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Preface

This report is the final thesis of Theoclea Swieslaporated for the M.S.c graduation study in
Water Resources Management at the Delft Universitifechnology. The study presented here is
about the possible effects of a future dam interfdedrigation improvements. The study area is the
sub-basin Yarabamba, located near the city Areguiguth Peru. A fieldtrip was conducted in the

study area from January to November 2009, in pestiig with the private consultancy agency CAMP
S.L.R.

The report consists of seven chapters as followsp@r 2 gives a description of the sub-basin
while emphasizing on the climatology and hydrologle methodology of research for both technical
and social aspects is presented in further daétaiBhapter 3. Chapter 4 is dedicated to the desanip
of the irrigation systems and the water managersgstem through the water users’ practices. It also
presents the characteristics of the future dam &M@aaPaltaorco. Chapter 5 deals with the
explanation of the modeling with the software WEAl elaboration of scenarios and the results of
the model. Finally, the conclusions of the studg presented and recommendations are given in
Chapter 6.
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1. Introduction

In countries such as Peru where 44% of the populdive below the poverty level (CIA,
2006) and water is a scarce resource, irrigatedudyire is not only vital for the subsistencenasdiny
but can also be a factor of economic developmedtlgnextent social improvement. To answer the
global and local demand and respond to the watarcitg, governments might decide to bring
modernization to the irrigation systems, for inst@rbuilding irrigation dams. However, when
implementing new physical structures, the actutalasion and social climate are the real decisive
factors for an evolution toward a new form of watenagement, with negative and positive aspects
alike. These adjustments are hard to predict be&m@, and the appreciation of the impacts reqaires
good knowledge of the basin affected by the neucsire.

In that perspective, the present study will beiedrout in the sub-basin Yarabamba (366km?,
southwest of Arequipa), part of the river basinI€a#Chili in Peru, where a dam will be built in the
highest areas in order to regulate the water flowhe irrigation systems downstream. The studied
area is the Yarabamba sub-basin located in the @fer basin where the agricultural sector is the
main water user. It is part of the “Chili No regitd, meaning that water is not regulated through
dams contrary to the irrigation systems in therdistof Arequipa. Currently the water supply
fluctuates over a year, and the spatial distribut® rather uneven as the downstream valleys of
Yarabamba and in a lesser extent, Sogay and Quagaefiat the tail-end and thus receive a lesser
amount of water, due to deficiencies in water managnt practices.

According to local institutions, the dam and its@gated structures will result in an increase of
the agricultural production in the sub-basin, bypioving the irrigation process and bringing a
transition toward more profitable types of cropswdver, the study must take into account that
human actions shape the systems through sociar$aeind political decisions and in return are
influenced by the behavior of the system. Thus, itivestigation aims at describing the hydraulic
behavior of the irrigation systems (timing and ditghand relating it to the actual water manageimen
(technical and social levels), before studying plhesible interactions between the new dam and the
actual irrigation system and decide if it posstoleome to conclusions and give recommendations.

1.1. Research question

This situation, though here in a specific contdkistrates a now worldwide issue in irrigated
agriculture, and what are the responses of humaetgdacing this issue: increasing water scarcity.
Water resources are being increasingly put undegspire by factors such as an increasing population
and economic development, and thus a growing neea@driculture and other sectors, as well as
climate change. In the case of irrigated agriceltuan often proposed solution would be to
“modernize” the irrigation scheme in order to regltlce consequences of the scarcity. The definition
of modernization as given by the FAO is the followi

“A process of technical and managerial upgrading iofgation schemes combined with
institutional reforms, if required, with the objae to improve resource utilization and water detiv
service to farms(Renault, D., 1999)

In the present case, the construction of a damagarded as the technical upgrading, combined
with necessary changes in management related topbeation of the dam. The goal of such a
structure as a dam would be to increase the yiéll the same quantity of water, leaving the excess
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available for additional or possibly more water-@ewling crops. However, the impacts of a dam on
downstream uses are not accurately predictableudgrha can bring the expected benefits, it also has
its social, technical and ecological drawbacks, etomes unexpected, including the loss of flooded
areas for example. Furthermore, the dam is asstoriatprove the water efficiency, but the real issue

might lay in the current management of the irrigatsystem itself, thus decreasing the potentighef
dam in solving the water issues.

The objective of this study thus leads to the fsitgy research question:

How can the effects of the construction of a dam d&gned for improved water use be estimated
in the Yarabamba sub-basin, Peru?

This problematic presupposes that an answer isigovéhe following sub questions:

1. What are the motives (social and technical) bettiedmplementation of the dam?

2. Based on what is known at the present, can recomtatiens on the use of the future dam be
given?

3. How can the study of the behavior of an irrigatéystem in a micro-basin be carried out, in
order to provide the necessary support to the relsea

4. s it suitable to describe the entire area by fomuen a smaller area in the sub-basin? Is the
description of one or more areas representatitkeomicro-basin?

5. In what ways is the entire system shaped by hurotons and how are they influenced by the
system in return?

1.2. Study area: the sub-basin Yarabamba

The sub-basin Yarabamba is located at the fodtebtd volcano Pichu Pichu, where it takes its
source. Its overall area is 366 km2, and it is ati@rized by a dendritic drainage and scarce
precipitations. It is defined by the outflow of thieer Yarabamba, which is formed by the rivers
Poroto and Polobaya as illustrated on Figure 1.riMee goes through the sectors of Sogay, Quequefia
and Yarabamba, and is formed by the convergenteeofivers Poroto and Obaya. The river Poroto
runs through the sectors of Agua Buena and Sussh(jagrt of the municipality of Polobaya). The
river Obaya is formed by the rivers Totorani angi®s, in the south, and flows through the sectors
of Polobaya and San Jose de Uzufia where the datmewililt.
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Figure 1: lllustration of the hydrography of the sub-basin

The construction site of the dam Yanaorco-Paltagdocated in San José de Uzufia, upstream of
Polobaya (Figure 2).

W W
DEL R[QPOROTD

sl ,'

TETRUCTURA DEENTRES
e PATLIRAL Ki

5

- Qﬂ. Pres

Vde Uzufa

J ]

Figure 2: Location of the dam and the derivation caals
On this map appears the derivation canal of Huicahsupposed to bring water from the sub-
basin Yarabamba to the sub-basin of Mollebaya. G&mal will be mentioned further in this report.
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1.3. Methodology
1.3.1 Obijectives

In order to give a first answer to the researclstjoe and sub-questions, background information
must be provided and processed as follows:

1. What are the motives (social and technical) behinedimplementation of the dam?
- Analysis of the current situation and issues
- Realization of a social investigation to understdraneeds of the stakeholders
2. Based on what is known at the present, can recomiatiens on the use of the future dam be
given?
- Results given by the models and the social invattig
3. How can the study of the behavior of an irrigatsystem in a micro-basin be carried out, in
order to provide the necessary support to the redea
- Data collection (facts, figure, maps) for a des@ipof the study area
- Realization of a fieldwork campaign to obtain theu@cteristics of the canals
- Elaboration and evaluation of a SOBEK model ofrtian canals
- Elaboration and evaluation of a WEAP model of thére basin
- Evaluate different scenarios and apply them toMseAP model
4. ls it suitable to describe the entire area by faegon a smaller area in the sub-basin? Is the
description of one or more areas representativéhefmicro-basin?
- Comparison of management practices and structnrtbgisectors
- Comparison of other factors such as climatologmatgraphy, social aspects
5. In what ways is the entire system shaped by huroiiona and how are they influenced by the
system in return?
- Description of the irrigation system through wate&nagement practices and issues
- Investigation into the attitude of the water ugergard the future dam and other
projects supposed to solve the issues
- Investigation into the legal framework around tiigation systems

In that perspective, the study has two main aspects
- Technical, through the hydraulic modeling of theation systems and the evaluation of
water needs and consumption,
- Social, through the study of the organization efwater users and the issues they are
confronted with.

1.3.2 Technical aspect

The finality of the technical aspect is the studiyhe availability of water and behavior of the
irrigation systems. To this end, the water usevauated with WEAP. Initially, a SOBEK model of
the hydraulic behavior of the canals on primargoselary and possibly tertiary levels was planned,
but due to the complexity of gathering accuraterimiation, only the main canals were modeled.

Modeling with WEAP aims at verifying the assertitimat the dam will improve water
availability. It also evaluates other solutionssee where the problem really lies, and to be in

- 10 -



Theoclea Swiech, TU Delft — How can the effectshef construction of a dam designed for improvecewased
be estimated in the Yarabamba sub-basin, Peru?

accordance with what the farmers want and thineiger for them. The fieldwork allowed a better
insight in the real problems faced by the farmeegjing the conditions of the system.

As a first step the current situation is examinedarding water use specifically in terms of
gquantities (discharges, water delivered vs. waseddy and timing (availability of water in time, pro
schedules, farming strategies), before the elalooradf different WEAP scenarios including the
operation of the dam and climatic changes. To ¢hid, the technical aspect includes data collection
from written sources, and the realization of adirebrk, with the purpose of providing background
information for the modeling part and to inventding structures and their state. The maps, collected
in AutoCAD, are integrated to ArcGis to providediable visual source. The data for the hydraulic
model are collected on the field, the missing @&sumed and incoherent data corrected with the help
of previous studies carried out in the area, bdfeiag used in SOBEK to model the main canals.

With the climatic and hydrologic information, theadic WEAP model is elaborated as a
simplification of the situation in the sub-basimheélresults are then confronted to the current tiitna
and what is known of the hydrologic issues. Thédgnt future scenarios include the presence or not
of the dam, of drier or wetter years, and pararsetach as increase in cultivated area and in water-
demanding crops. The scenarios are then integtatédte current situation and the validity of their
outcome evaluated.

1.3.3 Social aspect

A social investigation is necessary to give meaningthe technical aspect, since the
stakeholders are those whose shape the irrigagstera and define its operation. The models will be
confronted to the reality of irrigation and givesights into the impact on water use, on hydrauiid a
social levels. Their results will be related to theues faced by the water users (equitable disiit
of water, state of the structures, propositionsfiibare improvements). A large part of this work is
carried out in partnership with various institusorsuch as the Junta de Usuarios (water users’
organizations), the regional government, or theigipality of the sector of Yarabamba.

1.3.4 System boundaries and focus of the research

Here are presented the boundaries of the resdacphysical boundary of the system (for the
sake of the model), and the research boundariesingwhat will not be investigated further during
the research.

Physical boundaries

The study area being the Yarabamba sub-basin, liisigal boundaries are defined by the
watershed boundaries until the convergence wittritles Mollebaya as illustrated on Figure 1. For
simplification purposes, only the sectors Yarabanipaequefia, Sogay and Polobaya are modelled.
The remaining sectors Susihuaya, Agua Buena andJS8sé de Uzufia, although integrated into
ArcGis, are not included due to lack of informatitnansportation difficulties and the fact theyrdm
represent the majority of the water users in thelssin.

It has to be added that the irrigation sectordiaked by the river, which is not easily measured
and where most of the water infiltrates, makinginipossible to evaluate without the proper
equipment. This means that each irrigation sysgedisiconnected and evaluated separately.

- 11 -
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The sector of Socabaya, located downstream the Yiamabamba and near Arequipa, is not part
of the study as the dam is intended first for thetkeam areas, and also because Socabaya is mainly
supplied by springs and thus does not depend mutheoriver.

Research boundaries

Part of the information collected will not be usgdce they would be out of the scope of the
thesis. Although the other sub-basins in the Oalesub-basin are not directly linked to the
Yarabamba sub-basin, the construction of the dapliésha new link between them as it is part of a
project to assist each sub-basin in sharing therwathe derivation canal from the Yarabamba sub-
basin to the Mollebaya sub-basin means that thisbsisin must be considered in the research.
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2. Description of the sub-basin

In this chapter, the river basin Quilca-Chili, paftthe region of Arequipa, is described along
with the sub-basin of Yarabamba in sub-chapter 2t climatology and hydrography in the sub-
basin are discussed in sub-chapters 2.2 and 2.3.

Further information on the geomorphology, geolodgmography and living standards of the
inhabitants in the sub-basin are presented in apdin The legal framework for the use of irrigati
water in Peru, the institutions responsible for awananagement at national and local scale and
sources of financing are discussed in appendix Ill.

2.1. Description of the region of Arequipa and the river
basin

The region of Arequipa is located in the AndesSouth Peru, and ranges from Om to 4525m.
The 63,345 kmz? area is mainly of volcanic origis,itais surrounded by large ranges of high-altitude
volcanoes that emerge above the plateaus. Deepresusyich as Majes, Colca and Sihuas contrast
with this landscape. Along the coast, plateausdamies are characteristics of the desert of Arequipa
The region, that totalizes more than 1 million depmainly lives on the production of wheat, cofton
rice, onion, garlic, quinoa and milk. The poverdye in the entire region is around 45%. It cdudd
noted that the source of the Amazon River, thedshgn Earth, is located in the region of Arequipa.

The department of Arequipa is divided into 8 prags and the province of Arequipa is itself
composed of 29 districts (Arequipa - Wikipedia, 200n the Province of Arequipa, the climate is dry
and sunny all year long, temperatures fluctuatevéen 10 and 24°C. The rainy season lasts from
January to March but rainfall is reasonably moderat
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Figure 3: Map of the Quilca-Chili river basin

The river basin Quilca-Chili, where the city of Arépa is located, belongs to the occidental
side of the Andes and thus to the Pacific watergiediente del Pacifico). Its geographic coordasat
are defined by 15°37'y 16°47' South Latitude ad®9' y 72°26' West Longitudé&igure 3).

As shown on Figure 4, the river Quilca is formedthg rivers Sihuas and Vitor, respectively in
the North and South of the river basin (Reformudadle Expediente Técnico, 2008). The river Vitor
is formed by the rivers Yura and Chili, the latieving through the city of Arequipa. The river Ghi
receives the contribution of the river Tingo Grandewnstream of Arequipa, where the sub-basins
Andamayo, Mollebaya and Yarabamba are located.réfost of Arequipa, the river Chili is formed by
the rivers Blanco and Sumbay, respectively orignggin the sub-basins Chili Regulado and El Frayle.
The total area of the river basin, not including slub-basin Sihuas, is 12.542 kmz2.

The sub basin Andamayo (509.6 km?), Mollebaya @ %n?2) and Yarabamba (365.9 km?) are
part of the oriental sub-basin, which is not retgrda(Chili No Regulado), meaning that the flow @& n
regulated via a dam (JJUU, 2006). At this poing, tiver Tingo Grande is formed by the union of the
river Andamayo, from the sub-basin of the same name the river Postrero, which is the junction of
the rivers Mollebaya and Yarabamba.
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Figure 4: Scheme of the different sub-basins in th@uilca-Chili basin

The water users’ organization (Junta de Usuanbshe oriental sub-basin consists of more
than 6100 users for a total irrigated area of 64&/divided in 17 “Comisiones de Regantes” (see
appendix Ill) as illustrated in Table 1.

1) Acequia Alta — Socabaya 10) Mollebaya

2) Acequia Alta - Sogay 11) Paucarpata

3) Acequia Baja— Yarabamba 12) Piaca

4) Alangui 13) Pocsi

5) Cinco Ramos — Socabaya 14Holobaye

6) Characato 15)Quequefie

7) Chiguata 16) Sabandia

8) Chilpina 17) Santa Ana — Mollebaya
9) Huasacache

Table 1: Comissiones de regantes in the Oriental Btbasin

At the scale of the sub-basin, two main areas eadigtinguished by their altitude: the “high
altitude” zone, around 3000m, and the “low altitudene, around 2350m. The high areas in the sub-
basin include the sectors Polobaya and its ann@xgstani, San Jose de Uzufia, Susihuaya and Agua
Buena. In the low areas are the sectors Sogay, U@degAlto Yarabamba and Bajo Yarabamba. The
irrigated area and number of users in each settbesub-basin Yarabamba are given in Table 2.
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Irrigation sectors Commission de Irrigated area (ha) | Number of users
Regantes
Bajo Yarabamba Bajo Yarabamba 128.6 155
Alto Sogay Alto Yarabamba 96.94 139
Bajo Sogay 174.6 249
Alto Quequeia Quequeiia 92.48 113
Bajo Quequeiia 166.27 208
Polobaya Polobaya 476.6 1250
San Jose de Uzufia 101.2 -
Susihuaya 94.4 112
Agua Buena 98.9 125
Totorani 61.1 --

Table 2: Total irrigated area and number of users pr irrigation sector (2004 - ATDR)

The total population listed in Polobaya, Quequaiih ¥arabamba reach 3691 people, meaning
that the total population in the entire sub-basiaround 4000 (see appendix ).

2.2. Climatology

Contrary to the Northern hemisphere, summer ocicutee months of January to March, and
winter from June to September. In the region ofgiipa, climatology is defined by two seasons: dry
and rainy. The rainy season is in winter, from Zapto March, and begins sometimes earlier or ends
later. The rest of the year, the climate is drythvai large temperature variation between day agiot.ni

2.2.1 Climatologic data

Since there are no meteorological station in thdiet area, the climatology data were based on
the nearest meteorological station of Characatwation 16°27'S 71°29'W, 2451m), with correcting
factors. The data recorded include temperatureshéne, wind speed, humidity and rainfall. This
station, however, presents unusual values comgarether stations in higher areas, generally higher
especially regarding evaporation, wind speed antstsne hours. This is why it might not be
appropriate for the high areas of Polobaya, amahgrs. Since there is no other station nearby,
meteorological data were simply corrected dependomy the altitude of the studied area
(PROFODUA, 2004, p. 124).

Temperature

In the sub-basin the temperatures are estimatedryobetween 14.6 °C in August and 17.7 °C
in December, with an annual average of 16.3°C. & wesiations are lower compared to the variations
encountered in Arequipa (between 29°C and 4°C ireme cases).

Sunshine time
The average daily sunshine time is 8.8 hours. Batwdanuary and February, this average drops
to 6 hours, while from July to November it reachhi®dours daily.
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Wind velocity
The average monthly wind velocity varies betweean@ 8 m/s, with the maximum velocity recorded
during the dry season.

Relative humidity
The annual average relative humidity is around 408th the lowest values between July and
September (JJUU, 2006).

2.2.2 Evaporation

The daily evaporation was measured through a papagation method, at the meteorological
station of Characato (PROFODUA, 2004). The refezemewapotranspiration was then deduced
through the application of a pan coefficient Kp i§lea3).

Jan| Feb| Man Apr May Jun Jul Aug Sep Oct Nov Dec uahifmm)
‘ ETO (mm/day) | 3.9 37 35 37 35 33 35 4 A5 5 85 1,468.10
Table 3: Reference evapotranspiration for the sub-#isin Yarabamba

The average evaporation rate is from 6.8mm to 8.4memday in the sectors of Yarabamba,
Quequefa and Sogay. For the sectors of Polobayasaadnexes, which are located at an altitude of
3000m, the meteorological factors have been adjuste give and average evaporation from 6mm to
6.8mm per day (Table 4).

Jan| Feb Man Apr May Jun JI|.|| Auyg Sep Oct Nov Dec rage

Yarabamba, Quequefig

‘58| 5.1| 51| 6 66/ 68 70 7f 82 84 g2 7.16.8
Sogay (mm/day)

Polobaya (mm/day) | 5.1 44 44 52 58 |6 b2 6.7 |[/24| 72| 62| 6

Table 4: Daily evaporation in the Yarabamba sub-bais per month (PROFODUA, 2004)

Evaporation (mm)
o =N w ~ 00 o ~ 0 O

>
& <&@ é\é oS &zﬁ &SR o %04 &
Month
B Yarabamba, Quequena, Sodalolobaya

Figure 5: Daily evaporation in the Yarabamba sub-bain
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2.2.3 Precipitation

Due to the Humboldt Current, which runs from thatkern tip of Chile to the northern part of
Peru, precipitations in the studied area are sc@detween the altitudes of 1500 and 3000 m, the
annual superior limit for precipitations is 200mifle rainy period is concentrated between December
and April, and almost no precipitation occurs betwédune and August (Table 5).

Most of the precipitation records were obtainedsMeein 1964 and 1995 in the entire basin.

Since a large amount of data was missing, the naatia method of Van Te Chow was applied, with
the data of neighboring stations.

Jan | Feb| Man Apr May Jup Jul Adg Sep Oct Nov De A(:wnnlj?l
Allsectors | 161 676/ 384 14 04 1 q 2 o7 93 p 1811813
(mm/month)

Table 5: Monthly precipitation in the Yarabamba sub-basin

Table 6 illustrates the effective precipitation pgnth (PROFODUA, 2004). It can be seen that
only during the months of January, February anddigorecipitation can be used by the crops.

Jan| Feb| Mar| Aprl May Jun Jul Aug Sép Qct Nov Ee@zrr;nr:)al
Effective
precipitation | 23 | 31 13 0 0 0 0 0 0 0 0 0 67
(mm/month)

Table 6: Monthly effective precipitation in the subbasin Yarabamba

80
70
60

50 -

40 -

30 -

Precipitation (mm)

20 -

10 -
0_ I | — |-| T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Figure 6: Monthly precipitation in the Yarabamba sub-basin
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2.3. Hydrology

In the entire basin of the river Chili, the runeféter originates from precipitation in the highest
parts, from snow melting, and from lakes distrilbuadong the Altiplano zone. In the study area water
resources are scarcely available, especially sthee geomorphology makes it difficult to use
groundwater. Most of the water that comes with gula discharge along the year is composed of
filtrations from the Lagunas Salinas. Due to theenvious rock base found at a shallow depth, water
that was not used in the irrigation system caneb@eved as it runs along that layer back to therri
and streams, to be used again by the farnkestsilio de factibilidad - Volume 1980, chap. VI).

