No Location Basis of Selection
® The existing dikes in this section may be destroyed due to the erosion caused
during floods; so, repair and bank protection works must be executed

[Characteristics of the section]
e The overflow water from the lower section swept away the olives
eSection in which the existing dike has to be repaired

[Elements to Protect]
oAgricultural lands of the right bank

[Method of Protection]

In this section the conservation of olive field which is special product in this
region is main target. The bank protection is to be executed utilizing the
existing dike eroded by the past flood with same scale of the flood with return
period of 50-years.

® Inundation occurred at km 7 downstream from river mouth, spreading farm
land of the right bank.

Excavation of the riverbed has to be carried out to maintain the necessary
discharge capacity at the road bridge

[Characteristics of the section]

eNarrow section (where the road bridge is) in which the discharge capacity is
reduced

eSection on which sediments have deposited due to damming up caused by
the narrowness

eSection in which the water level can be reduced due to the riverbed
excavation

3.5km ~ 7.5km
(right bank)

[Elements to Protect]
o Agricultural lands of the right bank in the section (olive field of regional
special product)

[Method of Protection]

The riverbed excavation is to be executed considering the balance of
upstream and downstream flood protection works as well as aiming at
lowering the water level in the upstream section.

® Inundation occurred at km 7 downstream from river mouth, spreading farm
land of the right bank. The existing dike in this section may be destroyed due
to the erosion caused during floods; so, repair and bank protection works
must be executed

[Characteristics of the section]

eBoth sides of dikes are partially constructed. Sand and gravel material is
embanked there empirically and annually

eFloods swept away part of the olives

e The existing dikes have to be repaired to prevent inundation on right bank

[Elements to Protect]
o Agricultural lands of the right bank

[Method of Protection]
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In this section the conservation of olive field which is special product in this
region is main target. The bank protection is to be executed utilizing the
existing dike eroded by the past flood with same scale of the flood with return
period of 50-years.

In this section the intake is constructed, however it is not working properly
due to the enlarged private property of the left bank to the river, and floods
flow into the intake directly, sediment deposit and destruction of intake,
therefore the appropriate river section is to be secured considering
comprehensive flow condition in this section .

[Characteristics of the section]

eSection in which it is important to protect the intakes functioning

eSection in which it is important to maintain the river’s section delimitating it
from the left bank

[Elements to Protect]
olntake

[Method of Protection]

W The most important intake in this river. In case that the function of it is
damaged, the influence to the region will be serious, therefore the
protection work is to be implemented not to cause the damage in the past
flood of 210m3/sec which is almost equal the flood with return period of
50-year.

Wt is difficult to take water due to sediment deposit, and
the private property enlarges at the left bank to the river causing direct

25.0km~25.7km inflow to the intake in flooding, therefore the appropriate layout of river is

(total) to be planned considering comprehensive flow condition in this section .

This section formulates bending and quick flow at the right bank, which is

causing bank erosion. If no adequate measure is taken, the eroded bank may

disturb the regional road located on the upper section of the right bank
resulting in stop of trafic. So, it is necessary to take erosion control actions,
such as bank protection works for conservation of the road.

[Characteristics of the section]

eRight bank’s progressive erosion (the main road is located on the upper
section)

eSection in which bank erosion control together with regional road
conservation should be performed

[Elements to Protect]
oRegional road of the right bank

[Method of Protection]

W n case that the regional main road is destroyed , the influence to the region
will be serious, therefore the protection work is to be implemented not to
cause the damage in the past flood of 210m3/sec which is almost equal the
flood with return period of 50-year.

WIfitis left as it is, the bank will be eroded resulting in destruction of road,
therefore the erosion protection work such as groin is to be implemented.

The intake located on the upper watershed of the Yauca River is an important
facility to ensure drinking water for local population. However, erosion still
affects the upstream left bank of the intake, also affecting regional road
located on the upper part of the left bank. So, it is urgent to take action on the
erosion control of this section.

40.9km~41.3km
(left bank)

[Characteristics of the section]
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eSection in which the base of the road that runs upstream and downstream
the intake is eroded.
e Section in which bank erosion control works as well as regional road
conservation should be performed.

[Elements to Protect]
o Intake
o Regional road of the left bank

[Method of Protection]

W The intake is the most important facility in this river. In case that the
function of the facility is lost, the influence to the region will be serious,
therefore the protection work is to be implemented not to cause the damage
in the past flood of 210m3/sec which is almost equal the flood with return
period of 50-year.

WV If the erosion to the important intake for securing drinking water and
regional main road will progress, there is possibility to hinder intake of
drinking water and destruction of regional main road,thefore the erosion
protection work is to be executed.

(4) Location of priority works on flood control

In Figure 4.3.1-4 the location of prioritized flood control works is indicated in the watershed and in the
Table- 4.3.1-5 the summary of flood control works is indicated..

RieYauca

[ Components

under protection J m
o
A

[}

[

Bed excavation

Existing dike
repair
CROPS

Figure 4.3.1-4 Prioritezed flood control works in Yauca River
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Table 4.3.1-5 Summary of Facilities

Preservation

Basin Location Object Counter Measure Summary of Facility Objective Section
1 |askF Inundation Z::ab"'tat"’” °f  |TopW;40m H;2.0m Slope;1:3 L;1,000m
C land
2 |4.1km Narrow | Grop lan Riverbed excavation | Ex. width; 100m Ex. depth;10m L;500m  |3.5km~75km (total
Segtion (olive)
Yauca | 3 |45-7.0k Inundation :::ab"'tatw” °f | TopW:40m H;20m Slope;1:3 L:2,500m
Rehabilitation of
4 125.0k Intaki X Weir W;100m H;30m T;20
nrare ?:l’ise';’"d intake e " " " 25.0km~25 7Tkm (total)
5 125.0k Intake Revetment H;2.0m Slope;1:2 L;500m
6 |[41km Intake Road Revetment H;2.0m Slope;1:2 L;400m 40.9 ~41.3km(left bank)

(5) Standard section of the dike
1) Width of the crown

The width of the dike crown was defined in 4 meters, considering the dike stability when
facing design overflows, width of the existing dike, and width of the access road or that of
local communication.

2) Dike structure

The dike structure has been designed empirically, taking into account historic disasters, soil
condition, condition of surrounding areas, etc.

Dikes are made of soil in all the Watersheds. Although there is a difference in its structure
varying from area to area, this can be summarized as follows, based on the information given
by the administrators interviewed:

(D The gradient of the slope is mainly 1:2 (vertical: horizontal relationship); the form may vary
depending on rivers and areas.

@ Dike materials are obtained from the river bed in the area. Generally these are made of
sand/gravel ~sandy soil with gravel, of reduced plasticity. As to the resistance of the
materials, we cannot expect cohesiveness.

(@ The Watershed of the Cafete River is made of loamy soil with varied pebble, relatively
compacted.

@ The lower stretch of the Sullana weir of the Chira River is made of sandy soil mixed with
silt. Dikes have been designed with a “zonal-type” structure where material with low
permeability is placed on the riverside of the dike and the river; material with high
permeability is placed on landside of the dike. However, given the difficulty to obtain
material with low permeability, it has been noticed that there is lack of rigorous control of
grain size distribution in supervision of construction.

(® When studying the damaged sections, significant differences were not found in dike material
or in the soil between broken and unbroken dike. Therefore, the main cause of destruction
has been water overflow.

©® There are groins in the Chira and Cafiete rivers, and many of them are destroyed. These are
made of big rocks, with filler material of sand and soil in some cases, what may suggest that
destruction must been caused by loss of filler material.

(@ There are protection works of banks made of big rocks in the mouth of the Pisco River. This
structure is extremely resistant according to the administrator. Material has been obtained
from quarries, 10 km. away from the site.

4-12



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Yauca River

Therefore, the dike should have the following structure.
(D Dikes will be made of material available in the zone (river bed or banks). In this case, the

material would be sand and gravel or sandy soil with gravel, of high permeability. The
stability problems forecasted in this case are as follows.

i) Infiltrate destruction caused by piping due to washing away fine material
ii) Sliding destruction of slope due to infiltrate pressure

In order to secure the stability of dike the appropriate standard section should be determined by
infiltration analysis and stability analysis for sliding based on unit weight, strength and
permeability of embankment material.

@ The gradient of the slope of the dike will be between 30° ~35° (angle of internal friction) if

the material to be used is sandy soil with low cohesiveness. The stable gradient of the slope
of an embankment executed with material with low cohesiveness is determined as:
tan6=tane/n (where “6” is gradient of the slope; “¢” is angle of internal friction and “n” is
1.5 ,safety factor).

The stable slope required for an angle of internal friction of 30° is determined as: V:H=1:2.6
(tan6=0.385).

Taking into consideration this theoretical value, a gradient of the slope of 1:3.0 was
considered, with more gentle inclination than the existing dikes, considering the results of
the discharge analysis, the prolonged time of the design flood discharge (more than 24 hours),
the fact that most of the dikes with slope of 1:2 have been destroyed, and the relative
resistance in case of overflow due to unusual flooding.

The infiltration analysis and stability analysis of dike based on the soil investigation and
martial tests are not performed in this Study so that the slope is determined by simple
stability analysis assuming the strength factors of dike material estimated by field survey of
material and by adding some safety allowance.

And the slope of dike in Japan is generally 1:2.0 in minimum, however the average slope
will be more than 1:3.0 because the dike has several steps in every interval of 2m~3m of
height.

@ The dike slope by the riverside must be protected for it must support a fast water flow given
the quite steep slope of the riverbed. This protection will be executed using big stones or big
rocks easily to get in the area, given that it is difficult to get connected concrete blocks.

The size of the material was determined between 30cm and 1m of diameter, with a minimum
protection thickness of 1m, although these values will be determined based on flow speed of
each river.

3) Freeboard of the dike

The dike is made of soil material, and as such, it generally turns to be a weak structure when
facing overflow. Therefore, it is necessary to prevent water overflow, to a lower water rise than
the design discharge. So it is necessary to keep a determined freeboard when facing a possible
increase in water level caused by the waves by the wind during water rise, tidal, hydraulic jump,
etc. Likewise, it is necessary that the dikes have sufficient height to guarantee safety in
surveillance activities and flood protection work , removal of logs and other carryback material,
etc.

Table 4.3.1-6 shows guidelines applied in Japan regarding freeboard. Although in Peru there is
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a norm on freeboard, it has been decided to apply the norms applied in Japan, considering that
rivers in both countries are alike.

Table-4.3.1-6 Design discharge and freeboard

Design discharge Freeboard
Less than 200 m*/s 0.6m
More than 200 m*/s, less than500 m®/s 0.8m
More than 500 m*/s, less than 2,000 m®/s 1.0m
More than 2,000 m®/s, less than 5,000 m*/s 1.2m
More than 5,000 m?/s, less than10,000 m®/s 1.5m
More than 10,000 m%/s 20m
din

HI1

lia

Linkng Rovetment_ |

oo/ 125w

Figure 4.3.1-5 Standard dike section

4.3.2 Nonstructural measures
4.3.2.1 Reforestation and vegetation recovery
1) Basic policies

The Reforestation and Vegetation Recovery Plan satisfying the goal of the present Project can be
classified in: i) reforestation along fluvial works; and ii) reforestation in the high Watershed. The first
one contributes directly to flood control and expresses its effect in short time. The second one
demands a huge investment and an extended time, as detailed in the later section 4.12 “Medium and
long term Plan”, 4.12.2 “Reforestation Plan and Vegetation Recovery”, what makes not feasible to
implement it in the present Project. Therefore, the analysis is here focused only in option i).

2 Reforestation plan along fluvial structures

This proposal consists in planting trees along fluvial structures such as protection works of banks,
dikes, etc.

a) Objective: Reduce impact of river overflow when water rise occurs or when river
narrowing is produced by the presence of obstacles, by means of vegetation borders
between the river and the elements to be protected.

b) Methodology: Create vegetation borders of a certain width between fluvial structures and
the river.

¢) Work execution: Plant vegetation at a side of the fluvial structures (dikes, etc.)

d) Maintenance post reforestation: The maintenance will be assumed by irrigator
commissions by own initiative.

4-14



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Yauca River

Dissipate water by means
| of plantations

\, A, fi,
'}"lf

. Protection zone |

'\\\ Water surpasses unexpectedly

B [ S P PRSP P = —

i

" Rockfill dike.
Riverside structure River

TTrrrY

Figure 4.3.2.1-1 Conceptual Diagram Forestry in the Riverside structures (A Type)
(Source: JICA Study Team)

3 Reforestation Plan Measure
1) Structure (forestry location)

In Peru the most common location for forestry is with equilateral triangles. This project
also uses this model by planting trees with 3-meter intervals. If this method is used, it is
expected that trees will act to stop and cushion even 1-meter diameter rocks, for what rows
will be quadrupled, thus increasing their effectiveness. However, the main goal is to avoid
overflow surpass the limit; in case floods strike directly with plants sowed, good results
might be expected.

T
5 /1
N /

h
N,

Riverbanks (within the river bed)

‘ Rockfill dike |

;/ \ T
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(Source: JICA Study Team)
Figure 4.3.2.1-3 Location of the forestry design plan in the riverside structure

2) Species to be forested

Species to be planted along the river were selected applying the following criteria and submitted
to an overall assessment.

(D Species with adequate properties to grow and develop in the riverside (preferably
native)

@ Possibility of growing in plant nurseries

@ Possibility of wood and fruit use

@ Demand of local population

(® Native species (preferably)

After making a land survey, a list of planted or indigenous species of each zone was firstly made.
Then, a list of species whose plants would grow in seedbeds, according to interviews made to plant
growers, was prepared.

Priority was given to the aptitude of local conditions and to plant production precedents, leaving
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as second priority its usefulness and demand or if they were native species or not. Table 4.3.2.1-1
shows the assessment criterion.

Table 4.3.2.1-1 Assessment criterion for forest species selection

Assessment Criterion

1 2 3 4 5
Water
In situ testing (natural or Possible use as wood or for | demand by Local
A 9 Major production fruit production the Users .
m reforested growth) c : specie
2 ommittee,
S among others
5 There is NO
S Growth has not been checked in Possible use as wood or for
) - . . . . . . water demand | No local
£ B | situ, however it adapts in the zone | Sporadic production fruit production -
§ by the Users specie
2 Committee
C | None of the above Possible reproduction No use as wood nor fruit — —
but not usual
D | Unknown Not produced Unknown — —

(Source: JICA Study Team)

Table-4.3.2.1-2 shows a list of selected species applying this assessment criterion. @ marks main

species, © are those species that would be planted with a proportion of 30% to 50%. This proportion
is considered to avoid irreversible damages such as plagues that can kill all the trees.

Table 4.3.2.1-2 Selection of forest species
Forest species
Eucalipto (©), Huarango (o), Casuarina (o)

Watershed
Yauca

In the Cafiete Watershed the main forestry specie is Eucalyptus. This specie adapts very well in
this area, it adapts to the zone and has high demand by the Water User’s Committees. Huarango
(Prosopis limensis: is how this plant is known in the northern region of Peru, comes from another
seed) is a native specie form the southern region of Peru. It is planted along the Panamericana
Highway. Casuarinas specie has been planted in this area to protect from wind and sand, moreover
for the lands near farms.

3) Wolume of the Reforestation Plan

The forestry plan has been selected as it is mentioned in the location and type of species plan, in
the dikes and rockfill, sedimentation wells along the riverside. The width of the forest is 11
meters; and within sand reservoir, tree will be planted excepting on the normal water route.

Following Table 4.3.2.1-3 shows the construction estimating for the Forestry and Recovery of
Vegetation Cover Plan for Yauca Watershed.

Table 4.3.2.1-3 Construction estimating for the forestry and vegetation cover recovery plan
(Along the river)

NE Location Length Width Area Quantity Distribution according to the specie (units)
(bank) (m) (m) (ha) (unit) Eucalyptus | Huarango | Casuarina (m)
Ya-1 | General 1.000 11 11 3.256 1.628 977 651 3.256
Ya-2 | General 0,0 0 — — — —
Ya-3 | General 2.500 11 2,8 8.288 4.144 2.486 1.658 8.288
Ya-4 0 11 0,0 0 — — — —
Ya-5 | Right 500 11 0,6 1.776 888 533 355 1.776
Ya-6 | Right 400 11 0,4 1.184 592 355 237 1.184
\T(gt“a‘ia 4.400 4.9 14.504 7.252 4.351 2.901 14.504

(Source: JICA Study Team)
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4) Areas subject to the Reforestation and Vegetation Recovery Plan

In areas subject to the Reforestation/Vegetation Recovery Plan along fluvial works, the
structure arrangement is similar everywhere. See section 4.5.1.3(2).

5) Execution costs of the Reforestation and Vegetation Recovery Plan

Execution costs of works for the Reforestation and \Vegetation Recovery Plan were
estimated as follows:

- Planting unitary cost (planting unitary cost + transportation)
- Labor cost

Planting providers may include i) AGRORURAL or ii) private providers. For reforestation along
rivers private providers will be requested.

For labor unitary cost estimation, common labor unitary cost is proposed to be applied for
riverside reforestation.

i) Planting unitary cost
Planting unitary cost was defined as detailed in Table 4.3.2.1-4, based on information
obtained through interviews to private providers. Given that planting prices and
transportation cost varies per provider, an average was applied.

Table 4.3.2.1-4 Unitary cost of plants

ii) Labor cost

iii) Reforestation execution cost
Work costs for the forestry and vegetation cover recovery plan in the riverside structures are
detailed in Table 4.3.2.1-5.

Table 4.3.2.1-5 Forestry work cost

6) Implementation process plan

The Process Plan of forestry works in riverbanks is part of the coastal structure, thus the same
will be considered for the Construction Plan of the Coastal Structure. Forestry works should
generally start at the beginning of the rainy season or just before, and must end approximately one
month before the season finishes. However, there is scarce rain in the coastal area; therefore there
is no effect of dry and rainy seasons. For the sake of forestry, it is most convenient is to take
advantage of water rise, but according to the Construction Process Plan of the coastal structure
there are no major forestry issues in seasons where water level is low, if the execution schedule of
water structures require so. The gravity irrigation system can only be used to irrigate just planted
plants during approximately the first 3 months until water level rises. This irrigation is performed
using perforated horse which is a field technique actually carried out in Poechos dam area.

4.3.2.2 Sediment Control Plan

(1) Importance of the Sediment Control Plan

Below flood control issues in selected Watersheds are listed. Some of them relate to sediment
control. In the present Project an overall flood control plan covering both the high and the low
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Watershed is prepared. The study for the preparation of the Sediment Control Plan comprised the
whole Watershed.

Water rise causes overflow and floods.

Rivers have a steep slope of 1/30 to 1/300. The flow speed is high, as well as the sediment
transport capacity.

The accumulation of large quantities of dragged sediment and the consequent elevation of the
river bed aggravate flood damages.

There is a great quantity of sediment accumulated on the river bed forming a double sandbank.
The water route and the spot of greater water impact are unstable, causing route change and
consequently, change of spot of greater water impact.

Riverside is highly erodible, causing a decrease of adjacent farming lands, destruction of regional
roads, etc., for what they should be duly protected.

Big stones and rocks cause damages and destruction of water intakes.

(2) Sediment Control Plan (structural measures)

The sediment control plan suitable for the present sediment movement pattern was analyzed. Table
4.3.2.2-1 details basic guidelines.

Table 4.3.2.2-1 Basic guidelines of the Sediment Control Plan

Conditions Typical year Precipitations with 50-year return
period

Sediment Bank erosion and river bed change | Bank erosion and river bed change

dragging Sediment flow from ravines

Measures Erosion control — Bank protection | Erosion control — bank protection
Riverbed variation control

Control of riverbed variation — | —compaction of ground, bands
compaction of ground, bands | (compaction of ground in the
(compaction of ground in the | alluvial cone, bands)

alluvial cone, bands) Sediment flow — protection of
slopes, sediment control dams

Figure 4.3.2.2-1 Sediment control works

1) Sediment control plan in the upper Watershed

The next section 4.12 “Medium and long term Plan” 4.12.3 “Sediment Control Plan” details
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the sediment control plan covering the whole Upper Watershed. This plan will require an
extremely long time with huge costs, what makes it quite not feasible. Therefore, it must be
executed progressively within the medium and long term.

2) Sediment control plan in the low Watershed
The riverbed fluctuation analysis is as shown below. The average bed height has been increasing in
the river, so basically it is concluded that this is the general trend. The total variation volume of
the bed and sediment transport is not so much in Yauca river,

Total volume of dragged sediment (in thousands of m?) 1,192
Annual average of dragged sediment (in thousands of m®) 23.8
Total volume of riverbed variation (in thousands of m®) 685
Annual average of variation of riverbed height (m) 0.1

While the variation of the bed (volume of sediment) is great too, looking at the average height of the
bed, only 0.1 meters has changed in 50 years, and is therefore considered that the entry of
sediments won’t affect much the river downstream. Therefore, it is considered that the urgent

sediment control actions are not required at present although the monitoring the riverbed
variation and the maintenance of river channel depending on the monitoring results will
be required.

4.3.3 Technical Assistance
Based on the proposals on flood control measures, a component on technical assistance is proposed

in order to strengthen risk management capabilities in the Program.
1) Component objective

The component objective in the Program is the “Adequate capability of local population and
professionals in risk management application to reduce flood damages in Watersheds”.

2 Target area
The target area for the implementation of the present component is the Yauca watershed.

In the execution stage, the implementation has to be coordinated with local authorities in the
watershed. However, each authority has to execute those activities related with the characteristics of
the watershed to carry out an adequate implementation.

3) Target population

Target populations will represent irrigator associations and other community groups,
provincial, district and local community governments and local people in the watershed,
considering the limited capacity to receive beneficiaries of this component.

Participants are those with skills to widespread technical assistance contents of local
populations in the watershed.

Besides, the participation of women has to be considered because currently only few ones
participate in technical assistance opportunities.

4 Activities

In order to achieve the above purpose, the following 3 components of study and training is
to be carried out.
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Component 1: Knowledge on River Bank Protection Actions in consideration of Agriculture and
Natural Enviornment

Course a) River Bank Operation and Maintenance
b) River Bank Plant Management
¢) Erosion Prevention and Mitigation Natural Resource Management
Objectives | a) In this project, local populations learn suitable technology to operate and give
maintenance to constructions and works from prior projects.
b) Local populations learn suitable technology on river bank plants and vegetation for
flooding control purposes.
¢) Local populations learn suitable technology on erosion and natural resources for
flooding control purposes.
Participants | a) Engineers and / or technicians from local Governments
b-c) Engineers and / or technicians from local Governments and Water Users
Associations,
Community representatives
Times a) 12 times in all (every six (6) hours)
b) 12 times in all (every five (5) hours)
c) 26 times in all (every three (3) hours)
Lecturers a) Contractors of constructions and works, Engineers from MINAG and / or the
Regional Government
b-c) Engineers from MINAG and / or the Regional Government,
College professors (From universities, institutes, NGOs, etc.)
Contents a-1) Suitable operation and maintenance technology for constructions and works
from prior projects
a-2) Suitable operation and maintenance technology for constructions and works
in this project
b-1) River bank protection with the use of plants
b-2) The importance of river bank vegetation in flooding control
b-3) Types of river bank plants and their characteristics
¢-1) Evaluation of the erosion conditions
c-2) Evaluation of natural resource conditions
¢-3) Erosion approach for flooding control
c-4) Natural resource approach for flooding control
¢-5) Environmental consideration approach
c-6) Use of water resources
c-7) Alternatives for suitable farming crops

Component 2:  Preparation of Commnity Disaster Management Plan for Flood Control

Course a) Risk management Plan Formulation

b) Detailed Risk management Plan Formulation

Objectives | a) Local populations gain knowledge and learn technology to prepare a flooding
control plan

b) Ditto

Participants | a-c) Engineers and / or technicians from local Governments and Water Users

Associations,
Community representatives

Times a) 19times in all (every four (4) hours)

b) 34 times in all (every five (5) hours)

c) 24 timesin all (every five (5) hours)

Lecturers a-c) Engineers from MINAG and / or the Regional Government, Community

Development Expert, Facilitator (local participation )

Contents a-1) Flooding control plan preparation manuals

a-2) Current condition analyses for flooding control

a-3) Community development alternatives by means of local participation

a-4) Workshop for flooding control plan preparation

b-1) Community activity planning in consideration of ecological zoning

b-2) Risk management

b-3) Resource management
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¢-1) Preparation of community disaster management plan
c-2) Joint activity with local governments, users’ association, etc.

