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ExecutiveSummary

Maneadero Valley is a 35 km2 coastal alluvial plain in Baja California, Mexico,
producing high value crops such as tomatoes and cucumbers for local and export
markets. Food production is under pressure because of a shortage of freshwater for
irrigation. Oer pumping of the aquifer has induced a strong intrusion of saltwater
from the coast into the central valleyDue to theincreasing salinization of the
groundwater, already 1000 hectares of agricultural land have been taken out of
production.

Farmers and(water) authorities are urgently looking for solutions to sustain
freshwater supply, food production and thus the economy of the valley. In 2009, the
Baja California State Government built a 20 km pipeline to distribute municipal reuse
water from the cityof Ensenada to the south of Maneadero Valley. Farmers, however,
are hesitant to using this water, as they are concerned about the microbiological risks
when irrigating (food) crops with reuse water. Also, the current (aboveground)
storage capacity for thigvater is limited. Despite its substantial availability, reuse
water in the valley is only used to irrigate 100 ha in an ongoing field pilot.

In 20142015, a SWS quick scan has been performed by ARCADIS and KWR, together
with Mexican partners and stakehads in Maneadero Valley. Together, they have
drafted a potential SWS solution for the valley: (1) storage of large volumes of reuse
water in the saline subsurface, (2) thereby creating a barrier against further saltwater
intrusion, securing the freshwatewells land inwards, and (3) removal of pathogens
from the reuse water by soil aquifer passage to secure microbiological safe irrigation
water. All partners (including water authority COTAS, farmers, and the water and
wastewater facility CESPE) are dedidat®upgrade the current reuse pilot to an SWS

pilot in 2017¢ 2018.

In order to assess the implementation potential of SWS in Maneadero Valley, a
feasibility study and a sitepecific hydrogeological model wengerformed. The
feasibility study proved thatReclaimed Water is a possible water source for
infiltration as it exists in sufficient amounts and there is a specific regulation that
dictates the parameters required for infiltration of RW (NOM 014 CONAGUA). Also,
the implementation of SWS wouldddressseveral problems in agricultural, social,
economic and sustainable fronts. Exact economic impacts are hard to quantify and
therefore were performed specifically for tomato production. Results of the analysis
over the 20162014 period (considered the drohp period) showed accumulated
losses of$155MUSD plug,062 jobs lost an®,164 nonrused trucks All the above
mentioned factors will have an important impact over the competitiveness level of
the state.An advantage for the project implementation is tharient change of mind

set of the government which has several plans in favor of water sustainaitigy.d
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the main challenge is the social acceptance tssingRWfor crop irrigation.Aquifer
passage promotes the removal of pathogens creating a miclagially safe water

for irrigation, yet the true capacity of the Maneadero aquifer to remove pathogens
other potentially hazardous substances from the reclaimed wdtas not been
guantified. A participatory Technology Assessment (pTA) is schedul&eptember
2017 to discuss these and other challenges with all relevant stakeholders in
Maneadero Valley.

The current insights obtained from hydrological modelling and (weoaise) scenario
analysis, indicate that freshwater production from a combirfesisting) infiltration
pond and Freshkeeper is limited but not unviable. A detailed quantification and
optimization based on a detailed characterization and s@le pilot is required for
further assessment of the feasibility.

A field pilot design foManeadero was draftedmportant issues to be addressed in
the pilot include obtaining a better insight in the (local) hydrogeology and geology,
more details on the salinity distribution close to the porath assessment and
improvement of the infiltrationrates, and of the chemical and microbiological water
qguality changes during infiltration and aquifer passage. The pilot design and
objectives will be discussed with relevant stakeholders in June 2017.
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1 Introduction

Coastal areas are the most productivadaeconomically dominant regions of the
world. The high water demand in these regions, however, puts tremendous pressure
on their freshwater resources and ecosystems. This leads to problems like seasonal
water shortage, saltwater intrusion, and disappearanof wetlands. Building on
national, regional and European research and innovation programs, in the past five
years, a set of innovative, practical concepts have been developed for protection,
enlargement and utilization of freshwater resources in coasastas. These
subsurface water solutions (SWS) combine innovations in water well design and
configuration, allowing for advanced groundwater management, and maximum
control over freshwater resources. SWS.

Subsurface Water Solutions (SWS) have proven toeffective and sustainable
techniques to address saline intrusion problems and secure water availability in
diverse areas. However, the implementation success of these techniquaghiy
related to the local environmental, hydrogeological and societal nditions.
Therefore,analyzing the implementatiofeasibility of SW# other target markets of

the SUBSOroject ishighly important to increase the confidence in these techniques
and to develop a successftdmmercializatiorplan.