2.3.1 Hydrography

The river Yarabamba is formed by the convergendéefivers Poroto in the North and Obaya
in the South, at 2925m. The river Poroto is formmedAgua Buena, as the union of the brooks
Quinsapuquio and Pena Blanca. The river Polobayéssh San Jose de Uzuia, and is formed by the
brook Totorani and the river Uzufia. Gigure 7, small arrows represent the various streams #eat f
the main rivers (bold arrows), and dotted squaresds for the different irrigation sectors
(PROFODUA, 2004).

Rio Porato Quimsapujic
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) L N L ] Cacahuarayoo
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Figure 7: Hydrographic scheme of the sub-basin

Historical discharges

Table 7 illustrates the evolution between 1980 2000 of the average discharge in the rivers
Totorani, Polobaya and Yarabamizs{udio de factibilidad - Volume J1L980; JJUU, 2000). It can be
noted that the average discharge has decreasadoipaja and Yarabamba, the highest drop being in
Yarabamba. Since Totorani, which is located upsirefall the sectors, has the same discharge, this
decrease could be explained by the increase iivatdd land in the upstream sectors, or maybe by a
lack of water due to changes in the precipitatiatigun.
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Average Average
discharge 1977; discharge 1990 +
80 (m3/s) 2000 (m3/s)
Totorani 0.26 0.27
Polobaya 0.46 0.31
Yarabamba 0.55 0.26

Table 7: Evolution of river discharge between 198@nd 2000
Table 8 also illustrates the difference in canach#éow between 1980 and 200Esfudio de
factibilidad - Volume 1] 1980; CAMP S.R.L., 2008). Again we can obserdeerease of discharge in
time, which means that the river discharge is ¢iffety lower, due to a lack of water upstream. hy a

case, these measurements, if correct, illustraectitical need to improve water management in the
basin.

Discharge (m3/s)
Bajo Bajo Alto Bajo
Date Polobaya Alto Sogay Sogay | Yarabamba Quequeiia Quequefia
June 1980 0.315 0.037 0.182 0.069 0.061 0.174
July 1980 0.115 0.028 0.127 0.08
2007 0.276 0.022 0.040 0.029 0.029 0.053

Table 8: Evolution of discharges in the main canalbetween 1980 and 2007

Water quality

Analyses show that the river's salinity is modenatdh a low content in sodium, which means
that salinization of the land is not problematicleast in the downstream sectors. Polobaya howsver
more affected, due to a bad drainage in the figtgsudio de factibilidad - Volume 1980, chap. IV).

2.3.2 Groundwater sources

Groundwater flows play a major role in the hydrglagf the basin, although the processes
related to them are not well know. It is the orliy@st permanent source of supply for the streands an
rivers. Discharges value range from 0.01 I/s tol/s.%or the metamorphic, plutonic and sedimentary
rocks, and from 30 I/s to 600 I/s for volcanic reck

Shallow aquifers

Shallow aquifers are defined by aquifers of vaeaflagnitude, existing at superficial depths,
where water flows under the impulse of gravityhe hill slope or other depressions where they form
springs. According to observations in the sub-habie water in these aquifers is continually rergwe
by precipitations and emerges as springs thatsed directly for irrigation. Waters moves through a
system of combination of fractures and fissuresnimgathat the water is stored in the gaps left by
intrusive rocks. Infiltrated water flows down befdbeing stopped by impervious layers common in
the area. The water then follows the layer, throtigltks and openings (horizontal movement) before
flowing as springs. On the same principle, watait thas not consumed by the crops infiltrates and
returns to the river bed through the same path.
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Deep aquifers

There are some deep aquifers in the Pampas of & de Uzuia, Lagunas Salinas and
Arequipa, but their characteristics are not wethn. It would seem that the Lagunas Salinas play an
important role in the origin of springs downhille&ently a drop in the lagoon’s water level has been
observed, meaning that the aquifer might not béwargred as usual, and that the sub-basin of
Yarabamba will lack this water in the coming ye@ROFODUA, 2004).

Name Number of springs Flow (I/s Annual volume Jm3
Polobaya 44 404 12,743,698
Quequefia 12 10 315,360
Sogay 6 1.1 34,690
Yarabamba 4 2.36 74,425
Total 66 417.5 13,168,172

Table 9: Inventory of available springs
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3. Information collection and data analysis

Chapter 3 presents step by step the collectiorpanckssing of the data, from the fieldwork, the
different sources of information and the intervie®surces of information are presented in appendix
V.

3.1. Fieldwork

3.1.1 Goals of the fieldwork

Studies and reports are available concerning tlaeackeristics of the canals in the sub-basin,
but the majority of this information is either old seems inaccurate as different sources present
different information of the same canal. Thus &dfie@rk was needed to complete and verify these
data. The fieldwork revealed itself more complearnthn theory, since the sections of the canals are
not only variable, but the canals are not well rsned, the structures damaged or water leaking out
This aspect will be discussed further in the report

Since the fieldwork requires three persons to ogityncollect data, two students from the
National University (UNSA) participated in the figlork. The fieldwork started in April and ended in
May, outside of the rainy season when it would Haewen difficult to conduct a fieldwork, due to high
discharges and a considerable load of sedimentthdfmore, the discharges would not have been
constant from day to day.

3.1.2 Data collected

In Table 10 are exposed the elements considereagdine fieldwork. What should be known is
the location and characteristics of the water ifi@tn the river, the number of structures, the tgpe
structure (derivation structure to laterals), thiespnce of reservoirs and other structures aloag th
canal. More specifically, the data that have tacbiected from the fieldwork are presented in Table
11 along with the device or methodology used t@iobit. The dimensions of the structure and of the
cross section are measured separately for clanitggses. Other data are obtained from reports and
studies, or deduced from the fieldwork measurements

Element To know
Water inlet Characteristics
Number of structures Inventory
Type of structures along the derivation canal (to| Observations (water loss, condition of the
laterals) structures, side on the canal)
Reservoir, tanks Characteristics of water tanks

Other structures (water measurement devices,
sifons, proportional divisor, alcantarillas,
disipadores de energia,..

Table 10: Elements to study during the fieldwork
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Characteristic or measurement Methodology or device
Location of the measurement point GPS
Type Visual
Width Measurement with tape measure
Structure | Material Visual
Side (on the canal) Visual
Status (open, closed, leak) Visual
Width at the top Measurement with tape measure
Width of water surface Measurement with tape measur
Width at the bottom Measurement with tape measure
Height Measurement with tape measure
Cross- .
section Wgter level . Measurement W|th ruler
Height of sediments layer Measurement with ruler
Shape Visual
Material Visual
Manning coefficient Estimation
Water velocity Float method
Discharge Float method

Table 11: Data collected and methodology

The approach used to carry out the fieldwork cdssis starting at the beginning of the
derivation canal and taking measurements alondetigth of the canal, at every evident change of
section or presence of a lateral gate, all theem@tording the number of other structures. At ezch
these points, the location was recorded with th& GRe structure photographed and the dimensions
measured. The water velocity, obtained with thatfimethod, was determined where the canal was
sufficiently strait, without vegetation and witHaaninar flow, according to the guidelines. Howeiter
was difficult to comply all these restrictions, ahe measurements had to be made in places wteere th
situation was the best possible.

Before the beginning of the fieldwork, data haverbebtained from studies and inventories and
compiled as a support to the investigation. Inipaldr, the length of the canal and the location of
structures helped in the canal recognition. After first days, the investigation method was modifie
as it was not entirely possible to detect a charfgeection or slope. Furthermore additional columns
were introduced in the data sheet.

Measurement methods and devices that were usathdhe fieldwork, such as the float method
and estimation of the roughness coefficient, aesgmted in appendix IV.

3.1.3 Processing of fieldwork data

At the end of the fieldwork, the data were analyaed processed in order to be used further in
the models, in particular the discharge and sldkeocanal.

Discharge calculation

The discharge, measured at different points altwegcanal, is used to define the boundary
condition in the models and to estimate the lossaikr through leakage and outflow from the lateral
gates. Once the results have been obtained, actiorreoefficient is applied. This coefficient depls
on the apparent validity of the discharges, fomeplde, if there is no water inflow along the carsaid
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on the contrary leakage is present, a dischargenstogam can not be higher than the discharge
upstream. In the final tables, a discharge is @effiior each point by interpolating the dischargeies
where it is known and according to the state ofgdie at theses points (open, closed or leaking).

Slope and elevation

Although the GPS gives the elevation of the poft@®PS elevation” in Figure 8), the error is so
large that it is very difficult to settle on a cect value. This slope thus has to be estimateleicases
of Quequefa, Sogay and Yarabamba. In the casdaid®@, the slope data was taken from a report.

To find the slope, the Manning equation is usedugh the software Manning.exe developed
by Adrian Laycock (Laycock, A., 2007). First, thievation for the initial point is determined, eithe
with Google Earth or with the data of the feasipiBtudy of 1980. Then the length between points is
measured in ArcGis, where the GPS locations hawn hgloaded. The roughness coefficient is
estimated with the help of photos and descriptibthe cross sections. With these parameters the
slope gradient is obtained, and finally the eleratf each point.

2740
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Elevation (m)

—— GPS Elevation —=— Corrected elevation Studies

Figure 8: Comparison of the points elevation in Alb Sogay

Figure 8 shows a comparison between the elevafitimegoints that were inventoried and will
be used in the models. In the case of Alto Sodaycbmparison can also be made with the results of
the 1980 study, along with the data given by th&QGR this case, although the corrected elevations
appear to be lower than the elevation from theystudthe GPS, the slope is still very similar te th
slope from the study, which means that this coiwads acceptable. Furthermore, the altitude ialfits
Is not vital for the model, since the slope isfenetor really taken into account.
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3.1.4 Results of the fieldwork

The processing of the data into tables is mentionegpendix 1V. During the fieldwork, many
issues concerning the infrastructure have beemaddeand are described further in the report. Most
of the data gathered were supposed to be useddomodelling of the hydraulic behaviour of the
canals. However, due to the large irregularitiethendimensions of the main canals, the errorsngive
by the devices (the GPS in particular) and the fhat very few secondary and even less tertiary
canals are lined, it was not possible to obtaineate data. Taking dimensions of the secondarylgana
to include them in a model would not have provdavant, since their cross sections vary too much
(Figure 15), without taking into account the comesable losses of water, thus making the discharges
measurement complicated. Eventually, only the mairals were modelled (see appendix X).

3.2. Social investigation

3.2.1 Goals of the investigation
Interviews were carried out with the people involwe the system’s management. This was done with
several objectives:
- To compare the situation changes between 1980 endamd try to estimate them in the
future
- To understand better the relation between the fariaued their irrigation system
- To get a real vision of the actual issues facethbyfarmers, which are sometimes overlooked
in technical studies

3.2.2 Investigation method
The interviews were mostly possible thanks to tkép lof the municipality of Yarabamba,

although others were carried out separately.
The people interviewed include:

- The president of the Junta de Usuarios

- The manager of the Junta de Usuarios

- The agronomic engineer of the municipality of Y anaiba

- The manager of the municipality of Yarabamba

- The mayor of Yarabamba

- The president and farmers of the Comision de Regd®#jo Yarabamba

- The vice-president and farmers of the Comision eigaRtes Sogay

- An engineer who has been part of the study andydesithe dam

The question form that was used for the intervigsvimn appendix IV. It has to be said that the
answers to these are subjective since each pem®rtdh own opinion on the same matter, and
therefore they might not reflect reality. Howevigrwas instructive to compare answers and realize
that only such interviews can highlight the reallpgems of the farmers, and what solutions theykthin
best for themselves.
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4. The irrigation system

In chapter 4, the irrigation system is first desed for each sector, followed by an explanation of
the “mini-fundio” issue through plot statistics $mb-paragraph 4.1. The operation of the system is
detailed in sub-paragraph 4.2, along with a deBoripof the infrastructure and the implications on
management. In sub-paragraph 4.3, water use gaiion is presented, more specifically concerning
the water rights of each sector, the main irrigatinethods used on the fields, and the irrigation
efficiency. Finally, issues mentioned during theiabinvestigation are discussed in sub-paragraph 4
and the future dam is presented in sub-paragrdph 4.

4.1. General description
4.1.1 Irrigation sectors

Polobaya

The sector of Polobaya is located in Polobayahatcbnfluence of the rivers Poroto and Obaya,
and includes the annexes Susihuaya, Agua BuenaTasdta (Figure 9). The main canals are
represented by the green lines and secondary danéte red lines, while blue stands for rivers.

The sector is divided into 5 irrigation systemgtewith its own water source:

- Sector Polobaya

- Small irrigation systems

- Susihuaya (river Poroto)

- Agua Buena

- Tasata and Segache

The sector Polobaya consists of the sub-sectoréid)zZua Rinconada, La Capilla, EI Chorro,
Buena Vista, Polobaya Chico, Las Haciendas y LascMies. The small irrigation systems use
filtrations from Polobaya and water from isolatgatiisgs. Susihuaya irrigates with water from the
river Poroto, Agua Buena mainly with spring waterwaell as Tasata and Segache (PROFODUA,
2004).

All these systems have their own reservoirs toestwater during the night. The whole sector is
affected by an excessive parcelling as well as ninolbed creation of new cultivable areas. The last
point is one of the reasons for the unequal distidn of water between Polobaya and the downstream
areas of Yarabamba, Quequeiia and Sogay, sincedheidal plans and maps for the distribution of
water do not concord with the reality of the sechohas to be noted that there is no map of thegis
elaborated by the Junta de Usuarios, and thatribated area had to be roughly estimated.

Sogay (Acequia Alta de Yarabamba)

The sector is part of the sector of Yarabamba,téatan the left side of the river. It has two
main derivation canals, Alto Sogay and Bajo Sogath their head gates located respectively at 2700
and 2625 m of altitude. These canals derive waten the river Yarabamba by means of dikes, and
receive filtrations from the upper sector of PolgdaAt the level of the reservoir Quichinihuayae th
canal Bajo Sogay becomes the canal Alto Yarabantiehvgoes through the sector of Yarabamba.

Although the entire sector suffers from a lack @ftev, the lower area of the canal Bajo Sogay
is more subject to water shortages than the higireex.
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Figure 9: The sectors of Polobaya (bottom, light @) and Susihuaya (top, purple) sectors
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Figure 10: The sectors of Alto Sogay (bottom, lighbrange), Bajo Sogay (dark orange), Alto Quequefia
(top, light green) and Bajo Quequefia (purple)
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Sector Quequefia

This sector is located in the municipality of Yamaiba, on the right part of the river of the
same name (Figure 10). The sector of Quequefia takester from the river Yarabamba and from
the filtrations La Isla and Buena Vista. It is digd into 4 irrigation systems, among which the main
canals Alto Quequefia and Bajo Quequefia. The otiverare small irrigation systems (around 5% of
the total irrigated area). The canals are rustié wimding due to the irregular topography. The main
canals have their own concrete reservoirs, eadtddcmidway, to provide water for the lower areas
(PROFODUA, 2004).

Sector de Acequia Baja de Yarabamba

The sector is located in the downstream area ohbé&mba, on the left and right sides of the
river (Figure 11). The sector has two main canall® and Bajo Yarabamba, although the canal Alto
Yarabamba is the extension of the canal Bajo Sagdythus does not take its source in this sector. A
for the other canals, the canal Bajo Yarabambastékesource in the river Yarabamba, at 2740m of
altitude, the rest of the water coming from filtoais from Bajo Sogay.

Two other irrigation systems are located on theosjip side (right) of the river, each of them
being provided by a canal, Alto Chulumpaya and B@julumpaya. The area of these systems
represents around 25% of the total area in theiseEheir water comes from the stream Gallalopo
(right side of Yarabamba) in the case of Alto Clnghaya, and from the river and the springs Buena
Vista and Huanaqueros in the case of Bajo Chulumpay

In this sector more than in others, many parcedsat irrigated due to the lack of water. Along
the canal Bajo Yarabamba, a reservoir stores wiat@ng the night.
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4.1.2 Plots statistics and “mini-fundio”

The “minifundio” effect is a problem that has egidtfor years, not only in the area of research
but also in the entire country. “Mini-fundio” stasmdor “small parcel”, where the cultivated area per
user is very small. This has several consequent@saaluction. First, global productivity is verywp
as each one makes the choice of its own crop, uithesociating with other farmers. Due to the
small size of each parcel, machines are not usex shey would not be profitable. For those who
have a very small parcel, production is barely ghdior self-subsistence. Then, some land owners do
not live in the villages and come to their fieldsasionally, thus neglecting them while they cdugd
put to better use. Finally, the excessive parceind number of users make it difficult to set up a
cooperative, which would organize the productiod sales.

It can be said that the parceling of the land latireely high, which can be explained by two
main reasons: land configuration, and parceling tduaheritance. The first reason can be illusttate
by the case of Alto Sogay for example, where thefres steep, hence the use of andenes which
reduces consequently the size of the parcels. Jo Barabamba, the relief is smoother, hence the
favorable environment for larger parcels. The sdcogason is more significant since it can be
prevented but still occurs. Every time that a lamcher gives the land to his children as heritalge, t
plot is split in equal parts, rapidly reducing tsiee of each plot. To remediate to this, some have
suggested the creation of a law to, at least, tht®glivision.

Table 12 summarizes the plot size, the area andeuof parcels per user, and the minimum
and maximum plot size. The average plot size vdrggeeen 0.17 and 0.64 ha, which is rather small
and justifies the designation of “mini-fundio”. Theallest parcels even amount to 60m2.

Total Total Average Average Area per| Maximum | Minimum
Number| number . number . .

area of USErs of plot size of parcel user plot size | plot size

(ha) parcels (ha) per user (hal/user) (ha) (ha)
Bajo Yarabamba 128.6 155 285 0.44 1.8 0.83 6.3 0.01
Alto Sogay 96.94 139 401 0.17 2.9 0.70 2.46 0.038
Bajo Sogay 174.6| 249 487 0.29 2.0 0.70 11 0.01
Alto Quequefia 92.48| 113 305 0.25 2.7 0.82 2.8 0.01
Bajo Quequefia 166.3| 208 514 0.29 2.5 0.80 3.55 0.009
Polobaya 476.6| 1250 1700 0.21 1.4 0.38 5.5 0.0078
San José de Uzuiig  101.2 _ 134 0.4 | | 2.53 0.0p61
Totorani 61.1 _ _ _ _ _ _ _
Susihuaya 94.4 112 174 0.54 1.6 0.84 4.1% 0.02
Agua Buena 98.9 125 131 0.29 1.0 0.79 1.07 0.021

Table 12: Plots statistics (Ministerio de agricultua)

Table 13 indicates that between 1980 and 2005 uhaber of plots has increased dramatically
in all the sectors. Since the total cultivable dnea decreased in Quequefia and Yarabamba, due to
abandonment of lands, this can be explained byidgliees in Table 14, where it can be seen that the
average plot area has decreased by more than twis.tln Polobaya the total cultivable area has
increased but at the same time the average pkothsig also decreased.
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Quequena Yarabamba Polobaya
1980 2005 1980 2005 1980 2005
Less than 3.5 266 818 450 1168 543 2133
3.6t05 5 1 8 2 7 5
5t0 10 5 _ 7 2 6 1
10.1 to 20 _ _ 2 1 1 _
20.1to 50 _ 1 _

Table 13: Number of plots in 1980 and 2005

Quequefia Yarabamba Polobaya
Ha/plot 1980 1.1 1 0.9
Ha/plot 2005 0.27 0.3 0.42
Total area 1980 (ha) 310 470 520
Total area 2005 (ha) 258 400 832

Table 14: Average plot size and total cultivable aa in 1980 and 2005 (Ministerio de agricultura)

4.2. Water distribution
4.2.1 System operation

The water distribution is generally based on watailability and crops requirements. In this
case, since there is no defined schedule for thyafion turns. Farmers use water when it is abgla
based on routine and habit. The farmers along @ €amal know each other well and there are usually
no conflicts concerning the water distribution pait

Types of crops

In all the sectors, the main crop that is cultidagealfalfa (around 60%), especially in Polobaya
where the climate is harsher. The main reasorhferchoice is the lack of water: the alfalfa, whish
a flowering plant used as forage, is resistant abewstress such as encountered in the sub-basin. |
grows year round, but is a low-value crop as thenrpeoducts farmers can obtain are indirect: milk
and meat. Other plants are grown, such as onioanwater availability allows it. It has to be noted

that most of these crops are used for self-consgompbDetails on the type of crops and the crops
schedules can be found in appendix V.

Distribution

The water is derived from the main river by waystdne dikes, or sometimes a concrete dike (see
appendix XII).
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5. ' I / v'“_ L,
Figure 12: Head gate in Bajo Sogay

Figure 13: Dike of concrete in Bajo Yarabamba

The water is then derived to secondary canals lnsef gates. Along this canal, water is then
distributed to tertiary canals or directly to pascéNhen it is the turn of a farmer, the main or
secondary canal is closed and all the water iveefior a certain amount of time (water turn).

g A L I

Figure 14: Lateral gates
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These gates can be made of steel, or of stoneoandih most of the cases. During a water turn,
the time during which the gate is open is basethersurface of land. In most of the sectors, fasmer
are granted 1 hour per topo (1/3 of hectare), atihahis amount varies depending on the location of
the farmer along the canal. To take losses intowdg the farmers near the head of the canal are
allowed around 50 min, while those downstream migivie up to 1h30 (Table 15).

Water turns

Table 15 gives the irrigation frequency and theetiailocated per “topo” in each sector.
Frequency of irrigation varies between 20 and 3% dwhich is low and restricts the possibilities to
grow water-demanding crops. It has been heard fhenfiarmers that a minimum frequency should be
around every 15 days, with an optimal frequenc8 days.

Frequency (days) Time per "topo'
Bajo Yarabamba 20 55 min - 1h25
Alto Sogay 23 55min - 1h30
Bajo Sogay 23 1lh
Alto Quequefia 24 1h20
Bajo Quequeina 32 1h20
Polobaya 20 _

Table 15: Irrigation frequency per sector

The discharge available is typically between 788s/nstream and 300 I/s upstream, as Table
16 shows.