Component 3: Basin Management for Anti — River Sedimentation Measures

Courses a) Hillside Conservation Techniques
b) Forest Seedling Production
c) Forest Seedling Planting
d) Forest Resource Management and Conservation
Objectives | a) Local populations learn suitable technology on hillside conservation for flooding
control purposes
b) Local populations learn suitable technology on forest seedling production
¢) Local populations learn suitable technology on forest seedling planting
d) Local populations learn suitable technology on forest resource management and
conservation
Participants | a-d) Engineers and / or technicians from local Governments and Water Users
Associations,
Community representatives and Local People
Times a) 12 times in all (every five (5) hours)
b-d) 40 times in all for three (3) “Courses on Basin Management for Anti - River
Sedimentation Measures” (every five (5) hours)
Lecturers a-d) Engineers from MINAG and / or the Regional Government, College professors
(From universities, institutes, NGOs, etc.)
Contents a-1) Soil characteristics and conservation on hillsides
a-2) Hillside agroforestry system
a-3) Animal herding system on hillsides
a-4) Reforestation with traditional vegetation and plants
a-5) Hillside conservation and alleviation alternatives
b-1) A selection of plants that are suitable to the local characteristics
b-2) Forest seedling production technology

b-3) Control carried out by the local population’s involvement

c¢-1) Candidate areas for forestation

c-2) Forest plantation control technology

c-3) Forest plantation soil technology

c-4) Control carried out by the local population’s involvement
d-1) Forestation for flooding control purposes

d-2) Forest plantation control technology
d-3) Forest plantation output technology

d-4) Control carried out by the local population’s involvement

5) Direct cost and period
The direct cost for the above activities is as shown in the Table 4.3.3-1. The total cost for
the objective basin is estimated as soles, and the brake down of the unit cost is as

shown in the Annex-12, Appendix No.5. And the period required for study and training is
assumed to be as same as the construction period of 2 years.

Table 4.3.3-1 Contents of technical assistance and direct cost

(6)Implementation Plan
The Hydraulic Infrastructure General Direction (DGIH-MINAG) executes this
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component as the executing unity in cooperation with the Agriculture Regional Direction
(DRA), the Board of Users and related Institutions. In order to execute the activities
efficiently the following has to be considered:

« For the implementation of the present component, the DGIH-MINAG will coordinate

actions with the Central Management Unit responsible for each Watershed, as well as
with Regional Managements of Agriculture (DRA).

« For the Project administration and management, the DGIH-MINAG will coordinate

.

actions with PSI-MINAG (Sub-sector Irrigation Program with extensive experience in
similar projects).

Considering there are some local governments that have initiated the preparation of a
similar crisis management plan through the corresponding civil defense committee,
under the advice of the National Institute of Civil Defense (INDECI) and local
governments, the DGIH-MINAG must coordinate so that these plans be consistent
with those existing in each Watershed.

Training courses will be managed and administered by irrigator associations
(particularly the unit of skills development and communications) with the support of
local governments in each Watershed, to support timely development in each town.

Experts in disaster management departments in each provincial government, ANA,
AGRORURAL, INDECI, etc., as well as (international and local) consultants will be
in charge of course instruction and facilitation.
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4.4 Costs

4.4.1 Cost Estimate (at private prices)
(1) Project Costs Components

Project costs include the following:

@ Work direct costs = total number of works by type x unit price
@ Common provisional works = D x 10%
@ Construction cost-1=O + @

@ Miscellaneous = @ x 15%

® Benefits =@ x 10%

® Construction cost -2 =@ +@+®

@ Tax=® x 18% (IGV)

Construction cost = ®+@

© Environmental measures cost = ® x 1%
Detailed design cost = ® x 5%

@ Works supervision cost = ® x 10%

@ Project Cost = ®+©@+W+®

(2) Work direct costs
On table 4.4.1-1 a summary table of direct costs for structural measures is presented for the
Yauca River Watershed.

(3) Project Costs

The project cost is estimated in 20.9 million of soles as shown in Table 4.4.1-2. It includes
reforestation and vegetation recovery costs, construction of early warning system and
technical assistance. The annual operation and maintenance cost of completed works is

approximately 0.5% of the project’s cost.

Table 4.4.1-1 Summary Table of the work’s direct cost (at private prices)

Table 4.4.1-2 Construction cost (at private prices)
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4.4.2 Cost Estimate (at social prices)

(1) Work direct costs

In Table 4.4.2-1 a summary table of direct costs for structural measures is presented for the
Yauca River watershed. The works’ direct cost at private prices was turned into social prices
applying the conversion factor.

(2) Project Costs

The project cost is estimated in 16,8 million of soles as shown in Table 4.4.2-2. It includes
reforestation and vegetation recovery costs, construction of early warning system and
technical assistance, before converting from private prices.

Table 4.4.2-1 Summary Table of the work’s direct cost (at social prices)

Table 4.4.2-2 Construction cost at (social prices)

4.5 Social Assessment

4.5.1 Private prices costs

(1) Benefits

Flood control benefits are flood loss reduction that would be achieved by the implementation
of the Project and is determined by the difference between the amount of loss with and
without Project. Specifically, in order to determine the benefits that will be achieved by the
works’ construction. First, the flood amount per flood loss of the different return periods
(between 2 to 50 years) is calculated; assuming that the flood control works have a useful life
of 50 years. To finish, determine the annual average amount of the loss reduction from the
loss amount of different return periods. The Methodological Guideline for Protection and/or
Flood Control Projects in agricultural or urban areas, 4.1.2p-105) establishes similar
procedures.

Above find the description of the procedures to determine concrete benefits

- Determine the flood loss amount in the flood area by analyzing the magnitude of overflow
that occurs without the Project for each return period (between 2 and 50 years)

- After, determine the amount of flood loss in the flood area by analyzing the magnitude of
overflow that occurs when flood control priority works are built (Yauca 1 to 6).

- Determine the difference between @ and @. Add the benefits of other works different than
dikes (intakes, roads and dams protection, etc.) in order to determine the total profits
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“Benefits of the Project” are considered as the sum of direct loss amount caused by overflow
and indirect loss caused by the destruction of structures in vulnerable sections (farmland loss,
interruption of traffic, etc.)

1) Method of loss amount calculation
In this study, the amount of loss from direct and indirect damages to the variables listed in

Table 4.5.1-1 was determined.

Table 4.5.1-1 Flood loss amount calculation variables

Loss Variables Description

(1) Direct @ Crops . Crops in flooding season

The amount of crop loss by flooding is determined by
multiplying the damage % regarding water depth and the
number of days flooded

Agricultural land and infrastructure (channels, etc.)

Crop loss amount is determined by multiplying the damage %
regarding water depth and the number of days flooded

@ Hydraulic Works - Loss amount due to hydraulic structures destruction (intakes,
channels, etc.).

(@ Road Infrastructures | +  Flood damage related to road infrastructure is determined by
the damage in transport sector

@ Housing - Residential and industrial buildings

It is calculated applying the loss coefficient depending on the
flood depth

Housing: residential and industrial buildings; household goods:
furniture, household appliances, clothing, vehicles, etc.

Flood damages in housing, commercial buildings, assets and
inventories (buildings and assets) is determined applying the loss
coefficient according to the flood depth

® Public - Determine the loss amount in roads, bridges, sewers, urban
Infrastructures infrastructures, schools, churches and other public facilities
Determine the loss amount in public works by applying the
correspondent coefficient to the general assets loss amount

® Public Services - Electricity, gas, water, rail, telephone, etc.

(2) Indirect | D Agriculture - Estimate the loss caused by irrigation water interruption due to
the damage of hydraulic structures

Determine the construction and repair costs of hydraulic
structures such as direct year costs

@ Traffic Interruption | - Estimate the loss lead by traffic interruption due to damages on
flooded roads

Determine road’s repair and construction costs as damage
direct cost

A. Direct loss
Direct loss is determined by multiplying the damage coefficient according to the flood depth
as the asset value.
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B. Indirect Loss
Indirect loss is determined taking into account the impact of intakes and damaged roads.
Below, calculation procedures are described.

a. Dams damage

The loss amount due to dam damage is calculated by adding the direct loss (dam’s
rehabilitation and construction) and the indirect loss amount (harvest loss due to the
interruption of irrigation water supply)

@ Calculating the infrastructure cost

Works Cost = construction cost per water unit taken x size (flow, work length)

Unit cost of the work: for intakes and channels, it is required to gather information on the
water intake volume of the existing work and the works’ execution cost (construction or
repair). The unit cost is calculated by analyzing the correlation among them both.

It was estimated that the work will be completely destroyed by the flow with a return period
of 10 years.

@ Crop loss

Annual earnings are determined according to the crops grown in the correspondent irrigation
district.

Annual Profit = (crops selling - cost) x frequency of annual harvest

Crop Sale = planted area (ha) x yield (kg/ha) x transaction unit price

Cost = unit cost (s/ha) x planted area (ha)

b. Road infrastructure damage

Determine the loss due to traffic interruption.

Amount of loss = direct loss + indirect loss

Direct loss: road construction cost (construction, rehabilitation)

Indirect Loss: opportunity loss cost due to road damage (vehicle depreciation + staff expenses
loss)

Then, a 5 days period takes place of non-trafficability (usually in Peru it takes five days to
complete the rehabilitation of a temporary road)

2) Loss estimated amount according to disasters in different return periods
In table 4.5.1-2 the amounts of loss with and without Project are shown. These are estimated
for disasters of different return periods in the Yauca River.
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Table 4.5.1-2 Loss Estimated Value (at private prices)

s./ 1,000
t

Case Yauca
2 0
5 0
. . 10 1,695
Without Project 25 2569
50 11,497
Total 15,761
2 0
5 0
. . 10 7
With Project 95 1005
50 2,028
Total 3,040

3) Loss amount (annual average) expected to be reduced by the Project
The annual average loss amount that is expected to be reduced by the Project by the total
annual average loss amount occurred as flow multiplying the amount of loss reduction
occurred as flow for the corresponding flood probabilities.

Considering that floods happen probabilistically, the annual benefit is determined as the

annual average amount of loss reduction. Next find the procedures of calculation.

Table 4.5.1-3 Loss reduction annual average amount

Loss Amount Average path’s Paths’ Loss reduction
Probabilities Without . . Loss A annual average
Project With Project Reduction loss Probabilities amount
1/1 Do =0 —
(Op+D)2 | 1(U2)=0500 | 4 % (PorDu)2
1/2 L L D, =L;-L ’
! 2 1T (D+Dy)/2 (1/2)-(1/5) = d, = (D;+D,)/2
15 Ly L, D, = Ly-Ly 0,300 _ X 0,_300
(Dy+Dy)12 (()11%)6(1/10) = d30-1 (()E))2+D3)/2
X
1/10 L L Ds = Ls-L, . ’
° 6 876 (Ds+Dy)/2 (1/10)-(1/20) = | dy = (D5+D4)/2
120 L, L, D, = Ly-Lg 0,050 _ X 0,_050
(D4+Ds)12 (()1621(;)-(1/30) = dso-0 §|:7)4+D5)/2
X
1/30 L L Ds=Lo-L . ’
o 10 ST (Ds+Dg)/2 (1/30)-(1/50) = | dg = (Ds+Dg)/2
1/50 Ln Lo De = Lu-Ly 0,013 X 0'_013
(De+Dy)12 (_1658)131/100) d70-0 §E])G+D7)/2
1/100 L13 L14 D7 = LlS_Ll4 - e
Foreseen average annual amount of loss reduction dy+d,+d;+ds+ds+dg+d;
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In Table 4.5.1-4 Results of loss amount calculus are presented (annual average), which are
expected to be reduced when implementing the Project in the Yauca River Watershed.

Table 4.5.1-4 Annual average damage reduction amount (at private prices)

s/1000
#HEZE (Total damage - thousands of S/.)
— — — RETFHHE| EKAEE |FFEHEEE| FTOHEEE0
wy | REBE | g |EXREXEL| FREXEL | BAR & ® @xE | Rit=FTiH
" flt | Retum Pujbl e BWNEED | 5BEQ | B-0-0 @ Probability | Average value | EEH#iF4
atershe Period robability Mitieated Damage incremental of the Annual Medial
Without With Proiect d ¢ Avergare value damages flow Damage
e () | VPO | domes
1 1.000 0 0 0 0 0
2 0.500 0 0 0 0 0.500 0 0
5 0.200 0 0 0 0 0.300 0 0
YAUCGA 10 0.100 1,695 7 1,688 844 0.100 84 84
25 0.040 2,569 1,005 1,564 1,626 0.060 98 182
50 0.020 11,497 2,028 9,469 5517 0.020 110 292

(2) Social Assessment

1) Assessment’s objective and indicators

The social assessment’s objective in this Study is to evaluate investment’s efficiency in
structural measures using the analysis method of cost-benefit (C/B) from the national
economy point of view. For this, economic assessment indicators were determined (relation
C/B, Net Present Value - NPV and IRR). The internal return rate (IRR) is an indicator that
denotes the efficiency of the project’s investment. It is the discount rate to match the current
value of the project’s generated cost regarding the benefit’s current value. It is the discount
rate necessary so the Net Present Value (NPV) equals zero and the relation C/B equals one. It
also indicates the percentage of benefits generated by such investment. The internal return
rate used in the economic assessment is called “economical internal return rate (EIRR)”. The
market price is turned into the economical price (costs at social prices) eliminating the impact
of market distortion.

The IRR, C/B relation and NPV are determined applying mathematical expressions shown in
the Table below. When IRR is greater than the social discount rate, the relation C/B is greater
than one and NPV is greater than zero, it is considered that the project is efficient from the
national economic growth point of view.
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Table 4.5.1-5 Analysis assessment indicators of cost-benefit relation and its characteristics

Indicators Definition Characteristics
Net Present Value (NPV) - Allows comparing net benefit magnitude
n C performed by the project
NPV = Z Z - It varies depending on the social discount rate
1+r = 1+r
Cost-Benefit Relation (C/B) - Allows comparing the investment efficiency

by the magnitude of benefit per investment

B/C = unit
Z(]_ r)/ (1 r) - Varies depending on the social discount rate

Economical Internal Return - Allows knowing the investment efficiency
Rate (EIRR) n B LIS comparing it to the social discount rate
Z i _ i - Does not vary depending on the social
I I H
o (1+ r) o (1+ r) discount rate

Where Bi: benefit per “i” year / Ci: cost per “i” year / r: social discount rate (11 %) / n: years of assessment

2) Assumptions
Next, find the assumptions of every indicator used from the economical assessment

i) Assessment Period
The assessment period is set between 2013 and 2027 (15 years after construction works
started). This Project implementing schedule is the following:

2012: Detailed Design

2013-2014: Construction

2013-2027: Assessment Period

i) Standard Conversion Factor (SCF)
The standard conversion factor (SCF) is the relationship between socioeconomic prices
established along the border and national private prices of all goods in a country’s economy.
It is used to convert goods and services prices purchased in the local market at affordable
prices. In this Study the following SCF values were used:

Dams 0.804

Gabions 0.863

Intakes 0.863
TAX (Peruvians use IGV) is not taken into account in the conversion of market prices to
socioeconomic prices.

iii) Other preliminary conditions

Price level: 2011
Social discount rate: 10%
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Annual maintenance cost: 0.5% of construction cost

3) Cost-benefit relation analysis (C/B)

A comparison of the total cost and total benefit of flood control works converted to present
values applying the social discount rate was performed. In this case, the total cost is the
addition of construction, operation and maintenance costs. The total benefit is the loss amount
that was reduced due to the works. For this, a base year was established for the conversion
into the current value at the moment of the assessment, and the assessment period was set for
the next 15 years from the beginning of the Project. The total cost was determined adding-up
the construction, operation and maintenance costs of the works converted into present values;
and the total benefit adding-up the annual average loss amount turned into current values.

In table 4.5.1-6 results of calculations C/B, NPV and IRR to private prices is shown.
Table 4.5.1-6 Social Assessment (C/B, NPV, IRR) (at private prices)

4.5.2 Costs at social prices

(1) Benefits

1) Estimated loss amount according to different return periods

In table 4.5.2-1 the amounts of loss with and without Project are shown. These are estimated
for disaster of different return periods in the Yauca River Watershed.

Table 4.5.2-1 Estimated loss amount (at social prices)

FU—LZ
pasoe t Caniete
T—2R TR

2 2,582

Without Project 18 182?23
%7%:{;25 25 144,972
50 213,134

Total 476,384

2 272

With Project 1(5) ;3(2)3
$L¥T—§%§BE 25 14,260

- 50 20,117

Total 45580

2) Loss amount (annual average) is expected to be reduced with the Project
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In table 4.5.2-2 results of loss amount calculation (annual average) that are expected to reduce

to implement the Project in the Yauca River are shown.

Table 4.5.2-2 Annual average damage reduction amount (at social prices)

s/1000
#EZE (Total damage - thousands of S/.)
— — ——\RMTOHE| EMEE |FTOREE| FTOREE0
g | R | g |FREREL|B2emEl| mug % 9 Ox6 | RE=EFH
" ;}u. t | Rewm P”t b BWMSED | 580 | @=0-© @ Probability | Average value| EBHIIHEE
atershe Period robability Mitizated Damage incremental of the Annual Medial
Without With Project d e Avergare value damages flow Damage
Project @ | ™ O | TR
1 1.000 0 0 0 0 0
2 0.500 0 0 0 0 0.500 0 0
5 0.200 0 0 0 0 0.300 0 0
YAUGA 10 0.100 2,150 9 2,141 101 0.100 107 107
25 0.040 3,313 1,341 1,972 2,057 0.060 123 230
50 0.020 12,092 2,653 9,439 5,706 0.020 114 345

(2) Social Assessment
In table 4.5.2-3 results of the calculation C/B, NPV and IRR at social prices are shown.

Table 4.5.2-3 Social Assessment (C/B, NPV, IRR) (at social prices)

4.5.3 Social assessment conclusions

The social assessment shows that the Project in Yauca River watershed has extremely low
economic impact on private and social prices. However, the following economical
non-quantifiable positive impacts are shown:

- Contribution to local economic development when soothing the fear due to economic
activities suspension and damage

- Contribution by increasing local employment opportunities for the construction of the
project

- Strengthening the local population’s awareness for floods damage and other disasters

- Income increase contributions due to an stable agricultural production because flood
damages are soothed

- Increase of agricultural land price

From the results of the economic evaluation presented above, it is difficult to implement this
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Project, even if there is the positive effects of the Project that are difficult to quantify in
economic values.

4.6 Sensitivity Analysis

(1) Objective

A sensitivity analysis was made in order to clarify the uncertainty due to possible changes in
the future of the socioeconomic conditions. For the cost-benefit analysis it is required to
foresee the cost and benefit variation of the project, subject to assessment, to the future.
However, it is not easy to perform an adequate projection of a public project, since this is
characterized for the long period required from planning to the beginning of operations. Also
because of the long useful life of works already in operation and the intervention of a number
of uncertainties that affect the future cost and benefit of the project. So, analysis results are
obtained frequently and these are discordant to reality when the preconditions or assumptions
used do not agree with reality. Therefore, for the uncertainty compensation of the cost-benefit
analysis it should be better to reserve a wide tolerance-bank, avoiding an absolute and unique
result. The sensitivity analysis is a response to this situation.

The objective of the sensitivity analysis is to provide the cost-benefit analysis results a
determined bank that will allow a proper managing of the project’s implementation, give
numbers to the population and achieve greater accuracy and reliability of the project’s
assessment results.

(2) Sensitivity Analysis
1) General description of the sensitivity analysis

There are three methods of the sensitivity analysis, as indicated in Table 4.6-1.

Table 4.6-1 Sensitivity Analysis Methods

Methods Description Products

Variables sensitivity analysis It consists in changing only one | Bank values from the analysis when
predetermined variable (precondition or | a precondition or hypothesis varies
hypothesis), to assess how the analysis
result is affected

Better and worst alternatives It consists in defining the cases in which | Bank values from the analysis when
the analysis results are improved or worsen | the main precondition or hypothesis
when changing the main pre-established | vary

preconditions or hypothesis to assess the
analysis result bank

Monte Carlo It consists in knowing the probability | Probable results distribution when
distribution of the analysis results by | all main precondition or hypothesis
simulating random numbers of Monte | vary

Carlo  simulation of  pre-established
preconditions and hypothesis
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2) Description of the sensitivity analysis
In this project the sensitivity analysis method of the variables usually used in public works
investments was adopted. Next, the scenarios and economic indicators used in the sensitivity
analysis are shown.

Table 4.6-2 Cases subjected to the sensitivity analysis and economic indicators

Indicators Variation bank according to factors Economic indicators to be evaluated
Construction cost | In case the construction cost increases | IRR, NPV, C/B
in5 9% and 10 %
Benefit In case of reducing the benefit in 5 % | IRR, NPV, C/B
and 10 %
Social discount In case of increase and reduction of the | NPV, C/B

rate

discount social rate in 5 % respectively

3) Results of the sensitivity analysis
In table 4.6-3 the results of the sensitivity analysis of each assessed case to private and social

prices is shown.

Table 4.6-3 Results of the sensitivity analysis of IRR, C/B and NPV

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Watershed | Variables Base Case Cost increase | Cost increase |Benefit reduction|Benefit redcution] Discount rate | Discount rate
5% 10% 5% 10% increase 5% increase 10%

. IRR (%) . - - - . . .
Prr'lvcaet: YAUCA B/C 0.09 0.09 0.08 0.09 0.08 007 0.12
b NPV(_) (17.059.601) (17.998.368) (18,937.135) (17.145.388) (17231,175) (16296 088) (17.760,074)
- RR () . - - - - - -
orioes YAUCA B/C 0.13 0.13 0.12 0.13 0.12 0.10 0.18

NPV(s) (13,083.633) (13,838.957) (14.594.281) (13,184.775) (13.285.917) (12.649.776) (13,357.212)

(3) Assessment of the sensitivity analysis

The impact of socioeconomic conditions changes to the Project, has shown that the
variation of economic effect indicators are small, however the indicators of base case itself
show very low viability of this Project.
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4.7 Sustainability Analysis

This project will be co-managed by the central government (through the DGIH), irrigation
committees and regional governments. Also, the project cost will be covered with the
respective contributions of the three parties. Usually the central government (in this case, the
DGIH) takes the 80%, irrigation commissions 10% and regional governments 10%. However,
the percentages of the contributions of these last two are decided through discussions between
both parties. On the other hand, the operation and maintenance (O & M) of the completed
works is assumed by the irrigation committee. So, the sustainability of the project depends on
the profitability of the Project and the ability of the irrigation committees for O & M.

Table 4.7-1 presents the data of the budget for irrigation committees of Yauca River
Watershed in recent years.

Table 4.7-1 Project Budget of the irrigation commissions

River Annual Budget
2006 2007 2008 Average
Yauca 114,482.12 111,102.69 130,575.40 118,720
(1) Profitability

The project in Yauca river Watershed is insufficiently profitable and sustainable. The
investment amount in this watershed is estimated in million soles at private prices.
However, the C/B relation is 0.13, the NPV is estimated in — 13.0 million soles and the
internal return rate is almost nil at social prices. These Figures show that the project's
economic efficiency is very low.

(2) Cost of operation and maintenance

The annual cost of operation and maintenance required for the project, having as a base year
2008 is estimated at soles, corresponding to % of the project construction cost. On
the other hand, the average operating expenses for the last 3 years of the irrigation
commissions was 118,700 soles.

When considering that the annual operation and maintenance cost represents 75.9% of the

annual irrigation commissions budget, the project would not be sustainable according to the
financial capacity of these committees to maintain and operate the constructed works.
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4.8 Environmental Impact

4.8.1 Procedure of Environmental Impact Assessment

Projects are categorized in three scales, based on the significance level of the negative and
positive impacts, and each sector has an independent competence on this categorization. The
following table shows the environmental management instruments that are required for each
category. The Project holder should submit the Environmental Impact Statement (DIA, in
Spanish) for all Projects under Category I. The project holder should prepare an EIA-sd or an
EIA-d if the Project is categorized under Category Il or Ill, respectively, to be granted the
Environmental Certification from the relevant Ministry Directorate.

Table 4.8.1-1 Project Categorization and Environmental Management Instruments
Required Environmental
Management Instrument
Category | | It includes those Projects that when | PEA that is considered a DIA
carried out, they cause no |after the assessment for this
significant negative environmental | category

impacts whatsoever.
Category Il | It includes those Projects that when | Semi-Detailed  Environmental
carried out, they can cause | Impact Assessment (EIA-sd)
moderate environmental impacts,
and their negative effects can be
removed or minimized through the
adoption of easily applicable
measures.

Category Il | It includes those Projects than can | Detailed Environmental Impact
cause significant quantitative or | Assessment (EIA-d)

qualitative negative environmental
impacts because of  their
characteristics, magnitude and/or
location. Therefore, a deep analysis
IS required to revise those impacts
and set out a relevant
environmental management
strategy.

Source: Prepared by the JICA Study Team based on the SEIA Law (2001)

Description

The next graph shows the Environmental Document’s Classification, the Environmental
Document’s Assessment, and the Environmental Certification.
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Source: Prepared by the JICA Study Team based on the SEIA Regulations (2009)
Figure 4.8.1-1 Process to Obtain the Environmental Certification

First, the Project holder applies for the Project classification, by submitting the Preliminary
Environmental Assessment (PEA). The relevant sector assesses and categorizes the Project
within the next 30 working days after the document’s submission. The Project’s PEA that is
categorized under Category | becomes an EID, and those Projects categorized under Category
Il or 11l should prepare an EIA-sd or EIA-d, as applicable. There are cases in which the
relevant sector prepares the Terms of Reference for these two studies, and submits them to the
holder. There are other cases in which the holder prepares the Terms of Reference and these
are approved by the relevant sector, based on the interview with DGAA. Number of working
days required for EIA-sd revision and approval is 90, and number of working days required
for EIS-d is 120; however, these maximum deadlines may be extended.

The progress of the environmental impact study is as shown below.

The JICA Study Team subcontracted a local Consultant (CIDE Ingenieros S.A.), and a
Preliminary Environmental Assessment (PEA) was carried out, from December 2010 to
January 2011 for Yauca river.

EAP for the Yauca river was submitted to DGIH from JICA on January 25, 2011. DGIH
submitted the EAP to DGAA on July 19, 2011.

EAP for Yauca river was examined by DGAA, and DGAA issued their comments on EAP to
DGIH. JICA Study Team revised EAP upon the comments and submitted it to DGAA on
September 21, 2011. DGAA completed examination on the revised EAP and issued approval
letter on Yauca river in which DGAA classified Yauca river into Category |. Therefore the
additional environmental impact analysis for Yauca river is not required.
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The positive and negative environmental impact associated with the implementation of this
project was confirmed and evaluated, and the plan for prevention and mitigation measures are
prepared by EAP results, field investigation and hearing by JICA Study Team.

The proposed works in this project include: the reparation of existing dikes, construction of
new dikes, riverbed excavation, bank protection works, repair and improvement of the
derivation and intakes works, and also river expansion. Table 4.8.1-2 describes “working
sites” to be considered in the Environmental Impact section for Pisco river.

Table 4.8.1-2 Works Description

. . Preservation . - .
Basin Location Object Counter Measure Summary of Facility Objective Section

Rehabilitation of

1 |45k Inundation dike TopW;40m H;20m Slope;1:3 L;1,000m
Ci land

2 |4.1km Narrow | Grop lan Riverbed excavation |Ex. width; 100m Ex. depth;10m L;500m  |3.5km~7.5km(total

Section (olive)

Yauca 3 |4.5-7.0k Inundation ZE:ablll‘catlon of TopW;40m H;20m Slope;1:3 L;2,500m
Rehabilitation of

4 125.0k Intak . Weir W;100m H;3.0m T;2.0

ntake ?;i\?el?nd intake elr m m m 25 0km~25.7km (total)
5 125.0k Intake Revetment H;2.0m Slope;1:2 L;500m
6 [41km Intake Road Revetment H;2.0m Slope;1:2 L;400m 40.9 ~41.3km(left bank)

Source: JICA Study Team

4.8.2 Methodology

In order to identify environmental impacts of the works to be executed in the different
watersheds, we developed identification impact matrixes for watershed.

First, the operation and activities for each project based on typical activities of “hydraulic
works” construction were determined. Afterwards, the concrete activities type was determined
which will be executed for each work that will be developed in the watersheds. Then, to
evaluate Socio-environmental impacts the Leopold matrix was used.
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Table 4.8.2-1 Evaluation Criterion - Leopold Matrix

Index Description Valuation
“Na” nature It defines whether change in | Positive (+) : beneficial
each action on the means is | Negative (-): harmful
positive or negative
Probability of Occurrence | It includes the probability of | High (>50 %) = 1.0

“P.O.” occurrence of the impact on the | Medium (10 — 50 %) = 0.5
component Low (1 —10 %) =0.2
Intensity (In) It indicates the magnitude of | Negligible (2)
change in the environmental | Moderate intensity (5)
factor. It reflects the degree of | Extreme Disturbance (10)
disturbance
Extension “Ex” It indicates the affected surface | Area of indirect influence: 10
by the project actions or the | Area of direct influence: 5
Magnitude global scope on the | Area used up by the works: 2
environmental factor.
Duration “Du” It refers to the period of time » 10years: 10
when environmental changes | 5—-10years:5
prevail 1-5 years:2
Reversibility It refers to the system’s capacity | Irreversible: 10
“Rev” to return to a similar, or an | Partial return: 5
equivalent to the initial balance. Reversible: 2

Source: Prepared based on PEAs of 6 Basins

Table 4.8.2-2 Impact Significance Degrees

SIA Extent of Significance

<15 Of little significance
15.1-28 Significant

> 28 Very significant

Source: Prepared based on PEAs of 6 Basins

4.8.3 Identification, Description and Social Environmental Assessment

(1) Identification of social environmental impacts
In the following matrix (construction/operation stages) in the watershed, elaborated based
on the report analysis of the Preliminary Environmental Assessment.
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Table 4.8.3-1 Impact Identification Matrix (Construction and Operation Stage) — Yauca River

Construction Stage Work| 1-6 1-6 1-6 16 4-6 123 |13456( 1-6 1-6 1-6 1-6 1-6
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=) o o =
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g £ g = | 2 B |5 |e2|2| % |¢ fgls|=
s £ E 5§l :cs| % S| =] & |ee 9 sE| R | e
& o S E 23 2 g ® B 8 55 2 = |8
2 | 88| s | =2 |22 | & |g2 | &8 |2E
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3 3 &8 > =] > ° > Se| 3 & s |83
< S ) =] ] a] a] (¢} s o O |F 3
R PM-10 (Particulate matter) N N N N N N N N N 9 0
ir
Gas emissions N N N N N N N N N N 0| o
Noise Noise N N N N N N N N N N 11 [ o
s Soil fertility N N N 3 0
oi
Physique Land Use N N N 3 0
Calidad del agua superficial N N N N N 5 0
Water -
Cantidad de agua superficiall N N 2 0
Morfologia fluvial N N N N 4 0
Physiography -
Morfologia terrestre N N N 3 0
Terrestrial flora N N 2 0
Fora
Aquatic flora N N 2 0
Biotic
Terrestrial fauna N N 2 0
Fauna
Aquatic fauna N N N N 4 0
Esthetic Visual landscape N N 2 0
Socio- social Quality of fe P N N N 3 1
Vulnerability - Security 0 0
o PEA P 0 1
ek Currentland use 0 | o
Total 2 8 6 4 6 7 4 10 9 3 4 4 65 | 2
Percentage of positive and negative 97%| 3%
Operation Stage
- o o
§ H E B : |2
£ g ) FRERNE- g o g | s
H 5 Environmental 5 |0 E o c c 2 o
: 2 Facors | 213203 0| Be | o2 [Suff o 3 | 3
s £ < 8
e S SE|sEE SE X E 2e(BaoE = 2
I o ©c|225| 85 | 85 g5 |e2s] F =
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A PM-10 (Particulate matter) 0 0
Gas emissions 0 0
Noise Noise ) )
soi Soil fertility P P 0 2
Physique Land Use 0 0
Water Calidad del agua superficial P P P 0 3
Cantidad de agua superficial P P P P 0 1
Morfologia fluvial N N N 3 0
Physiography -
Morfologia terrestre 0 0
Terrestrial flora 0 0
Fora -
Biotic Aquatic flora 0 0
Fauna Terrestrial fauna 0 0
‘Aquatic fauna N N N 3 0
Esthetic Visual landscape P P P P P 0 5
Quality of life P P P P P P 0 6
- S |
Socio oclal Vulnerability - Security P P P P E P 0 5
Economic PEA 0 0
Currentland use P P P P P P 0 6
Total 7 7 7 5 6 6 6 32
Percentage of positive and negative 16% | 84%

N: Negative, P:Positive
Source: Prepared by the JICA Study Team

On the Yauca River basin, based on the impact identification results for the construction
stage, a total number of 67 interactions have been found. 65 of these interactions (97 %)
correspond to impacts that will be perceived as negative, and 2 (3 %) correspond to impacts
that will be perceived as positive. In addition, 38 interactions have been found for the
operation stage; 6 of these interactions (16 %) correspond to impacts that will be perceived
as negative, and 32 (84 %) correspond to impacts that will be perceived as positive.

(2) Environmental and Social Impact Assessments

Environmental and social impacts are assessed with the methodology that was explained in
4.8.2 Methodology. The following tables show the environmental and social assessment
results for the basin, during the construction and operation stages.
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Table 4.8.3-2 Environmental Impact Assessment Matrix — Yauca River

The Yauca River Basin
Construction Stage Operation Stage
o
=4
s g P
j=2} [} -
ElgltlE| | £
I o} [ 2 T
o 2 5] 5] 2 5o
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= £ 3 82| 5 © © 5 |28 = = o |58
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o OS] 5] =) =] = S £ E c £
g lz8|lz2z|2|2]|2|98| 2 & g |82
395|566 |06 |6 |¥5]08 0|0 |8
Puntos Ya Ya
de Obras: Ya Ya Ya Ya 12 1,3, Ya Ya Ya Ya Ya
Factores 1-6 1-6 1-6 4-6 '3 Y 4,5y| 1-6 1-6 1-6 1-6 1-6
Ambientales 6
Air PM-10 (Particulate matter) 00 |[-150 | -115|-120|-120 | 00 |-180|-180 | 0.0 |-120|-120| 0.0 0.0 0.0 0.0 0.0 0.0
i
Gas emissions 00 |-115(-115|-115]-115 | -115 [ -150 | -12.5 | 00 [-115[-125| 00 | 00 | 00 [ 00 | 00 | 0.0
Noise Noise 0.0 |-12.0 [ -15.0 | -15.0 | -15.0 | -15.0 | -15.0 | -15.0 | -15.0 | -150 [ -15.0 [ 00 | 00 | 00 [ 00 | 00 | 0.0
Soil Soil fertility 00 [-145[ 00 [ 00 | 00 | 00 [-142]-142] 00 [ 00 [ 00 | 00 | 00 [ 00 | 00
oil
Physique Land Use 00 [-142| 00 [ 00 | 00 [ 00 [-150]-150]| 00 [ 00 [ 00 [ 00 | 00 | 00 [ 00 | 00 | 0.0
Water Calidad del agua superficial 0.0 00 |-175 | -150 | -23.0 | -145 | -150 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.0
Cantidad de agua superficial 00 | 00 [ 00 [ 00 | 00 [-90[ 00 | 00 [-150] 00 [ 00 [260 260 | 260 | 00 | 00
Physiograp| Morfologia fluvial 00 | 00 |-120 [-260 - 00 [230| 00 | 00 | 0.0 | 00 |-255 255 | 00 | 00 | 00
hy Morfologia terrestre 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aora Terrestrial flora 00 |-245| 00 0.0 0.0 0.0 0.0 |-225| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biotic Aquatic flora 0.0 0.0 0.0 00 |-145( 00 |-145| 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ioti
Fauna Terrestrial fauna 00 |-242| 00 0.0 0.0 0.0 0.0 |-225| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
u
Aquatic fauna 00 | 00 [-120(-115[-275| 00 |-145]| 00 | 00 [ 00 | 00 |-255 255 | 00 [ 00 | 00
Esthetic Visual landscape 00 | 00 [ 00 [ 00 | 00 [ 00 [-120]-120] 00 | 00 [ 00 0.0
. Quality of life 200 ( 00 [ 00 [ 00 | 00 [ 00 | 00 | 00 |-145 [-175 [ -175
Socio- Social - -
economic Vulnerability - Security 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. PEA 200 ( 00 [ 00 [ 00 | 00 [ 00 [ 00 | 00 | 00 [ 00 [ 00 [ 00 | 00 | 00 [ 00 | 00 | 0.0
Economic
Currentland use 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Grade of Positive Impacts Grade of Negative Impacts

0-15.0 Little significant 0-150 Little significant
15.1-28.0 Significant 15.1-28.0 Significant
28.1- Very significant 28.1- Very significant

Source: Prepared based on PEAs of 6 Basins

It must be pointed out that in the Yauca River basin only 14 out of a total of 65 negative
impacts have been quantified as significant, and 2 have been quantified as very significant,
during the construction stage. Meanwhile, out of a total of 6 negative impacts, only 4 have
been quantified as significant, and 2 have been quantified as very significant, during the
operation stage.

During the construction stage, the works site preparation component and the DME
installation and operation component will significantly affect the land morphology. At the
same time, the Riverbed Excavation and Filling component will affect the “Yal”, “Ya2”,
and “Ya3” points. During the operation stage, river morphology and aquatic fauna will be
significantly affected at the “Ya2” points, where the river basin will be excavated.

During the construction stage, actions that will generate most significant negative impacts
along the basin include: “Site Works Preparation and Clearance”, “Riverbed Excavation and
Filling”, and “Surplus Material Deposits Operation (DME, in Spanish).” “Site works
Preparation and Clearance” will bring about a significant modification to the land
morphology, whereas “Riverbed Excavation and Filling” will bring about a significant
modification to river morphology.
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During the operation stage, hydraulic infrastructure works that will bring about most
significant negative environmental impacts include “Riverbed excavation and
embankment” that will cause a modification to the river morphology and subsequently,
decreased river habitability conditions that will directly impact the aquatic fauna.

Most significant positive impacts are related to all works to be constructed along the river
basins, and are directly related to improve the quality of the lives of the population around
the area of influence, improve the “Current Use of land / soil”, improve the security
conditions, and reduce vulnerability at social and environmental levels.

4.8.4 Socio-Environmental Management Plans

The objective of the Socio-Environmental Plans is to internalize both positive and negative
significant and very significant environmental impacts that are related to the Project’s
construction and operation stages, so that prevention and/or mitigation of significant and very
significant negative impacts, preservation of environmental heritage, and Project
sustainability are ensured.

During the construction stage, Project of Pisco river has set out the following measures:
“Local Hiring Program”, “Works Sites Management and Control Program”, “Riverbed
Diversion Program”, “Riverbank Excavation and Filling Management”, “Riverbed
Excavations and Filling Management”, “Quarry Management”, “DME Management”, “Camp
and Site Residence Standards”, and “Transportation Activity Management.” During the
operation stages, Project for the basin has considered the development of activities with regard
to “Riverbed and Aquatic Fauna Management”. These activities should develop riverbed
conditioning downstream the intervention points, for erosion probabilities to be reduced, and
habitability conditions to be provided for aquatic fauna species. The following are measures
related to those negative impacts to be mitigated or those positive impacts to be potentiated.
Overall measures have been established for the basin, based on the impacts.
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Table 4.9.4-1 Environmental Impact and Prevention/Mitigation Measures

[tem

Impact

Counter Measures

Period

Natural
environment

Water quality of
surface water

Management of river
diversion and coffering

Management of bank
excavation and banking

Management of riverbed
excavation and back filling

River topography

Management of bank
excavation and banking

Management of riverbed
excavation and back filling

Management of quarry site

Other topography

Management of
construction site

Management of large
amount of excavated or
dredged material

Dust

Management of
construction site

Management of large
amount of excavated and
dredged material

Construction
period

Biological
environment

Aquatic fauna

Management of riverbed
excavation and back filling

O/M period

Terrestrial fauna

Management of
construction site

Management of large
amount of excavated and
dredged material

Terrestrial flora

Management of
construction site

Management of large
amount of excavated and
dredged material

Social
environment

Quality of life

Management of labor and
construction office

Management of traffic of
construction vehicle

Employment plan of local
people

Population of
economic activity

Employment plan of local
people

Construction
period

Source: JICA Study Team
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4.8.5 Monitoring and Control Plan
(1) Follow up and monitoring plan

The follow-up plan has to implement firmly the management of environmental plan. The
monitoring plan is to be carried out to confirm that the construction activity fulfill the
environmental standard such as Environmental Quality Standards (EQS) either or Maximum
Permissible Limits (MPL). And the monitoring and control must be carried out under the
responsibility of the project’s owner or a third party under the supervision of the owner.

- Construction stage
During the construction period of the projects to be done in the watershed, the Monitoring
and Control Plan will be directed to the verification of the fulfillment measures designed as
part of the environmental monitoring plan and the verification of the fulfillment of laws and
regulation of the Peruvian Legislation. The following aspects will also be monitored:

Water Quality and Biological Parameters:
Water quality and biodiversity parameters control shall be performed at downstream of these
works must be monitored. In the following table the profile of this plan is shown.

Table 4.8.5-1 Monitoring to Water Quality and Biological Parameters

Item f
Unit Measured Value Measured Value Country’s
(Mean) (Max.) Standards
pH pH “National Standard
TSS mg/l for Water Quality”
BOD/COD mg/ DS, No. 002-2009
DO mg/|
Total Nitrogen mg/|
Heavy Metals mg/|
Temperature °C
Biological Diversity
indices: Shannon; Pielou;
richness and abundance

[Measurement Points]

-50 meters upstream the intervention points

-50 meters downstream the intervention points

-100 meters downstream the intervention points

[Frequency]

Quarterly

[Person in charge of Implementation]

DGIH-MINAG, or a third party under the project holder's supervision
Source: JICA Study Team
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Air Quality:

During impact analysis, in the projects to be developed in the watershed no significant
impacts will be seen in the activities related to hydraulic infrastructure works. However, the
generation of dust and atmospheric contaminant emissions always affects the working area
and the workers and inhabitants health. So, it is recommended to monitor air quality.

Table 4.8.5-2 Monitoring to Air Quality

Measured Measured Peruvian Standards Referred
Item Unit Value value (Max.) (D.S. No International
(Mean) ) 074-2001-PCM) Standards
SO “National Standard for | National
NOZ Air Quality” D.S. | Ambient Air
No0.074-2001-PCM Quality
co Standards
o’ (NAAQS)
(Updated in
PM-10 2008)
PM-2.5

[Measurement Points]

*02 stations per monitoring point: Windward and downwind (upwind and against the wind direction)
-1 point at the working zones

-1 point at a quarry, away from the river (the largest and / or the closest point to a populated area)
-1 pointata D.M.E. (the largest and / or the closest point to a populated area)

[Frequency]

Quarterly

[Person in charge of the Implementation]

DGIH-MINAG, or a third party under the project holder's supervision

Source: JICA Study Team

Noise Quality

Likewise, it is proposed to perform a noise monitoring at the potential receptors located near
the noise emission spots towards the working sites, in the next table 4.8.5-3, the terms are
described.

Table 4.8.5-3 Monitoring to Noise Quality

ltem Unit Measured Value Measured Country’s Referred International
(Mean) Value (Max.) Standards Standards
Noise level LAeqT National -IEC 651/804 — International
(dB(A)) Environmental | -IEC 61672- New Law:

Quality Replaces IECs 651/804
Standards for | -ANSI S 1.4 — America
noise (EQS) -
S.N. N°
085-2003-PCM

[Measurement Point]

Monitoring to acoustic contamination levels will be carried out at the potential receivers that are located around the
noise emission points per work front.

01 point per potential receiver will be monitored.

[Frequency]

Every two months during construction phase

[Person in charge of the Implementation]

DGIH-MINAG, or a third party under the project holder's supervision

Source: JICA Study Team
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- Operation Stages
Regarding works impact of all projects, it is mainly recommended to monitor biologic
parameters and water quality as river topography and the habitat of aquatic life.

Table 4.8.5-4 Monitoring to Water Quality (Operation Stage)

It f
em Unit Measured Value Measured Value Country’s
(Mean) (Max.) Standards

pH pH “National Standard
TSS mg/l for Water Quality”
BODICOD mg/ DS, No. 002-2009
DO mg/|
Total Nitrogen mg/|
Heavy Metals mg/|
Temperature °C
Biological Diversity
indices: Shannon; Pielou;
richness and abundance

[Measurement Points]

-50 meters upstream the intervention points

-50 meters downstream the intervention points

-100 meters downstream the intervention points

[Frequency]

Quarterly in first two years of operation phase

[Person in charge of Implementation]

DGIH-MINAG, or a third party under the project holder's supervision

Source: JICA Study Team

(2) Closure or Abandon Plan
Closure or abandon plans have been made for each watershed. These will be executed at
the end of construction activities and involves the removal of all temporary works and
restoration of intervened and/or affected areas as a result of the works execution. The
restoration includes the removal of contaminated soil, disposal of waste material, restoration
of soil morphology and restoration with vegetation of intervened sites.