District Measuzfgggd'(?ﬁggge April
Polobaya 027

Alto Sogay 0.07

Bajo Sogay 0.076

Alto Quequeia 0.044

Bajo Quequefia 0.085

Bajo Yarabamba 0.065

Table 16: Measured discharge in each sector

4.2.2 Sector infrastructure

Table 17 summarizes the characteristics of the roanals, as well as the total length of the
canals found in the system. The difference betwberdesign discharge and the current discharge is
substantial, which means that the canal might leed®signed. However, it has been seen on the field
that during the rainy season, most of the main lszar@ nearing overflow in some places, due to the
accumulation of rocks and sediments.
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Sector Length derivation | Design discharge Current discharge Total canal

canal (m) (m3/s) (m3/s) length (m)

Alto Sogay 3,767 0.157 0.05 20,310
Bajo Sogay 5,116 0.19 0.15 29,519
Alto Quequefia 3,432 0.18 0.06 20,370
Bajo Quequefia 6,344 0.18 0.06 29,497
Bajo Yarabamba 4,202 _ 0.085 22,212
Polobaya 6,500 _ _ 149,000

Table 17: Summary of the characteristics of the dévation canals in each sector (JJUU)

Each sector has its own concrete reservoir, Poboliewing three since it has the largest
irrigated area (Table 18). Most of the time thesservoirs are located midway of the main canal, and
are filled during the night, from 6 PM to 6 AM, &tlow an extra discharge during the day.

Sector Number of reservoirs Capacity (m3)
Alto Sogay 1 2100
Bajo Sogay 1 2600
Alto Quequefia 1 2500
Bajo Quequefid 1 2500
Bajo Yarabamba 1 3000
Polobaya 3 5000, 5000 and 2508 m

Table 18: Number of reservoirs per sector

4.2.3 Condition of water structures and implications on
water management

This part focuses on the condition of the infrastiiee and its impact on water management and
operational flexibility.

State of the canals

First of all, it has to be noted that a very sni@ttion of all the canals are actually lined, most
of the time the main canals and some first ordenals. While the main canals are usually in coe¢ret
most of the other canals are simply dug in the soNered by grass or small rocks, occasioning high

water losses by infiltration. In Bajo Quequefia, thain canal even consists of the bed of a natural
stream at one point.

During some periods of the year, the canals ateofulveeds, plants, soil and small stones or

even rocks, especially after the rainy season.rigutat same season, the water overflows the top of
the canal in some places, flooding the area ardgund
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Figure 15: Main and secondary canals in Bajo Yarababa

State of the structures

The lateral gates are mostly in a bad shape, gsatleesimply consist of sand or soil, and a large
stone. Some gate are steel gates, generally mathdvut they are in very small numbers. Some #ter
off takes were made for steel gates, but they haem stolen and replaced by stone and loam. These
“gates” allow for a low flexibility and high watdosses.

There is at least one large concrete reservoiraich esector, but in general use of small
reservoirs on field has not been observed. It sebatsonly the wealthiest farmers have one. The
capacity of the large reservoir is limited, espkgiduring the rainy season, when water could be
stored and used even after the beginning of theemgon.

Finally, there are measuring structures, but madlthe head of the canal, in order to monitor
the head flow. However, the rest of the canal isaguipped with any structure, which could have
given a more accurate idea of the real dischaedéngd losses into account. The measures given by
these structures are rather inaccurate, sinceateeysually covered with pebbles, or algae, changin
the roughness coefficient.

»
Figure 16: Reservoir in Alto Sogay

- 34-



Theoclea Swiech, TU Delft — How can the effectshef construction of a dam designed for improvecewased
be estimated in the Yarabamba sub-basin, Peru?

Operational flexibility

Due to the previously mentioned facts (poor flowaswwement, deficiency of operation
structures, lack of reservoirs and on-field stojagjee flexibility in scheduling water turns is low
Flow-rate control and measurement are essentiad flair water delivery, as the operator can adjust
the quantities delivered to each farmer. This filtes the fact that reality never matches theasy,
structures get worn, can be damaged, and scheditfielf can be affected by the stakeholders’
behavior, by lack of maintenance, funds, or appatipn of water by upstream users (Goussard, J.,
1996).

4.3. Water use in irrigation
4.3.1 Water rights

Water rights in the different sectors are presemte@iable 19, which summarizes the annual
volume assigned to each sector, based on the edquolume per hectare and the licensed area,
although this does not represent accurately theahctltivated area. The tables from which theda da
were extracted are in appendix VI.

. Assigned Total annual Real water
Licensed area . .
Sector (ha) volume per ha assigned allocation
(m3/ha) volume (m3) (m3/ha)
Bajo Yarabamba 128.61 10,053 1,292,916 7,253
Alto Sogay 96.94 12,891 1,249,654 7,253
Bajo Sogay 174.6 12,891 2,250,769 7,253
Alto Quequefia 92.48 11,700 1,082,016 10,092
Bajo Quequefia 166.27 11,700 1,945,359 10,092
Polobaya 476.63 12,000 5,719,560 18,291
San José de Uzuia 101.21 12,000 1,214,520 9,145
Susihuaya 94.42 11,000 1,038,620 12,930
Agua Buena 98.98 12,000 1,187,760 12,930
Totorani 61.18 12,000 734,160 9,145

Table 19: Assigned annual volumes (m3) in each igation system - Source (PROFODUA, 2004)

It can be seen from the real water allocation, mesduring a fieldwork, that the distribution
is far from fair. While Polobaya is assigned onB,aD0 m3/ha, it actually takes more than 18,000
m3/ha, depriving most of all the sectors Bajo Yaraba, Alto Sogay and Bajo Sogay.This can be
explained by the way water distribution is donahat diversion structure of Susihuaya, in the river
Polobaya (Figure 17), which derives water for tre@mrrigation system of Polobaya. The off take to
the main canal of Polobaya is on the left sidevitepthe water filtrating from the right side toeth
downstream sectors. The available discharge irritlee amounts to 342 |/s at the divider, and this
amount is distributed as 75% for Polobaya and 2b6%ittie downstream sectors, via a derivation
structure consisting in a dike made of storiesti{dio definitivo de la presa San José de Uz@080).
However, downstream sectors benefit from filtrasi@oming from unused water in Polobaya which
accounts for the low discharge available. Thisrretvater would amount to 10% of the derived water
in Polobaya according to an old studys{udio de factibilidad - Volume [980), but the exact
quantity has not been investigated.
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4.3.2 Irrigation methods

Land preparation

A typical system of land preparation in Peru is dtrecture called “andenes”(Figure 18). These
consist in terraces built on the mountain sideiclfy coming with a stone wall, and filled withrfie
soil. This is a logic adaptation to the landscaggch, over 500m of altitude in the Andes, is mafle
deep and narrow valleys. To expand the cultivaldasy ancient Peruvian civilizations had to adapt t
the side of the mountains and thus these “suspegdedens” follow the natural curve of the
landscape, at the same time delaying erosion. (Ar{egricultura) - Wikipedia). Furthermore, the
production is improved thanks to the creation omi@ro-climate, and the implementation of an
efficient irrigation system is possible. Terraces gery similar to andenes, although they do not
require the use of a stone wall to retain the (§ilnzales de Olarte, E. and Trivelli, C., p. 18).

Andenes in Alto Sogay 7 Andenes in the Sacred Valley

=

i,

Figure 18: Typical annes Iandsas
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Application methods

Two main types of application methods are usetiéneintire Oriental sub-basin, and thus in the
Yarabamba sub-basin: furrow and border irrigatieacrow irrigation is the most common method,
and is applied to maize, garlic, potato, etc., fmne crops require a different type of application
method, such as alfalfa, barley and oats (pastorsk

Furrow irrigation:

Furrows consist of small parallel channels sepdrhyeridges, on top of which crops are grown
(Figure 19). Most of all this method is adapted ¢oops that would be damaged if their stem was
under water. (FAO Irrigation methods, chap. 3) Femnore, water runs more quickly through the
furrow than another method.

e

F-iguré‘ 19: Furrow irrigatibn

Border irrigation :

This consists in long, separated strips of landufé 20). The water flows down the field, and
is drained at the lower part, at the end of thd. glbis method is more adapted to crops that grown
closely, since it is easier to harvest them. Inegainborders require more precision than furrowsdQF
Irrigation methods, chap. 4). This technique ishadbpted to crops such as alfalfa, maize, etc.

Intake fieid channel,

-4

Figure 20: Border |rr|gat|0h (source: FAQ)
4.3.3 Irrigation efficiency

Irrigation efficiency is dependent on factors suah the methods and systems of irrigation,
hydraulic characteristics, type of water deliveryree field level, soil type and the farmers thelvse
Although various definitions exist, in our case #fificiency is based on three partial efficiencies:

- conveyance efficiency (main system conveyance)

- distribution efficiency (related to the distributistructures and tertiary level canals)

- Field application efficiency (water delivered telfi used by the crop).
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In the report from PROFODUA, each efficiency cogéint was estimated on representative parts
of the system in the Oriental basin, to finallyrbeltiplied, which gives the final irrigation effiehcy
coefficient. It is given as:

[Irrigation efficiency] = [conveyance efficiency][”istribution efficiency] x [application efficieng

The results are summarized below:
Conveyance efficiency
- Unlined canals: between 73 and 78%
- Lined canals: between 88 and 97%
The average is thus 85%.

Distribution efficiency:

This efficiency coefficient was estimated at 88%inlg given the rudimentary aspect of the
lower levels canals and distribution structures.

Application efficiency:

Crops such as maize, garlic, potato are cultivasialg furrow irrigation, while border irrigation
is used for alfalfa, barley and oats. Taking intoaunt the small size of the plots, the good gradié
the ground, the frequency of maintenance and iidgaand the good drainage conditions, the
application efficiency is estimated at 60%.

The irrigation coefficient is therefore around 458hich means that for a given volume of
water 45% will be effectively used by the plant fr growth. The required water volume for each
sector has to be estimated according to that ooeffi. It has to be noted that the efficiency cioafht
in the Oriental sub-basin (and thus in the Yaralmmib-basin) is among the highest as the other
coefficients in the basin vary between 37 and 4BRGFODUA, 2004, p. 142).

4.4. Known social and technical issues

The issues encountered by each sector as welkastiganization are generally alike, although
they differ in, for example, relationships to theimtipality, availability of funds, etc. Table 20
summarizes most of the issues that have been dextuduring the interviews with the different
parties. The mini-fundio effect, the lack of waserd the deficient infrastructure have been mentione
most of the time, although deeper issues suchealath of interest for the basin from the governimen
and the lack of communication between the diffemgganizations have been brought up. The results
of this interview are presented in more detailappendix VII.
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Stakeholders Issues Reasons Possible solutions
Downstream| The dam might not be sufficient|t@limate change and illegal wat&uild a canal directl
sectors remediate the lack of water intakes in Polobaya from the dam
Junta de Absence of a defined "plan de
Usuarios cultivo" in most of the sectors
Junta de Some farmers cannot pay, othgers
Usuarios Farmers do not pay the water taxrefuse to pay in protest against
the government
Pass a law to prevent
Farmers Mini fundio effect Division of the landiaheritancethe division, or even
regroup the parcels
Farmers have to abandon lands to L
Lack of water, low irrigation
Farmers be able to grow other crops than
frequency
alfalfa
o . . .| Sell these lands to
Some people live in the city andLack of interest to the small size
Farmers i . . other farmers or
don't cultivate their land of parcels .
create cooperatives
Polobaya illegally takes most of Authorities are weak and do npt
Farmers . . .
the water for land extension | have interests in the sub-basin
Water taxes are high but no
Farmers | investments are made to improye Weak and corrupt authorities
irrigation
L Absence of help from the |Some farmers want
Farmers Deficient irrigation infrastructure :
government ask for credits
. Lack of transparency, the
Funds (canon minero) are bad ¥n S P y
Farmers L unicipality ignores the needs
used by the municipality
the farmers
Lack of communication between
Lack of information on dam and  the Junta, Comisiones de
Farmers

new water law

Regantes, ATDR and the

government

Table 20: Main concerns of the stakeholders

A study of the evolution of the situation betweka year 1980s and nowadays is also presented
in appendix VIII.

4.5. The “Yanaorco — Paltaorco” dam

The project of Yanaorco-Paltaorco dates back tdB1@hen the first studies were made. At the
time, most of the present issues already existed:

cultivable land

Lack of storage and regulation structures
Deficient infrastructure
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The aim of the project is eventually to increasedgricultural production and by extent the living
standards in Polobaya, Yarabamba and Quequefagthtbe improvement of irrigation. Initially, it
was thought that the project would not only helpstabilize the current water offer compared to
demand, but also to retrieve abandoned land (ar@0fcha). However, it has been show later that it
can only allow for the improvement of the currernitlygated lands, with a stable flow of at lea®g?.
I/s/ha (see appendix IX). For comparison, the euraflocated water flows are shown in Table 21.

Water flow allocated
per hectare (I/s/ha)
Polobaya 0.58
San José 0.29
Susihuaya 0.41
Alto Sogay 0.23
Alto Quequeia 0.32
Bajo Sogay 0.23
Bajo Quequeia 0.32
Bajo Yarabamba 0.23

Table 21: Water flow allocated per unit of area

For that purpose the dam, which would have a cgpatil0 million m3 and a height of 26m,
would store the water collected during the rairgses to be used during the dry season (see appendix
IX). Instead of a peak flow during the rains andbw during the dry season, the flow would be
regulated over the year, with a more regular digghal he storage area would be filled by water from
the melted snows of the Pichu Pichu, the variorgasts and springs upstream of San José de Uzufa
(Figure 2).

The total cost of the project was estimated at liBom of Nuevo Soles (around 4 million Euros),
financed by various organizations (see appendix THe profitability of the project is sustainedthg
reconversion of the traditional agriculture intor@re modern one, with high-value crops and low
water consumption, which will eventually requiré@ént irrigation systems (CAMP S.R.L., 2008).

The operation of the dam will be at the charge hif §unta de Usuarios of the Zona No
Regulada, with the supervision of ATDR. With th@rbes due to the water law, it is probable that the
organizations in charge will be the Autoridad deuAdWater authority). The personnel in charge at
the dam will include a chef engineer, an operatiechnician and three guards. The Regional
government and ministry of Agriculture will supesgiand check the proper operation by the Junta.

To this date, it seems that the distribution ofevdb the sectors has not been determined yet.
During the last visit, the construction was justtatbeginning, although the derivation canal te th
sub-basin Mollebaya had been built, but it is reitknown whether or not it will be in service.
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5. Modeling with WEAP

Chapter 5 deals with the modeling in WEAP. It lmbe noted that the modeling with SOBEK is
discussed in appendix X. The modeling strategy xiglagned in paragraph 5.1, followed by an
explanation of the data of the current situatiorpamagraph 5.2. The scenarios are then described in
paragraph 5.3 and evaluated, with the results cortedean paragraph 5.4. The table of necessary data
for WEAP is presented in Appendix XI.

5.1. Modeling strategy and assumptions

The aim of the model is to understand how the oarsgguation can be improved through the
construction of the dam, as well as assessingmpadt of land extension and increase in crops avith
higher water consumption. Improvement of the itigaefficiency is also considered, combined with
the previous factors, before water availability éarch sector is evaluated in terms of allocate@mwat
volumes.

First the water basin is simplified down to theibashematics, featuring only the main rivers, for
which data are available:
Poroto
Totorani
Ospicio
Polobaya
Yarabamba

The river Ospicio is included in this model sinbe tlam will be built at its convergence with the
river Totorani. Upstream rivers flow into each atla¢ the convergence point, which means that the
discharges are set only at the heads of the riarches, in Totorani, Ospicio and Poroto.

Irrigation sectors are modeled as demand sitegyatom rivers (Figure 21) and feature only the
main sectors, with Susihuaya and Agua Buena, amdJ8sé de Uzufia and Totorani, respectively
grouped. The annual and monthly water demand isvknior these sectors, but in order to allow
varying parameters in the scenarios, the demanehtdr is calculated in terms of cultivable area and
water demand per unit of cultivated area. It ispaiged that water demand for other uses (domestic or
industrial) is inexistent, which is relevant sintteere are no industries in the sub-basin and the
domestic water consumption is minimal.

In the case of the scenario which includes the damgservoir and a diversion are added to the
previous model.
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Diversion

alto sogay (2
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Figure 21: WEAP model of the current situation

5.2. Modeling of the current situation

Rivers

The discharges available are included in appendixSiice there are monthly discharges for
only three rivers (Totorani, Polobaya and Yarabgmtbee discharges for the other two, Ospicio and
Poroto, had to be deduced.

Assuming that no water flows in or out of the rivagrart from the demand sites, we can make a
balance in order to find the discharges of thersiv@spicio and Poroto. Based on Figure 21, we have:

Poroto Upstream= Yarabamba upstream — Polobayarepst + Demand Polobaya + Demand
Susihuaya
Ospicio upstream = Polobaya upstream + Demand Se& JJzufia — Totorani upstream

The water demand is based on the required irrigaitocation, show in Table 23. Table 22
gives the monthly river discharges, known or est@aOnly the discharges corresponding to Poroto
upstream, Ospicio upstream and Totorani upstreanadaded to the model, since they are considered
as springs. The discharges in the confluents,itteesr Polobaya and Yarabamba, are deduced by the
software based on the calculated discharges ontluent.

In the case of the scenarios with dam, the divargiom the river Poroto to the dam is
calculated as the difference between the dischairglee river Poroto and the demand in Susihuaya,
only during the rainy season (as “excess” water).
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River discharge (m3/s)

River Jan Feb Mar | Apr May| Jun Jul Aug  Ser Oct Ngv  Dec
Demand 1 579| 0060 0.062 0073 0073 0.067 0.067 0078800,00.106| 0.113 0.106
San José
Demand
Susihuaya | 0.075| 0.063 0065 0078 0075 0071 0071 .08 5/0®.108| 0.118 0.114
Demand
Polobaya | 0.209| 0.173| 0184 0218 0211 0198 0} 0222 0pF307| 0.329| 0.313
Polobaya | 4 41| 044 041 028 022 024 o0p8 028 026 026.30031
upstream
Yarabamba ;| 5351 93] 028 019 019 0p5 023 024 024240 0.28
upstream
Totorani 036 039 037 025 0P 021 05 025 023 0.22260.0.27
upstream
Poroto L ] i

0.184| 0.146 0.149 0.246 0.256 0.219 0.241 0[252010.30.395| 0.387 0.39
upstream
Ospicio 012| 0.1/ 01d 010 009 010 0.0 o011 011 0.1515D 0.15
upstream
Diversion | 111 008 008 017 ) D 0 0 0 0 0 0
Poroto

Demand sites

Table 22: WEAP model — rivers discharges

The water demand per site is calculated with thal &rea (in hectares) and the annual water
demand per unit of area (m3/ha) as well as thethegavith the monthly variations (Table 23). This
information is given in appendix XI. It has to beted that the total area is taken instead of tiheahc
cultivated area, since we wish to evaluate theectirsituation and illustrate the fact that lands ar
abandoned for lack of water.

Sites were given a priority according to their gosi in the scheme (higher priority for

upstream sites). It is also supposed that 10%eofltlwv derived for each sector returns to the riasr
filtrations (Estudio de factibilidad - Volume 1980).

Required Required

water Total area | water Priority

allocation allocation

I/s/ha ha m3/ha
Bajo Yarabamba 0.482 129 15,203 4
Alto Sogay 0.485 97 15,290 2
Bajo Sogay 0.481 175 15,172 4
Alto Quequefia 0.476 92 15,004 2
Bajo Quequeiia 0.475 166 14,984 3
Polobaya 0.491 477 15,483 1
San José de Uzufia - Totoran 0.4985 162 15,726 1
Susihuaya - Agua Buena 0.433 193 13,651 1

Table 23: WEAP model — total area and water demanger unit of area
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5.3. Scenarios

Scenarios description
Scenarios are representative of how a system reighive in the future in a particular setting,
for an assessment of this situation. The infornmagissociated to the Current Accounts is the startin
point of all the scenarios.
Several parameters are evaluated, among them:
- The presence of the dam and the diversion fromitiee Poroto
- Drier years, due to climate change (Water year athth
- Increase in cultivated area
- Increase in water demanding crops (higher wateragienper ha)
- Increase in irrigation efficiency (more cultivatieshd with the same amount of water )

Parameter
Climate . . Increase in
. | Presence of . Increase in | Increase in water C o
Scenario change - drief . : irrigation
the dam cultivated area demanding crops g
years efficiency
1 X
2 X X
3 X X X
4 X X
5 X X X X
6 X X X
7 X X X X X
8 X X X

Table 24: WEAP model — Scenarios and their paramete

Table 24 summarizes the parameters that are intlideach scenario. Scenario 1 illustrates
the current situation in a context of climate chenghere rainfall is scarcer and river discharges
lower. In scenario 2 the irrigation efficiency rereased, as well as in scenario 3 where the atdtv
area is also increased. Scenario 4 introducesatimeirl the same context of climate change, to observ
the potential improvements. In scenario 5 theranisncrease in cultivated area as well as in water
demanding crops. Scenario 6 only includes an iseréawater demanding crops. Finally, in scenario
7 the dam is integrated along with an increasauiftivated area, water demanding crops and irrigatio
efficiency, while scenario 8 is a test scenariostody the influence of the increase in irrigation
efficiency.

The choice to keep the climate change parametailt the scenarios is due to the fact that this
would be the worst case scenario, and in the ofpa#iuation, the situation can only be better.
Furthermore, it has been observed on locationglaatiers are melting and rivers have been running
drier these past years.

The scenarios are run over 15 years, from 20100825 2with 2009 the year of the current
account.

- 44 -



Theoclea Swiech, TU Delft — How can the effectshef construction of a dam designed for improvecewased
be estimated in the Yarabamba sub-basin, Peru?