(3) Citizen Participation

Citizen participation plans have been made for each watershed, which must be executed
before and during construction and when the works are completed. The recommended
activities are:

 Before works: Organize workshops in the surrounding community‘s area near the project
and let them know what benefits they will have. Informative materials in communities, which
will explain the profile, lapse, objectives, benefits, etc. of the Project

« During works execution: Give out information on the construction progress. Responding
complaints generated from the local community during works execution. For this, a consensus
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wants to be previously achieved with the community in order to determine how claims will be
met

* When works are completed: Organize workshops to inform about works completion. Works
delivery to the local community inviting local authorities for the transfer of goods, which
means the work finished.

4.8.6 Cost for the environmental impact management

The direct costs of previously mentioned measures to mitigate environmental impacts in the
Pisco River Watershed is as shown in the Table 4.8.6-1. In any case, it iS necessary to
determine in detail these measures’ budget for each watershed in the detailed design stage.

Table 4.8.6-1 Direct costs of measures to manage environmental impact

4.8.7 Conclusions and Recommendations
(1) Conclusions

According to the Preliminary Environmental Appraisals to Yauca basin, most impacts
identified during the construction and operation stages were found out to be of little
significance. Significant and very significant negative impacts can be controlled or mitigated,
as long as suitable Environmental Management Plans are carried out. In addition, the Project
will be implemented in the short term, as environmental conditions will be quickly restored.
However, the execution of a follow — up and monitoring plan is important, and in the event
that unexpected impacts are generated, immediate mitigation measures must be taken.

In addition, significant positive impacts are also present, especially during the operation stage.
These positive impacts include: An enhanced security / safety and a decreased vulnerability at
social and environmental levels; an improved quality of life among the population in the area
of influence, and an improved “Current use of land / soil”.

(2) Recommendations

1) We mainly recommend that the beginning of the construction activities coincides with the
beginning of the dry seasons in the region (May to November) when the level of water is very
low or the river dries up. The river characteristics / features should be taken into account, that
the Yauca River is seasonal rivers. At the same time, the crop season cycle in the areas of
direct influence should be taken into account, so that traffic jams caused by the large trucks
and farming machinery is prevented.

2) It is recommended that the Project holder (DGIH) should define the limit of river area
during detailed design stage, and identify the people who live within the river area illegally.
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Continually the DGIH should carry on the process of land acquisition based on the Land
Acquisition Low, which are; Emission of Resolution for land acquisition by the State,
Proposition of land cost and compensation for land owner, Agreement of the State and land
owner, Payment, archaeological assessment certification.

3) DGIH has to promote the process to obtain the CIRA in the detail design stage. The
process to be taken is i) Application form, ii) Copies of the location drawings and outline
drawings, iii) voucher, iv) Archaeological Assessment Certificate.

4) The participation of the women in the workshops can be promoted through the existing
women group such as Vaso de Leche.

Finally, the DGAA submitted the resolutions (Environmental Permissions) for Yauca basin.
The project has been categorized as “Category I””, which means that the project is not required
to carry out neither EIA-sd nor EIA-d.

4.9 Execution Plan

The Project’s Execution Plan will review the preliminary schedule, which includes the
following components. For pre-investment stage: © full execution of pre-feasibility and
feasibility studies to obtain SNIP’s approval in the pre-investment stage; for the investment
stage: @ signing of loans (L/A), ® consultant selection, @ consulting services (detailed
design and elaboration of technical specifications), ® constructor selection and ® work
execution. For the post-investment stage: @ Works’ completion and delivery to water users
associations and beginning of the operation and maintenance stage.

(1) Review by the Public Investment National System (SNIP)

In Peru, the Public Investment National System (SNIP hereinafter) is under operation. This
reviews the rationality and feasibility of public investment projects, and will be applied to this
Project.

In SNIP, among previous studies to an investigation, it will be conducted in 3 stages: profile
study (study on the project’s summary), pre-feasibility and feasibility. SNIP was created
under Regulation N° 27293 (published on June 28, 2000) in order to achieve efficient use of
public resources for public investment. It establishes principles, procedures, methods and
technical regulations to be fulfilled by central/regional governments in public investment
scheme plans and executed by them.

SNIP, as described below, is all public works projects which are forced to perform a 3-stage
pre-investment study: profile study, pre-feasibility and feasibility, and have them approved.
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However, following the Regulation amendment in April 2011, the execution of pre-feasibility
study of the intermediate stage was considered unnecessary; but in return, a study based on
primary data during the profile study is requested. The required precision degree throughout

all stages of the study has hardly changed before and after this modification.

Project Cycle

fpefore nvestement | [ Investement | [Atter investement |
Project/Program
design/Technical maintenance
Specifications
Profile Study
feed

(Source: DGPM HP)

Figure 4.9-1 SNIP Cycle Project

In order to carry out this Project, which is a project composed by several programs,
pre-investment studies at investments’ programs level are required to be performed and also
have them approved.

Although the procedure is quite different in each stage, in SNIP procedures, the project’s
training unit (UF) conducts studies of each stage, the Planning and Investment Office (OPI)
assesses and approves the UF’s presented studies and requests Public Sector Multi-Annual
Programming General Direction (hereinafter referred DGPM) to approve feasibility studies
and initiation of following studies. Finally DPGM evaluates, determines and approves the
public investment’s justification.
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| | | Economy and Finances Ministery |
/I\/II:E)

UF (Formulator Units) OPI DGPM
® Perform_profile, pre-feasibility ® Assess each study @ © Approve feasibility,
and feasibility Studies ] Approve ®  Request Studies on each stage
@ Improve Studies regarding OPI DGPM to approve feasibility
and DGPM comments study / of the beginning of
next stage

(See Regulation N0.001-2009-EF/68.01.)

Figure 4.9-2 Related Institutions to SNIP

Due to the comments of examining authorities (OP1 and DGPM) to FU, it will be necessary to
prepare correspondent responses and improve the studies. Since these authorities officially
admit applications after obtaining definitive answers, there are many cases in which they take
several months from the completion of the study report until the completion of the study.

(2) Yen loan contract
Once the feasibility studies reports are submitted and examined in SNIP, discussions on the
loan in yen will begin. It is estimated to be a period of 6 months for procedures.

(3) Procedure of the project’s execution

After the documents are assessed by SNIP and a loan agreement between Japan (JICA) and
the Peruvian counterpart is signed, a consultant will be selected. The consulting service
includes the development of detailed design and technical specifications, the contractors’
selection and the work’s supervision. Table 4.9-1 presents the Project’s overall schedule.

1) Consultant selection: 3 months, builder selection: 3 months
2) Develop detailed design and technical specifications of the work’s period
@ River and re-forestation works along these works

Detailed design and technical specifications elaboration: 6 months
Working Period: 2 years

@ Capacity Building

It will be executed on the same work period of river facilities.
Detailed design and technical specifications elaboration: 6 months
Working Period: 2 years
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Table 4.9-1 Implementation Plan

4.10 Institutions and Administration

Peruvian institutions regarding the Project’s execution and administration are the Agriculture
Ministry, Economy and Finance Ministry and Irrigation Commission, with the following roles
for each institution:

Ministry of Agriculture (MINAG)
* The Ministry of Agriculture (MINAG) is responsible for implementing programs and
the Hydraulic Infrastructure General Direction (DGIH) is responsible for the technical
administration of the programs. The Hydraulic Infrastructure General Direction (DGIH) is
dedicated to the coordination, administration and supervision of investment programs.
* In investment stage, the PSI(Programa Subsectorial de Irrigaciones, Ministerio de Agricultura) js
dedicated to calculate project costs, detail design and supervision of the works execution.
* The Planning and Investment Office (OPI) from the Agriculture Ministry is the one
responsible for pre-feasibility and feasibility studies in the pre-investment stage of DGIH
projects and requests approval of DGPI from the Economy and Finance Ministry (MEF).
* The General Administration Office of the Agriculture Ministry (OGA-MINAG) along
with the Public Debt National Direction (DNEP) of the Economy and Finance Ministry is
dedicated to financial management. It also manages the budget for procurement,
commissioning works, contracting, etc. from the Agriculture Ministry.
* The Environmental Affairs General Direction (DGAA) is responsible for reviewing and
approving the environmental impact assessment in the investment stage.

Economy and Finance Ministry (MEF)
* The DGPI approves feasibility studies. It also confirms and approves the conditions of
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loan contracts in yen. In the investment stage, it gives technical comments prior to the
project execution.

* Financial management is in charge of DNEP from the Economy and Finance Ministry and
OGA-MINAG.

* The Public Debt National Direction (DNEP) of the Economy and Finance Ministry
administers expenses in the investment stage and post-investment operation.

Irrigation Commission
* Responsible for the operation and maintenance of facilities at the post-investment
operation stage.

The relationship between the involved institutions in the Project’s execution is shown in
Figures 4.10-1 and 4.10-2.

In this Project, the investment stage (Project execution) corresponds to PSI from MINA. The
PSI is currently performing JBIC projects, etc. and in case of beginning a new project, it
forms the correspondent Project Management Unit (UGP), who is responsible of choosing the
consulting firm, hire construction services, works supervision, etc. The following figure
describes the structure of the different entities involved in the Project’s execution stage.

MEF (Economy MINAG
and Finance (Agriculture
JICA Ministry) Ministry)
Loan Contracts | DGPM/IDNEP | | DGAA
Resource loan Agreements ¢Budget Management v EIA Approves

IRRIGATION SUBSECTORIAL PROGRAM

| PSI |
Planning and Budget
Office
Works and goods contracts I Consultants Contract
Works Contractors Enai C ltant
Company and Goods ngineer Or)su an
Providers Companies
Works Construction and Goods Environmental Works and
Providers v v nitoring Supervision

Works, Reforestation and Training

Figure 4.10-1 Related institutions to the Project’s execution (investment stage)
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The main operations in the post-investment stage consist of operation and maintenance of the
built works and the loan reimbursement. The O & M of the works will be assumed by the
respective irrigation commission. Likewise, they should pay the construction costs in credits
mode. Next, the relationship of different organizations involved in post-project
implementation stage is detailed.

MEF (Economy and MINAG (Agriculture
Finance Ministry) Ministry)
]
JICA | ONEP I —
Loan debt service | |_
A . . .
Service quality regulations
Loan debt service Budget Management
\4 A 4
USERS BOARD
ANA-ALA Operation and .
N Maintenance Technical -
Promote and  support  projects —Operative Operatlon and
structures z Support .
Sectorists P Maintenance
Unit

Figure 4.10-2 institutions related to the Project
(Post-investment operation and maintenance stage)

(1) DGIH

1) Role and Functions

The Hydraulic Infrastructure General Direction is in charge of proposing public policies,
strategies and plans aimed to promoting water infrastructure development, according with the
Water Resources National Policy and the Environmental National Policy.

Water Infrastructure development includes studies, works, operation, maintenance and
construction risk management, fit-out, improve and expand dams, intakes, river beds,
irrigation channels, drains, meters, outlets, groundwater wells and modernize plot irrigation.

2) Main functions
a. Coordinate with the planning and budget office to develop water infrastructure and propose
sectorial and management policies on infrastructure development. Monitor and assess the
implementation of sectorial policies related to hydraulic infrastructure development
b. Propose government, region and provinces intervention regulations, as part of sectorial
policies
c. Verify and prioritize hydraulic infrastructure needs
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d. Promote and develop public investment projects at the hydraulic infrastructure profile level
e. Elaborate technical regulations to implement hydraulic infrastructure projects

f. Promote technological development of hydraulic infrastructure

g. Elaborate operation and maintenance technical standards for hydraulic infrastructure

(2) PSI

1) Function

The Irrigation Sub-sectorial Program (PSI) is responsible of executing investment projects. A
respective management unit is formed for each project.

2) Main functions

a. Irrigation Sub-sectorial Program - PSI, under the Agriculture Ministry, is a body with
administrative and financial autonomy. It assumes the responsibility of coordinating,
managing and administering involved institutions in projects in order to meet goals and
objectives proposed in investment projects

b. Also, it coordinates the disbursements of foreign cooperation agencies financing, such as
JICA.

c. The Planning, Budget and Monitoring Office of PSI is responsible for hiring services,
elaborating investment programs, as well as project execution plans. These Project
preparation works are executed by hiring “in-house” consultants

d. Likewise, it gathers contractors, makes a lease, executes works and implements supply
projects, etc.

e. Contract management is leaded by the Planning, Budget and Monitoring Office

3) Budget
In Table 4.10-1 the PSI budget for 2011 is shown.

Table 4.10-1 PSI Budget (2011)

Programs / Projects / Activities PIM (S/.)

JBIC Program (Loan Agreement EP-P31) 69.417.953
Program - PSI Sierra (Loan Agreement 7878-PE) 7.756.000
Direct management works 1.730.793
Southern Reconstruction Fund (FORSUR) 228.077
Crop Conversion Project (ARTRA) 132.866
Technified Irrigation Program (PRT) 1.851.330
Activity- 1.113819 small farmers... 783.000
PSI Management Program (Other expenses) 7.280.005

TOTAL 89.180.024
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4) Organization
PSI is conformed by 235employees, from which 14 are assigned for JBIC Projects and 29
technicians and assistants are working under them.

Table 4.10-2 PSI Payroll

Data from May 31, 2011
Central Level
CAS | Servic. and Consult. [ TOTAL
Main Office 61 43 104
Zonal Office LIMA 12 24 36
Zonal Office AREQUIPA | 14 12 26
Zonal Office CHICLAYO| 17 13 30
Zonal Office TRUJILLO | 13 26 39
TOTAL 117 118 235

In Figure 4.10-3, PSI flow table is detailed:

4.11 Logical framework of the eventually selected option
In Table 4.11-1 the logical framework of the definite selected option is shown.
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Table 4.11-1 Logical framework of the definite selected option

Narrative Summary

Verifying Indicators

Verifying Indicators
Media

Preliminary Conditions

Superior Goal

Promote socioeconomic
local development and
contribute in communities’
social welfare.

Improve local
productivity, generate
more jobs, increase
population’s income and
reduce poverty index

Published statistic data

Scio-economic and
policy stability

Objectives

Relief the high vulnerability
of valleys and local
continuity to floods

Types, quantity and
distribution of flood
control works, population
and beneficiaries areas

Monitoring annual
calendar works and
financial plan,
budget execution
control

Ensure the necessary
budget, active
intervention from central
and regional
governments,
municipalities, irrigation
communities, local
population, etc.

Expected results

Reduction of areas and
flooded areas, functional
improvement of intakes,
road destruction prevention,
irrigation channels
protection, bank erosion
control and Poechos dike
safety

Number of areas and
flooded areas, water
intake flow variation, road
destruction frequency,
bank erosion progress and
watershed’s downstream
erosion.

Site visits, review of
the flood control plan
and flood control
works reports and
periodic monitoring of
local inhabitants

Maintenance monitoring
by regional governments,
municipalities and local
community, provide
timely information to the
superior organisms

Activities

Component A: Structural
Measures

Dikes rehabilitation,
intake and bank protection
works, road damages
prevention, construction
of 28 works, including
dike’s safety

Detailed design
review, works reports,
executed expenses

Ensure the works budget,
detailed design/works
execution/good quality
works supervision

Component B:
Non-Structural Measures

B-1 Reforestation and
vegetation recovery

Reforested area, coastal
forest area

Works advance
reports, periodic
monitor by local
community

Consultants support,
NGO'’s, local community,
gathering and
cooperation of lower
watershed community

Component C: Disaster
prevention and capabilities
development education

Number of seminars,
trainings, workshops, etc

Progress reports, local
governments and
community
monitoring

Predisposition of the
parties to participate,
consultants and NGO’s
assessments

Project’s execution
management

Project’s management

Detailed design, work
start order, work operation
and maintenance
supervision

Design plans, work’s
execution plans, costs
estimation, works
specifications, works
management reports
and maintenance
manuals

High level consultants
and contractors selection,
beneficiaries population
participation in operation
and maintenance
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4.12 Middle and long term Plan

Up to this point, only flood control measures have been proposed and these must be executed
most urgently, due to the limitations on the available budget for this Project. However, there are
other measures that must be performed in the long term framework. In this section we will be
talking about the middle and long term flood control plan.

4.12.1 Flood Control General Plan
There are several ways to control floods in the entire watershed, for example building dams,
reservoirs, dikes or a combination of these.

In case of building a dam, assuming that this will reduce the flood peak (maximum flow) with
a 50 year return period reaching an equivalent flow of 10 return years. It will be necessary to
build a dam with a 3.7 million m3 capacity, which is quite an oversized number. Usually
upstream of an alluvial area, there is a rough topography, and in order to build a dam with
enough capacity, a very high dam need to be built, which implies investing a large amount
(more than thousand millions of soles). Also, it would take between three to five years to
identify the dam site, perform geological survey, material assessment and conceptual design.
The impact on the local environment is huge. So, it is considered inappropriate to include the
dam analysis option in this Study.

Likewise, the option of building a retarding basin would be not viable for the same reasons
already given for the dam, because it would be necessary to build a great capacity of retarding
basin and it is difficult to find a suitable location because most of the flat lands along the
river’s downstream are being used for agricultural purposes. So, its analysis has been removed
from this Study.

Therefore, we will focus our study in the construction of dams because it is the most viable
option.

(1) Plan of the river

1) Discharge capacity

An estimation was done on the discharge capacity of the current river’s flow based on
longitudinal and transversal river survey, which results are shown in the section 3.1.10, Figure
3.1.10-3.

2) Inundation characteristics
Inundation analysis of the Pisco River was performed. In the section 3.1.10, Figure 3.1.10-4 the
inundation condition for flood with probabilities of 50 years is shown. In the Pisco River
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watershed there are several sections where discharge capacity is not enough, causing floods for
example on the left bank around km 7 upwards and downwards.

3) Design flood level and dike’s standard section

The design flood level was determined in the flood water level with a return period of 50 years,
and the dike’s standard section will be determined as already mentioned in section 4.3.1, 5), 1).
In 4.2, Table 4.2-2 the theoretical design flood level and the required height of the dike’s crown
is shown.

4) Dikes” Alignment

Considering the current conditions of existing dikes the alignment of the new dikes was defined.
Basically, the broader possible river width was adopted to increase the discharge capacity and
the retard effect. In Figure 4.12.1-1 the current channel and the setting alignment method of a
section where the current channel has more width is explained schematically. In a normal
section, the dike’s crown has the same height to the flood water level with a return period of 50
years plus free board, while in the sections where the river has greater width, double dikes be
constructed with inner consistent dike alignment and continuous with normal sections upstream
and downstream. The crown height is equal to the flood water level with a return period of 50
years. The external dike’s crown height is equal to flood water level with a return period of 50
years, so in case the river overflows the internal dike, the open gap between the two dikes will
serve to store sediments and slow water.

|
Channelling plan base

B Storage and retardation of
i- s sediments

\
—l-—'."—',_"___l___._!;l__:l.:l_

| JE |

i
'
! E i |
—_— = =it ST AN S - = —
| | | |
: | - | Storage and retardation of
! |_ Internal Dike ! : it ‘
) =noyears ; e
R N1 '.lears....[lzf__ ) \
F % 7
v e e W
¥
SAND RESERVOIR ‘ SAND RESERVOIR
1
w110 years !

Section

]
]
! Normal
¥

Figure 4.12.1-1 Definition of dike alignment
4-57



Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Canete River

5) Plan and River section

In Figures 4.12.1-2 and -4.12.1-3 the plan and longitudinal section of the Yauca River are
shown.

Figure 4.12.1-2 Plan of Yauca River

=Io="T

k4 £ LI = i ot 1 tik 11y ke Ty Hid bt g1 e Ox Lai = Ak L i -e e Ly e - L e

TALTRaGE (=) RHFIMGE (=) CATTRMCE (=)

Figure 4.12.1-3 Yauca River Longitudinal Profile
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6) Dike’s construction plan
Next, basic policies for the dike’s construction plan on the Yauca River are shown:

- Build dikes that allow flood flow safe passage with a return period of 50 years
- The dikes will be constructed in areas where overflowing water will enter the dike, according
to the flood simulation
- The dikes will be placed in the sections above mentioned, where the design water level
exceeds the existing dike’s height or the ground level within the dike
- The dike’s height is defined in the flood water level with a return period of 50 years plus the
free board

Table 4.12.1-1 and Figure 4.12.1-4 show the dike’s construction plan on the Yauca River

Table 4.12.1-1 Dike’s Construction Plan

River Sections to be improved Dike Dike proposed Dike length
missing size (km)
heigth
average
(m)
Yauca Left margin - - Dikes’ height -

Right 0,5k-8,0k 0,46 =1,5m 3,0

margin Margin

Total 0,46 protection works 3,0

height = 3,0m
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Dike
0.0k-3.0k

Figure 4.12.1-4 Yauca River dike construction works approach

7) Project Cost
In Tables 4.12.1-2 and 4.12.1-4 works’ direct costs in private prices and the Project’s cost are
shown. Also, the cost of the project in social prices is presented in Table 4.12.1-5.

Table 4.12.1-2 Direct works’ cost (at private prices)

Dike construction Coastal defense
B1 H1 B2 A Bi H2 B2 A
0 8.5 5.8 0 0
.0 4.0 7.0 .0 .0
.0 9.5 .8 .0 .0
0 5.0 0 0 0
.0 0.5 .8 0 .0 3
.0 1.3 .7 0 .0 3
0 5 2.
0 10.0 6. 4
‘ ‘1m
Bl
1:3
Hi Di ke Coastal defense H2
with rockfill
1: 2.5 —
1.75m]
Work Viork Work
Mlatershed Works Arount Uni t Ug\ tary direct direct Dike direct
rice | ength
cost/m | cost/km cost
Yauca Dikes 10.7 m3| 10.0 107.0 107.0] 3.0 321.0
Margin 165 m3 1000 16500] 16500 49500
protection
Total 1,820.0| 1,820.0 55,510.0
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Table 4.12.1-3 Projects’ Cost (at private prices)

Operative Utity Total Cost of TAX Total work | Environmental Tt | @romrtin Total Gost

Temporary
Works Gost Infrastructure cost Impact

Watershed Direct Cost
works cost Expenses

s |ERIZEM| AERRE | I%E #RE i %iﬁ%l_gﬁ fid BHRE REFE | HMEEE | BIEER EE3

0 |e=0x0|@=0+:@w=0sx0{0=01x0] O | V] ©=0:0 | @=00rx@] 0720 [an=01x [ 02=Erox0x10
YAUCA 5,271,000 521,100 5,798,100 869,715 579,810 7.241,625 1,304,573 8,552,198 85,522 421,610 855,220 9,920,549

Table 4.12.1-4 Projects’ Cost (at social prices)

Watershed Direct Cost EITIE Works Cost paeiive Utility Vet @t G TAX otalork| Evionnenta Technical Flle | Supervision Total Cost
works cost Expenses Infrastructure cost Impact
EA |ERISESG| AERHE | IFE HER i ?ﬁiﬁ(%-l'%% (7)ﬁ%18 BH%E REZE (Iﬁ‘fﬂa’io;;r BIEEE (X3
~ _ _ _ = =018 x _ - =005 x _ ~
(1) (=01 x (1) 3)=(1)+(2) | 4)=015x3)[ (56)=0.1x(3) (R4{A34(5) @ (8)=(6)H7) | (9)=0.01x (8) ) (1) =01 x (8)] (12) = (B)+(9)+(10)+(11)
YAUCA 4237884 423788 4,661,672 699,251 466,167 5,827,091 1,048,876 6,875,967 68,760 343798 687,597 7976,121

2) Operation and Maintenance Plan

The operation and maintenance cost was calculated identifying the trend of the sedimentation
and erosion bed based on the one-dimensional analysis results of the bed variation, and a
long-term operation and maintenance plan was created.

The current river course has some narrow sections where there are bridges, farming works
(intakes, etc.) and there is a tendency of sediment gathering upstream of these sections.
Therefore, in this project there is a suggestion to increase the discharge capacity of these
narrow sections in order to avoid as possible upstream and in the bed (main part)
sedimentation, together with gathering sediments as much as possible when floods over a
return period of 50 years occur.

1) Bed variation analysis

Figure 4.12.1-5 shows the results of the Bed variation analysis of the Pisco River for the next
fifty years. From this figure a projection of the bed’s sedimentation and erosion trend and its
respective volume can be made.

2) Sections that need maintenance
In table 4.12.1-5 possible sections that require a process of long-term maintenance in the Pisco
River watershed is shown.

3) Operation and maintenance cost

Next the direct work cost at private prices for maintenance (bed excavation) required for each
watershed in the next 50 years is shown.
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Direct Work Cost
At private prices: 60,000 m® x 10 soles = 600,000 soles

Tables 4.12.1-6 and 4.12.1-7 show a 50 year Project cost at private and social prices.

Table 4.12.1-5 Sections which bed must be excavated in a programmed way

River Name Excavation Area Method of Maintenance Works
Yauca River Place 1 Target Section : 25.5km-26.5km | The section locates in the direct upstream of an
Target Volume : 60,000m* existing intake weir. In order to keep the function

of the weir, the periodical excavation maintenance
should be carried out.

#Design sediment volume: Sediment volume deposited in 50 years
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(3) Social Assessment

1) Private prices cost

i) Damage amount

Table 4.12.1-8 shows the damage amount calculated analyzing the overflow caused by floods
in the Cariete River with return periods between 2 and 50 years.

Table 4.12.1-8 Amount of damage of different return periods (at private prices)

Damage Amount (1,000 soles).

HEEE(FY—LR)
year Yauca

2 0

5 0

10 1,695

25 2,569

50 11,497

i) Damage reduction annual average
Table 4.12.1-9 shows the damage reduction annual average of the watershed calculated with
the data of Table 4.12.1-8.

iii) Project’s Cost and the operation and maintenance cost

Table 4.12.1-3 shows the projects’ cost. Also, the annual operation and maintenance (O & M)
cost for dikes and bank protection works can be observed in the table. This is calculated from
the 0.5% of the construction cost plus the bed excavation annual average cost indicated in Table
4.12.1-6.

iv) Economic evaluation
In Table 4.12.1-10 the results of economic assessment are shown.
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Table 4.12.1-9 Damage Reduction Annual Average

s/1000
R4 : g 24K (Pivate Prices for ALL watersheds)
#XE%E (Total damages - thousand S/.)
- P [ p— X FEHE IZF&I@EEZE E$$%ﬁ§§ﬁ Eﬁﬂ%&%@ﬁg};
3 mER @ TE 5 < IR ER bt X B =T
W fﬁmh d Return Pﬁfﬁff BWNEED 55Q C=-0-© @ Probability | Average value| E&HIAEFEE
atershe Period robapiiity Mitigated Damages incremental of damages Annual medial
Without With Project & Average value flow damages
Project @ @ @dirgg_eS@
1 1.000 0 0 0 0 0
2 0.500 0 0 0 0 0.500 0 0
5 0.200 0 0 0 0 0.300 0 0
YAUCA 10 0.100 1,695 0 1,695 847 0.100 85 85
25 0.040 2,569 0 2,569 2,132 0.060 128 213
50 0.020 11,497 0 11,497 7,033 0.020 141 353
Table 4.12.1-10 Economic assessment results (private prices costs)
T R MBS HE Net Present Value | Internal Rate of
EEGHERAE | I 25 HHEEY o/B s S,
e £
o Accumulated Average .
Aocumulated AVercEe | pnnual Beneft (n 15| Project's Cost 08M Cost C°;t/| Beneft NPV IRR
nnual Benefi years) elation
Yauca 4,592,758 2,073,999 9,920,549 894,671 0.23 (7,014,101) -

2) Social prices cost
i) Damage amount
Table 4.12.1-11 shows the damage amount calculated analyzing the overflow caused by floods
in the Majes-Camana River with return periods between 2 and 50 years in each watershed.

Table 4.12.1-11 Amount of damage of different return periods (at social prices)

Damage Amount (1,000
soles).
HWEHFY—LR)
year Yauca
2 0
5 0
10 2,150
25 3,313
50 12,092
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i) Damage reduction annual average
Table 4.12.1-12 shows the damage reduction annual average of each watershed calculated with
the data of Table 4.12.1-11.

iii) Project’s Cost and the operation and maintenance cost

Table 4.12.1-4 shows the projects’ cost. Also, the annual operation and maintenance (O & M)
cost for dikes and bank protection works can be observed in the table. This is calculated from
the 0.5% of the construction cost, as well as the bed excavation annual average cost indicated in
Table 4.12.1-7.

iv) Economic evaluation

In Table 4.12.1-13 the results of economic assessment are shown.

Table 4.12.1-12 Damage Reduction Annual Average

s/1000
HEMmE: Lk
#HE%E (Total damages - thousand S/.)
- T Y p—- KEFHERE IZﬁagsgﬁi E%ﬁ%&@%@ﬁi Eﬁﬂ’g%@ﬁg
feapn RER BT 5 < LI 8 X RE=FT1
W :ﬁﬁh § Return pﬁnl%ﬁff BOEED | 58O ®-0-@ @ Probability | Average value | Z&HEAEEE
atershe Period robabiity Mitigated Damages incremental | of damages Annual medial
Without With Project damga es Average value flow damages
Project ©) ® ®:®g_®
1 1.000 0 0 0 0 0
2 0.500 0 0 0 0 0.500 0 0
5 0.200 0 0 0 0 0.300 0 0
YAUGA 10 0.100 2,150 0 2,150 1,075 0.100 108 108
25 0.040 3,313 0 3313 2,132 0.060 164 271
50 0.020 12,092 0 12,092 7,102 0.020 154 425
Table 4.12.1-10 Economic assessment results (social prices costs)
T e SHESRHE Net Present Value | Internal Rate of
ERREREE | SO D 158 #HEEE ¢/ et fonel e
oA
o Accumulated Average )
Acc:mulalte; Av;):age Annual Benefit (in 15 Project’s Cost 0&M Cost Co;t/ﬁgneﬁt NPV IRR
nnual Benefi years) elation
Yauca 5,531,228 2,497,793 7,976,121 719,315 0.34 (4,809,039) -

(4) Conclusions
The economic assessment result shows that the Project has no positive economic impact in
terms of cost on both private and social prices, and the required cost is extremely high (9.9
million of soles, so, this Project is less viable to be adopted.
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4.12.2 Reforestation and Recovery of Vegetation Plan

(1) Reforestation of the upper watershed

Long-term reforestation in all areas considered to be critical of the upper watershed is
recommended. So, a detail analysis of this alternative will be explained next.

1) Basic Policies

Obijectives: Improve the water source area’s infiltration capacity, reduce surface soils water
flow and at the same time, increase water flow in intermediate soils and ground-water level.
Because of the above mentioned, water flow is interrupted in high flood season, this increases
water resources in mountain areas, reduces and prevents floods increasing with it the amount
and greater flow of ground-water level, reducing and preventing floods

Forestry area: means forestry in areas with planting possibilities around watersheds with
water sources or in areas where forest area has decreased.

Forestry method: local people plantations. Maintenance is done by promoters, supervision
and advisory is leaded by NGOs.

Maintenance after forestry: Maintenance is performed by the sow responsible in the
community. For this, a payment system (Payment for Environmental Services) will be created
by downstream beneficiaries

Observations: After each thinning the area will have to be reforested, keeping and preserving
it in a long-term sustainable way. An incentive for community people living upstream of the
watershed shall be designed.

The forest is preserved after keeping and reforesting it after thinning, this also helps in the
support and prevention of floods. For this, it is necessary that local people are aware, encourage
people downstream, promote and spread the importance of forests in Peru during the project’s
execution.

2) Selection of forestry area

As mentioned in 1) Forestry on upper watershed is performed with the support of the
community. In this case, the local inhabitants will participate in the upper watersheds during
their spare time. However, take into account that the community mostly lives in the highlands
where inhabitants live performing their farming and cattle activities in harsh natural conditions.
Therefore, it is difficult to tell if they have the availability to perform forestry. So, finding
comprehension and consensus of the inhabitants will take a long time.

3) Time required for the reforestation project

Since it is a small population, the workforce availability is reduced. So, the work that can be
carried out during the day is limited, and the work efficiency would be very low. The JICA
Study Team estimated the time required to reforest the entire area throughout the population in
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the areas within the reforestation plan, plant quantity, work efficiency, etc. According to this
estimate, it will take 14 years to reforest approximately 40,000 hectares from the Chincha River
Watershed. When estimating the required time for other watersheds, by simply applying this
rate to the respective watershed area, we obtained that reforestation in Yauca River Watershed
will take 22 years.

4) Total reforestation volume in the upper watershed and project’s period and cost

It has been estimated that the surface needed to be reforested in the Yauca River Watershed, as
well as the execution cost, having as reference Chincha River Watershed project reforestation
data. According to this estimate, the area to be reforested is approximately a total of 68,000
hectares. The required period is 22 years, and the cost is calculated in 184.3 million soles. In
other words, investing a great amount of time and money is required to reforest.

Table 4.12.2-1 Upstream Watershed Forest General Plan

Required period for .
. Required budget
Watershed Forestry Area (ha) the project (soles)
A (years)
C
B
Yauca 68,296 22 184,340,033

(Source: JICA Study Team)

5) Conclusions

The objective of this project is to execute the most urgent works and give such a long period
for reforestation which has an indirect effect with an impact that takes a long time to appear
would not be consistent with the proposed objective for the Project. Considering that 22 years
and invested 184 million soles are required, we can say that it is impractical to implement this
alternative in this project and that it shall be timely executed within the framework of a
long-term plan after finishing this project.

4.12.3 Sediment control plan

For the long-term sediment control plan, it is recommended to execute the necessary works in
the upper watershed.

The Sediment Control Plan in the upper watershed will mainly consist in construction of
sediment control dikes and bank protection works. In Figure 4.12.3-1 the sediment control
works disposition proposed to be executed throughout the watershed is shown. The cost of
Yauca River works was estimated focusing on: a) covers the entire watershed, and b) covers
only the priority areas, analyzing the disposition of works for each case. The results are shown
in Table 4.12.3-1.
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Due to the Yauca River extension, the construction cost for every alternative would be too
high in case of carrying-out the bank protection works, erosion control dikes, etc.,apart from
requiring a considerably long time. This implies that the project will take a long time to show
positive results. So, it is decided that it is impractical to execute this alternative within this
project and should be timely executed within the framework of a long-term plan, after
finishing this project.

Table 4.12.3-1 Upper watershed sediment control works execution estimated costs

Margin Protection Stri Sediment control dike i
Watershed Approach g . P . . To_tal works Prt_:Je_:ct Cost
Vol. Direct Cost Vol. Direct Cost \ol. Direct Cost direct cost (Millions S/.)
(km) (Million S/.) (units) (Million S/.) (units) (Million S/.)
All
Wiatershed 565 S/.604 57 Sl.2 97 S/.144 S1.750 S/.1.412
Yauca —
Prioritized
Section 565 S/.604 57 Sl.2 37 S/.54 S/.660 S/.1.242
LEGEND

FIGURE | COUNTER MEASURE | QUANTITY
= CHECK DAM 42
CHECK DAM
i PRIORITY 159
i REVENT WORK 324.53 km

CENOZOIC ZONE
Qr-al

ARRANGEMENT PLAN OF COUNTERMEASURE

CANETE BASIN

20,00 30,00 40,00 50,00 km SOALE
1:500 000

4.12.3-1 Sediment control works location Cafete River Watershed
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5. CONCLUSIONS
The selected alternative for flood control in this Study is structurally safe, and the

environmental impact is small, however the social evaluation shows extremely low economic
effect so that it is difficult to implement this Project.
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Abbreviation

Abbreviation

Official Name or meaning

ANA Water National Authority (Autoridad Nacional del Agua)

ALA Water Local Authority (Autoridad Local del Agua)

C/B Cost-Benefit relation (Cost-Benefit Ratio)

GDP PBI (Producto Bruto Interno) (Gross Domestic Product)

GIS Sistema de informacién geografica
(Geographic Information System)

DGAA Direccion General de Asuntos Ambientales (Environmental Affairs
General Direction)

DGFFS Direccion General de Forestal y de Fauna Silvestre (Forestry and
Fauna General Direction)

DGIH Direccion General de Infraestructura Hidraulica (Hydraulic
Infrastructure General Direction)

DGPM Direccion General de Programacion Multianual del Sector Pablico
(Public Sector Multiannual Program General Direction)

DNEP Direccion Nacional de Endeudamiento Publico (Public Indebtedness
National Direction)

DRA Direccion Regional de Agricultura (Agriculture Regional Direction)

EIA Estudio de impacto ambiental (Environmental Impact Assessment -
EIA)

FAO Organizacion de las Naciones Unidas para la Agricultura 'y la
Alimentacion
(Food and Agriculture Organization of the United Nations)

F/S Estudio de Factibilidad (Feasibility Study)

GORE Gobiernos Regionales (Regional Governments)

HEC-HMS Sistema de Modelado Hidroldgico del Centro de Ingenieria
Hidrologica (Hydrologic Model System from the Hydrology Engineer
Center)

HEC-RAS Sistema de Andlisis de Rios del Centro de Ingenieria Hidroldgica
(Hydrologic Engineering Centers River Analysis System)

IGN Instituto Geogréfico Nacional (National Geographic Institute)

IGV Impuesto General a Ventas (TAX)

INDECI Instituto Nacional de Defensa Civil (Civil defense National Institute)

INEI Instituto Nacional de Estadistica (Statistics National Institute)

INGEMMET Instituto Nacional Geoldgico Minero Metalurgico (Metallurgic Mining
Geologic National Institute)

INRENA Instituto Nacional de Recursos Naturales (Natural Resources National
Institute)

IRR Tasa Interna de Retorno (Internal Rate of Return - IRR)

JICA Agencia de Cooperacion Internacional del Japon
(Japan International Cooperation Agency)

JNUDRP Junta Nacional de Usuarios de los Distritos de Riego del Peru
(Peruvian Irrigation Disctrict Users National Board)

/A Acuerdo de Préstamo (Loan Agreement)

MEF Ministerio de Economia y Finanzas (Economy and Finance Ministry)

MINAG Ministerio de Agricultura (Agriculture Ministry)

M/M Minuta de Discusiones (Minutes of Meeting)




NPV VAN (Valor Actual Neto) (NET PRESENT VALUE)

0&M Operacion y mantenimiento  (Operation and maintenance)

OGA Oficina General de Administracion (Administration General Office)

ONERRN Oficina Nacional de Evaluacion de Recursos Naturales (Natural
Resources Assessment National Office)

OPI Oficina de Programacion e Inversiones (Programming and Investment
Office)

PE Proyecto Especial Chira-Piura (Chira-Piura Special Project)

PES PSA (Pago por Servicios ambientales) (Payment for Environmental
Services)

PERFIL Estudio del Perfil (Profile Study)

Pre F/S Estudio de prefactibilidad (Pre-feasibility Study)

PERPEC Programa de Encauzamiento de Rios y proteccion de Estructura de
Captacion (River Channeling and Protection of Collection Structures
Program)

PRONAMACH | Programa Nacional de Manejo de Cuencas Hidrograficas y

IS Conservacion de Suelos (Water Basins Management and Soil
Conservation National Program)

PSI Programa Sub Sectorial de irrigaciones (Sub-Sectorial Irrigation
Program)

SCF Factor de conversion estandar (Standard Conversion Factor)

SENAMHI Servicio Nacional de Meteorologia y Hidrologia (Meteorology and
Hydrology National Service)

SNIP Sistema Nacional de Inversion Pablica (Public Investment National
System)

UF Unidades Formuladoras (Formulator Units)

VALLE Llanura aluvial, llanura de valle (Alluvial Plain, Valley Plain)

VAT Impuesto al valor agregado (Value added tax)
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1. EXECUTIVE SUMMARY
1.1 Project Name

“Protection program for wvalleys and rural communities vulnerable to floods
Implementation of prevention measures to control overflows and floods of Majes-
Camana River, Arequipa department.”

1.2 Project’s Objective

The ultimate impact that the project is design to achieve is to alleviate the vulnerability of
valleys and the local community to flooding and boost local socioeconomic development.

1.3 Supply and Demand Balance

It has been calculated the theoretical water level in case of flow design flood based on the
transversal lifting data of the river with an interval of 500m, in the Majes-Camana river
watershed, assuming a design flood flow equal to the flood flow with a return period of
50 years. Then, we determined the dike height as the sum of the design water level plus
the dike’s free board.

This is the required height of the dike to control the damages caused by design floods and
is the indicator of the demand of the local community.

The height of the existing dike or current ground height is the required height to control
the current flood damages, and is the indicator of the current offer.

The difference between the dike design height (demand) and the height of the
embankment or ground at present (supply) is the difference or gap between demand and

supply.

Table 1.3-1 shows the average water levels floods, calculated with a return period of 50
years, of the required height of the dike (demand) to control the flow by adding the
design water level plus the free board of the dike; of dike height or current ground height
(supply), and the difference between these two (difference between demand and supply)
of the river. Then, in Table 4.2-2 the values at each point are shown. The current height
of the dike or the current ground height is greater than the required height of the dike, at
certain points. In these, the difference between supply and demand is considered null.
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Table 1.3-1 Demand and supply analysis

Dike Height / current Theoretical
land water level Dike Required Diff. demand/supply
Watershed (supply) ' with a return Freehoard dike's height
Right period of (demand) .
Left bank bank 50 years Left bank Right bank
@ @ © @ ®=C+@® ©=-6-0 | @©=6-O
g""’”es' , 401.90| 40519 399.43 1.20 400.63 121 0.88

amana

1.4 Structural Measures

Structural measures are a subject that must be analyzed in the flood control plan covering
the entire watershed. The analysis results are presented in section 4.12 “medium and long
term plan” This plan proposes the construction of dikes for flood control throughout the
watershed. However, the case of Majes-Camana River requires a large project investing
at a extremely high cost, far beyond the budget for this Project, which makes this
proposal it impractical. Therefore, assuming that the dikes to control floods throughout
the whole basin will be constructed progressively over a medium and long term period.
Here is where this study focused on the most urgent works, priority for flood control.

(1) Design flood flow

The Methodological Guide for Protection Projects and/or Flood Control in Agricultural
or Urban Areas (Guia Metodologica para Proyectos de Proteccion y/o Control de
Inundaciones en Areas Agricolas o Urbanas, 3.1.1 Horizonte de Proyectos) prepared by
the Public Sector Multi Annual Programming General Direction (DGPM) of the Ministry
of Economy and Finance (MEF) recommends a comparative analysis of different return
periods: 25, 50 and 100 years for the urban area and 10, 25 and 50 years for rural and
agricultural land.

Considering that the present Project is aimed at protecting the rural and agricultural land,
the design flood flow is to be determined in a return period of 10 years to 50 years in the
mentioned Guide.

The maximum discharge in the past in Majes-Camana watershed is less than the flood
discharge with return period of 50-year. However it seems that the flood discharge with
return period of 50-year caused large damages.

Since the flood control facilities in Peru not well developed, it is true that the past floods
caused much disaster so that the facilities should be safe for the same scale of flood with
return period of 50 years, therefore the design flood discharge in this Project is to be the
discharge with return period of 50-year.
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The relation among flood discharge with different return period, damage caused by the
floods and inundation areas is analyzed in the basin. The results are that the more the
return periods of flood increase the more inundation area and damage amount increase in
the basin, however the increase tendency of damage with project is more gentle compared
with former two items, and the reduction of damage with project reaches to maximum in
the case of the flood with return period of 50 years within the cases of flood with less
return period of 50 years.

As shown in the above section, the design flood discharge with return period of 50-year is
more than the maximum flood in the past, and absolute damage reduction amount in the
design discharge is largest among the probable flood discharge less than with return
period of 50-year, and economic viability of the design flood is confirmed.

(2) Selection of prioritized flood prevention works
We applied the following five criteria for the selection of priority flood control works.

» Demand from the local community (based on historical flood damage)

» Lack of discharge capacity of river channel (including the sections affected by
the scouring)

» Conditions of the adjacent area (conditions in urban areas, farmland, etc.).

» Conditions and area of inundation (type and extent of inundation according to
inundation analysis)

» Social and environmental conditions (important local infrastructures)

Based on the river survey, field investigation, discharge capacity analysis of river channel,
inundation analysis, and interviews to the local community (irrigation committee needs,
local governments, historical flood damage, etc...) a comprehensive evaluation was made
applying the five evaluation criteria listed above. After that we selected a total of seven
(7) critical points (with the highest score in the assessment) that require flood protection
measures.

Concretely, since the river cross sectional survey was carried out every 500m interval and
discharge capacity analysis and inundation analysis were performed based on the survey
results, the integral assessment was also done for sections of 500 meters. This sections
have been assessed in scales of 1 to 3 (0 point, 1 point and 2 points) and the sections of
which score is more than 6 were selected as prioritized areas. The lowest limit (6 points)
has been determined also taking into account the budget available for the Project in
general
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1.5 Non-structural measures

1.5.1 Reforestation and vegetation recovery
(1) Basic Policies

The reforestation plan and vegetation recovery that meets the objective of this project can
be divided into: i) reforestation along river structures, and ii) reforestation in the upper
watershed. The first has a direct effect on flood prevention expressing its impact in a
short time, while the second one requires high cost and a long period for its
implementation, as indicated later in the section “1.12 (2) Reforestation Plan and
vegetation recovery”, and also it is impractical to be implemented within the framework
of this project. Therefore, this study focused on the first alternative.

(2) Regarding reforestation along river structures

This alternative proposes planting trees along the river structures, including dikes and
bank protection works.

e Objective: Reduce the impact of flooding of the river when an unexpected flood
or narrowing of the river by the presence of obstacles, using vegetation strips
between the river and the elements to be protected.

e Methodology: Create vegetation stripes of a certain width between the river and
river structures.

e Execution of works: Plant vegetation on a portion of the river structures (dikes,
etc.).

e Maintenance after reforestation: Maintenance will be taken by irrigation
committees under their own initiative.

The width, length and area of reforestation along river structures are 11m, 29.0 km and
18.3 ha respectively.

1.5.2 Sediment control plan

The sediment control plan must be analyzed within the general plan of the watershed.
The results of the analysis are presented in section 1.12 “Medium and long term plan (3)”.
To sum up, the sediment control plan for the entire watershed requires a high investment
cost, which goes far beyond the budget of this project, which makes it impractical to
adopt.

The bed variation analysis has shown that the volume of sediment dragged in the Majes-
Camana river watershed is high, and therefore the bed variation (sediment volume) is also
large. However, seeing the average height of the bed, there has only been a variation of
approximately 0.2 m in 50 years, and the entry of sediments seem to have almost no
impact on the downstream bed. So, we conclude that it is necessary to take special
measures to control sediment.
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1.6 Technical support

Based on the technical proposals of structural and nonstructural measures, it is also
intends to incorporate in this project technical assistance to strengthen the measures.