Dam

The evaporation for the surface of the storage @résken from the climatic data of Polobaya.
The structure has a maximum height of 26m andragtocapacity of 10 million cubic meters.

Month

Jan

Feb

Ma

Apr May Ju

n

Jul

Al

g S

ep Oct Novecl

Net Evaporation
(mm) Polobaya

98

64

93.9

154 174

179 18

6 1

D9 2115 72

22 214

173

Table 25: WEAP model — Net evaporation of the resgbir’s surface

Climate change

Climate change in our case is characterized by gears. The current account is defined as
“normal”, and the other years in the scenario agiga random pattern (Table 26). The definition
varies during the year, taking into account thealrg rainy seasons.

Increase in cultivated area

The total physical area is taken as the maximuma asable for agriculture, meaning the sum of
the currently cultivated and abandoned lands. i gsbenario we will assume that the cultivable area
increases by 10% in each sector, and 20% in Padgbay this sector already has a tendency in
extending its cultivable area. This increase iedim which means that the total area is reach2625.

Table 27: WEAP model — Water year method definition

Total area Increase New total are
ha % ha
Bajo Yarabamba 129 10 141
Alto Sogay 97 10 107
Bajo Sogay 175 10 192
Alto Quequefia 92 10 102
Bajo Quequeiia 166 10 183
Polobaya 477 20 572
San José de Uzufia - Totorani 162 10 179
Susihuaya - Agua Buena 193 10 213
Total 1298 _ 1475

Table 28: WEAP model — Increase in cultivated area

a

2010| 2011 | 2012 2018 2014 201p 2016 2017 2018 201920 2 2021| 2022 20283 2024 202
very very very
Dry | normal| wet| dry dry| normal dry| dry normal | wet | normal wet dry dry dry | normal
Table 26: WEAP model — Water year method pattern
Jan| Feb| Mar| Aprl Mayl Juf JJl Aug Seép Qct Npv Dec
Very dry 0.6/ 0.6 0.4 0.7 0B 08 08 (08 08 0.8 810.0.7
Dry 0.8| 0.8] 0.8 0.8 09 0p 0)9 9 09 0.9 0.9 0.8
Normal 1 1 1 1 1 1 ] 1 il 1 1 1
Wet 12| 12 127 1.2 i 12 112 131 11 11 1.1 (1.2
Very wet 16| 16 16 1.3 g 132 11 121 11 g1 1(1.13
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Increase in water demanding crops

The increase in water demanding crop is based ercdkfficient of 1.03. This coefficient was
found for the sector of Bajo Yarabamba, for a landease in alfalfa of 30 ha.

Required water Coefficient - water | Water allocation - water
allocation demanding crops demanding crops
m3/ha m3/ha
Bajo Yarabamba 15,200 1.03 15,656
Alto Sogay 15,295 1.03 15,754
Bajo Sogay 15,169 1.03 15,624
Alto Quequeia 15,011 1.03 15,461
Bajo Quequerfia 14,980 1.03 15,429
Polobaya 15,484 1.03 15,949
San José de Uzufia - Totorani 15,721 1.03 16,192
Susihuaya - Agua Buena 13,655 1.03 14,065
Table 29: WEAP model — Increase in water demanding crops

Increase in irrigation efficiency

Irrigation efficiency is based on conveyance edfindy, distribution efficiency and application
efficiency, which for the current system, is regpety 0.85, 0.88 and 0.6, giving a global effiabgn

of 0.45.

Assuming improvements in conveyance, achieved ample by lining the main canals, its
efficiency changes from 0.85 to 0.9. Similarly, tHestribution is improved through repair and
upgrading of the canals of lower levels and thgtrhaulic structures. The distribution efficiencyish
is adjusted from 0.88 to 0.9. Finally, the applimatefficiency improves from 0.6 to 0.75 through
modification in water management at field levekltsas irrigation timing, more frequent water turns
according to the crops’ needs. The new irrigatioafficient is thus 0.6, which is applied in all the

sectors.

Required| Current | Improved New
— S New water
wate.r |rr|.g§1t|on |rr|.g§1t|on requirement water
allocation | efficiency | efficiency demand
I/s/ha _ _ I/s/ha m3/ha
Bajo Yarabamba 0.482 0.45 0.6 0.362 11,400
Alto Sogay 0.485 0.45 0.6 0.364 11,471
Bajo Sogay 0.481 0.45 0.6 0.361 11,377
Alto Quequefia 0.476 0.45 0.6 0.357 11,258
Bajo Quequefia 0.475 0.45 0.6 0.356 11,235
Polobaya 0.491 0.45 0.6 0.368 11,613
San José de Uzufia - Totorani 0.4985 0.45 0.6 0.374 11,791
Susihuaya - Agua Buena 0.433 0.45 0.6 0.325 10,241

Table 30: WEAP scenario — Increase in irrigation dfciency
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5.4. Results

Calibration of the first model

The results of the first model were compared tod#ia entered in the model and the effective
supplied volume according to the tables in appekdixPriorities were tested this way and, since the
results were coherent, scenarios were then impleden

Comparison of the unmet demand in each sector
The unmet demand is defined as:
Required water volume — received water volume

From the current situation, it can be seen thahdwsome months, there is an unmet demand in
some sectors, while in others, when water is mbrsdant, the water required is supplied but water
goes out of the system, hence the justificatiothefdam. Table 31 presents the annual volumes of
water unused by any of the sectors in the sub-bdtsimas to be noted that the amount of annual
unused water is higher in scenarios 2 and 3 siotke cenarios introduce an improvement in the
irrigation efficiency, thus a lower water consuroptrate per sector.

2009 2010] 2011] 2012] 2013 | 2014 | 2015 | 2016 | 2017| 2018 | 2019| 2020 2021| 2022| 2023| 2024 2025] Sum

Scenariol | 1 Jo1] 1 ]33]Jo1]o01] 1 fo1] 0 1 |33[ 1 ]57]01] 0o ]o1]| 1 J191

Scenario2 | 1 | 23|52 82)23]23|52[23]04]52|82[52]105]|23]04]|23]|5.2]685

Scenario3 | 1 | 22| 5 | 78] 18| 17|45[16] 0 |41]|69[38] 9 |11] 0 |09]32]546
Table 31: Streamflow (million m3) downstream Bajo Yarabamba for scenarios 1 to 3

Figure 22 to Figure 24 represent the annual unmeiathd for the sectors which do not get the
required amount of water. The variation from yearyear is similar for the sectors of Bajo
Yarabamba, and Bajo Sogay, and equal to zero isabtrs of Alto Sogay and Alto Quequefia, thus
the graphs are not all represented here. The seStor José de Uzufia and Susihuaya are not included
since they are not affected by water shortage. 8men4 and 7 do not appear since there is no unmet
demand in any of the sectors.

The variations from year to year are due to théatians in the water year method: the unmet
demand is naturally higher when the year is dri@b(e 26). In the case of scenario 5, the unmet
demand increases steadily over the years: thisidéstd the annual increase in cultivated area (see
Table 24).
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Figure 22: WEAP — unmet demand for Bajo Yarabamba
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Figure 23: WEAP — unmet demand for Polobaya
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Figure 24: WEAP — unmet demand for Bajo Quequefia

It is clear that the case for which the unmet datrviarihe highest is scenario 1, which is logical
since there are no improvements yet. In this aabas been seen from Table 31 that between 0.1 and
5.7 million of cubic meters of water are lost arlhyduring the rainy season, while this water could
be used to meet the demand during dry seasons.
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Unmet demand during dry season

Figure 25 illustrates water shortages that occuinduhe year in the case of scenario 1. It is
clear that during the rainy season (January to NManvater shortages are low. Peaks are observed
during the dry season (April to December) and eafigdrom September to December. This is due to
the water demand parameter which is higher at tite af the year, as a result of the calculation
method for crops requirements (see appendix VBctRrally, this illustrates the fact that some wate
demanding crops such as onions, potatoes (seedippdrare grown during that period.
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Figure 25: WEAP - Monthly average of unmet demandgcenario 1)

Storage volume

Figure 26 compares the water volume in the resepari year, for the different scenarios. The
volume in scenario 4, 5 and 6 presents a saw temthtion: the reservoir is filled during the rainy
season, with the excess water that is not usetidogdctors, reaching a peak at the end of therseaso
The water is then used during the dry season,dfaising the reservoir until the next rainy season.

In the case of scenario 4, the volume rises cotigtdaring the totality of the simulation: the
water in the reservoir is not totally used yeaemffear, and the spare water is stored up for the
following years, thus increasing the total volurighough this situation is theoretical, it makesse
regarding the model, as scenario 4 has the sananpters as the current situation with only the
addition of the dam. In the case of scenario 6réase in water-demanding crops), there is no excess
water from year to year, but the dam provides ehaougter for the current year. Scenario 5 (increase
in water-demanding crops and in cultivated ared)ondy does not leave excess water but also shows
a decrease in the water volume available each Jé#.is due to the steady increase in the cultiyat
area over the simulation time which leads to adrigtater consumption.

Scenarios 7 and 8 illustrate situations where thgation efficiency is improved, although
scenario 7 includes the increase in water-demandiags and cultivated lands. In both cases, the
reservoir fills up rapidly the first years, and @ns full during the entire time of the simulation.

As can be seen, in the current setting of the wgtar method, the most efficient scenarios
would be scenarios 7 and 8, followed by scenariérm this graph we can conclude that to ensure a
suitable use of the dam, at least in the currénaison, improvement in irrigation efficiency isghiy
recommended.
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Figure 26: WEAP — storage volume comparison
Summary and conclusions

Table 32 summarizes the results of the compariegarding unmet water demand per sector
and per scenario, as well as the water level imgkervoir. It can be seen that in the cases ofeses
1, 2, 3, 5 and 6, most of the sectors presentiaielefy of water. However, the unmet demand varies
widely from scenario to scenario.

In the case of scenario 5 the storage volume ofldime is very low, which explains why there is
such a lack of water, and we know that this scenadludes a high water consumption. Scenario 5 is
the case which has the higher unmet demand, withasio 6 the lowest. Scenario 1, the current
situation, also presents a very high deficit.

1 2 3 4 5 6 7

Bajo Yarabamba X X X _ X X _

Alto Sogay - - — — - - -

o Bajo Sogay X X X _ X X _

g Alto Quequeria - - - _ _ _ _

% Bajo Quequefia X - - — X X _

% Polobaya X X X _ _ _ _

O | San José de Uzuha - X X X _ _ _ _
Totorani

Susihuaya - Agua Buena — — — — — — _

Total (thousand m3) 37,189 | 2,313 | 6,033 _ 46,491 533 _

Water volume in the reservoir _ _ _ Average Low Low High

Table 32: WEAP — scenarios comparison
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It follows that, in the cases where there is no dHdma best solution to palliate for the lack of
water would be to increase the irrigation efficign@/ith the dam, we can see that increasing bath th
cultivated area and the percentage of water demgralops would not be sustainable. To resolve this,
the irrigation system would have to be improvedarding its efficiency, as in scenario 7. In theecas
that only the percentage of water-demanding crapeases (scenario 6), the situation would be
sustainable and the reservoir kept full. If the daruilt but there is no change to the currentrdds
cropping pattern, the demand would be met as aglin scenario 4.
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6. Conclusions

In this chapter, answers to the research questiod sub-questions are proposed, before
recommendations concerning the general managemergiven, and issues for further research are
considered.

6.1. Discussion and conclusions
For information, the questions are re-addressed.

How can the impacts of the construction of a dam dggned for improved water use be
estimated in the Yarabamba sub-basin, Peru?

This problematic presupposes that an answer isigovéhe following sub questions:

1. What are the motives (social and technical) behiradimplementation of the dam?

2. Based on what is known at the present, can recowtatiens on the use of the future dam be
given?

3. How can the study of the behavior of an irrigateystem in a micro-basin be carried out, in
order to provide the necessary support to the redea

4. ls it suitable to describe the entire area by faegon a smaller area in the sub-basin? Is the
description of one or more areas representativéhnefmicro-basin?

5. In what ways is the entire system shaped by hurciona and how are they influenced by the
system in return?

The main focus of the research was the dam whichsmpposed to improve the water distribution
and availability in the sub-basin. From the resaftshe study, it can be concluded that other fagto
related to the irrigation system itself, are inwamvin the efficiency of the new structure. The fars)
the main stakeholders, believe that more coulddreedo improve the system and their standard of
living.

What are the mechanisms (social and technical) betd the implementation of the dam?

The objective of the project is, through the impnanent of water efficiency, the development
of the area. Water scarcity is the main issue enlihsin, leading to poor yields and the inability o
growing crops with a high commercial value. Rainfalavailable only from November to April, the
rest of the year being very dry. Furthermore, tiveelst areas of Yarabamba, Sogay and Quequefia are
disadvantaged compared to the highest area of &gmolBy creating a large storage area to regulate
the variations of water availability through theayethe dam would allow to at least palliate theklaf
water in existing lands, and at best to extendcatiural lands. Farmers would then be able to shift
toward higher value crops more easily than withbigt extra storage.

This dam had been planned for year, dating bathke@nd of the 70s. Based on the studies that
have been carried out since then, it is suppos@dltb10 million cubic meters, with a height of 26m
Derivation structures from another river in the sdmsin will be built, but it has to be mentionkdtt
another derivation canal has been built downstrearthe dam, this time to provide water to the
northern sub-basin of Mollebaya. However, the issoxer this structure have not been resolved yet,
as water shortages might still happen in Yarabaeviea after the dam’s completion.
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Meteorological stations in the area have providexldata to design the dam, but since there
was no historical rainfall or discharge data in thd-basin itself, a model was used to determine
discharges and rainfall but has not been calibraidddata from the sub-basin.

Since the funds for the construction have beenimddamainly from loans, farmers will pay a
fixed water tax per volume of water delivered, whiweas not the case before. Farmers used to pay an
annual water tax based on the number of hectaotsh@ volume of water. The dam will be operated
by the Junta de Usuarios Zona no Regulada, andxh&TDR, which is now the Local Water
Authority (ALA). It has to be noted that the dibuition to the different sectors has not been
determined yet.

Based on what is known at the present, can recommaations on the use of the future dam be
given?

Most of all, the main issue that should be resoligethe fair distribution of water. However,
this is not possible without a strong cooperatietween sectors, and a potential change in diversion
structures. The upstream sector of Polobaya hds duiew derivation canal in order to change
entirely its current irrigation system, seeminglighout authorization, and the downstream sectags ar
afraid they will keep on taking most of the wateéome people said that a canal should be builhall t
way from the dam to Yarabamba, Sogay and Quequefiayrb the activities of Polobaya. The
competition between the sectors should be redwtbdrwise the benefits of the dam would not give
the expected results. This example shows thatgheofithe dam is so closely linked to the irrigasio
systems of the downstream sectors, both on a teadhenid socio-political plans, that it is hard teeg
recommendations without considering the systenif.itdéealso has to be mentioned that the situation
in the sub-basin is particular and might not beesentative of similar projects, since the consiwnc
of the dam arrived at the same moment as the ing&ation of the new water law, both with
unknown factors.

How can the study of the behavior of an irrigationsystem in a micro-basin be carried out, in
order to provide the necessary support to the study

A good framework should include the assessmertiefrtigation system through the physical
infrastructure, the operators and the water uséus,(J., 2002). Physical infrastructure can beistlid
through the layout of the canals and the waterrobstructures. Operators include all the regutatin
and operating bodies, assessed through the metisedsto induce good performance and the ability
of the operator to perform well, regarding both tlsers and the authorities. Finally water users are
those who shape the system and are thus considemeagh their participation in management,
accountability of organization, and mutual sociahtcol.

The research has been carried out in accordanbetist framework, as it considered all three
aspects. The study process has been supportedttgnvetata as well as interviews. While reports and
digital documents such as maps were useful to statet the basic issues of the sub-basin, the study
would not have been complete without the fieldwankl the interviews, which allowed to gain insight
on the infrastructure but also the needs and opénad the water users. A hydraulic calculation tool
such as SOBEK helps evaluating the physical infnasire, as the behavior of the irrigation system
and especially the canals can be understood atctide of the system. It is then possible to poitt o
defects and take measures to rectify them, sucversopping during the rainy season. In the case of
this research, the specificity of the topic madedtessary to use tools such as WEAP, in order to
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evaluate water volumes on the basin scale. Scenar®introduced that help complete the scope of
available information.

It has to be noted that each source of informatimmes with inconsistencies and errors. The
data from the fieldwork that is used for modelisgdependent on the integrated error of the devices
(GPS) and the measurement errors made by the ope(atoss section, etc...). The characteristics of
the canals vary a lot along its length, meaning thes very hard to obtain accurate values. It was
interesting to see during this fieldwork, that tieality of canal infrastructure is far from the ohg
where a “perfect” canal is always considered. Theme differences noted between the different
reports, which means that at least one sourcedaslerrors. Sometimes information in the report is
lacking, hence the need for the social investigaand the fieldwork. These facts can be simply
overlooked for lack of funds or motivation from tlaithors, or deliberately hidden in order to
manipulate the opinion of the reader. Another difiy was the reluctance of some people to give
information, as it seems information is valuabld #mere is competition between various institutions
Finally, the social investigation might be biasedegeryone sees his own interest.

Is it suitable to describe the entire area by focuisg on a smaller area in the sub-basin? Is the
description of one or more areas representative @he micro-basin?

To answer this issue, information from the diffdreectors were compared. The areas are rather
similar, since they are close enough, but the sane situation of the downstream sectors difi@mfr
the upstream sectors. The infrastructure and @ 96 rather similar, as they all have lined main
canals, unlined secondary and tertiary canalspreiary water control structures. However Polobaya
differs from Yarabamba, Quequefia and Sogay onnaatis, topographic and even social point of
view. The community of Polobaya has a more tradi#ticand rural type of community, where people
help each other more than in the other sectorsi@Bleicated higher, Polobaya is exposed to harsher
climates, which makes efficient agriculture moré#iclilt, although the topography is smoother and
more suitable. There is also the issue of Polobaliag a large amount of water, which is resented i
the downstream sectors. This illustrates the faat without regulation, those closer to the water
source usually tend to take advantage of theittimeaThis could have happened to any sector, and i
not necessarily dependent on the characteristitiseaector. The downstream sectors of Yarabamba,
Sogay and Quequefia are quite similar although difésr in topography (smoother in Yarabamba,
steeper in Sogay) and in regulation authoritiesti{ia case, Comisiones de Regantes), as they seem
more efficient in some sectors than others.

Thus, in this study, it is reasonable to consitiat bne area is representative of other areas, as
long as they are nearby. They still differ in distddut their infrastructure, operation and issues a
similar. In Polobaya, more distant, issues difféhaugh the infrastructure and mode of operation is
alike to the other sectors.

In what ways is the entire system shaped by humarctons and how are they influenced by the
system in return?

The relation between the water users and the systaks

both ways as farmers adapt to the conditions sdéhéysystem,
while the system depends on the decisions andnactd the  Systen Human actions

water users. Most of the factors described belowehan
influence either way, much like a circle effect.
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The first case is mainly illustrated by the lack whter and the low efficiency of the
infrastructure (water losses, low irrigation fregag, low flexibility), which forces the farmers to
grow crops resistant to water scarcity but with jenefits, such as alfalfa. Storage exists, in trenf
of rather large reservoirs for each canal, buttib lscking and on-field reservoirs are almost
inexistent. Funds are however lacking for this tgpanfrastructure, and thus the farmers have tpad
to the current system. Irrigation techniques, wtsbbuld be a factor determined by the farmers, can
hardly be improved since the lack of flexibility tife system does not allow it. The “mini fundio”
effect, which consists in farmers owning very snatcels, prevents good production as only low-
level technologies can be applied.

The water users influence the system in many waghkjding of course the construction of new
infrastructure (canals, reservoirs, etc...), and gbed maintenance and operation of the system.
Sometimes the users themselves damage the infrastu stealing steel gates for example, which
however does not benefit the entire system. Thie ¢havater in the downstream sectors is not only
induced by water scarcity in the sub-basin, bub &l the actions of the water users upstream where
the water intake is higher than the intake estabtisby the authorities. The mini fundio is produced
by farmers and authorities who do not prevent Bimi$ion, although it has been existing for decades

6.2. Recommendations

6.2.1 On water management

It has been shown in this study that although then ¢an alleviate the water deficit in the
current situation, if the data entered in the maudelclose enough to reality, land extension cabaot
envisioned without a change in the irrigation systitself.

From the interviews, it is evident that a changehie crop type is necessary if the area is to
develop economically. Due to the scarcity of watiee, only crop that can resist is alfalfa, whicleslo
not have a high value, as it is used for cattle amentually the production of milk and meat.
According to the results from WEAP, if the farmevish to change to higher value and more water
demanding crops, the situation would be sustaindhle we have seen that the data entered in the
model is not entirely accurate and may not reflieetreal situation, as many fear that the resewiblir
not be filled in any case.

The system thus has to be more efficient, espgaalhcerning the frequency of the water turns.
Different solutions have been proposed to incréasefficiency:

- Increase irrigation frequency

- Line the main canals and lower order canals

- Change to drip or sprinkler irrigation

The first solution would be feasible with the pms® of the dam, since water availability would
not vary so much along the year. However it algpires a more efficient irrigation system, which
means that lining the main canals and at leasffitsteorder canals, is necessary, as well as cegla
most of the off take structures by steel gates.tgrosolution would be to install small reservaits
field level, but the lack of water per farmer woulok make the solution very efficient.
Of course, the farmers feel that changing the ergirstem would be the best solution, and drip
irrigation has been mentioned quite a lot. A stuthd been done in the adjacent sub-basin of
Mollebaya, where it had been found that drip itiigga would cost around 2000$ per hectare.
Although this system is efficient, it is also vexystly and has to be maintained sufficiently.
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Considering the current situation, these changgbtmiot be possible, as it is not even known if
the dam will satisfy the planned use. Among thenamkns are climate change, which might affect
rainfall patterns and diminish the quantity of watevailable in the entire basin; the effective
distribution of water which is still not clear, aster might be deviated toward another basin, agtmo
of it taken by Polobaya for its land extension; thiguence of the new water law and the change in
institutions, not well known yet; and the futurdgh&om the government, whether or not it will be
decided to support other improvements in ordeuppert the use of the dam.