The objective of the technical assistance is to “improve the capacity and technical level of
the local community, to manage risk to reduce flood damage in selected valleys.”

Technical assistance will cover the Majes-Camana river watershed.

Aiming to train characteristics of the watershed, courses for one will be prepared. The
beneficiaries are the representatives of the committees and irrigation groups from each
watershed, governments employees (provincial and district), local community
representatives, local people etc.

Qualified as participants in the training, people with ability to replicate and disseminate
lessons learned in the courses to other community members, through meetings of the
organizations to which they belong.

In order to carry out the technical assistance goal, the three activities propose the following:

- Bank protection activity and knowledge enhancement on agriculture and natural
environment

- Community disaster prevention planning for flood damages

- Watershed (slope) management against fluvial sedimentation

1.7 Costs
In the Table 1.7-1 the costs of this Project in Majes-Camana watershed is shown. The

cost of the watersheds is around 97.2 million soles.

Table 1.7-1 Project Cost

1.8 Social Assessment

(1) Benefits

The benefits of flood control are the reduction of losses caused by floods which would be
achieved by the implementation of the project and is determined by the difference

between the loss amount without project and with project. Specifically, to determine the
benefits, first the amount of losses by floods is calculated from different return periods
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(between 2 and 50 years), assuming that flood control works will last 50 years, and then
the average annual reduction loss amount is determined from the reduction of losses from
different return periods. In Tables 1.8-1 and 1.8-2 show the average annual amount of
reduction loss that would be achieved by implementing this project, expressed in costs at
private prices and costs at social prices.

Table 1.8-1 Annual average damage reduction amount (at private prices)

s/1000
#E%E (Total damage — miles de S/)

EELAEHLL | BEEERLE [235%] IZFEE]E‘;;{ng XHERER FELHHEL | Accumulation of
et BRI HBiBeE R BAO B=D—©® @ ® @x® ® = Annual
Basin Return period Probability Section Annual average| average damage

Without Project Damage Average probability damage ® reduction

@ ) With project @ reduction damage
=0-@
1 1.000 0 0 0 0 0
2 0.500 0 0 0 0 0.500 0 0
5 0.200 47,669 10,021 37,648 18,824 0.300 5,647 5,647
MAJES- 10 0.100 76,278 21,316 54,962 46,305 0.100 4,631 10,278
CAMANA 25 0.040 111,113 34,254 76,859 65911 0.060 3,955 14,232
50 0.020 190,662 63,532 127,130 101,994 0.020 2,040 16,272
Table 1.8-2 Annual average damage reduction amount (at social prices)
s/1000
#HEEE (Total damage — miles de S/)

EELAEHLL | BEEERLE [235%] IZFEE]EF’%;S#&§ XRER FETHHEL | Accumulation of
i TR BiEmE R BAO B=D—® @ ® @x® ® = Annual
Basin Return period Probability Section Annual average| average damage

Without Project Damage Average probability damage ® reduction

) With project @ reduction damage
=0-@

1 1.000 0 0 0 0 0

2 0.500 0 0 0 0 0.500 0 0

5 0.200 48,468 10,435 38,033 19,016 0.300 5,705 5,705

MAJES- 10 0.100 78,194 21,738 56,456 47,244 0.100 4,724 10,429
CAMANA 25 0.040 116,730 36,455 80,275 68,366 0.060 4,102 14,531
50 0.020 206,459 70,838 135,621 107,948 0.020 2,159 16,690

(2) Social assessment results

The objective of the social assessment in this study is to evaluate the efficiency of
investments in the structural measures using the method of cost-benefit relation (C/B)
from the point of view of national economy. To do this, we determined the economic
evaluation indicators (C/B relation, Net Present Value-NPV, and Internal return rate -
IRR).

The benefits of the evaluation period were estimated, from the first 15 years since the

start of the project. Because, from these 15 years, two are from the work execution period,
the evaluation was conducted for the 13 years following the completion of works.
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In Tables 1.8-3 and 1.8-4 the costs at private prices and at social prices resulting from this
project assessment are shown. It is noted that the project will have enough economic
effect.

Table 1.8-3 Social Assessment (costs at private prices)

Table 1.8-4 Social Assessment (costs at social prices)

Below are the positive effects of the Project that are difficult to quantify in economic
values.

@ Contribution to local economic development to alleviate the fear to economic
activities suspension and damages

@ Contribution to increase local employment opportunities thanks to the local
construction project

@ Strengthening the awareness of local people regarding damages from floods and
other disasters

@ Contribution to increase from stable agricultural production income, relieving
flood damage

® Rise in farmland prices

From the results of the economic evaluation presented above, it is considered that this
project will substantially contribute to the development of the local economy.

1.9 Sustainability Analysis

This project will be co-managed by the central government (through the DGIH),
irrigation committees and regional governments, and the project cost will be covered with
the respective contributions of the three parties. Usually the central government (in this
case, the DGIH) assumes 80%, the irrigation commissions 10% and regional
governments 10%. However, the percentages of the contributions of these last two are
decided through discussions between both parties. On the other hand, the operation and
maintenance (O & M) of completed works is taken by the irrigation committees.
Therefore, the sustainability of the project is depends on the profitability of the project
and the ability of O & M of irrigation committees.
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(1) Profitability

We have seen that Majes-Camana river watershed is sufficiently profitable and
sustainable. The amount of investment required is estimated at million soles (cost
at private prices). It is a cost-effective project with a C/B relation of 1.35, a relatively
high IRR of approximately 16% and NPV of S/.25. 4millones soles.

(2) Operation and maintenance costs

The annual cost of operation and maintenance required for the project, having as base
year 2008 is estimated at soles, which corresponds to % of the construction
cost of the project (83,228,000 soles) in the Majes-Camana river watershed. On the other
hand, the operating expenses average in the last two years of irrigation committees is
1,911,708.

When considering that the annual cost of operation and maintenance represents 22% of
the annual irrigation budget, the project would be sustainable enough because of the
financial capacity of these committees to maintain and operate the constructed works.

Table 1.9-1 presents the budget of the irrigation committees in the Majes-Camana river
watershed in recent years.

Table 1.9-1 Irrigation committee’s budget

Rivers Annual Budget (Unit/ S)

2006 2007 2008 2009 2010
Majes- 1.959.302,60 | 1.864.113,30
Camana

1.10 Environmental Impact

(1) Procedure of Environmental Impact Assessment

Projects are categorized in three scales, based on the significance level of the negative
and positive impacts, and each sector has an independent competence on this
categorization. The Project holder should submit the Environmental Impact Statement
(DIA, in Spanish) for all Projects under Category 1. The project holder should prepare
an E1A-sd or an EIA-d if the Project is categorized under Category 1l or 111,
respectively, to be granted the Environmental Certification from the relevant Ministry
Directorate.

First, the Project holder applies for the Project classification, by submitting the
Preliminary Environmental Assessment (PEA). The relevant sector assesses and
categorizes the Project. The Project’s PEA that is categorized under Category |
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becomes an EID, and those Projects categorized under Category Il or 111 should
prepare an EIA-sd or EIA-d, as applicable.

The preliminary environmental assessment (EAP) for Majes-Camana river was carried
out between September 2011 and November 2011and by a consulting firm registered in
the Ministry of Agriculture (CIDES Ingenieros S.A.). EAP for Majes-Camana was
submitted to DGIH December 20, 2011 by JICA Study Team and from DGIH to DGAA
January 4, 2012. DGAA is still under assessment on Majes-Camana watershed,

(2) Results of Environmental Impact Assessment

The procedures to review and evaluate the impact of the natural and social environment
of the Project are the following. First, we reviewed the implementation schedule of the
construction of river structures, and proceeded to develop the Leopold matrix.

The impact at environmental level (natural, biological and social environment) was
evaluated and at Project level (construction and maintenance stage). The quantitative
levels were determined by quantifying the environmental impact in terms of impact to
nature, manifestation possibility, magnitude (intensity, reach, duration and reversibility).

The EAP showed that the environmental impact would be manifested by the
implementation of this project in the construction and maintenance stages, mostly, it is
not very noticeable, and if it were, it can be prevented or mitigated by appropriately
implementing the management plan environmental impact.

On the other hand, the positive impact is very noticeable in the maintenance stage,

which manifests at socioeconomic and environmental level, specifically, in greater
security and reduced vulnerability, improved life quality and land use.
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1.11 Execution plan
Table 1.11-1 presents the Project execution plan.

Table 1.11-1 Execution plan

—_— 2010 2011 2012 2013 2014 2015 2016
3| 6 s[12] 3] 6] of12| 3] 6] s[1a] 3] 6] s12] 3] e] s[1a| 3] ] o1a] 3] 6] saz

1 | PROFILE STUDY / SNIP ASSESSMENT sTuoY |— : A I[ EVALUATION

2 |FEASIBILITY STUDY / SNIP ASSESSMENT STUDY | L] evaruamion

3 | YEN CREDIT NEGOTIATION L.

4 | CONSULTANT SELECTION —

5 CONSULTANT SERVICE (DETAILED DESIGH, [ 1 2l
LAWFUL DOCUMENT S PREPARATION)

TE S 1 LAECL DOCTINENT WORK SUPERVISION

& |BUILDER SELECTION ]
7 | WORK EXECUTION
1)| STRUCTURES BUILDING T
2)| REFORESTATION __L d __I:J. _I:L _| -

2 5y o
3})| EARLY ALERT SYSTEM b g,
4)| DISASTER PREVENTIVE TRAINING G J) B )

g |[FINISH WORK /| DELIVERY TO USERS BOARDS

1.12 Institutions and management

The institutions and its administration in the investment stage and in the operation and
maintenance stage after the investment shown in the Figures 1.12-1 and 1.12-2.
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MEF (Economy MINAG
and Finance (Agriculture

[JICA [ Ministry) Ministr%
Loan Contracts DGPM/DNEP DGAA

Resource loan Agreements tBudget Management v EIA Approves

IRRIGATION SUBSECTORIAL PROGRAM

| PSI |
Planning and Budget
Office
Works and goods contracts I Consultants Contract
Works Contractors Enai C [tant
Company and Goods ngineer on_su an
Providers Companies
Works Construction and Goods Environmental Works and
Providers \ 4 A 4 onitoring Supervision

Works, Reforestation and Training

Figure 1.12-1 institutions related to the implementation of the project (investment
stage)

MEF (Economy and MINAG (Agriculture
Finance Ministry) Ministry)

JlCA | DNEP |
| | PSI |_
Loan debt service

A Service quality regulations
Loan debt service Budget Management
v y
> USERS BOARD
ANA-ALA d Operation and Technical
- Maintenance -

Promote and support projects’ Operative i
structures . Support Ope_ratlon and

Sectorists P Maintenance

h Unit

Figure 1.12-2 institutions related to the implementation of the project (operation
and maintenance phase of post-investment)
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1.13 Logical Framework

Table 1.13-1 presents the logical framework of the final selected alternative.

Table 1.13-1 Logical framework of the final selected alternative

Narrative Summary

Verifying Indicators

Verifying Indicators Media

Preliminary Conditions

Superior Goal

Promote socioeconomic
local development and
contribute in communities’
social welfare.

Improve local productivity,
generate more jobs, increase
population’s income and
reduce poverty index

Published statistic data

Scio-economic and policy
stability

Objectives

Relief the high vulnerability
of valleys and local
continuity to floods

Types, quantity and
distribution of flood control
works, population and
beneficiaries areas

Monitoring annual calendar
works and financial plan,
budget execution control

Ensure the necessary budget,
active intervention from
central and regional
governments, municipalities,
irrigation communities, local
population, etc.

Expected results

Reduction of areas and
flooded areas, functional
improvement of intakes,
road destruction prevention,
irrigation channels
protection, bank erosion
control and Poechos dike
safety

Number of areas and flooded
areas, water intake flow
variation, road destruction
frequency, bank erosion
progress and watershed’s
downstream erosion.

Site visits, review of the
flood control plan and flood
control works reports and
periodic monitoring of local
inhabitants

Maintenance monitoring by
regional governments,
municipalities and local
community, provide timely
information to the superior
organisms

Activities

Component A: Structural
Measures

Dikes rehabilitation, intake
and bank protection works,
road damages prevention,
construction of 28 works,
including dike’s safety

Detailed design review,
works reports, executed
expenses

Ensure the works budget,
detailed design/works
execution/good quality
works supervision

Component B: Non-
Structural Measures
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B-1 Reforestation and
vegetation recovery

Reforested area, coastal
forest area

Works advance reports,
periodic monitor by local
community

Consultants support, NGO’s,
local community, gathering
and cooperation of lower
watershed community

Component C: Disaster
prevention and capabilities
development education

Number of seminars,
trainings, workshops, etc

Progress reports, local
governments and community
monitoring

Predisposition of the parties
to participate, consultants
and NGO’s assessments

Project’s execution
management

Project’s management

Detailed design, work start
order, work operation and
maintenance supervision

Design plans, work’s
execution plans, costs
estimation, works
specifications, works
management reports and
maintenance manuals

High level consultants and
contractors selection,
beneficiaries population
participation in operation
and maintenance

1.14 Middle and Long Term Plans

While it is true that due to the limited budget available for the Project, this study is focused
mainly on the flood control measures analysis that must be implemented urgently. It is considered
necessary to timely implement other necessary measures within a long term. In this section we
will discuss the medium and long term plans.

(1) Flood Control General Plan
There are several ways to control floods in the entire watershed, for example, the building of
dams, retarding basin, dikes or a combination of these. The options to build dams or retarding
basin are not viable because in order to answer to a flood flow with a return period of 50 years,
enormous works would be necessary to be built. So, the study was focused here on dikes’
construction because it was the most viable option.

Flood water level was calculated in the watershed adopting a designed flood flow with a return
period of 50 years. At this water level, freeboard was added in order to determine the required
dikes height. After, sections of the rivers where the dikes or ground did not reach the required
height were identified. These sections, altogether, add up to approx.136km. Also, from
maintaining these works, annually a dragged of the rivers has to be done in the sections where,
according to the bed fluctuation analysis the sediment gathering is elevating the bed’s height.
The volume of sediments that shall be eliminated annually was determined in approximately

11,000 m®.

In Tables 1.14-1 and 1.14-2 the flood control general plan project cost is shown as well as
the social assessment results in terms of private and social costs.
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Table 1.14-1 Project Cost and Social Assessment of the general flood control plan
(private prices costs)

. SRS .
IR B AR EHER B/C NPV IRR(%,
EFHHER R A (155) ZXE HEEEE )
Damage Reduction in .
Annual Average Evaluation Project Cost 0&M Cost Cost B.eneflt Net Present Internal Return
Damage Reduction . Ration Value of Rate
Period(15years)
Majes-Camana 285,833,001 129,076,518 465,857,392 29,096,617 031 -291,140,628

Table 1.14-2 Project Cost and Social Assessment of the general flood control plan
(social prices costs)

Bditoliies
THEE HHEE B/C NPV IRR(%
FTHREERHE B (15%) FXE HEEEE (%)
Damage Reduction in X
Annual Averagle Evaluation Project Cost 0&M Cost Cost Bleneflt Net Present Internal Return
Damage Reduction ) Ration Value of Rate
Period(15years)
Majes-Camana 294,878,168 133,161,136 374,549,343 23,393,680 0.39 -204,693,450

In case of executing flood control works in the watershed, the works is not viable economically,
and the Projects’ cost would elevate to 465.9 million soles, which is a huge amount for this
project..

(2) Reforestation Plan and Vegetation Recovery

The forestry option was analyzed, in a long term basis, to cover every area that requires being
covered with vegetation in the upper watershed. The objective is improving this areas’
infiltration capacity, reduce of surface water and increase semi-underground and underground
water. So, the flood maximum flow will be decreased, also it could be possible to increase the
water reserve in the mountain areas and prevent and soothe floods. The areas to be reforested
will be the afforested areas or where the forest mass in the water infiltration areas has been lost.

In Table 1.14-3 the area to be afforested and the project’s cost for the watershed is shown.
These were calculated based on forestry plan of Chincha River. The total surface would be
approximately 307,000hectares and in order to forest them the required time would be from 98
years and 829.2 million soles. To sum up, the Project has to cover an extensive area, with an
investment of much time and at a high cost.

Table 1.14-3 General Plan for forestry on upper stream watersheds

Forestry Area Reqli'r:gd :;?ggtd by Required Budget
Watershed (ha) proJ (1,000s0les)
(years)
A C
B
Majes- Camana 307,210 98 829,201
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(3) Sediment Control Plan

As long term sediment control plan, it is recommended to perform necessary works on the
upper watershed. These works will mainly consist of dams and bank protection. In Table 1.14-
4 the estimate work cost is shown. There are two costs, one for executing works in the entire
watershed and another one for executing works only in prioritized areas.

All the chosen watersheds for this Project are big. So, if bank protection works and sediment
control dams want to be built, not only the works’ cost would elevate but also a very long
period of investment would have to be done in the watershed. This means that its positive
impact will be seen in a long time.

Table 1.14-4 Projects’ General Costs of the Sediment Control Installations
Upstream the Watershed

Watersheds Bank Protection Bands Dams Works direct | Project
cost (total) Cost (in
Areas Qty. Works direct Qty. | Works direct | Qty. | Works direct millions
(km) costs (million | (No.) | costs (No. | costs (million de s/
sl.) (million s/.) sl.)
Majes- Totally 264 S/.282 26 S/.1 123 S/.165 S/.448 S/.843
Camana Prioritized
areas 264 S/.282 26 S/.1 81 S/.105 S/.388 S/.730
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2. GENERAL ASPECTS

2.1 Name of the Project
“Protection program for valleys and rural communities vulnerable to floods Implementation of
prevention measures to control overflows and floods of Majes-Camana River, Arequipa department”

2.2 Formulator and Executor Units

(1) Formulator Unit

Name: Hydraulic Infrastructure General Direction, Agriculture Ministry
Responsible: Orlando Chirinos Hernan Trujillo

General Director of the Water Infrastructure General Direction
Address: Av. Benavides N° 395 Miraflores, Lima 12 - Peru

Phone: (511) 4455457 / 6148154

Email: ochirinos@minag.gob.pe

(2) Executor Unit

Name: Sub-sectorial Irrigation Program, Agriculture Ministry
Manager: Jorge Zafiga Morgan

Executive Director

Address: Jr. Emilio Fernandez N° 130 Santa Beatriz, Lima-Peru
Phone: (511) 4244488

Email: postmast@psi.gob.pe

2.3 Involved entities and Beneficiaries Participation

Here are the institutions and entities involved in this project, as well as beneficiaries.

(1) Agriculture Ministry (MINAG)

MINAG, as manager of natural resources of watersheds promotes agricultural development in each of
them and is responsible of maintaining the economical, social and environmental to benefit agricultural
development.

To accomplish effectively and efficiently this objective, the MINAG has been working since 1999 in the
River Channeling and Collection Structures Protection Program (PERPEC). The river disaster
prevention programs that are been carried out by regional governments are funded with PERPEC
resources.

1) Administration Office (OA)

- Manages and executes the program’s budget
- Establishes the preparation of management guides and financial affairs
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2) Hydraulic Infrastructure general Direction (DGIH)
- Performs the study, control and implementation of the investment program
- Develops general guidelines of the program together with OPI

3) Planning and Investment Office (OPI)

- Conducts the preliminary assessment of the investment program

- Assumes the program’s management and the execution of the program’s budget
- Plans the preparation of management guides and financial affairs

4) Irrigation Sub-Sectorial Program (PSI)
- Carries-out the investment program approved by OPI and DGPM

(2) Economy and Finance Ministry (MEF)

Public Sector’s Multiannual Programming General Direction (DGPM)

Is in charge of approving public investment works according to procedures under the Public Investment
National System (SNIP) to assess the relevance and feasibility of processing the disbursement request of
the national budget and the loan from JICA.

(3) Japan’s International Cooperation Agency (JICA)

It is a Japanese government institution with the objective of contributing in the socioeconomic
development of developing countries through international cooperation. JICA has extended financial
assistance to carry out pre-feasibility and feasibility studies of this Project.

(4) Regional Governments (GORE)

Regional governments assume the promotion of integrated and sustainable regional development
following the national and regional plans and programs, trying to increase public and private investment,
generating employment opportunities, protecting citizens rights and ensuring equal opportunities.

The regional governments’ participation with their possible financial support is a very important factor
to ensure the Project’s sustainability.

(5) Irrigation Commission

Currently there are 42 irrigation commissions in the Majes-Camana River Watershed. These have
expressed a strong desire for the starting of works because these will help constructing dikes, protecting
margins, repairing water intakes, etc. These commissions are currently suffering major damages due to
rivers flooding. Next, a brief overview of the Majes-Camana River Watershed is described (for more
details, see Section 3.1.3). Currently, the operation and maintenance of dikes, margin protection works,
irrigation intakes and channels linked to agricultural land and irrigation systems in the Watershed, are
mainly made by irrigation commissions and their members, with the assistance of local governments.
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Majes River Watershed Camana River
Watershed
Number of irrigation blocks: 17 17
Number of Irrigation 45 38
Commissions:
Irrigated Area: 7,505 ha 6,796ha
Beneficiaries: 2.519 producers 3,388 producers

(6) Meteorology and Hydrology National Service (SENAMHI)
It is an agency from the Environment Ministry responsible for all activities related to meteorology,
hydrology, environment and agricultural meteorology. Take part in global level monitoring,
contributing to sustainable development, security and national welfare, and gathering information and
data from meteorological stations and hydrological observation.

(7) Civil Defense National Institute (INDECI)

INDECI is the main agency and coordinator of the Civil Defense National System. It is responsible for
organizing and coordinating the community, elaborating plans and developing disaster risk’s
management processes. Its objective is to prevent or alleviate human life loss due to natural and human
disasters and prevent destruction of property and the environment.

(8) Water National Authority (ANA)
It is the highest technical regulating authority in charge of promoting, monitoring and controlling
politics, plans, programs and regulations regarding sustainable use of water resources nationwide.

Its functions include sustainable management of these resources, as well as improving the technical and
legal framework on monitoring and assessment of water supply operations in each region.

Along with maintaining and promoting a sustainable use of water resources, it is also responsible for
conducting the necessary studies and developing main maintenance plans, national and international
economic and technical cooperation programs.

(9) Agriculture Regional Directorates (DRA’S)
Agricultural regional addresses fulfill the following functions under the respective regional government:

1) Develop, approve, assess, implement, control and manage national agriculture policies, sectorial
plans as well as regional plans and policies proposed by municipalities

2) Control agriculture activities and services fitting them to related policies and regulations, as well as
on the regional potential

3) Participate in the sustainable management of water resources agreeing with the watershed’s general
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framework, as well as the policies of the Water National Authority (ANA)

4) Promote the restructure of areas, market development, export and agricultural and agro-industrial
products consumption

5) Promote the management of: irrigation, construction and irrigation repair programs, as well as the
proper management and water resources and soil conservation

2.4 Framework

2.4.1 Background

(1) Study Background

The Republic of Peru (hereinafter “Peru”) is a country with high risk of natural disasters such as
earthquakes, Tsunamis, etc. Among these natural disasters there are also floods. In particular, EI Nifio
takes place with an interval of several years and has caused major flood of rivers and landslides in
different parts of the country. The most serious disaster in recent years due to El Nifio occurred in the
rainy season of 1982-1983 and 1997-1998. In particular, the period of 1997-1998, the floods, landslides,
among others left loss of 3,500 million of dollars nationwide. The latest floods in late January 2010,
nearby Machupicchu World Heritage Site, due to heavy rains interrupted railway and roads traffic,
leaving almost 2,000 people isolated.

In this context, the central government has implemented El Nifio phenomenon | and Il contingency
plans in 1997-1998, throughout the Agriculture and Livestock Ministry (MINAG) in order to rebuild
water infrastructures devastated by this phenomenon. Next, the Hydraulic Infrastructure General
Direction (DGIH) of the Agriculture Ministry (MINAG) began in 1999 the River Channeling and
Collection Structures Protection Program (PERPEC) in order to protect villages, farmlands, agricultural
infrastructure, etc located within flood risk areas. The program consisted of financial support for
regional government to carry out works of margin protection. In the multiyear PERPEC plan between
2007-2009 it had been intended to execute a total of 206 margin protection works nationwide. These
projects were designed to withstand floods with a return period of 50 years, but all the works have been
small and punctual, without giving a full and integral solution to control floods. So, every time floods
occur in different places, damages are still happening.

MINAG developed a “Valley and Rural Populations Vulnerable to Floods Protection Project” for nine
watersheds of the five regions. However, due to the limited availability of experiences, technical and
financial resources to implement a pre-investment study for a flood control project of such magnitude,
MINAG requested JICA’s help to implementation this study. In response to this request, JICA and
MINAG held discussions under the premise of implementing it in the preparatory study scheme to
formulate a loan draft from AOD of JICA, about the content and scope of the study, the
implementation’s schedule, obligations and commitments of both parties, etc. expressing the
conclusions in the Discussions Minutes (hereinafter “M/D”) that were signed on January 21 and April
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16, 2010. This study was implemented on this M/D.

(2) Progress of Study

The Profile Study Report for this Project at Program’s level for nine watersheds of five regions has been
elaborated by DGIH and sent to the Planning and Investment Office (OPI) on December 23, 2009, and
approved on the 30™ of the same month. Afterwards, DGIH presented the report to the Public Sector
Multiannual Programming General Direction (DGPM) of the Economy and Finance Ministry (MEF) on
January 18, 2010. On March 19", DGPM informed DGIH about the results of the review and the
correspondent comments.

The JICA Study Team began the study in Peru on September 5", 2010. At the beginning, nine
watersheds were going to be included in the study. One, the Ica River was excluded of the Peruvian
proposal leaving eight watersheds. The eight watersheds were divided into two groups: Group A with
five watersheds and Group B with three watersheds. The study for the first group was assigned to JICA
and the second to DGIH. Group A includes Chira, Cafiete, Chincha, Pisco and Yauca Rivers’
Watersheds and Group B includes the Cumbaza, Majes and Camana Rivers’ Watersheds.

The JICA Study Team conducted the profile study of the five watersheds of Group A, with an accurate
pre-feasibility level and handed DGIH the Program Report of group A and the reports of the five
watershed projects by late June 2011. Also, the feasibility study has already started, omitting the
pre-feasibility study.

For the watersheds of Group B which study corresponded to DGIH, this profile study took place
between mid-February and early March 2011 (and not with a pre-feasibility level, as established in the
Meetings Minutes), where Cumbaza River Watershed was excluded because it was evident that it would
not have an economic effect. The report on the Majes and Camana rivers watersheds were delivered to
OPI, and OPI official comments were received through DGIH on April 26", indicating that the
performed study for these two watersheds did not meet the accuracy level required and it was necessary
to study them again. Also, it was indicated to perform a single study for both rivers because they belong
to a single watershed (Majes-Camana).

On the other hand, due to the austerity policy announced on March 31%, prior to the new government
assumption by new president on July 28", it has been noted that it is extremely difficult to obtain new
budget, DGIH has requested JICA on May 6" to perform the prefeasibility and feasibility studies of the
Majes-Camana Watershed.

JICA accepted this request and decided to perform the mentioned watershed study modifying for the
second time the Meeting Minutes (refer to Meetings Minutes Second Amendment about the Initial
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Report, Lima, July 22", 2011)

So, the JICA Study Team began in August the prefeasibility study for the watershed above mentioned,
which was completed in late November.

This report corresponds with the pre-feasibility study of the Majes-Camana watershed project, of Group
B. The feasibility study wants to be finished by mid-January 2012, and the feasibility study for all
selected watersheds around the same dates.

Remember that DGIH processed on July 21%, the SNIP registration of four of the five watersheds from
JICA (except Yauca), based on projects reports at pre-feasibility level (according to the watersheds).
DHIG decided to discard Yauca River due to its low impact in economy.

2.4.2 Laws, regulations, policies and guidelines related to the Program
This program has been elaborated following the mentioned laws and regulations, policies and
guidelines:

(1) Water Resources Law N° 29338

Article 75 .- Protection of water

The National Authority, in view of the Watershed Council, must ensure for the protection of water,
including conservation and protection of their sources, ecosystems and natural assets related to it in the
regulation framework and other laws applicable. For this purpose, coordination with relevant
government institutions and different users must be done.

The National Authority, throughout the proper Watershed Council, executes supervision and control
functions in order to prevent and fight the effects of pollution in the oceans, rivers and lakes. It can also
coordinate for that purpose with public administration, regional governments and local governments
sectors.

The State recognizes as environmentally vulnerable areas the headwater watersheds where the waters
originate. The National Authority, with the opinion of the Environment Ministry, may declare protected
areas the ones not granted by any right of use, disposition or water dumping.

Acrticle 119 .- Programs flood control and flood disasters

The National Authority, together with respective Watershed Board, promotes integral programs for
flood control, natural or manmade disasters and prevention of flood damages or other water impacts and
its related assets. This promotes the coordination of structural, institutional and necessary operational
measures.

Within the water planning, the development of infrastructure projects for multi-sectorial advantage is
promoted. This is considered as flood control, flood protection and other preventive measures.
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(2) Water Resources Law Regulation N° 29338

Avrticle 118 .- From the maintenance programs of the marginal strip

The Water Administrative Authority, in coordination with the Agriculture Ministry , regional
governments, local governments and water user organizations will promote the development of
programs and projects of marginal strips forestry protection from water erosive action.

Article 259 ° .- Obligation to defend margins

All users have as duty to defend river margins against natural phenomenon effects, throughout all areas
that can be influenced by an intake, whether it is located on owned land or third parties’ land. For this
matter, the correspondent projects will be submitted to be reviewed and approved by the Water National
Authority.

(3) Water Regulation

Article 49. Preventive measures investments for crop protection are less than the recovery and
rehabilitation cost measures. It is important to give higher priority to these protective measures which
are more economic and beneficial for the country, and also contribute to public expenses savings.

Article 50. In case the cost of dikes and irrigation channels protection measures is in charge of family
production units or it exceeds the payment capacity of users, the Government may pay part of this cost.

(4) Multi-Annual Sectorial Strategic Plan of the Agriculture Ministry for the period 2007-2011 (RM N°
0821-2008-AG)

Promotes the construction and repair of irrigation infrastructure works with the premise of having
enough water resources and their proper use.

(5) Organic Law of the Agriculture Ministry, N° 26821

In Article 3, it is stipulated that the agricultural sector is responsible for executing river works and
agricultural water management. This means that river works and water management for agricultural
purposes shall be paid by the sector.

(6) Guidelines for Peruvian Agricultural Policy - 2002, by the Policy Office of MINAG

Title 10 - Sectorial Policies

“Agriculture is a high risk productive activity due to its vulnerability to climate events, which can be
anticipated and mitigated... The damage cost to infrastructure, crops and livestock can be an obstacle for
the development of agriculture, and as consequence, in the deterioration of local, regional and national
levels.”
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(7) River Channeling and Collection Structures Protection Program, PERPEC

The MINAG’s DGIH started in 1999 the River Channeling and Collection Structures Protection
Program (PERPEC) in order to protect communities, agricultural lands and facilities and other elements
of the region from floods damages, extending financial support to margin protection works carried out
by regional governments.
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3.

IDENTIFICATION

Diagnosis of the current situation

3.1
3.1.1 Nature
(D) Location

Figure 3.1.1-1 shows the location map of the Majes — Camana River
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(2) Watershed overall description

The Majes — Camana River runs 700 m to the south of the Capital of Lima. It is the river
running at the most southern point of all the rivers object of the present Study and belongs to the
Arequipa Region. The watershed surface is of 17,000 km? approximately and 60% of it is
located above 4,000 m.a.s.l. The area object of the Project is approximately 100km from the
river mouth, which is below 2,000 m.a.s.l, representing 20% of the total surface of the
watershed.

The limit between Majes and Camana is located approximately 40 km from the rivers” mouth.
From this point downstream the river is called “Camana” and “Majes” from this limit upstream.
The slope of the riverbed is approximately 1/200 in Camana and 1/100 in Majes. Its width
varies between 100 and 200 meters in Camana and between 200 and 500 meters in Majes. The
river is wider in the upper part because, while in the lower part (Camana) the water course has
been stabilized with dikes built by the irrigation commission, in the upper watershed (Majes)
there are no sufficient dikes constructed.

Annual rainfalls show a clear tendency to increase in upper areas. This trend is such that they
are of approximately 50 mm below 1,000 m.a.s.l and more than 500 mm above 4,000 m.a.s.|
The flow is abundant and the superficial water (fluvial) does not run out even in dried seasons.

As to vegetation, upper areas of more than 4,000 m.a.s.l represent 60% of the total area are
covered by wetlands, while the lower areas below 2,000 m.a.s.l are desert. Flat lands along the
river are being used, mostly for agriculture, particularly for irrigated rice crops.

3.1.2  Socio-economic conditions of the Study Area
D Administrative Division and Surface

The Majes — Camana River is located in the provinces of Castilla and Camana in the
Arequipa Region. Table 3.1.2-1 shows the main districts surrounding this river, with their
corresponding surface.

Table 3.1.2-1 Districts surrounding the Majes — Camana River with areas

Region Province District Area (Km’)
Uraca 713.83
Castilla Aplao 640.04
Huancarqui 803.65
. Camana 11.67
Arequipa Nicolas de Pierola 391.84
Camana Mariscal Caceres 579.31
Samuel Pastor 113.4
Jose Maria Quimper 16.72

2 Population and number of households

The following Table 3.1.2-2 shows how population varied within the period 1993-2007. In
2007, from 44,175 inhabitants, 91% (40,322 inhabitants) lived in urban areas while 9% (3,853
inhabitants) lived in rural areas.
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Population is increasing in all districts. However, while the urban area registers an annual
medium increase of 2.8% to 3.4%, exceeding the national average, the rural area experiments a
decrease of -1.3% to -6.6%.

Table 3.1.2-2 Variation of the urban and rural population

Provine District 2007 Total Population 1993 Total Population Variation (%)
Urban % Rural % Total Urban % Rural % Total Urban Rural
Uraca 2,664 37% 4518 63% 7,182 1,953 | 29% | 4698 | 71% | 6651 | 220% | -0.30%
Castilla | Aplao 4,847 45% 4,004 55% 8,851 2928 | 35% | 533 | 65% | 8262 | 3.70% | -2.00%
Huancarqui 1,191 18% 254 82% 1,445 1,047 | 65% 555 3% | 1602 | 090% | -5.40%
Total 8702 | 49.80% | 8776 | 50.20% | 17,478 5928 | 36% | 10587 | 64% | 16515 | 2.80% | -1.30%
Camana 14,642 1% 116 99% 14758 | 13284 | 94% 809 6% | 14003 | 0.70% | -13.00%
Nicolas de Pierola 5,362 88% 703 12% 6,065 4688 | 88% 613 12% | 5301 | 1.00% 1.00%
Camana  |Mariscal Caceres 4,705 86% 758 14% 5,463 2562 | 67% | 1253 | 33% | 3815 | 4.40% | -350%
Samuel Pastor 12,004 91% 1,138 9% 13,142 2285 | 26% | 6501 | 74% | 8786 | 12.60% | -11.70%
Jose Maria Quimper | 3,609 76% 1,138 24% 4,747 2426 | 74% 870 26% | 3296 | 2.90% 1.90%
Total 40322 | 91.30% | 3853 | 870% | 44175 | 25245 | 72% | 10046 | 28% | 35291 | 3.40% | -6.60%

Source: Prepared by JICA Study Team, Statistics National Institute- INEI, 2007 and 1993 Population and Housing

Census.

Table 3.1.2-3 -4 shows the number of households and members per home in 2007. Apparently
Huancarqui has fewer members per household (3.36 persons) while Jose Maria Quimper has a
greater number with 4.4; remaining districts vary between 3,6 and 4,1 persons.

The number of members per family is around 4,1 persons, with exception of Nuevo Imperial,

with a lower Figure of 3.77.

Table 3.1.2-3 Number of households and families in Castilla

. District
Variables -
Uraca Aplao Huancarqui
Population (inhabitants) 7,182 8,851 1,445
Number of households 1,760 2,333 430
Number of families 1,887 2,416 434
Members per household (persons/household) 4.08 3.79 3.36
Members per family (persons/family) 3.81 3.66 3.33

Table 3.1.2-4 Number of households and families in Camana

District
Variables Nicolas de|[ Mariscal | Samuel | Jose Maria
Camana Pierola Caceres Pastor Quimper

Population (inhabitants) 14,758 6,065 5,463 13,142 4,747
Number of households 3,845 1,680 1,394 3,426 1,078
Number of families 4,066 1,738 1,448 3,554 1,108
Members per household (persons/househol 3.84 3.61 3.92 3.84 4.4

Members per family (persons/family) 3.63 3.49 3.77 3.7 4.28
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Occupation

@)

Table 3.1.2-5, shows occupation lists of local inhabitants itemized by sector.
It highlights the primary sector in all districts representing between 23 and 65% of the

economically active population (EAP).
Table 3.1.2-5 Occupation in Castilla

EAP Uraca Aplao Huancarqui
persons % Persons % Persons %
Economically Active Pop. v 3,343 100 3,618 100 649 100
a) Primary sector 2,174 65.03 1,966 54.34 413 63.64
b) Secondary sector 160 4.79 251 6.94 40 6.16
c) Tertiary sector 1,009 30.18 1,401 38.72 196 30.2

Source: National Institute of Statistics - INEI, 2007 Population and Housing Census.

1/ Primary sector: agriculture, livestock, forest and fishery; secondary: mining, construction, manufacturing; tertiary: services and others

Table 3.1.2-6 Occupation in Camana

District
PEA Samuel Pastor Camana Jose Maria Quimper | Mariscal Caceres | Nicolas de Pierola
persons | % | persons | % persons % persons | % | persons %
Economically Active Pop. 1/ 5237 | 100 [ 6,292 | 100 1,463 100 1,888 100 2,348 100
a) Primary sector 1,749 | 33 | 1469 23 548 37 1,181 63 1,125 48
b) Secondary sector 624 12 473 8 127 9 88 5 167 7
¢ ) Tertiary sector 2,864 | 55 | 4350 | 69 788 54 619 33 1,056 45

Source: National Institute of Statistics —~INE

Poverty index

(4)

, 2007 Population and Housing.
1/ Primary sector: agriculture, livestock, forest and fishery; secondary: mining, construction, manufacturing; tertiary: services and others

Table 3.1.2-7, -8 shows the poverty index. 25 % to 27 % of the districts’ population belongs
to the poor segment, and 3.8% to 4.4% belong to extreme poverty. Particularly, the Huancarqui
district stands out for its high poverty percentage with 33.1%, and 6,9% of extreme poverty.

Table 3.1.2-7 Poverty index in Castilla

District (Castilla)
Variable /Indicator Aplao Huancarqui Uraca Total
Persons % Persons % Persons % Persons %
Total Population (inhab.) 8,851 1,445 7,182 17,478.00 | 100
Poor 2,153 24.3 480 33.1 1,731 24.1 4,364 25
Extreme Poverty 358 4.1 98 6.9 305 4.3 761 4.4




Preparatory study on the protection program for
valleys and rural communities vulnerable to floods in Peru
Profile Study Report (Pre-feasibility level),Majes-Camana River

Table 3.1.2-8 Poverty index in Camana

District (Canana)
Variable /Indicator | Mariscal Caceres | Samuel pastor | Nicolas de Pierola |  Jose Maria Quimper Camana Total
Persons | % | Persons | % | Persons | % Persons % Persons | % | Persons | %
Total Population (inhab) 5,463 13142 6,065.00 4,747.00 14758.00 4417500 | 100
Poor 191 | %2 | 441000 | 335 | 149400 | 246 979 249 | 301300 | 04| 11823 | 268
Exireme Poverty 1 74 629 49 2 38 140 37 303 20 1684 | 38
5) Type of housing

Tables 3-1.2-9 and 3-1.2-10 show data on Castilla and Camana housing. The walls of the houses
in Castilla are made 46% of bricks or cement, and 43% of adobe and mud. The floor is made 96% of
earth or cement. The public drinking water service covers 50%, while the sewage service is scarcely
45.5% in Huancarqui. The average electrification rate is 86%.

In Camana, walls are made 65% bricks or cement, and 4% with adobe and mud. The floor is made
of 98% earth or cement. The public drinking water service covers more than 50% while the sewage
service is less than 50%, with exception of Camana. The average electrification rate is 84%.

Table 3.1.2-9 Type of housing in Castilla
Districts
Variable/Indicator Uraca Aplao Huancarqui

Households % Households % Households| %

Number of Households

Common houses with residents 1,760 86 2,333 75.3 430 63
Wall material
Brick or cement 999 56.8 820 35.1 106 24.7
Adobe and mud 195 111 1,067 45.7 237 55.1
With walls of quincha and wood 521 29.6 332 142 78 18.1
Other 45 2.6 114 4.9 9 2.1
Floor material
Earth 687 39 831 35.6 195 45.3
Cement 996 56.6 1,381 59.2 226 52.6
Tile, terrazzo tile, parquet or polished wood, wood, boards 71 4 106 45 7 1.6
Other 6 0.3 15 0.6 2 0.5
Drinking water system
Public service in the house 1,216 69.1 1,483 63.6 255 59.3
Public service out of the house but within the building 86 4.9 228 9.8 20 4.7
Public sink 115 6.5 34 15
Sewage and latrine service
Public sewage service in the house 472 26.8 705 30.2 193 44.9
Public sewage service within the building 26 15 58 25 4 0.9
Cesspit/ latrine 753 42.8 875 375 153 35.6
Houses with lighting system
Public network 1,505 85.5 1,790 76.7 340 79.1
HOUSEHOLD
Households in special houses with present occupants 1,887 100 2,416 100 434 100
Head of household
Man 1,477 78.3 1,839 76.1 335 77.2
Woman 410 21.7 577 23.9 99 22.8

Home appliances

Has three or more home appliances or equipment 541 28.7 683 28.3 113 26

Information and communication service
Has landline telephone or mobile 1,353 717 1,301 53.8 242 55.8

Source: Prepared by JICA Study Team, Statistics National Institute- INEI, 2007 Population and Housing Census.
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Table 3.1.2-10 Type of housing in Camana

VariablefIndicador Samuel Pastor Camana Jose Maria Quimper |  Mariscal Caceres | Nicolasc
Households| % [Householdy % | Households | %  |Households| ~ %  |Households
Number of Households
Common houses with residents 34261 697 3845 907 1,078 4.7 139 10 1,680
Wall material
Brick or cement 1956 571 2942 765 674 62.5 664 476 986
Adobe and mud 66 19 175 48 2 19 28 2 8
With walls of quincha and wood 716 209 a1 1Ly 26 pal 1n 123 419
Other 688 201 1 78 158 147 530 3 197
Floor material
Earth 1,780 52 961, 25 487 452 841 603 792
Cement 1432 418 23% 607 547 50.7 530 3 806
Tile, terrazzo tile, parquet or polished wood, wood, boards 154 45 541 134 3 35 16 11 10
Other 60 18 B 09 6 06 1 05 1
Drinking water system
Public service in the house 1,987 58 3028 788 132 67.9 174 55.5 957
Public service out of the house but within the building 21 6.7 236 6.1 108 10 160 115 323
Public sink 851 248 14 43 13 12 9 0.6 57
Sewage and latrine service
Public sewage service in the house 1466) 428 2816 732 181 16.8 243 174 718
Public sewage service within the building 104 3 26 64 p! 22 5 04 208
Cesspitlatrine 1144 334 0 94 526 488 763 54.7 463
Houses with lighting system
Public netwark 2734 798 3556 925 935 867 1017 7B 1284
HOUSEHOLD
Households in special houses with present occupants 3554 100[ 4,066 100 1,108 100 1,448 100 1,738
Home appliances
Has three or more home appliances or equipment 9971 281 1902 468 360 325 304 pal 524
Information and communication service
Has landline telephone or mobile 22971 646 3586 882 790 73 654 452 1,073

Source: Prepared by JICA Study Team, Statistics National Institute—INEI, 2007 Population and Housing Census.
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(6) GDP

Peru’s GDP in 2009 was S./392,565,000,000.
The growth rate in the same year was of + 0.9 % compared with the previous year with the
poorest level within 11 years.
Itemized by regions, Ica registered a growth of 3,8 %, Piura 2.0 %, Lima 0.4 % and Arequipa
0.2 %. Particularly Ica and Piura regions registered Figures that were beyond the national

average.
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Figure 3.1.2-1 Growth rate of GDP per region (2009/2008)

The table below shows the contribution of each region to the GDP. Lima Region represents
almost half of the total, that is to say 44.8%. Arequipa contributed with 5.3 %, Piura 4.6 %
and Ica 2.9 %. Taxes and duties contributed with 7.2 % and 0.4 %, respectively.
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Figure 3.1.2-2 Region contribution to GDP

The GDP per capita in 2009 was of S/.13,475.

The Table below shows data per region: Lima S/.17,800, Arequipa S/.17,200, Ica S/.15,600
and Piura S/.10,200. The first three regions exceeded the national average, with exception of

Piura.
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Figure 3.1.2-3 GDP per capita (2009)
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Table 3.1.2-7 shows the variation along the years of the GDP per capita per region, during the
last 9 years (2001-2009).

The GDP national average increased in 44% within nine years from 2001 until 2009. The
Figures per region are: +83.9 % for Ica, +54.2 % for Arequipa, +48.3 % for Piura 'y +42.9 %
for Lima.

Figures in Table 3.1.2-11 were established taking 1994 as base year.

Table 3.1.2-11 Variation of the GDP per capita (2001-2009)
(1994 Base year, S/.)