The FAO gives recommendations concerning what dtape to be taken to improve irrigation
(Pundarikanthan, N. and Santhi, C., 1996).

First a good knowledge of the system is necessamne sub-basin of Yarabamba, there are no
meteorological stations, which means that data toeisterived from stations further away and might
not be representative. Groundwater flows are nditkmewn or measured, and should be investigated
to evaluate the possibility of exploiting themalso seems that the different organizations, sachea
Junta, the ATDR, and the Comisiones de Regantas¢cedg communicate their information to each
other, and often are not in digital format, makihgm easier to loose and more difficult to transfgr
the level of the canals, measuring structures esept but mainly at the head, which means that the
discharge downstream is roughly estimated.

Secondly, farmers and officials should be trained imformed, which is not always the case in
the sub-basin. For example, although there is tecéor cattle artificial insemination, it is bayalsed
and dairy cattle’s production capacities are nopriomed. The municipality does not give much
transparency concerning its actions, especiallyceoring irrigation projects. Farmers should also
associate, in order to change their crop typeupet cooperative to sell at a higher price, lovier t
transportation costs to the city, and even aslaforedit. The idea of a “mancomunidad” proposed by
an NGO would help promote solidarity between thle-Isasins, for example for water transfer. This
however has to be explained, otherwise water usgght see it as an infringement on their water
rights.

Finally, a feedback is necessary, as changes insygéem must be monitored and their
consequences evaluated, through interactions tilstakeholders and understanding of their needs.
For example, an impact that has to be monitor¢laeieffect of the new water tax aimed at recovering
the costs of the dam, which might be too high foak farmers who will thus sell their lands and
leave.

6.2.2 Further research

Further research could be carried out in the futireinderstand better the processes working
behind irrigation systems in the oriental sub-basid to study the links between the conclusions of
this study and what has really happened. In pdsaticthe actual effects of the dam once it is in
operation could be considered, as well as the im@feation of the new water law which might put
the farmers at a disadvantage. In that point ofvyithe possibility of an improved irrigation system
(through lining, improvement of structures, constien of reservoirs) or of a different irrigation
system (drip or sprinkler irrigation) could be ex@d. Another interesting point is the relationship
between the different micro-basins in the oriestatb-basin, the way water can be shared between
them and the notion of mancomunidad that has beeked. The mini-fundio issue and how further
land division could be prevented, can also be itiyated.
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The modeling part was at first supposed to incladaodeling with SOBEK, but due to the
complexity of taking accurate fieldwork measurersenitthe secondary and tertiary canals, only the
main canals were modeled. A more accurate moddtl dmimade, based on another fieldwork where
measurements of these canals could be carriedWith. this model, canals could be tested with a

uniform lining, new discharges and these variatiobserved to make conclusions on possible future
improvements.
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Appendix I: Peru

Peru, or Piruw in Quechua and Aymara, is locatecbauth America, with a surface of
1,285,216 square kilometers adjoining the Pacifte&. The country is bordered by Ecuador and
Columbia in the North, Brazil in the east, Boliaad Chile in the south and the Pacific Ocean in the
West. The Republic of Peru has a total populatioP9omillion inhabitants, with a population growth
rate of 1.264%. The main spoke language is SpabhighQuechua is also an official language. Other
native languages such as Aymara are also spoken.

Geography
The country is divided into 25 regions and 1 proeiiLima Province), as shown on the map.
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Figure I- a: Regions of Peru - (Peru Info)

There are three major geographic regions in Paricbast in the West, a narrow and arid
plain; the sierra in the region of the Andes, alaritp the Altiplano plateau; and the jungle (sejva)
wide plain covered by the Amazon rainforest thabaats to 60% of the country’s surface.

The Andes and Humboldt Current are the cause feida range of climates. On the coast
temperatures are moderate with low precipitatioth igh humidity. In the sierra, rains are frequent
during summer but temperature and humidity deceeagth the altitude. Between the rainforest
(selva) and sierra in the east, semi-tropical climudsts lie between 800 and 3800m. Heavy rais fall
and high temperatures are characteristic of thw&Sewhich hold a remarkable number of species of
plants and animals (Country profile - Peru, 199P)has to be noted that the Pacific zone is
characterized by the presence of the Southernl&@smil phenomenon called El Nifio, occurring every
three to eight years, defined by warmer surfacersah the eastern side of the Pacific Ocean. ta,Pe
El Niflo is the cause of warm and very wet summ&scémber-February), sometimes provoking
major floods.
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Resources
Peru has numerous resources such as minerals sdwtalso halieutic resources. Industrial
activities include mining and refining of mineralsietal fabrication, petroleum and natural gas
extraction and refining, fishing and fish procegsitextiles fabrication and food processing. Among
the main resources exported are copper, silved, gettroleum, timber, fish, iron ore, coal, phodpha
potash, hydropower and natural gas. The main gastanomical revenue is services (66%), followed
by industry at 25% and finally by agriculture (8 4%

The place of agriculture
2.88% of the land is arable, and 0.47% is perm&nenttivated. The total irrigated area is
12,000 km?, with the main products being asparagoffee, cotton, sugarcane, rice, potatoes, corn,
plantains, grapes, oranges and coca. Livestocksindyrovides poultry, beef, dairy products and
guinea pigs. The total renewable water resouraeoisnd 1,900 km3, with an annual water withdrawal
of 20 km3. 80% of this amount is used for irrigasepliculture.
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Appendix Il: Morphology, geology and demographics bthe
study area

Morphology of the sub-basin

The morphology in the area is marked by the molissi and Pichu Picchu (respectively at the top
and on the right of Figure I&).

- A=

Figure II- a: Map of the areaof Arequipa — GoogIeEarth

Mounts Misti and Pichu Pichu are old volcanoes tivasent an advanced state of erosion.
They behave as a groundwater storage unit, andgspform at the foot of the mountain range. The
“Lagunas Salinas” is another significant featuogated behind the Picchu Picchu with a total afea o
33km2. This lagoon is a large salt water resenamrered with wetland vegetation. The “pampas”,
zones with a low relief and variable area, are comin the Altiplano. More specifically, the pampas
in Yarabamba and Polobaya are depressions weed filith mud and other alluvial materials. The
valleys are rather recent, characterized by powsdperficial flows during the rainy season while
subterranean flows are fed by filtrations from ithigated area (PROFODUA, 2004, p. 64).

The topography of the areas of Yarabamba, Quecprdi&ogay varies from flat to steep, and
from flat to hilly in Polobaya. Wherever the slapémportant, the presence of terraces or andeses ¢
be noticed as a logical adaptation to the enviranr{iestudio de factibilidad - Volume 1980, chap.
V).
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Valley of Sogay Valley of Polobaya

Figure 1I- b: Valleys of gay and Polobaa

Geology

Geological aspects
The study area is defined by the presence of sedimerocks: Yura group (sandstones and
shale), Pleistocenic and alluvial conglomerates;arac rocks: Tacaza and Sencca (rhyolite tufe lik
the Arequipenian “sillar”); and plutonic rocks: abal batholith (granitic rocks).

The coastal batholith layer, which is a typicalnfiation of the Andes, reaches hundred of
meters depth; it is overtopped by volcanic rocksyéed from volcanic activity, and sediments, such a
alluvial, that are found mainly in the river andestm areas. Erosion is a defining morphologic pece
which shaped the landscape by acting on the bagéutifnic and volcanic rocks since the tertiary
period. At the scale of the sub-basin, the rocledayn top of the batholithic layer was first eroded
uncovering it. The depression created was latéedfilwith lava rocks of the Sencca group
(consolidated volcanic ash), before being subjetiegrosion processes again. Nowadays the impact
of erosion is rather limited and kept to the arefathe sub-basin where the precipitations are thstm
intensive. On a seismic point of view, there arenmgjor faults in the area, and although joints are
present in the coastal batholith they do not reprea major risk.

The two zones of Polobaya and Yarabamba diffehnéir tgeology since the zone of Polobaya
is covered by volcanic Sencca rocks, easily erodéde the zone of Yarabamba is characterized by
granites, which are more difficult to erod&s{udio de factibilidad - Volume 1980, chap. VI)

Types of soil

The soil is mainly alluvial, created by the accuati@n of material that was eroded and
carried away by the water from higher areas. Thtase soil presents a dark color which charactsrize
most of the time loam or sandy loams, with a ratfiee consistency. In Yarabamba, Sogay and
Quequenia, fertility of the soils is rather goodthwa moderate permeability, a good drainage and no
salinization problems. In Polobaya, the use of agdes less common since the topography is rather
flat, with very smooth slopes. However the consisyeof the soil is rather thick, with a low
permeability, and poor drainage that leads to ®wliproblems increased by the presence of
impervious layers. For comparison, the infiltratrate is higher in Yarabamba-Quequefia-Sogay (12.7
cm /h) than in Polobaya (9.6 cm/hEstudio de factibilidad - Volume, 11980, chap. V).

- 65-



Theoclea Swiech, TU Delft — How can the effectthef construction of a dam designed for improvedewased be estimated in the Yarabamba sub-basin? Pe

s Rio Poroy,

o
%Q

Aluvials
Coastal bathaolith
[ Granite
Fleiztocenic conglomerates
Wolcanic Sencca
Yolcanic Tacaza
Yura group

Figure Il- c: Geologic map of the sub-basin Yarabarha
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Demography, economics and society

A social and cultural difference has been obsebetd/een the upper zone of Polobaya and the
lower zones of Sogay, Quequefia and Yarabamba. dfladitthe population’s behavior differs, in that
the lower zones are nearer to Arequipa and thusnfiteenced by the way of thinking of the people
from the city. People are more individualistic afidorganized, while in Polobaya the population is
more mindful of the entire communitigtudio de factibilidad - Volume 1980, chap. I1).

Demography
There are around 600 families in the area, withtrobshem living in Polobaya. In this area,
families count with more members, especially cleiildwho usually participate to the manual labor in
the field. Each family counts with between 4 anth&mbersError! Reference source not found.
gives population statistics in each sector.

Polobaya Men Women Total

0-14 185 148 333
15-64 606 373 979
65 + 60 73 133
Total 851 594 1,445
Quequeiia Men Women Total

0-14 136 129 265
15-64 382 413 795
65 + 79 80 159
Total 597 622 1,219
Yarabamba | Men Women Total

0-14 133 85 218
15-64 323 340 663
65 + 76 70 146
Total 532 495 1,027

Table 1I- a: Population by age category in PolobayaQuequefia and Yarabamba — (INEI, 2007)

The number of inhabitants has been decreasingilstedwle to the low living conditions and
lack of appropriate working conditions. Apart frahe milk production, most of the crops are destined
to auto-consumption and thus are not a stable safrecevenues, which is why, when they have the
possibility, the inhabitants of the sub-basin temdo working in the city.

Living standards
The middle class represents only 3% of the popuiativith a majority owning around 5
hectares. They earn between 6 and 15 times thenahtninimum wage a year. This class has a better
access to services, technologies, and more chamaesupy a political charge. They are also able to
give their children a better education and usuathploy workers on their field.

- 67 -



Theoclea Swiech, TU Delft — How can the effectshef construction of a dam designed for improvecewased
be estimated in the Yarabamba sub-basin, Peru?

On the contrary, the lower class represents 97%hefpopulation, characterized by the
ownership of very small parcels. Land parcelinggsy high and results in high production costshwit
a high necessity of the family workforce. They edrd times the minimum wage, which is not
sufficient to satisfy the needs of their families.

Education levels
Around 40% of the population does not have any afilie. However, 40% of the children
have at least secondary education or higher. Aghathe area benefits from learning centers and
secondary schools, people with enough resources hdagndency to send their children to Arequipa
for a better education.

Housing
Houses in Yarabamba, Quequefia and Polobaya b#&peafithe basic services. In Quequefia a
majority of the houses have access to drinking myatéectricity and sewerage. In Sogay and
Yarabamba, it seems that suitable drinking wattaaking, as well as sewerage. Polobaya still Btk
these services. Most of the houses are privatelyedvand rudimentary, made of stone or concrete,
with roofs of metal sheet&étudio de factibilidad - Volume 1980, chap. II).

Activities
85% of the population is in working age (6 to 7@ngeold), but around 20% of this active
population is not working. Their main activity igraculture, although mines (Cerro Verde) and
quarries exploitation fill in for many jobs. Cattlgising is the main economic activity, especiallyce
the main crop cultivated in the sub-basin is alfalis forage crop, followed by the cultivation of
products for human consumption. However, thesevitie8 are not well paid, especially since
agriculture in the sub-basin does not benefit fraaw agricultural techniques.

Due to the low salaries, many go to the city of cripa to work, leaving their field poorly
attended, and others go seasonally, when agrieuluharder due to the lack of water (May to
December) Expediente canal Sogay
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Appendix Ill: Legal framework and institutions

Legislative aspect

Chronological summary
Agriculture in Peru dates back to 5000 years adenathe Chavin culture built simple irrigation
systems near Lima. The Incas followed by buildingeatensive and complex irrigation system, which
provided water to 700 000 hectares. The arrivathaf Spanish people, who focused on mines
exploitation, reduced considerably the extent amgbirtance of agriculture in Peru.

In 1899 was drafted the first Codigo de Aguas,ofed by a new Codigo de Aguas in 1902,
which was in use until 1969. This code was basetherprivatization of water, although it already
divided the different uses of water (public usehifng, navigation). With this code, the water users
nearer to the sources of water were advantagedameahpo those farther.

The 20" century started with an important institutionavelepment in the irrigation sector with
the creation of the Cuerpo de Ingenieros de Minasgyas (1904) and the Servicio Hidroldgico
(1911). The first large-scale public irrigation jects were launched in the 1920s, with every year
increasing investment rates. From 1945 to 1948, githernment approved the National Plan for
irrigation improvement, and until 1956 public intregnts in irrigation reached a maximum, with 50%
of the total public investments.

Under the presidency of Juan Francisco VelascorAti@ (1968-1975), the agrarian reform was
initiated along with the creation of a new law (Lawl7752) in 1969. Water resources were
considered in a very different way in this decrabere they are declared a scarce resource which
must be protected and regulated. Thus all the wataurces, without exception, are owned by the
government. This decree also recognizes the ledfelmportance in water protection, such as the
adequate distribution of water or its quality. Fréinen on, the Peruvian government has invested
around 5 billion US$ to improve the irrigation ia$tructure. This agrarian reform had for
consequences the expropriation of all the largpgnti@s more than 100 ha in surface, and the divisi
of the land among the farmers. Many of them wereaaly “minifundists”, and went on cultivating
their parcels independently (Bethel). This led dav lagricultural yields, since the organization of
production systems had been disrupted.

During the following years, several modificationsres brought to the law, which led to the decree
of 1981, and further in 1991 with the decree 658mmting investments in the agricultural sector.
This latter modified the administrative organizates well as the water users’ organizations. Howeve
the new decree leans toward a more economical agiprof water ownership, which endangers the
principles of the original water law, that is toyshe collective aspect of water use and ownerdlag
leyes de agua en el Pera. Planes hidrolégicos elecas - Monografias.com).

In 1989, the government approved the decree 03&@9transferring irrigation related
responsibilities to the Junta de Usuarios. Howewdile they were supposed to increase their
financial independency, and stimulated private stweents, low water taxes and efficiency led to
insufficient resources for the Junta to expandraadhtain their irrigation systems.
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In 1996, the government created the Subsectoratrog Program (Programa Subsectorial de
Irrigaciones — PSI) to improve the status of thetdwand their economical sustainability, and inseea
investment in the irrigation systems; this progiamow considered a big success.

In the past years, a deep change has been intabdtutke legal framework with the approval of
the decentralization law, the Organic law of Regiddovernments (2003), which initiated the transfer
of power toward the departments, and the OrgamicofaMunicipalities.

In March 2009 was introduced a new water law (Wagsources law n°29338) to remediate the
problems posed by the previous law.

National Law n°17752
As mentioned before, this law brought essential ificadions in the way water is managed.
Apart from what has already been said, it can betiowed that this law defines priorities in the o$e
water: first necessities / domestic use, cattlsimgi agriculture, energetic, industrial, miningesis
other uses. To the end of planning the water mamagepolicy, the government has the obligation to
inventory the use of water resources, preserve ,tteard provide information about hydrology,
hydrogeology, meteorology etc., in all the riveasips.

The same law defines the roles of the Water Autyhdiutoridad de Agua), which is in
charge of the conservation and preservation of wegeources, the Junta de Usuarios and the
Comisiones de Regantes, which must elaborate #meeflde Cultivo y Riego. A special ruling was
made for these organizations (DS 005- 79-AA). Tlhiw was however considered obsolete and
contrary to the principles of integrated water ngEment, as it does not recognize the multisectorial
aspect of water, management at basin level, omaatan economic good.

The problem with the previous water law was thavals more advantageous to the coastal
areas, to the detriment of other regions, the &igrrparticular. Furthermore, different norms were
superposed, producing the existence of differehitips per sectors, as well as confusion in apglyin
the norms (Alegria, J., 2009). Conflicts appeardenvwater resources owners were required to give
away their right for the public good (villages, aoomities). They are usually resolved but the owners
obtain compensations or the right to play a rolthenproject. This shows even now the consequences
of the old water code. Other issues include themdss of the hydrological river basin plan (Historia
de Espafia - Monografias.com).

New water law

The new water law was created to palliate to trsuds raised by the old water law.
Formalized in March 2009, it has not been entiietplemented yet. Its main difference with the
previous law is the integration of the concept ofegrated water management. Water is also
recognized as a vital resources and a human rgitording to this law, citizens can have a more
active participation in decision making, with tlerganization and change in the status of the urre
institutions and groups of stakeholders. ComisiaedRkegantes are viewed as an extra cost for the
Junta de Usuarios and bound to be absorbed by otbanizations. A different system of settlement
will be established, with possibly higher taxesfidierio de agricultura, 2009).

Many fears surround this new water law, especialtyong the farmers. Most of all, the
population thinks that priority for access to watglt be given to those with major resources, iisth

- 70 -



Theoclea Swiech, TU Delft — How can the effectshef construction of a dam designed for improvecewased
be estimated in the Yarabamba sub-basin, Peru?

case, mining companies. Mines would have unliméad free access to water sources, contrarily to
other water users who have to pay for their shiwata de Usuarios, ect....). The creation of the ANA
(Autoridad Nacional del Agua) is illustrated asragyess, but this organization being based in Lima,
is subject to all sorts of pressures especiallgnfroining companies. This has already been proved, a
lobbies have already succeeded in eliminating filoenlaw, the article concerning water protection at
the source. Without this protection, mines can ammate and dry up the water sources and affect the
entire area downstream, including agriculture (Peey de aguas anticampesinas y prominero, 2009).

Overall the extent and consequences of the lawoisyat known, as institutions are just
changing. But from the interview of the water usexgriculture will probably suffer as it is not
considered sufficiently profitable. Taxes will bigler but the benefits from the new organization to
the farmers, hardly seen. Comisiones de Regantédisappear and be replaced by a manager,
although it is not well known what will be his ra@d who will choose him.

Institutional aspect

Hierarchy
At the user’s level in Arequipa, three main orgatitms are responsible for irrigation water
management: the Administracion Technica del DastRtego (ATDR), the Junta de Usuarios and the
Comision de Regantes. The role of each of thesanarations will be detailed further in the chapter.
(Gestion de recursos hidricos en el Peru - Wikigpethi enciclopedia libre) (Riego en el Peru -
Wikipedia, la enciclopedia libre).

illustrates the hierarchy of the institutions poesly responsible for water management from
national to local levels. Each of them is describedhe following paragraphs, along with the new
institutions (CEPES, 2003a).

Ministerio de Agricultura

INRENA

Intendencia de recursos hidrico$

ATDR

A\ 4
Junta de Usuarios

v
Comision de Regantes

Figure 1lI- a: Former diagram of institutions
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Due to the new law, the Intendencia de recursoscls has been absorbed by the ANA
(Autoridad Nacional del Agua), and ATDR by the Al(Autoridad Local del Agua), while it seems
that the Junta de Usuarios will not change. Howévis not yet known what will happen with the
Comisiones de Regantes.

Ministerio de agricultura (MINAG)

The national authority in terms of water managenigettie Ministry of Agriculture (MINAG),
although other ministries play a part, such asMimastry of Heath, Trade and Tourism, Energy and
Mining and the Council of ministers. Its main ais1tb promote the development of agriculture,
through its work with other public organisms sushte INRENA.

INRENA
The National Insitute for Natural Resources (lustit Nacional de Recursos Naturales —
INRENA) is a decentralized public organism parttlod Ministry of Agriculture. Its objective is to
manage natural resources, water, forests, faunaails] in order to support the goal of the ministr
to develop agriculture. It is mainly in charge ddllecting data and redacting technical reports
concerning the evaluation and monitoring of thes#g natural resources (Instituto nacional de
recursos naturales (INRENA)).

Intendencia de recursos hidricos
The Intendancy of Water resources is an organisporesible for the proposition, supervision,
and control of policies and execution of projeaiaaerning the sustainable use of water resourtes. |
is constituted of the Direction for basin manageinand the Direction of water resources. The ATDR
depend technically and functionally on the IntereyafCEPES, 2003a).

Junta de usuarios
The water users boards (Junta de Usuarios) regabbupe Comisiones de Regantes in an
Irrigation district (Distrito de riego). They areiyate association, with public financing, respdiesi
for the operation, maintenance and improvementhef itrigation infrastructure, and the good
organization and active participation of the watsers regarding their irrigation system. There must
be one representative of each sector among the, jioie usually held by the presidents. The preside
of the Junta is himself a president of one of #&a@'s.