Accumulated
Departament 2001 2002 2003 2004 2005 2006 2007P/ 2008pP/ 2009E/  Growth

2001-2009 (%)

Cusco 2194 2 086 2195 2 565 2 Te8 107m 3340 31554 3685 67,9
Ica 4055 4 159 4343 4 663 514 5 582 6025 7 265 7457 B39
La Libertad 3162 3316 3483 3 410 3 697 4 216 4 586 4874 4 895 54,8
Ucayali 3063 3149 3203 34 3584 31754 3 846 4 007 4039 319
Moquegua 10 405 11 %67 12 670 13 455 13882 13794 13 606 14 201 13 865 333
Arequipa 5 387 5766 5895 6143 G 488 6 807 71786 8379 & 308 5.2
Apurimac 1216 1278 1334 1 400 1494 1619 1653 1691 1770 455
Piura 2733 2 780 2847 3049 3192 3472 3780 4 007 4052 483
San Martin 2026 2 059 2004 2232 2393 2476 2655 2 870 2928 445
Ayacucho 1788 1870 1942 1 900 2045 2 207 2448 2640 2 896 619
Amazonas 1835 1910 1996 2081 212 2349 2510 2 684 2761 50,5
Madre de Dics 4441 4 708 4550 4 846 5171 515 5617 5 B78 5 564 53
Cajamanca 2493 2731 2947 2968 3 165 ERVE] 2 864 3094 3 295 322
Ancash 4037 4703 4772 4 876 4 999 5 089 5408 5852 5 827 44,3
Tumbes 274 2802 2873 3018 3385 302 3427 35% 3611 3,6
Lima 6451 6579 6 700 6925 7 184 7 817 8 520 9314 9 220 429
Puno 2105 2 236 2234 2270 2 365 2 460 2617 2731 2 80O 330
Lambayecyise 2941 346 3132 2959 3164 3 300 3615 3882 3963 348
Jumin 3 245 ExN 3350 3527 3505 3 856 4072 431 4 248 30,9
Loreto 2827 2917 2936 2995 3079 3192 3 187 3 402 3429 1,3
Huamuco 1678 1694 1833 1 866 1 890 1915 1942 2050 2044 218
Pasco 5137 5552 5481 56 5644 6 062 6711 672 6 349 36
Tama 6 004 6124 6 382 6643 6782 6941 7 256 7458 7353 0,8
Huancavelica 2700 2632 2683 2697 2 864 3014 2903 2959 3039 135
GDP 4 601 4765 4 890 5067 5345 5 689 6121 6643 6 625 44,0

INEI Source — National Accounts National Direction

3.1.3  Agriculture

Next is a summarized report on the current situation of agriculture in the Watershed of the
Majes — Camana River, including irrigation commissions, crops, planted area, performance,
sales, etc.

@ Irrigation Sectors

Table 3.1.3-1 and 3.1.3-2 shows basic data on the irrigation commissions of the Majes River
and the Camana River, respectively. In the first one there are 45 irrigation sectors, 17 irrigation
commissions with 2,519 beneficiaries. The surface managed by these sectors reach a total of
7,505 hectares.

In the watershed of the Camana River there are 38 irrigation sectors, 17 irrigation

commissions with 3,388 beneficiaries. The surface managed by these sectors amounts 6,796
hectares.
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Table 3.1.3-1 Basic data of the irrigation commissions in the Majes River

N7 de
Irrigation Commissions Irrigation sectors Irrigated areas Beneficiaries River
ha % (Person)
Las Joyitas Las Palmas 8.08 0.11% 4
Andamayo 94.35 1.26% 25
Luchea 35.26 0.47% 24
Ongoro 368.13 4.91% 65
Ongoro Huatiapilla 367.26 4.89% 75
La Central 406.57 5.42% 66
El Castillo 623.05 8.30% 73
La Banda 4.15 0.06% 3
Jaran 3.52 0.05% 6
Huanco lquiapaza 4.46 0.06% 11
Huatiapilla Baja 103.62 1.38% 23
Ongoro Bajo Alto Huatiapa 44.47 0.59% 20
Bajo Huatiapa 19.11 0.25% 8
Quiscay 17.84 0.24% 1
. San Isidro 10.53 0.14% 3
Beringa -
Beringa 109.07 1.45% 80
. La Collpa 14.93 0.20% 14
Huancarqui -
Huancarqui 342.56 4.56% 211
Cosos Cosos 125.43 1.67% 92
Aplao 232.26 3.09% 145
Aplao N
Bajos Aplao 11.50 0.15% 5
Caspani 20.54 0.27% 18
La Real P - .
La Real 172.07 2.29% 125 Majes
Monte los Apuros Monte los Apuros 370.86 4.94% 160
Alto Maran Trapiche 131.78 1.76% 53
Querulpa
La Revilla Valcarcel 151.01 2.01% 50
Tomaca 296.32 3.95% 54
Tomaca
El Rescate 92.34 1.23% 41
Uraca Uraca 688.81 9.18% 239
Alto Cantas 162.87 2.17% 74
Cantas Pedregal - 2
Bajo Cantas 147.09 1.96% 47
Sogiata Sogiata 522.66 6.96% 154
i San Vicente 230.68 3.07% 100
San Vicente
Caceres 57.31 0.76% 12
- Pitis 93.10 1.24% 53
Pitis -
Escalerillas 155.61 2.07% 74
Sarcas Toran 777.69 10.36% 195
Hinojosa Pacheco 1.00 0.01% 2
Medrano 12.29 0.16% 7
La Cueva 6.24 0.08% 6
Sarcas Toran
Callan Jaraba 37.91 0.51% 10
Sahuani 58.47 0.78% 17
Paycan 24.44 0.33% 6
Vertiente 2.29 0.03% 3
El Granado El Granado 345.45 4.60% 65
Total 7,504.98 100% 2,519

Source: Prepared by JICA Study Team, Users Board of Camana-Majes, September 2011
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)

Table 3.1.3-2 Basic data of irrigation commissions in the Camana River

Irrigated areas

N” de
Beneficiaries

Irrigation Commission Irrigation Sectors River
ha % (Person)
Huamboy 28.23 0.42% 8
Puccor 13.30 0.20% 2
Pillistay 13.91 0.20% 6
Socso-Sillan Nueva Esperanza 27.31 0.40% 19
Socso 52.97 0.78% 15
Socso Medio 21.27 0.31% 12
Casias-Sillan 45.32 0.67% 20
Sonay Sonay 110.48 1.63% 34
Pisques Pisques 86.82 1.28% 39
Characta Soto 16.29 0.24% 4
Characta 174.35 2.57% 54
Pampata Naspas-Pampata 130.31 1.92% 21
Pampata-Baja 164.77 2.42% 27
Tirita 15.67 0.23% 12
Montes Nuevos 49.41 0.73% 26
La Bombon 402.38 5.92% 265
La Bombon Gordillo 8.14 0.12% 9
La Era 1.44 0.02% 4
La Rama Era | 45.53 0.67% 37 Camana
Toma Davila 58.20 0.86% 11
El Alto El Alto 314.57 4.63% 128
Los Molinos Los Molinos 435.97 6.41% 295
El Medio 477.98 7.03% 231
El Medio Los Castillos 44.36 0.65% 48
Flores 4.73 0.07% 5
El Desague 45,56 0.67% 55
La Valdivia La Lurin 17.35 0.26% 11
La Chingana 51.27 0.75% 33
La Valdivia 323.86 4.77% 196
La Deheza La Deheza 336.71 4.95% 228
La Gamero La Gamero 356.04 5.24% 257
El Molino El Molino 370.29 5.45% 302
El Cuzco El Cuzco 290.02 4.27% 261
Montes Nuevos Montes Nuevos 192.46 2.83% 123
Huacapuy Huacapuy 23.12 0.34% 21
Mal Paso-Sta. Elizabeth 1070.90 15.76% 296
Pucchun lery 2do Canal Aereo 872.79 12.84% 202
Jahuay 102.11 1.50% 71
Total 6,796.19 100% 3,388

Source: Prepared by JICA Study Team, Users Board of Camana-Majes, September 2011

Main crops

Table 3.1.3-3 shows the variation between 2004 and 2009 of the planted surface and the
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performance of main crops.

In the Majes — Camana River Watershed, in 2004 the planted area, performance and sales
decreased, but later increased so that during the period 2008-2009 profits were of S/.188,596,716.
Main crops in this watershed were represented by: rice, beans, onions, corn and pumpkins.

Table 3.1.3-3 Sowing and sales of main crops

Variables 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009
Sown surface (ha) 6,216 6,246 6,211 6,212 6,224
Unit performance (kg/Ha) 12,041 13,227 12,841 13,370 13,823
Paddy Rice Harvest (Kg) 74,844,450 82,617,571 79,753,422, 83,057,334 86,032,532
Unit price (S/./kg) 0.92 0.65 0.80 1.10 0.70)
Sales (S.) 68,868,814 53,701,421 63,802,738 91,354,778 60,222,772
Sown surface (ha) 4,458 4,433 3,947 4,045 3,886
Unit performance (kg/Ha) 1,630 1,660 1,745 1,743 1,920
Dried beans Harvest (Kg) 7,264,349 7,359,607 6,888,684 7,051,876 7,460,849
Unit price (S/./kg) 2.93] 2.44) 3.03] 4.12| 3.85)
Sales (S/.) 21,304,797, 17,970,689 20,888,054 29,058,175 28,746,981
Sown surface (ha) 2,063 1,958 2,168 2,331 1,886
Unit performance (kg/Ha) 40,552 32,073 41,231 46,034 35,840
Onion Harvest (Kg) 83,659,519 62,798,588 89,388,731 107,304,225 67,594,277
Unit price (S/./kg) 0.58] 0.38 0.71] 0.43] 1.37
Sales (S/.) 48,800,305 24,067,447 63,582,270 46,002,256 92,290,918
Sown surface (ha) 50 30 34 618 558
Unit performance (kg/Ha) 4,192 3,500 3,680 5,670 4,580
Corn Harvest (Kg) 209,600 105,000 125,120, 3,503,916 2,555,501
Unit price (S/./kg) 0.85) 0.80 1.00 0.90 0.75)
Sales (S/.) 178,160, 84,000 125,120, 3,153,524 1,918,916
Sown surface (ha) 193 223 217 129 159
Unit performance (kg/Ha) 29,341 34,419 32,869 40,346 42,789
Pumpkin Harvest (Kg) 5,662,900 7,675,350 7,132,607 5,204,624 6,803,456
Unit price (S/./kg) 0.36, 0.30 0.30 0.41] 0.26)
Sales (S/.) 2,056,542 2,295,721 2,123,348 2,154,472 1,786,014
Sown surface (ha) 55 35 38 29 44
Unit performance (kg/Ha) 60,800 59,435 59,962 60,675 58,332
Chala Corn Harvest (Kg) 3,344,000 2,080,242 2,278,540 1,759,566 2,566,613
Unit price (S/./kg) 0.08 0.10 0.10 0.10 0.25|
Sales (S/.) 267,520 208,024 227,854 175,957, 633,487,
Sown surface (ha) 51 40 27 19 51
Unit performance (kg/Ha) 16,980 17,694 18,053 18,201 18,223
Sweet Corn Harvest (Kg) 865,998 707,742 487,426 345,824 929,377,
Unit price (S/./kg) 0.30 0.40 0.61] 0.32) 058
Sales (S/.) 259,799 283,097 296,066 111,028, 536,123
Sown surface (ha) 39 38 22 22 65
Unit performance (kg/Ha) 31,538 26,368 27,866 27,524 32,091,
Potato Harvest (Kg) 1,230,000 1,002,000 613,045 605,531 2,085,916
Unit price (S/./kg) 0.50] 0.50 0.46) 0.83] 0.63
Sales (S.) 615,000 501,000 281,443 500,939 1,310,597
Sown surface (ha) 5 45 36 11 48
Unit performance (kg/Ha) 29,000 38,951 30,584 34,963 36,310
Tomato Harvest (Kg) 145,000 1,752,790 1,101,025 384,597 1,742,875
Unit price (S/./kg) 0.50| 0.38 0.73] 0.45) 0.41
Sales (S/.) 72,500 662,165 804,360 173,418 714,942
Sown surface (ha) 29| 30 13| 14 40|
Unit performance (kg/Ha) 9,862 17,265 12,920 13,087 13,718
Watermelon Harvest (Kg) 286,000 517,938 167,960 183,218] 548,708]
Unit price (S/./kg) 0.30) 0.40 0.40) 0.47| 0.80)
Sales (S/.) 85,800 207,175 67,184 86,112 438,966
Otros Sown surface (ha) 95 153 204 190 116
Sown surface (ha) 13,254 13,231 12,917 13,620 13,077
Total Harvest (Kg) 177,511,816 166,616,828 187,936,560, 209,400,711 178,320,104
Sales (S.) 142,509,238 99,980,740 152,198,437 172,770,659 188,599,716
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3.1.4 Infrastructure
D Road Infrastructures

Table 3.1.4-1 shows road infrastructures in the watershed of the Majes River. In total there are
981.291 km of roads, 282.904 km of them (28.8 %) are national roads, 208.163 km (21.2 %)
regional roads, and 490.223 km (50.0 %) municipal roads.

Table 3.1.4-2 shows road infrastructures in the watershed of the Camana River. In total there
are 574,039 km of roads, 143.608 km of them (25.0 %) area national roads, 365.940 km
(63.8 %) regional roads, and 64.491 km (11.2 %) municipal roads.

Table 3.1.4-1 Basic data of road infrastructure in the Majes River

Paving (Km)
Roads Total Length (Km) -
Asphalted Trail Road Gravel Road Path
National Road |, g0 28.83% 64.400 173.842 44.662
Regional roads| 0 15, 21.21% 2.727 205.437
Municipal 490.223 49.96% 10.321 479.902
roads
Total 981.291 100.00% 64.400 184.163 2727 685.339
Table 3.1.4-2 Basic data of road infrastructure in the Camana River
Paving (Km
Roads Total Length (Km) - g (Km)
Asphalted Trail Road | Gravel Road Path
National Road | /4 51 25.02% 114.748 28.860
Regional roads| - 4ec o9 63.75% 16.100 82.610 267.230
Municipal 64.491 11.23% 1.040 6.677 56.774
roads
Total 574.039 100.00% 131.888 118.147 324.004
2 Irrigation systems

Table 3.1.4-3 shows data on existing irrigation systems in watershed of the Majes - Camana
River. There are 58 water inlets and 79 water direct inlets. Besides, there are 58 main channels,
128 primary ones, 54 secondary and 5 tertiary. Main channels have an accumulated length of
167.24 km. Lagged channels amount 3.498 km, while 334.019 km have no lagging.

3) PERPEC

Table 3.1.4-4 shows implemented projects by PERPEC between 2006 and 2009.
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3.15

1)
Table 3.1.5-1 shows the present situation of flood damages during the last five years (2003-2007) in

Real flood damages

Damages on a nationwide scale

the whole country. As observed, there are annually dozens to hundreds of thousands of flood affected

inhabitants.
Table 3.1.5-1 Situation of flood damages
Total 2003 2004 2005 2006 2007
Disasters Cases 1,458 470 234 134 348 272
Victims persons 373,459| 118,433| 53,370 21,473 115,648 64,535
Housing loss victims persons 50,767| 29,433 8,041 2,448 6,328 4,517
Decesased individuals | persons 46 24 7 2 9 4
Eths':'s'y distroyed Houses | 50156| 17.928| 8847 2572| 12501 8308
Totally distroyed Houses 7,951 3,757 1,560 471 1,315 848

Source SINADECI Statistical Compendium

Peru has been hit by big torrential rain disasters caused by the El Nifio Phenomenon. Table 3.1.5-2
shows damages suffered during the years 1982-1983 and 1997-1998 with extremely serious effects.
Victims were approximately 6,000,000 inhabitants with an economic loss of about US$ 1,000,000,000
in 1982-1983. Likewise, victims number in 1997-1998 reached approximately 502,461 inhabitants
with economic loss of US$ 1,800,000,000. Damages in 1982-1983 were so serious that they caused a
decrease of 12 % of the Gross National Product.

Table 3.1.5-2 Damages

Damages 1982-1983 1997-1998
Persons who lost their homes 1.267.720 —
Victims 6.000.000 502.461
Injured — 1.040
Deceased 512 366
Missing persons — 163
Partially destroyed houses — 93.691
Totally destroyed houses 209.000 47.409
Partially destroyed schools — 740
Totally destroyed schools — 216
Hospitals and health centers — 511
partially destroyed

Hospitals and health centers totally — 69
destroyed

Damaged arable lands (ha) 635.448 131.000
Head of cattle loss 2.600.000 10.540
Bridges — 344
Roads (km) — 944
Economic loss ($) 1.000.000.000 1.800.000.000

- No data
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2 Disasters in the watersheds object of this study

Table 3.1.5-3 summarizes damages occurred in the Arequipa region.

Table 3.1.5-3 Disasters in the Arequipa Region

Years 1995 1996 | 1997 | 1998 | 1999 {2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 [ 2007 | 2008 | 2009 ] 2010 [ Total [Media
LANDSLIP 1 1
FLOOD 5 5
COLLAPSE 1 1 1 1 4
LANDSLIDE 1 1 1 2 1 1 4 3 4 2 1 2 23
AVALANCHE 6 1 i 14 3 2 4 2 2 1 9 3 b4
TOTAL SEDIMENT DISASTER] 6 2 7 15 4 5 6 2 4 3 11 4 1 0] 10 1 87 5
T0TAL FLOODf 3 1] 42 6] 44 2 15 3 1 2 2 3 0 1 3 3] 131 8

3.1.6  Results on the visits to Study Sites

JICA Study Team made some technical visits to the selected watersheds and identified some
challenges on flood control through visits and interviews to regional government authorities and
irrigation associations on damages suffered in the past and the problems each watershed is currently
facing.

(1) Interviews

1) Camana River

(General conditions of the watershed)

»  The jurisdiction area of Camana covers from the river mouth to 39 km upstream

» The dike was constructed thirty years ago by the irrigation commission, but there
are various eroded parts

»  99% of rice crops are commercialized in Lima’s market

»  Flow is measured once a day. The maximum historical flow was form 1.200 to
1.500 m*/s. Floods last almost a week

»  There are some colonial ruins in the upper area at the left riverbank between km 2
and 6

(On critical points)
o Obstruction of the river mouth

» The formation of the gravel bank in the river mouth caused by beach waves
obstructs water flow in the river mouth (obstruction in the river mouth). The
construction of a longitudinal dike along the sea side has been considered in order
to control this situation. The gravel bank disappeared with floods and reappeared
between June and December

»  The path km 2,5 — km 4,5 burst its banks the same year El Nifio Phenomenon hit,
1998. The right bank also did burst in the past

»  Riverbed elevation
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o Path with lower dike (left bank between km 6 and km 7,5).

>
>

>

The dike at the left bank is particularly low between km 6 — 7,5 (LA BOMBOM)
There are arable lands between the dike at the left bank and the river downstream
in the Camana Bridge that can eventually be removed for being illegal. As to the
arable lands outside the dike, the negotiation might be complicated

The riverbed has elevated more than a meter

oErosion in the riverbank around the channel (left bank between km 12— 13)

>
>

There is an arm water inlet for Camana’s drinking water by km 13
There is a channel that goes from the water inlet along the river. The river’s left
bank is seriously eroded at km12, endangering the adjacent channel

o Scour of bridge piers (by km 26)

>

There is a local community at the right bank of the river, by km 26 (SONAI) with
40 households. There is a suspension bridge constructed a year ago with semi-
eroded piers because of floods, presenting collapse risks with following floods

o Other parts presenting problems

>

YV V.V V V VYV V

Y

2) Majes River

The left bank dike at km 3 is eroded and has been provisionally repaired

There is an unprotected part at km 14,2

There is a path whose left bank is being eroded at km 19 (CHARACTA)

The left bank dike at km 26,5 is eroded

A left bank dike at km 28 needs to be constructed

Arable lands at km 29 of the left bank are eroded (CULATA DE SIYAN)

The left bank at km 30 is being eroded and needs protection (FUNDO CASIAS)
A dike at km 33,5 needs to be constructed given that annually the water inlet and
the irrigation channels get flooded

A 1km dike needs to be constructed at the right bank of km 34

A 2km dike needs to be constructed at km 37,5 downstream in order to protect the
water inlet and adjacent arable lands (80 ha) of the left bank (HUAMBOY)

A 1km dike needs to be constructed at km 39 downstream in order to protect the
water inlet and adjacent arable lands (80 ha) of the right bank (HUAMBOY)

(Critical points)

o Areas overflowing (right bank at km 104)

>
>
>

A 500m dike needs to be constructed at the right bank

Elements to be protected: arable lands (ONGORO BAJO)

Landslide occurred on 1977 left arable lands buried at river banks. Accumulated
sediment in the river course was dragged downstream by river level rise

o Fluvial erosion (right river bank, km 101)

>

Arable lands were eroded by 1997 floods
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»  The elements to be conserved are arable lands (HUATIAPILLA BAJA)
»  The current dike (600 m) at the right river bank needs to be extended between 500
and 800 m
o Fluvial erosion (right river bank, km 88,5)
> River banks have been eroded by the floods in February 2011 dragging also part of
a house (which is still being occupied)
»  The elements to be conserved are arable lands and houses (BERINGA)
»  The existing dike (1 km) as well as protection works at the right river bank need to

be prolonged 600 m

o Dike erosion (right river bank, km 84,5)

>

The dike at the right river bank is being progressively eroded year by year, and if
measures are not taken, this could affect the adjacent bridge (Huancarqui Bridge)
The dike has been repaired in an improvised way, but it needs a pertinent measure
as river bank protection, etc

The elements to be conserved are arable lands and the bridge (APLAO)

The town of Aplao, the biggest city hall in Majes, has 18 thousand inhabitants, and
Huancarqui at the other side of the river, crossing the bridge, has 5 thousand
inhabitants

o Unprotected stretch (right river bank, between km 70,5 and km 71)

>

Y

Currently an 800m dike is being constructed financed by the regional government.
However, other 1,3 km are considered to be built in order to protect approximately
30 houses located in lower lands of the lower watershed

Last August 2010, the area was flooded after eight years

The elements to be conserved are arable lands and private houses (EL DEQUE)
There is an irrigation channel upstream, conducting water to arable lands (700 ha)
downstream. The water inlet is being eventually repaired, to be finished in 15 days
Big rocks for river bank protection are extracted and transported from a quarry in
Aplao

o Overflowed stretch (both river banks, between km 60 and km 62)

>

It is necessary to construct 2km dikes at the left river bank and 1,5 dikes at the
right river bank

Elements to be conserved are arable lands (Pitis at the left river bank and San
Vicente at the right river bank)

o Overflowed stretch (left river bank, between km 58 and km 58.5k)

>
>

A dike needs to be constructed at the left river bank
The elements to be conserved are arable lands (ESCALERILLAS)

o Fluvial erosion (left river bank between km 55 and km 56.5k)

>
>

Agriculture lands are being progressively eroded year by year by floods
Elements to be conserved are arable lands (SARCAS)
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>  Part of the area has been flooded in 1998 by 1.500 m*/s floods, forcing three small
communities to move from lower lands to upper ones

>  The river overflowed in February 2011 by floods of 800 m*/s

oOther parts presenting problems

» Adike is looked to be built at the left river bank, between km 81,5 and km 82
(HUANCARUQUI)

» Adike is looked to be built at the right river bank, between km 81,5 and km 82
(CASPANI)

> Parts between km 75-km 75,5k and km 71-km 71,5 are unprotected at the left
river bank (TOMACA)

»  The stretch km 73,5 — km 74 is unprotected at the right river bank (QUERULPA)

» Adike is looked to be built at the left river bank, between km 49 and km 51,5
(PAMPA BLANCA)

(2) Description of the visit to the study sites
Figure 3.1.6-1 shows pictures of main sites visited.
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Figure -3.1.6-1 Visit to the Study Site (Camana River)
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Figure 3.1.6-2 Visit to the Study Site (Majes River)
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