The junta is in charge of collecting the water téxough the Comisiones de Regantes,
destined to carry out the annual operation and teaémce of the irrigation system, when approved by
the ATDR. When conflicts arise, or when farmers riii pay their tax, the Junta is allowed to
intervene. It is also, technically, responsible fbe elaboration of the Plan de Cultivo by every
Comision de Regantes, destined to control theditribution of water to the sectors. Finally, the
Junta has a role in the training and informatiorusérs concerning the management of the system
(Informe Tecnico Proyecto Huayrondthap. 2).

Comision de regantes
A Commission de Regantes is an association of farrfrem a sector or sub-sector of
irrigation. In general, these commissions inclugeesident, a vice-president, a secretary, a tregsu
a water guard and other assistants. The main misdithe Commission is to maintain the canals and
other structures and be in charge of the watercation. They are also responsible for conflict
management when it occurs.
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ATDR (Administracion Técnica de Distrito de Riego)
The Technical Administration of Irrigation Distri€Administracién Técnica de Distrito de
Riego - ATDR), is the authority in charge of mamagihe water, guarantee the rights to its access an
distribute water between sectors, in the agricaltand non-agricultural domains alike. The ATDR
controls the entire Chili basin, regulating the @vdtom the rivers in the basin. Most of all, itaas a
control entity, regarding the operation of the oigation it is in charge for, such as the Junta ttved
Comisiones de Regantdaforme Tecnico Proyecto Huayrondthap. 2).

Gobierno regional and Gobierno local
The regional governments are not directly respdaddr the water management, but have the
responsibility to develop the region, allow the @x®n of projects with public investments, and
promote economic activities. They are formed by ridgional president, and the Regional council,
which generally approves the budgets proposed dytésident, as well as the budget assigned to the
“canon de agua” (collected water taxes). In thassetheir role in water management mainly has to
do with the investments granted to the ComissialeeRegantes, in order to maintain their canals.

The local government assumes the same function, abut local scale, due to the
decentralization law that requires more local gnaece (Gobierno regional en el Peru - Wikipedia, la
enciclopedia libre).

Municipalities
Municipalities can be at both district and provideeels. The structure is the same in both
cases, with the Council composed by the mayor hedrtanager (regidor), with the mayor being the
executive organism. Their range of influence iseyids they must deal with issues of all type iiirthe
districts, water management being only one of tl{@&nbierno regional en el Pera - Wikipedia, la
enciclopedia libre).

ANA
In 2008, the Peruvian government created the Naltidrater Authority (Autoridad nacional

del Agua — ANA), subject to the Ministry of Agri¢ute, suppressing the Intendancy for water
resources. The ANA is in charge of designing anglémenting the national policies concerning
water management. Its specific objectives areke iiato account the legal framework and needslof al
the stakeholders, in partnership with local andorg governments, to formalize the rights to water
its distribution and quality, and manage conflidhis new entity regulates the actions of the peva
actors, such as users or mining companies, in wadgagement. The ANA is supposed to be more
democratic, as it intends to include representatfvem the farming community in particular. It also
aims at giving more autonomy to users’ organizati@utoridad Nacional del Agua - ANA).

The National Water Authority was put into operattorsimplify the institutions in place, as
the ATDR and the Intendancy are now part of theesarganization. Below is the new diagram.
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Ministerio de Agricultura

v

INRENA

v

Autoridad Nacional del Agua

v

Autoridad Administrativa del agua

v

Autoridad Local del Agua

v

Junta de Usuarios

Figure 1lI- b: new diagram of institutions (SemanaEconémica, 2009)

Sources of financing

Water tax
The Junta de Usuarios are in charge of collectiegnater tax. Only 50% of the Junta is
technically and financially independent. The resgtdis help to maintain it financial sustainability.
practice, the Juntas establish their own waterapgroved by the ATDR (Riego en el Peru -
Wikipedia, la enciclopedia libre).

Since most of the time water volumes are not nredsthe water tax is based on the area and
the type of crops and not the water volume. Gelyethley vary between 2.2 and 25% per ha. The
water tax has three components: a part for theadimtJsuarios, one for the Canon de Agua (used by
the Comisiones de Regantes) and one for “Amortratin the sub-basin Yarabamba, only the first
two are applied. A large part of the tax is destiteefinance the activities of the Junta (aroung0
The rest is used for the ATDR and the costs ofatmer and maintenance (corresponding to the
Canon de Agua) (CEPES, 2003b).

Canon Minero

The “canon minero” is a fund given by the miningnganies to different entities, based on
their benefits from their mining activity. In thgorthis fund is distributed as follows: 10% for the
local governments or districts where the mine &ated, 25% for the local or provincial governments
of the same zone, 40% for the local governmentthefdepartment of the same zone, and 25% is
destined to the Regional government. This fund aaly be used for projects and works of general
interest. In particular, the management of theselsunust be transparent, with a large implicatibn o
the population in the decision concerning the mtsj&n which to invest.

For information, the department of Arequipa recdiamd used the amount of 76 millions of
Nuevos soles in 200&€anon minero - posibilidad de inversion en turisi2008).
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Plan de cultivo y de Riego

The “plan de Cultivo y Riego” is a document thamsiat planning the water resources
available for irrigation, associated with agricuftuinformation of a specific area. ATDR and the
Junta de Usuarios are in theory responsible forplh@ management, and approve it before the
harvesting season starts. To be part of the plgrsumust be registered in the census of wates user
(Padrén de Uso de Agua), have formalized theimtite to sow (Declaraciéon Jurada de Intencién de
Siembra), have paid their water tax, and that glurdulic infrastructure around and in their fiegdin
good state (COMISION DE REGANTES BOZA - AUCALLAMARLAN DE CULTIVO Y RIEGO
(P.C.R)).

However, at the moment, the sectors of the Yarahasulb-basin do not have any “plan de
cultivo”, as they say they are not in a regulatedezand thus this is not necessary. When the dim wi
be in service, they will nevertheless have to presae.
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Appendix 1V: Methodology

Sources of information

Apart from the interviews, the main sources of infation consisted in reports and digital maps
collected from various organizations, listed'able IV- a.

Sources Type of information

ATDR GIS and AUTOCAD maps of districts and
canals

Junta de Usuarios Inventories of in irrigation @sfiructure in
Quequeiia, Sogay, Yarabamba

Other studies Report PROFODUA

Report EVAP

Feasibility study 1980

Report AUTODEMA

Table IV- a: Sources of information

Measurements methods and devices

Devices
The dimensions of the cross sections were measutild tape measure, and a ruler in the case
of low water levels. To measure longer distancesgaired in the case of the float method, a tape
measure was used. The GPS, a Garmin eTrex Legesdused to take measurements of the location
in UTM coordinates as well as the elevation. Thé&s@Pmes with a maximum inaccuracy of 15m, but
usually showed an inaccuracy between 4 and 8m.

Float method
To measure the discharge, the float method was. uBeid approach is based on the following
relation:
Q=AV
With Q the discharge (m3/s), A the cross sectianeh and V the flow velocity(US Forest Service).
Likewise, the velocity of the water at the surfécdefined by:
V =L/t
With L the travel distance and t the travel time.
Since surface velocities are higher than the aeexadpcity, a correction coefficient is introduced,
such as Vierage= K Vsurtace This coefficient varies from 0.8 for rough bed®t® for smooth beds.

Practically, the velocity is found with the help @fstop watch and a buoyant object, in this
case, small branches. In most cases the wind w#elaeis almost negligible and thus the velocity of
the branches was not influenced. The locations whkosen in places where the canal was straight,
with as little vegetation and turbulences as pdssibhe travel distance was 10m, as usually pdrts o
the canals where these conditions were reunitedialicexceed that distance. Each time measurement
was done 3 times and the final travel time averag@uhlly, the cross section was measured at the
point where it was the most representative of Hretsegment’s characteristics.
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Roughness coefficient
The roughness coefficient was not directly cal@dabn the field, but estimated during the
processing of the data. This estimation was peddrmith the help of the photos and the observations
made concerning the condition of the canal, andddewing approach based on the Van Te Chow
method.

n=(ng+n +n, +nz+n,)m
Where:
N, is a base value of n for a straight, uniform, sthahannel in natural materials
n, is a correction factor for the effect of surfagegularities,
n, is a value for variations in shape and size ofctiennel cross section,
ns is a value for obstructions,
n, is a value for vegetation and flow conditions,
m is a correction factor for meandering of the cien

The data figuring in Table IV- b are taken from thble of the Van Te Chow method.

Concrete 0.013
. . Cut into rock 0.025
Basic material no
Masonry 0.025
Earth 0.02
Irregularity nl Smooth 0
Minor (1) 0.005
Cross section n2 G.radual c.:hange 0
Occasionally irregular (2) 0.005
Negligible 0
Obstruction n3 Minor 0.01-0.015
Appreciable 0.02-0.03
Vegetation 4 Low © 0.005 - 0.01
Medium® 0.01-0.025
deri Minor 1
Meandering m Appreciable 1.15

Table IV- b: Values for the parameters of the Van B Chow method

(1) Good dredged channels, slightly eroded or smbaide slopes of canals or drainage channels

(2) Large and small sections alternating occasipmal shape changes causing occasional shifting of
main flow from side to side

(3) Dense growth of flexible turf grasses or weesigple seedling tree switches, average depth of
flow three or more times the height of vegetation

(4) Turf grasses, two times the height of the vaiiygt; stemmy grasses; bushy growths, moderately
dense
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Creation of tables for modeling

New tables were created with the fieldwork talhewhich data were completed. For example,
when the top width and the width of the water stefaf a trapezoidal canal was known but not the
bottom width, it was calculated, as well as the silbpe of the canal.

A table was created for ArcGis to serve as a da@mbanother table, which was used for the
modeling part, is supposed to hold less informatiwith points in double and without section (in the
case of a structure where no dimensions has b&en)teemoved. The bank elevation was obtained
from the bed elevation and canal height. The rdasfths were measured directly in ArcGis where
the canal and the GPS points are plotted. Fromtétile, another table was obtained to be imported
directly into Hec-Ras. In the case where a SOBEKehes created directly, without using Hec-Ras, a
specific table is made.
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Questions form used in the interviews

Personal information

What is your occupation? Do you have another job?

How much land do you have? Where is it located?yaresatisfied with its location?
What is your role with the Comision de Regantes?

Crops
What type of crops do you grow?

What are the determining factors for growing thesps (price, lack of water, ...)?
What type of technology do you use for these c(grsilizers, machines...)?
How is the division of the parcels produced? Isdivsion rate increasing?

Water management

What is the irrigation frequency? And the availatitcharge per “topo™?

How is the water quantity granted to each “topdedmined?

Is there a defined “plan de cultivo”?

What is the cost of water? What is it used for?

Do you know if there are farmers who do not respieit turn and take water without authorization?
Do the farmers use wells or springs water, aparhfwater from the canal?

What are the methods to apply the water on thddigurrows, etc...)? Why?

Who maintain the canals and reservoirs? What ifréfggiency of the maintenance? How is the
maintenance done?

Would it be better to increase the irrigation freqey?

How do you think the system could be improved (meservoirs, better canals, gates, other type of
irrigation)? Are there any investments plannedffiercanals renovation?

Conflict management

How are the relationships with the sectors upstfeam

Between farmers of the same sector?

How are conflicts handled?

How will the organization change with the new wasav?

What is the history of the sector (creation, age.,. §?

How are the water turns organized along the mamal®as the distribution always fair (water losses,
ect.)?

Are you involved in the operation of the Junta dmiatios, ATDR, etc.? How?

What do you think is the role of the governmenivater management?

Concerning the construction of the dam

What do you expect from the construction of thim@a

Are there going to be any necessary changes iimfitastructure and water management?
How is the water cost going to change?

Do you think there are other solutions?
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Appendix V: Crop types and schedules

In the high areas (Polobaya and its annexes), #ie onops are alfalfa as permanent culture and
soft corn (maiz amilaceo), cereals, onions, garfiotatoes and beans as transitional crops
(PROFODUA, 2004, p. 135)

Crop % cultivated Period of cultivation
Alfalfa 68 Whole year
Soft corn 10 September- October
Cereals January-February

7
Onions 5 Whole year (August and February)
Potatoes 5 From October
3
2

December-January
February-March
Table V- a: Type of crops and crop schedule in thkigh areas

Beans

Garlic

JIFIM|A|M|J|J|A|S|O|N|D

Alfalfa
Soft corn

Cereals

Onions

Potatoes

Beans

Garlic
Table V- b: Crop schedule in the high areas

In the low areas (Sogay, Quequefia, Yarabamba)ntie crops are alfalfa, onions, corn, potatoes,
beans, cereals, vegetables and pumpkins.

Crop % cultivated Period of cultivation
Alfalfa 55 Whole year
Onions 15 Whole year
Corn 9 August
Vegetables 8 Whole year
Potatoes 3 August-September and February-Mdrch
Beans 3 February-July and July-November
Cereals 2 April-September
Pumpkins 2 August-September

Table V- c: Crop schedule in the low areas
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Alfalfa
Onions

Corn

Vegetables

Potatoes

Beans

Cereals

Pumpkins
Table V- d: Crop schedule in the low areas

Table V- e shows the production costs and period#ghe main crops in Sogay. It can be seen
that alfalfa is one of the most advantageous censig the lack of water, as its production costs
remain low, and can be produced all year long.

Crops Period of Yield Production
seeding/harvest Tons/ha/season cost
(S/.1ha)
Alfalfa Perennial 22.00 1000
Potato August/December 8.00 2500
Maize August/April 1.80 1000
Barley January/June 1.20 2000
Wheat January/June 1.30 2000
Beans August/April 1.40 1200

Table V- e: Crops and production costs in SogayEkpediente canal Sogay)

There are two types of culture, permanent and itaags The large seeding campaign is from
July to August, and the second, smaller, starfaituary and February. The combination of crops for
the elaboration of a cropping schedule takes intmant the time of seeding, the growth period and
the type of crops. Normally the type of crop in flieeond round is not the same as the first. Acogrdi
to the reports, the market influences greatly theice of crop by the farmers, as they try to caliv
the crop with the highest expected revenue. Howetvbas been observed that the main factor for the
choice of the crop is the water availability. Theged crops that can resist to the high irrigation
frequency, such as alfalfa. Very few farmers trgtidtivate higher value crops, due to their sevigyti
to prolonged drought and the fact they have to ddwarpart of their land, and most of them complain
that they do not obtain a fair price when sellihg production. It has been observed that the dtyers

is higher in the low valleys contrary to higher age(like Polobaya), due to lower temperatures
(PROFODUA, 2004, p. 128).

Although the determination of water requirementddee with CROPWAT, reality in the sub-
basin shows that this is not necessary, as thedfwalater imposes the cultivation of alfalfa. Farme
simply try to make the most of the water they aftai
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Appendix VI: Water requirement per sector

Calculation method

The water requirements were derived with the saBW@ROPWAT (FAQO) which uses the
Penman Monteith method. First, the reference evapspiration was defined based on the available

meteorological parameters. The evapotranspiratfotine crops were then computed based on their

type and soil parameters, which take into accoatcrop coefficient, the roots depth, the level of

exhaustion of the plants, the yield, and the d#iférgrowth stages. Finally, unitary crop schedules
were defined month by month representing the péagenof cultivated area for each type of crop. The

evapotranspiration is applied, to obtain the ugiteat water requirement for the irrigated areaghWi
the irrigation efficiency it is then possible totain the brut water requirements.

Requenmmuentos de Agua Brutos de Acequa Alta de Sogay

- 82-

Concepto Unid Ene | Feb | Mar [ Abr | May | Jun | Jul | Asc | Sep | ©ct | Nev | Dic
Demanda Neta Total m3/s 0019 0016 0016 0021 0019 0018 0019 0019 0023 0026 0029 0.026
Eficiencia de Riego 0.45 0435 0.45 045 0.43 0435 0.45 0.43 045 0435 0.45 0.45
Demanda de Agua Total mi/s 0.042 0.036 0.036 0.047 0.042 0.040 0.042 0.042 0.051 0.058 0.064 0.058
Area Total ha 65.8 63.8 62.0 65.8 62.0 62.0 62.7 60.6 62.7 62.7 65.8 63.1
Modulo de Riego l/stha 0.638 0547 0581 0714 0677 0645 0670 0693 0813 0925 0973 0.891
Caudal Medio Anual mi/s 0.047 Demanda Bruta por Area miha  15.290|Area Fisica Agricola ha 96.94
Modulo de Riego Anual l/s'ha 0.485 Demanda de Agua Total MMC 1 48| Area de Cosecha ha 75.90
Intensidad de Uso de la Tierra 0.78
Cuadro 4-110
Requerimientos de Agua Brutos de Acequia Baja de Sogay
Concepto Unid Ene Feb Mar | Abr I May I Jun | Jul I Ago I Sep | Oct I Nov | Dic
Demanda Neta Total mi/s 0.034 0028 0028 0038 0034 0032 0035 0035 0042 0046 0052 0.047
Eficiencia de Riego 0.45 045 0.45 045 0.43 0.45 0.45 043 0.45 045 0.45 0.45
Demanda de Agua Total mi/s 0.076 0062 0062 0084 0076 0071 0078 0078 0093 0102 0116 0.104]
Area Total ha 118.7 1187 1118 1187 111.8 111.8 1131 1093 1131 1131 1187 1174
Modulo de Riego Vstha 0.640 0.522 0.533 0.708 0.680 0.633 0.690 0.714 0.822 0.902 0.977 0.886
Caudal Medio Anual mi/z 0.084 Demanda Bruta por Area m3/ha 15,172|Area Fisica Agricola ha 174.60
Muodulo de Riego Anual I/s'ha 0.481 Demanda de Azua Total MMC 2.65]| Area de Cosecha ha 137.00
Intensidad de Uso de la Tierra 0.78
Cuadro 4-111
Requerimientos de Agua Brutos de Quequefia — Toma Alta
Concepto Unid Ene | Feb I Mar | Abr I May I Jun | Jul I Ago I Sep | Oct I Nov | Dic
Demanda Neta Total mi/s 0018 0015 0.013 0.020 0018 0017 0.019 0019 0.022 0.024 0.027 0.025
Eficiencia de Riego 0.45 0453 0.45 045 0.453 0.45 045 0.43 045 043 0.43 045
Demanda de Agua Total m3/s 0.040 0033 0033 0044 0040 0038 0042 0042 0049 0053 0060 0.056
Area Total ha 62.9 62.9 592 62.9 392 592 599 379 59.9 599 62.9 622
Modulo de Riego V/stha 0.636 03525 0557 0700 0676 0642 0701 0725 0818 0885 0954 0.900
Caudal Medio Anual mi/z 0.044 Demanda Bruta por Area m3/ha 15,004 | Area Fisica Agricola ha 02.48
Modulo de Riego Anual I/s'ha 0.476 Demanda de Agua Total MMC 1.39)Area de Cosecha ha 72.60
Intensidad de Uso de la Tierra 0.79
Requermmientos de Agua Brutos de Acequia Baja de Yarabamba
Concepto Unid Ene | Feb I Mar | Abr | Mavy Jun | Jul | Ago | Sep | Oct I MNow | Dic
Demanda Neta Total m3/s 0025 0021 0.021 0.028 0025 0024 0026 0026 0.031 0.034  0.038 0.034]
Eficiencia de Fiego 0.45 045 0.45 045 0.43 0.45 045 045 045 045 0.45 045
Demanda de Agua Total m3/'s 0036 0047  0.047 0062 0.056 0033 0.058 0058 0069 0076 0.084 0.076
Area Total ha 87.2 87.2 821 87.2 521 821 83.0 803 83.0 83.0 87.2 86.3
Modulo de Riego /s/ha 0.642 03539 0.572 0.711 0682 0646 0699 0722 0.831 0916  0.963 0.881
Caudal Medio Anual m3s 0.062 Demanda Bruta por Area m3/ha 15,203) Area Fisica Agricola ha 128.61
Modulo de Riego Anual I/s/ha 0.482 Demanda de Agua Total MMC 1.96] Area de Cosecha ha 10040
Intensidad de Uso de la Tierra 0.78
Cuadro 4-112
Requenimientos de Agua Brutos de Quequefia — Toma Baja
Concepto Unid Ene | Feb | Mar | Abr | May | Jun | Tul | Azo | Sep [ ©Oct | Nev | Dic
Demanda Neta Total m3/s 0.032 0.027 0.027 0.036 0.032 0031 0.033 0033 0.040 0.044 0.042 0.045
Eficiencia de Riego 0.45 043 0.45 0.45 0.43 0.45 043 0.45 045 0.45 0.45
Demanda de Agua Total m3/s 0.071 0.060 0.060 0.080 0.071 0.069 0073 0.089 0.098 0.109 0.100
Area Total ha 1131 1131 106.5 1131 106.5 106.5 1041 107.7 107.7 1131 111.9
Modulo de Riego Us'ha 0.628 0531 0563 0707 0.5687 0.648 0.701  0.836 0910 0964 0.894]
Caudal Medic Anual m3/z 0.079 Demanda Bruta por Area m3/ha 14,984] Area Fisica Agricola ha 166.27
Modulo de Riego Anual Vs'ha 0.475 Demanda de Agua Total MMC 2.49) Area de Cosecha ha 130.50
Intensidad de Uso de la Tierra 0.78
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Cuadro 4-113
Requerimientos de Agna Brutos de Polobaya
Concepto Unid Ene | Feb I Mar | Abr I May | Jun | Jul I Ago I Sep | Oct I Nov | Dic
Demanda Neta Total m3/s 0094 Q078 0083 0098 0095 0089 0090 0100 0106 0138 0.148 0.141
Eficiencia de Riego 045 045 0.45 0.45 0.45 0.45 0.45 0.45 045 045 0.45 045
Demanda de Agua Total m3/s 0.209 0.173 0.184 0.218 0.211 0.198 0.200 0.222 0.236 0307 0.329 0.313
Area Total ha 3293 3331 3255 32009 3171 3133 3057 3171 3057 3369 3407 3407
Modulo de Riego Vs/'ha 0.635 0.519 0.565 0.679 0.665 0.632 0.654  0.700 72 0911 0.966 0.919
Caudal Medio Anual m3/s 0.234 Demanda Bruta por Area m3/ha 15,483 | Area Fisica Agricola ha 476.63
Modulo de Riego Anual V/s'ha 0.491 Demanda de Agua Total MMC 7.38| Area de Cosecha ha 390.10
IImen-',idad de Uso de la Tierra 0.82
Cuadro 4-114
Requertmientos de Agua Brutos de San José de Uzuifia
Concepto Unid Ene | Feb I Mar | Abr I May | Jun | Jul I Ago I Sep | Oct I Nov | Dic
Demanda Neta Total m3/s 0.019 0.016 0.017 0.020 0.020 0018 0.018 0.021 0.022 0.029 0.031 0.029
Eficiencia de Riego 0.45 045 0.45 0.45 0.45 0.45 0.45 0.45 045 045 0.45 045
Demanda de Agua Total m3/s 0042 0036 0038 0044 0044 0040 0040 0047 0049 D064 0069 0.064
Area Total ha 68.0 69.0 68.0 66.0 66.0 65.0 63.0 66.0 64.0 710 71.0 71.0
Modulo de Riego Vs'ha 0.618 0.522 0.539 0.667 0.667 0.615 0.635 0.712 0.766 0.901 0.972 0.901
Caudal Medic Anual m3/s 0.048 Demanda Bruta por Area m3/ha 14,956) Area Fisica Agricola ha 101.21
Modulo de Riego Anual Vsi'ha 0474 Demanda de Azua Total MMC 1.51|Area de Cosecha ha 82.00
Intensidad de Uso de la Tiera 0.81
Cuadro 4-115
Requerimientos de Agua Brutos de Susihuava
Concepto Unid Ene | Feb | Mar | Abr | May | Jun | Jul | Aso | Sep | Oect | Nov [ Dic
Demanda Neta Total mi's 0014 0012 0012 0014 0014 0013 0013 0015 0016 0020 0022 0.021
Eficiencia de Riego 045 045 0.45 045 0.43 0.45 0.45 045 045 045 0.45 045
Demanda de Agua Total m3/s 0031 0027 0027 0031 0031 0029 0029 0033 0036 0044 0049 0.047
Area Total ha 482 49.0 474 46.6 46.6 458 45.0 46.6 45.0 49.8 498 498
Module de Riego Vs/ha 0.643 0551 0570 0665 0665 0633 0644 0708 0800 0.884 0984 0.944
Caudal Medie Anual m3/s 0.035 Demanda Bruta por Area m3/ha 11,690 Area Fisica Agricola ha 04.42
Modulo de Riego Anual 's'ha 0.371 Demanda de Agua Total MMC 1.10] Area de Cosecha ha 57.00
Intensidad de Uso de la Tiemra 0.60
Cuadro 4-116
Requerinuentos de Agua Brutos de Agua Buena
Concepto Unid Ene | Feb | Mar | Abr | May | Jun | Jul | Ago | Sep | Qct | Nov | Dic
Demanda Neta Total m3/s 0020 0016 0017 0021 0020 0019 0019 0021 0022 0020 0031 0.030
Eficiencia de Riego 045 0.45 0.43 045 0.45 0.45 0.45 0.45 0.45 0.45 0.43 0.45
Demanda de Agua Total mi/s 0044 0036 0038 0047 0044 0042 0042 0047 0049 0084 0069 0.067
Area Total ha 692 70.0 684 67.4 66.6 63.8 64.2 66.6 64.2 70.8 71.6 1.6
Modulo de Riego Vs/ha 0.636 0514 0556 0697 0661 0638 0634 0706 0763 0904 0954 0.938
Caudal Medio Anual m3/s 0.049 Demanda Bruta por Area m3/ha 15,612 Area Fisica Agricola ha 98.98
Modulo de Riego Anual I/s'ha 0.495 Demanda de Azua Total MMC 1.55]) Area de Cosecha ha 82.00
Intensidad de Uso de la Tiemra 0.83
Cuadro 4-117
Requennuentos de Agua Brutos de Totoran:
Concepto Unid Ene | Feb I Mar | Abr I May I Jun | Jul I Ago I Sep | Oct I Naov | Dic
Demanda Neta Total m3/s 0013 0011 0011 0013 0013 0012 0012 0014 0014 0019 0020 0.019
Eficiencia de Fiego 0435 0.45 0.43 045 0.43 0.45 0.45 0435 0.45 045 0.43 045
Demanda de Agua Total mi's 0029 0.024 0024 0029 0029 0027 0027 0031 0031 0042 0044 0.042
Area Total ha 44.6 45.5 438 429 429 420 41.1 429 412 46.4 46.4 46.4
Modulo de Riego Vs/ha 0.650 0527 0548 0676 0.676 0643 0657 0723 0752 0905 0948 0.905
Caundal Medio Anual m3i/s 0.032 Demanda Bruta por Area m3/ha 16,495 | Area Fisica Agricola ha 61.18
Modulo de Riego Anual I/'s'ha 0.523 Demanda de Agua Total MMC 1.01)Area de Cosecha ha 34.30
Intensidad de Uso de Ia Tiemra 0.89

Table VI- a: Water requirement per sector - (PROFODJA, 2004) Volume 2
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District Licensed Water volume (m3)
IStric
area (ha) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De uahn
Yag@;’mba 128.61 | 109,809| 94223 104,310 100,954  98,8P8  95,64008,828 | 115300/ 116,894 120,790 116,894 120,437 921926
Alto Sogay 96.94 106,135 91,071 100,828 97,576 M55 92,440 | 95521| 111,442 112,982 116,748 112,982 6,408 | 1,249,654
Bajo Sogay 174.6 101,161 164,049 181,6D3 175,745 2,08% | 166,495| 172,043 200,710 203,494 210,277 903J4 209,662| 2,250,769
QuAe';?Jeﬁa 92.48 91,897 | 78,854| 87,304 84486 82708 80,040 7082,| 96,492 | 97,826| 101,087 97,826 100,790 1,082,016
QuBef(qul(J)eﬁa 166.27 | 165222 141,771 156,961 151,808 148,700 9083 148,700| 173,483 175882 181,744 175882  181,213,945359
Polobaya 476.63 | 485,771 416,843 461,4B2 446,596 ,1887| 423,091| 437,194 510,050 517,111 534,348 517,11532,780 | 5,719,560
S""SZJU%S: del 10121 | 103151| 88510 97,99 94832 92,886 89,441 2,838 | 108,309| 109,808 113.466 109,806 113,134 5204
Totorani 61.18 62,353| 53503 59236 57,395 56,118 4,30 | 56,118 | 65471 66,3764 68589 66,376 68,387 1884
Susihuaya 94.42 88212 75691 83,801 81,008  79,39076,829 | 79,390 | 92,622| 93,903 97,038 93,903 96,748 0381620
AguaBuena|  98.98 100,87 86,560 95834 92,743 00,79 87,862 | 90,790| 105,922 107,3d7 110,966 107,387 ,6210| 1,187,760

Table VI- b: Water volume monthly assigned to eaclsector (m3) (PROFODUA, 2004)
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Appendix VII: Results of the social investigation

At the scale of the sub-basin
After interview of staff member at the municipaldy Yarabamba, which regroups the sectors
of Yarabamba, Sogay and Quequefia, it appearshbatain concern is the future availability of
water.

Although the dam was proposed to solve the problE#mthe water availability, the
downstream sectors fear that with the absenceifared the influence of Polobaya, the dam might
not be as beneficial as is presented. Most of #wenfrom the river Polobaya is directed at Polabay
leaving only filtrations to the downstream sectdrlus it has been proposed to build a canal that
would bring water directly from the dam to Yarabanko avoid the manipulation of the gates by
Polobaya. The manager also spoke about a reseivothe sector of Yarabamba, to derive
subterranean waters which emerge there as spitrgjso appeared that the mayor is not well aware
of the problems faced by the farmers.

The president of the Junta de Usuarios, who is @issident of the Comision de Regantes in
Socabaya, has been interviewed as well. It appbatslittle information from the sectors of the
oriental sub-basin is communicated to the Junta. &@mple, no “plan de cultivo” had been
transmitted, nor irrigation schedules. Accordinghe president, farmers in the sub-basin do not pay
their tax: from January to July 2009, only 9% haeéd in Quequefia, 3% in Bajo Yarabamba, 2% in
Sogay and 1.5% in Polobaya. On the contrary, 28%efarmers in Socabaya have paid. According
to him, there is no organization in the sub-baaird no law enforcement is possible due to the ddick
appropriate structures and help from the government

A common feature is the absence of “plan de cUltivequired by the law, since the area is
“not regulated”. Farmers simply know by habit wieagoing to be cultivated, and how much water
they need. However, it seems that since the mothentlam will be in service, famers will have to
present one and follow it.

Another common issue is the mini-fundio effect. &aive land parceling is responsible for,
among others, low yields, low revenues, and diffies to set up farmers’ cooperatives, apart from
land abandonment.

The farmers in each sector have to pay a watemtiaich is collected by the Junta and used to
pay for services provided by the Junta, the redigoeernment among others. This tax depends on the
location of the sector, and on the quantity of wéteeceives.

Bajo Yarabamba
Farmers in Bajo Yarabamba feel that their main lemols are the lack of water and the
minifundio issue.

Irrigation frequency is of 20 days, irrigating fro;30 AM to 5.30 PM. Now in the dry
season, the discharge is around 30I/s and will id&0 |/s, but during the rainy season it carchea
100 I/s. Due to the instability of water delivefgrmers have to abandon part of their land in otder
be able to cultivate higher-value crops, such asroar Chinese garlic. But most of the crops are fo
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self-consumption, and the main forage crop is f@fakhich covers a majority of the cultivated land.

Alfalfa has the advantage of resisting to the atign frequency of 20 days. To take into account
losses along the canals, those downstream areeallawonger irrigation time (up to 1h25/topo) than

those upstream (55min/topo). Although there is ptart de cultivo”, farmers organize themselves

with an irrigation schedule. Bajo Yarabamba hassanvoir, which is filled between 5.30 PM and 5.30

AM. The gate of the reservoir is opened during tiag, providing a double discharge for the

downstream part of the main canal. This dischasgrubdivided again. Although the president denies
that there are farmers stealing water, it seentsstirae people come at night to pump water from the
river. It was not very clear who is responsible.

The minifundio, created by inheritance and divisiminthe land, makes it impossible to
introduce machines and only provides the minimurmfost of the farmers. Many land owners live in
the city where they work and do not put much irgefe cultivating their land properly, while those
who stayed in the village struggle to obtain as Imas possible from their land. According to the
president, 9 persons possess 50% of the wholeitaBdjo Yarabamba (120 ha), while a majority of
the others own a quarter of topo (0.35 ha), andateskeeps on increasing.

On-field, all the farmers use fertilizers and padgs since their first goal is to produce, without
thinking much of the ecology.

Concerning the water tax, in the sub-basin Yaralzanite water tax depends on the category
of the sector, thus the relative amount of wateggeives. In Bajo Yarabamba, the tax is 30 S/hper
thus 10 S/. per topo. This tax is destined toginernment, to pay for administrative services abov
all. Farmers can decide not to pay, but eventublly will see their water supply cut. Apart fronisth
tax, farmers have to pay 1.5 S/. per month to tbmi€ion de Regantes, of which 130 S/. per month
will be used to clean the canals. For the maintemanf the reservoir, another 2 S/. per topo is
required. This cleaning happens three times iry#ag, before and after the rains, and in the midéle
the year. The rest of these funds are destineldetovater guard. However, to do repairs to the sanal
and reservoirs, another source is necessary, sushpport from the municipality. It has to be noted
that due to its proximity to the municipality itgehe president of Bajo Yarabamba is greatly imedl
in the acquirement of extra resources for new ptsjeThis is why a sum of 800 000 S/. has been
granted to line the main canals in the coming yaarBajo Yarabamba. There is also a project for a
new reservoir, in order to store even more watendiuthe rainy season.

Relationships between sectors seem to be cordialwhen pressed, the president admitted
that Polobaya does not respect the water distadbutieaving only small filtrations for the lower
sector. The problem is that the authorities arekwaad do not manage to force Polobaya into
respecting the law. It seems that between the f@&rthemselves rapports are not very pleasant; those
who produce more envy the others, and have alseifistude concerning the production since they do
not try to help each other. In that view laws asereally adapted to reality.

Farmers consider the dam as a possible improvemsieot there would be more filtrations. In
winter, fewer crops are cultivated due to the callipwing to increase the volume of the dam.
However, they feel that the price of water will iease, due to the necessity to maintain a larger
infrastructure, and to regulate the distribution.

For the moment, farmers consider that the mostnirdespositions to take concerning the
irrigation system are to stop the increase of mimdfo, organize the sale of the products, and educ
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the irrigation frequency. In the first case, theabwould a law forbidding the division of the land
between children, and a system implying one ottiilren to buy the land. Of course the ideal would
be to regroup the terrain, such as a group buyiost of the small lands and cultivating only onepcro
The problem with the production is that, due to kmalumes for each farmer, intermediates are
necessary. However they usually buy the raw pradatta very low price to sell them at a much
higher price, while the farmer loses the differené&e solution would be to set up farmers’
cooperatives, to regroup the production and be tabéell it directly to the consumer in the cityherl
president gave an example of a NGO that helpedef@mo regroup and find markets to sell their
crops. In Bajo Yarabamba, help from the governmeotild be absolutely necessary to this end.
Finally, increasing the irrigation frequency fror@ ® 15 days would help improve the production,
and the optimal frequency would be 10 days. Inlding run, farmers are considering shifting to drip
irrigation as they believe water will be scarceerth They would however need investments and
support from the state.

Sogay
The farmers in Sogay are highly unsatisfied withvitbeir problems are dealt with. In spite

having many problems concerning not only irrigatiort also their living conditions, it seems that no
attention is given to them and thus feel “abandbniklibst of them are strictly farmers and do not
have another profession, but those who left fordiye have parcels which they do not take care of.
The president of this commission lives in Arequipad furthermore is not really acquainted to the
system. This is why the vice-president, a farmepo whes in San Antonio (sector of Sogay) and
knows a lot more the issues of the farmers, was\igwed.

Like in all the other sectors, the main problerthis lack of water, with an average water turn of
23 days. Without water, farmers can only cultivalfalfa and such crops for cattle, to produce milk
which is sold to the company Gloria. The technolteyel is low, especially since the plots are very
small. Some farmers use fertilizers and pesticingst seems that a handful of them do not, ag the
wish to cultivate ecologically.

At the time of the interview, since there is naraerrains are abandoned, but during the rainy
season all of them are used to cultivate tempareogs such as onion, which are higher-value crops.
In Alto Sogay, there is an average discharge of8during the rainy season, while during the dry
season it can drop as low as 18 I/s. Like in tiemosectors, those downstream of the main canal are
allowed longer water turn than those upstream (fs&minutes to 1h30). There is a water registry to
organize the water turns in the upper part, butrdgream the reservoir of Alto Sogay, farmers get
water when there is water available.

Concerning the water tax, farmers have to pay aarfee of 16 S/ per topo. It was said that
some farmers are simply unable to pay this tax,tduack of resources. Others refuse to pay since
they feel that the government is not doing anythimgthem. The problem with the tax is that a
majority (60%) goes to the Junta, but farmers neeerthis money invested back in projects or in the
irrigation system. Before, 70% of this tax usedytoto the Comision de Regantes, and 30% to the
Junta, which allowed the farmers to invest in smpediects. Apart from this tax, they also have &y p
separately for the water guard (2 S/. per topoj)meas do not have to pay to clean the canals and
reservoirs, as they are asked to do it themselves.
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When farmers steal water, which it seems, happ#as,dhey are fined, especially since there
is always someone to see it. The interesting featuthat some farmers have small reservoirs dah fie

The farmers admit that their relationship with Ralga is based on resentment, as the farmers
have seen their water volume decrease a lot whimb&a@ started its extension. They sometimes go
to the water divider in Polobaya to protest, bet $ituation does not change. With the other sectors
relationships are more cordial although the farnferd unfair that 50% of the water is given to
Yarabamba and 50% to Sogay, while there are onfy H®) in Yarabamba compared to 270ha in
Sogay. Between farmers of the sector, relationshipsaid to be good, and that there is no exalasio
or jealousy. Most of the famers try to coordindueirt crop schedules among themselves.

The farmers know how they would like to see thegistem improved, with for example a
minimum irrigation frequency of 12 days, and a namd larger reservoir to store water at night.
Secondary canals have to be lined, since a largriatnof water is lost by seepage in the earthen
canals and in some places, the canal's materighil. In the long run, they wish to switch to
irrigation by aspersion or drip irrigation, as thayw this would save a lot of water. However, they
do not benefit from any help from the governmenther municipality. If they wish to improve the
system, the Comision has to pay for the study ardegmt the project to request funds. Some farmers
are thinking of asking for a credit instead. Acéogdto them, governmental institutions like the taun
organize meetings but talk a lot and do not propwseconcrete improvement.

One of the farmers’ complaints illustrates the emdhcy of the authorities. The funds from
Cerro Verde (14 millions of Nuevo soles) are usgdhe municipality of Yarabamba without much
transparency, for projects that are not relatedrigation. Farmers are only given bags of cement t
line their canals themselves. However, during thst gears, the municipality has built parks in orde
to attract visitors to the sub-basin, and in patticinvested 275000 Nuevo soles in a dinosaun¥. pa
Meanwhile, inhabitants in the municipality do naitvie access to drinking water, since it only coasist
in water from the river treated with chlorine. Thés no sewerage system, or even clean bathrooms,
which means that wastes are contaminating the radrae responsible for diseases. Farmers feel
offended, as they believe that it is agriculturat ttnakes the villages live and that money should be
invested in them, making the green fields the festirce of touristic attraction and most of all
improving the living conditions of the inhabitan®hey would need support now more than before,
since the price of life keeps on increasing (suzltha price for seeds), while they are paid less (f
instance, a liter of milk is bought at 0.8 S/. camgal to 0.9 S/. before). When asked if they could
organize manifestations in Arequipa, they repliedt tthey are peaceful people and do not wish to
cause problems, contrary to the people of Polobaya.

Farmers, in Sogay as well as other sectors, wdroytathe future of their irrigation system, as
not only water is lacking but also no informatisrgiven. For example, the Comision de Regantes has
not been informed yet about how the water fromdde will be distributed. They only recognize that
with this water, a higher irrigation frequency wile possible but extending terrains will not, since
they are not sure there will be enough rain totfi# dam. They fear that the water will be used for
Polobaya and mining activities most of all, for wtia solution would be to bring the water directly
from the dam to the downstream sectors, in ordensure their share of the water.

Finally, the new water law is going to change th&titutions, such as the disappearance of the
Comision de Regantes and its replacement by annéstraitor, but there again, almost no information
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is given. With this law, people fear that waterlJi privatized, since priority will be given tode
with largest resources, like the mining industry.

Other issues
Among the worries concerning the dam, the impadhefwater surface has been mentioned,
as a large area will be flooded in San José de &lZTifiere are worries that the design water leviél wi
never be reached, to which engineers answeredhisatvas the purpose of the construction of the
derivation canal from the river Poroto to the damprder to fill the reservoir in rainy times, whre
sectors in Poroto have a surplus of water.

The problem also comes from the distribution ofesasince it has not been defined yet, and
already Polobaya has built a canal bringing waltexctly from the dam to the sector, as they wish to
remodel their system in the near future. The cihatchuna is supposed to bring water to the basin
Mollebaya, northwards of Yarabamba. In that aspdéa, notion of mancomunidad and solidarity
between the sub-basins has been recommended byabdiGO and the Junta de Usuarios. A
mancomunidad is a free association of municipalitsdlowing for the implementation of projects, and
gathering of funds for these projects, which is wis planned to be done in the sub-basin
(Mancomunidad - Wikipedia, la enciclopedia libre).

It appeared during these interviews, that instngi are considered powerless and usually
disinterested in the problems farmers face. Difier@ganizations even blame each other for being
ineffective. This is probably what the change istituitions aimed at, to clarify the processes agb
transparency to the new institutions, as well &sgher participation from unprivileged stakeholders
such as farmers. However, some argue that not waoilging will change, but also that a bigger
institution, such as the ANA, will be even moreilisrested in the farmers’ difficulties. For exampl
since ATDR will be absorbed, fewer field trips wile organized to evaluate the infrastructure and
management problems and the farmers will be lefhdbned.
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Appendix VIII: Situation in 1980

Comparison with the situation in the past

In 1980, the situation presented several aspeatsatteady had to be improved. From what has been
heard during the interviews, many of these isstikexsist.

A summarized account of the situation is preseinieftror! Reference source not found.

while the main aspects are detailed and comparégetactual situation and what has been deduced

from the interviews below.

Situation in 1980

Recommendations

What has changed?

Defective organization of CR

Organize better

Lack of interest of farmers

Same, “selfishnekslk of
interest in common good

fair distribution

Increase of minifundio Stop the increase Same, twors
lllegal land increase in Polobaya  Stop illegal éage Same
Fair distribution between sectors  Stricter regolaifor a | Same

Inadequate hydraulic
infrastructure

Build canals, reservoirs

Some improvements: coacret
canals, in Polobaya as well,
reservoirs

Irrigation techniques: high
seepage rate

Change irrigation
technique

Same, famers get water when it
their turn no matter how much
they need, due to low irrigation
frequency

Harsh climate in Polobaya

Forestation, wind
breaking shields

Some trees have been planted

Salinity problems in Polobaya Install better drg@a Same
system

Low technology level Same

Infrastructure present but not welEducation, training Same

used

Use of crops that withstand Change to more valuablg Same

droughts (alfalfa) crops

Lack of commercial structure for Organize the sale of the | Same

a higher profit production

Lack of storage for crops Build storages Same

No farmers cooperative

Organize farmers’

production

Same situation, no cooperative
has been created

Table VIII- a: comparison between the situation in1980 and now

is
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Presentation of the situation in 1980

In 1980 a feasibility study was carried out to deiee how to improve the situation in the
Yarabamba sub-basin. At that time the project wgpassed to allow the retrieval of 136 ha that had
been abandoned, bringing the entire cultivated amed300 Ha. The report gives us interesting
information concerning the conditions and existisgues in the basin at the time, and provides maps
that are hardly found otherwise.
The following sub-chapters present the issuesquec,tpresenting the main points extracted from the
report.

Organization

In 1980, there were only 3 Comisiones de Regai@esquefia, Yarabamba, and Polobaya.
These organizations were believed defective malid@gause of a lack of participation from the
farmers, a flawed organization, and a prominengeecfonal interests.

It has to be noted that the regional directiongrfculture and food is in charge of giving advices
to the farmers and helping them to sell their potsiuthis organization put at disposition of the
farmers:

- A water manager

- An agricultural technician

- An agricultural adviser

Land issues

The main issue concerning land rights was the poesalready of the minifundio. Parcels could

be divided in three categories:

- Minifundio: parcels smaller than 3.5 ha. It corresgs to the majority of farmers, which
cultivate an average of 0.8 Ha; this leads to apoeduction which can only b e destined to
self-consumption.

- Small property: parcels between 3.5 and 10 Ha. 8 fesners cultivate an average of 5.4 Ha,
which are mostly used to raise cattle.

- Medium-sized property: parcels of about 16 Ha. Témening technology applied is more
advanced than in the other cases.

The district of Polobaya is a rural community regiagd since 1937, which was given lands by
the state; however, due to lack of control, illegégation has been used to transform otherwise
unused lands into cultivable land.

Water issues

In 1980, there already was a conflict between Rpjabon the one hand, and Quequefia,
Yarabamba and Sogay on the other hand, for théahuay of water. While Polobaya had enough
water due to its upstream position on the riverichvtsome farmers used to extend their land, the
lower areas had a water deficit due to the redtittestions.

Overall in the basin, the control of the water wses deficient, with indiscriminate retrieval in
Polobaya, an inadequate hydraulic infrastructugk afack of strict regulations for a fairer usettod
water among all the districts. Furthermore, it vaasd to effectively regulate the water discharge to
the districts due to the lack of knowledge of theerground flows.

At field level, irrigation was done by flooding, tiwater turns from 8 to 15 days in Polobaya
and 30 to 45 days in Yarabamba and Quequefia. Wihdchnique most of the water is “lost” by
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seepage, which makes the application inefficieatnters wish to come back to a distribution system
based on the area to be irrigated.

Finally, it has been determined that the soil dquatiakes the land appropriate for agriculture,
but it is in fact not cultivated appropriately digea lack of technology and water, and a harshatkm
in the case of Polobaya.

Technological issues
The technology applied for agriculture in the sasib was low:

- there was only one tractor in use, otherwise aniragtion remained the main tool

- fertilizers were used in small quantities (ammonhitrate)

- pesticides were used without taking into accouataparition or not of diseases

- In Polobaya there is a post for artificial insentio which is not used for lack of education

- In the whole sub-basin, there was no improvemetiiéngenetic patrimony of the animals in
spite of the presence of a post of artificial inseation.

Crops

Around 25% of the land was used for transitory srdjb% for alfalfa and the 10% remaining
was not used. Alfalfa and other crops for cattleenmainly produced, since they are able to withgtan
a long time without irrigation.

The vyield is generally higher in the lower areaantin Polobaya, probably due to the tougher
and colder climate in the higher areas. Furthermepdls in Polobaya suffer from salinization
problems.

Economical issues

Another problem consists in the products manageraedttrade. The commercial structure
was lacking, with a system based on intermediavié® decide of the price when they buy directly
from the farms. The producer sold his products hmlesalers or directly to retailers, who then sell
them to the consumers.

Overall the farmers lacked organization, which nsetivey could not plan their production
according to the requirements of the market. Tiageevented the farmers to obtain a fair price from
their production, since they buy directly from tiaem and can arrange the purchase price to obtain a
major benefit for themselves. Due to the lack ofage, crops could not be stored, which prevented
the farmers from obtaining a better price whenirsglbut of season. Finally, there was no farmer
association to help sell products coming from \amall farms.

The exceeding production in vegetables was soltaguipa, while meat products, onion and
garlic, were sent to Lima where prices were highrethe case of milk, the producer sold to eithner t
retailer or directly to the processing plant Glpuéiich has the monopoly of milk products in Peru.

It has to be noted that few farmers made use afslogsince they might not obtain sufficient
resources to pay it off, needed to travel to th tc obtain the loan, and required the assurahee o
good harvest, especially in Polobaya.

Proposed solutions

Each district had different issues and their cqoesling solutions: for Polobaya, climate
improvement; for Quequefia, a better control anémaistribution and for Yarabamba a better water
distribution and the construction of a reservoistiare water at night.
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Land-related issues
It was vital to reduce land parceling and the ninifio effect.

Water-related issues

Water issues were to be tackled at sub-basin lbyelransferring water to areas with better
climate, combined with the improvement of the cotranfrastructure. Fair distribution among the
districts was also recommended.

Infrastructure improvement included the redesigrand lining of the canals, the construction
of new structures such as inlets, tanks, dikesvierdthe water and flow meters for discharge aantr
The regulations for a better distribution of wateyuld be based on availability, soil quality, aggdet
of cultures. Finally, the water efficiency coeféat would be increased through the improvement of
the irrigation techniques. At the time, Yarabambyaaaly disposed of canals which mainly needed to
be maintained and cleaned. In Polobaya, lower srdanals (secondary, tertiary levels) had to be
constructed.

Crops
In Polobaya, one of the issues concerned the wabifiithe soils. To mitigate this effect, it

was necessary to build an appropriate drainageersystiowever the high amount of rain during

January-March already “washed” the salts. Anotleeommendation would be to install windbreak

curtains to stop the winds that cause lower tentpers. and a higher water demand. To that end
eucalyptus trees, planted in a certain way, caufgrove the micro climate in the area. Organic matte
should be added to the soil, crop rotation showddpbacticed, and fertilizers should be applied
depending on the soil’s fertility.

Crop schedules must be implemented and followesebtlo They must take into account the following
technical and social parameters:

- Soil quality

- Volume of water available for agriculture

- Profitability of the crops

- Availability of the workforce

- Behavior of the farmers

The area dedicated to rotation crops was high&anabamba (312 ha) than in Polobaya (156 ha),
due to the harsher climate. With the project, mane will be dedicated to basic crops, and thedyiel
of all the crops will increase, due to a better aiskertilizers and pesticides as well as a mofieieht
water distribution.

Economical issues

To improve the commercial structure, a series ahges had been proposed:
- Organize the collect, storage and distributiorhef products of all the farmers
- Decrease transportation prices for products
- Find the appropriate markets to sell the surplusafhas not been used for self consumption)
- Find distributors which might bring the best pobsifdvantages regarding the sale
- Build storage structures (silos, favorable envirenin.)

To that end, one of the best solutions would beréate farmers’ organizations or cooperatives,
preferably located in Yarabamba since it is theezaith the best location.
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Technological issues

In order to improve the technological level in thé-basin, a necessary solution would be to
offer training and education to the farmers, simfgstructure (insemination post) already exisis b
is not used. Education concerning the good use estiqggddes and fertilizers is also necessary.

Furthermore, a higher level of technology cannotpplied without a reorganization of the parcels
(Estudio de factibilidad - Volume 1980).
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Appendix IX: Dam characteristics

Design of the dam

Design data
Three different alternatives were considered rdaggrdhe construgon of the dam. The
alternativethat was chosen involves an earth dam designed for avater volume of 10 million cubic
meters. It will be 26.5m high, with an imperviowsth material front in the upper part, a cementatio
layer of the same material 5m deep, and a lay@npérvious earth material 1 to 2m thick and 50m
long. This alternative was preferred to the otls@mse it is more resistant to seismic risks.

Derivation structures include a derivatistnucture on the river Poroto and its conveyance
canal 3.6km longa 14m long outflow structure and 128m long inflonnah a spillway with a free
overflow crest and a cascade chutes canal. Iyitialberivation canal from the river Pichu #Pia was
proposed but thproposition was rejected due tinfringements on water rights (Estudio definitivo de
la presa San José de Uzyrz®00)

The design was made based on data given by neat®prological stations. In particular, the
precipitation was estimated through the isohyetgte basin Quilca-Chili. However, these data can
be discussedince the model that was used to deterndineharges based on these data has not been
calibrated with measured discharges in the ares. Mieans that the total annual volume could be
lower than expected.

Dam

Type of dam earth dam with an impervious frontlom t
upstream slope

Height 26.50 m

Elevation of the structure 3,250 m.snm

Length of the structure 372.60 m

Width of the structure 6.00 m

Volume of the structure 238,389 m3

Reservoir

Regulated basin area 60.97 km2

Maximum level of reservoir 3,248 m.snm

Total volume 10°004,000 m3

Useful volume 9°859,000 m3

Surface of reservoir 1.17 km2
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Overflow spillway

Discharge of the spillway 10.00 m3/s
Length of the outlet 11.00 m

Length of the spillway 142.95m

Width of the spillway 8.00 m

Height of the spillway wall 1.00 m

Length of the absorbing channel 15.00 m

Width of the well 18.80 m

Minimum discharge

Length of the discharge tunnel 21510 m
Diameter of the excavation 2.00 m

Diameter of the hydraulic tunnel 1.50m

River derivation dike earth dike 4m high
River derivation canal Discharge 3 m3/s and 8% hength

Basin transfer structures

Basin transfer area 68.77 km2
Height of the derivation dike 10.00 m
Elevation of the structure 3,500 m.snm
Elevation of derivation 3,495 m.snm
Derivation discharge 6.00 m3/s
Length of derivation canal 1,938 m

Table IX- a: Characteristics of the dam

Cost and potential impacts of the dam

Cost and investments
The total cost ofte project will be 18,040,125 Nuevo Soles (around 4 million Euros). The
financing of the dam would be supported by finagainganisms such as the World Bank, the Inter-
American Development Bank and the Andean Developn@orporation (CAF), government to
government loans, private organisms and loans ftwmPeruvian government. The cost of the dam
will be recovered though a fixed water tax per cubeter delivered for irrigation.

The operation and maintenance costs of the dambeilshared out over the farmers and
included in the payment for water turns. A changehe modality of payment is necessary: from
monthly payments to delivery payments (basically #ldvanced payment of the water turns of each
user). The price of water turn will rise from 75l&3ha/year to 168 Soles/ha/year, which represants
increase of about 124%.

It has been said that with the extra water providedhle dam, farmers will increase their
production and thus be able to pay this new watertiowever, the farmers among others believe that
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this new water tax will be too high for small fammgwith very small parcels), who will see their
access to water cut and thus will be forced totbellr land and leave. On the contrary, the farmers
with bigger parcels will be able to pay and migavé priority for the access to water, thus incregsi
the gap between poor and lower middle class, wikiclot what the project aims at.

Improvement of water availability and distribution

The annual precipitation is around 325mm, with rhignprecipitations around 1.8 and 96mm,
according to one study. Monthly discharges indieateannual average 06f303 m3/s, with monthly
discharges oscillating between 0.032 and 0.60%.r8k annual discharge with 75% of persistence is
0.213 m3/s. The annual water offer from the river9.6 MMC, with 6.7MMC with 75% of
persistence. This value does not take the sprimgsaccount. The maximum discharge for a return
period of 50 years is 3.283/s, with the maximum instantaneous flow beingrb3s. However, with
the influence of the springs Totorani (250 I/s),sHigio (130 I/s), y Chilane (30 I/s), the total et
offer in the basin Polobaya amounts to 19.2 MMCthia study, it has been suggested the derivation
from the river Poroto to the dam, which would briagother 4.9MMC and 3.5 with 75% of
persistence.

The dam would also have as a smaller effect, t@até the vulnerability to flooding of the
lower parts of the sub-basin, which can occur dutire rainy season.

Improvement of the economic situation
The net value of the production in the basin idweatad to increase by 27% the first year, reaching
an increase rate of 840% the fourth year afteiirtipgementation of the project. This incredible jump
would be due to:
- The availability and regulation of the water resauall year long, which allows for a better crop
management, with higher production volumes ancbetices for quality
- The reconversion from traditional products to pidef high profitability, aimed at the external
market; currently the percentage of products solkekternal market is minimal
- Increase the production of Andean crops (Kiwichacay zapallo, oregano, papa, etc.) destined
to Peruvian as well as foreign markets
- Retain the migrating population, consolidating wuark force in the area

Environmental impacts
The environmental impacts are supposedly smahéncase measures are taken to reduce it. They are
defined as follows.
During the dam construction:
- The reservoir will flood wetlands and pasture landi®re cattle grazes, and which is the unique
source of revenues for the locals
- The construction can generate noise and dust, vdaicthave an impact on human health
- Probable accumulation of waste due to the congbruprocess
- Possible accidents
- Disturbance of traffic
- Disturbance of fauna and flora species

But these impacts will be offset by the economimahefits brought by the project. Furthermore, a
minimum ecological discharge is planned.
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Appendix X: Modeling with SOBEK

Presentation of SOBEK

The software SOBEK, from Delft hydraulics, is ategrated software package for river, urban
or rural management which has already proven te gignificant results regarding the study of
irrigation systems. SOBEK is based on the Saintavirequations, solved by a numerical scheme
specially developed by Delft Hydraulics. In thisidst, the modeling is carried out with SOBEK
RurallD.

Modeling strategy

Modeling of the main canals in SOBEK is realized the interface of the hydraulic modeling
software Hec-Ras, which allows importing spreadsliz¢a or data from other software such as
ArcGis. First the image of the canal is importednir ArcGis in order to draw the reach. After the
importation of the spreadsheet containing the f@®filefinitions, data such as reach length (between
two cross sections), Manning coefficient and baakans are entered manually. Boundary conditions
are determined as the water levels and dischargesach end of the canal. Lateral outflow is
represented by a variation in discharge at diffecepss sections.

The model is then imported into SOBEK where it lecked and run. Cross sections and
boundary points are converted automatically witkirtidata which are verifiedEror! Reference
source not found.). When the basic models are made and checkedyo@seare added to the canals
that possess one as lateral flow node. The ressram supposedly filled at night, between 6 PM and
6 AM, to deliver water during daytime. In the cadethe canal Bajo Yarabamba, lateral canals are
added with their own cross section. Each first otd&ral is modeled as a lateral flow node, like a
open-close structure, which is the case for stagdsgy but not entirely accurate for the “stone and
earth” gates. Otherwise lateral canals are modedddteral outflows (yellow points on Figure X- a).

In this modeling, it is assumed that there areethrsents and that the canal is clean from rocks
and other obstructive objects, meaning that thelcheight is its effective height. The presence of
vegetation is reflected in the Manning coefficieAnother assumption is that between each cross
section, the dimensions, slope and flow do not geawhich is not entirely the case in the real tana

Scenarios
Since data obtained during the fieldwork were ramugate enough to model the entire system,

only the main canals were modeled. If the disctamaed sections of the canals had been easier to
measure and model, scenarios would have been esedicnd applied to the initial model. They
would have aimed at estimating the impact of the den the hydraulic of the canals, but also to
explore the possibilities of improving the systagelf, as it currently is. One scenario would inlgwa

new concrete lining over the entire canal, and #aweduction in the total water loss. This scenario
could be applied in the case of irrigation effi@gnmprovement in WEAP, with a modification of the
conveyance efficiency from 0.85 to 0.9. A seconehscio would take into account new discharges,
based on results given by WEAP and a fairer digtigln of the water between sectors.
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Figure X- a: SOBEK model — Schematic view of Alto &ay

Results

The results of this study mainly intend to help ersthind the canal’s behavior, and see that,

although it is possible to model a canal basedi@ld bbservations, going into detail proves rather
difficult.

Figure X- b represents a side view of the downstreaction of Alto Sogay, with the computed water

levels. Due to the assumptions used for modellmg computed water levels sometimes differed from
the measured levels.

040 oo e B S B A B i i, :

Figure X- b: Downstream section of Alto Sogay
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Appendix XI: WEAP

Presentation of WEAP

WEAP (Water Evaluation And Planning System) is dtvegare developed by the Stockholm
Environment Institute which provides help for intatgd water resources planning. Its operates on the
principles of a water balance, representing théesysn term of its supply sources, water demands,
and other components such as pollution generatidneaosystem requirements through river basins
systems.

WEAP operates based on the following process:

- Establishment of the time frame and space boursjar@mponents of the system and problem
configuration

- Definition of the current accounts through a wdtatance database which represents the
actual water demand, resources and supplies.

- Generation/ elaboration of scenarios which simslatkernatives assumptions about future
impacts of parameters such as policies, climatevanidtions in the actual activity on water
demand

- Evaluation of the scenario regarding water sufficiekamong others (Stockholm Environment
Institute, 2009).

Necessary data

Demand sites

Category Sub-category Unit Description
Annual activity level ha Annual level of activity | Surface of cultivated area, pef
y driving demand district
Annual water use Total demand derived to Actual distribution of irrigation
m3/ha X . - L
rate site per unit of activity water, per district
Water use .
o Monthly share of annual Monthly variation in water
Monthly variation % .
demand consumption
Consumption % Percentage of inflow | Consumed inflow of water for
P consumed irrigation per district
Priority Demand priority Priority of the demand site

compared to others

Table XI- a: WEAP necessary data —demand sites
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Supply and reservoirs

Sub-category Unit Description
Linking
demand % of Evaporative and
and Losses Loss rate flow leakage loss in link
supply
Inflows and Head flow CMS Monthly fI_ow at head
outflows of river
Storage capacity m3| Total capacity of dam
_ Initial storage m3 Initial volume
River Reservoirs | Volume elevation Relationship between
curve volume and elevatior]
Net evaporation mm Monthly net
evaporation
Diversion Sur_face water CMS Monthly water inflow
inflow to reach
Table XI- b: WEAP necessary data — supply and resepirs
Monthly river discharges
Average Annual
discharge Jan | Feb | Mar | Apr | May [Jun |Jul | Aug | Sep | Oct | Nov| Dec| average
(m3/s) (m3/s)
Spring 0.36| 0.39) 037 025 O0p 021 025 025 023 0.2260.0.27 0.27
Totorani
River 041| 0.44) 041 028 022 024 0p8 028 026 0.263|®.31 0.31]
Polobaya
River
Yarabamba 0.31| 0.35/ 0.31 0.23 0.19 0.19 0.5 0§23 024 0.224p0.28 0.25
(alto Sogay)

Table XI- ¢: Monthly discharges of the rivers Totorani, Polobaya and Yarabamba (JJUU, 2000)

Monthly water demand
The average monthly water demand per irrigatiortosewas retrieved from the tables in
appendix VI. This water demand represents thedemaland, as the irrigation efficiency (coefficient
0.45) has already been taken into account.
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Monthly variation (%) - Average water demand (m3/s)
Annual
dv;/r?:ae;d Jan Feb Mar Apr May Jun Jul Aug Sep Oc Noy Dec
(Mm3)
Polobaya 7.38 7% 6% 6% 8% 7% 7% 7% 8% 8% 11% 12% 11%
0.209 0.173 0.184 0.218 0.211 0.198 0.2 0.2p2 0.236.307 0.329 0.313
Alto Sogay 1.48 7% 6% 6% 8% 7% 7% 7% 7% 9% 10% 11% 10%
0.042 0.036 0.036 0.047 0.042 0.04 0.042 0.042  10.05 0.058 0.064 0.058
Bajo Sogay 2.65 7% 6% 6% 8% 7% 7% 8% 8% 9% 10% 11% 10%
0.076 0.062 0.062 0.084 0.076 0.071 0.078 0.078 930.0 0.102 0.116 0.104
~ 1.39 7% 6% 6% 8% 7% 7% 8% 8% 9% 10% 11% 10%
Alto Quequefa
0.04 0.033 0.033 0.044 0.04 0.038 0.042 0.042 0.049.053 0.06 0.056
Bajo Quequefia 2.49 7% 6% 6% 8% 7% 7% 8% 8% 9% 10% 11% 10%
0.071 0.06 0.06 0.08 0.071 0.069 0.073 0.073 0.0890.098 0.109 0.1
Bajo Yarabamba 1.96 7% 6% 6% 8% 7% 7% 8% 8% 9% 10% 11% 10%
0.056 0.047 0.047 0.062 0.056 0.053 0.058 0,058 69.0 0.076 0.084 0.076
2.65 7% 6% 6% 8% 7% 7% 7% 8% 8% 11% 12% 11%
Agua Buena and 1.55 0.044 0.036 0.038 0.047 0.04¢4 0.042 0.042  70.04 0.049 0.064 0.069 0.067
Susihuaya 11 0.031 0.027 0.027 0.031 0.031L 0.029 0.0p9 0.033.036 0.044 0.049 0.047
0.075 0.063 0.06% 0.078 0.075 0.071 0.071 0.08 50,08 0.108 0.118 0.114
2.52 7% 6% 6% 8% 8% 7% 7% 8% 8% 11% 12% 11%
San José de Uzufig 1.51 0.042 0.036 0.038 0.044 0.04¢4 0.0¢ 0.04 0.0470.049 0.064 0.069 0.064
and Totorani 1.01 0.029 0.024 0.024 0.029 0.029 0.027 0.027 10.03 0.031 0.042 0.044 0.042
0.071 0.06 0.0642 0.078 0.073 0.0p7 0.067 0.p78 D.08).106 0.113 0.106

Table XI- d: WEAP modeling - monthly water demand br each sector
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Appendix XllI: Photo album

Picture 1: ﬁeé& gate of Alto Quequéﬁa
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