This report addressesthe case of Maneadero Valley, Mexico where the
implementation of SWS has the potential to abate salinization and, at the same time,
promote the sustainability of the aquifers currently used for irrigation purposes.

al ySFRSNR @It f Se Qy is¥dridulire & 2 i5 2ovisidéredloi@iofh G A U

the major agricultural regions in Mexico due to its large crop production primarily

used for exportation purposes (OEIDRUS, 2012). However, this region has been
catalogued in the last years as a place suffedagere to extreme drought (NADM

HAMPO® CdzNIKSNY¥2NBX (KS NBIA2YyQa YIFAY &+ GSNJI
that, besides being overexploited, present saline intrusion and are becoming

unsuitable for agricultural irrigation (CONAGUA, 2014). Frequersttd techniques

for desalination, such as Reverse Osmosis, are not sustainable solutions for
Maneadero as brackish groundwater abstraction still promotes the intrusion of

seawater and further salinization of the aquifer. Also, due to the economic |étieto

grfttSer wh R2SayQi NBLINBaSyd Iy SO2y2YAOlffte
Subsurface Water Solutions (SWS) is a technology created to maximize fresh water

availability in coastal areas through an optimization of the subsoil capacity to contain

fresh water. Thg is achieved through a combination of horizontal and vertical wells

that extract brackish water and inject fresh water simultaneously; creating a barrier

that protects the fresh water supply. This innovative water storage systems can

prevent saline intru®n in a sustainable, cosffficient manner. Due to the water
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scarcity in the area, the initiative to implement SWS in Maneadero valley
contemplates the injection of reclaimed water from the neighboring city of Ensenada
into the aquifer. This solution haseveral benefits for the area buits the
implementation of SWS economically, socially and technically feasible

1.1 Researclobjective

Development of deasibility studycombining expertise from Mexico and Europe to
evaluate SWS potential to abasalinization and increase reuse water usage for crop
irrigation in Maneadero Valley.

Development ofa detailed hydrological model to evaluate SWS applicability and
design in the Maneadero aquifer. The model will be used for a rttoweugh SWS
feasibility checkand will be a valuable tooffor future analysis of SWS designs and
implementation studies in similar systems elsewhere.

1.2 Researchapproach

To accomplish theesearchobjective,the following activities werg@erformed:

1 Gain insight®f the current sit@tion of the study area
0 Background research
o Contact and perform meetings with international and Mexican
organizations in order to deepen the acquired knowledge and gather
further information
1 Creation of a water balance in the area to understand curreriemases and
assess source availability
1 Mapping of the stakeholders involved in the project and potential future
funding sources
1 Assessment of the involved regulatory framework and the required activities
to comply with it
Impact quantificatiorof SWS imgmentation in the area
Development of site specific hydrogeological madaghg hydrological and
geophysical data already obtained by CICESE institute (Ensenada, Mexico)
Understanding of the advantages for implementation
Understanding of the challenges fionplementation
Emission of recommendations

= =

= =4 =
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2 Background information Maneadero Valley

Maneadero valley is a 35 Krooastal alluvial plain located 15 km south of the Town of
Ensenada.Rigurel). The local weather is a Mediterranefike dry climate, with a
yearly precipitation between 100 and 450 mm and occasional higher events
influenced by EI Nifio Southern Oscillation (ENSO).

*

Figurel Location of Maneadero

The area main economic activity is agriculture focused on production of high quality
and value crops mainly for exportation. This generates over 2,500 direct jobs and a
large number of indirect jobs througtime whole supply chain (transport, packaging,
accountants, technical advisory and marketinghe primary source oirrigation
water isManeadero aquifer which is currently in overexploited conditions.

2.1  Geology and hydrology

Maneadero Valley is part of &rger 1,975 km2 basin (catchment), limited by
9yasSyl RIQa olaAya dzZJ y2NIKZ ha22a bS3aNRaA
south, Laguna Salada and San Vicente to the east, and with the Pacific Ocean to the
west. The valley (study area) itself is & Bn2 coastal alluvial plain, consisting of
Quaternary alluvial and fluvial deposits, limited to the south by the Agua Blanca fault,
to the east and north by volcanic rocks, and to the west by the Punta Banda Estuary
and the Pacific Ocean (Figure 1). Tweeks drain the valley in the rainy season: San
Carlos Creek in the north and Las Animas in the south. The aquifer consists of
alternating sandy and graveandclay deposits, down to the granitic basement that
dips from 400 m in the north to between 580 1,000 m in the south near the Agua
Blanca fault. It is recharged in the rainy season by the precipitation surplus and,
especially, by the runoff water infiltrating from the creeks. This natural recharge,




however, is not sufficient to keep up with tleeploitation con@ssions, whickexceed
the aquifer recharge by 17.6Mity (Tablel), leading to an aquifer in overexploited

conditions.

Table1l Maneadero Exploitation (Amounts in Mﬁfny) (OFD, 2015)

. Medium annual Natural Compromise|Concessione| Extraction volume accordiy Meduim annual
Aquifer . ) 3 S DEFICI
recharge Discharge Volume to technical studies |availavility of wate|
Maneaderg 20.8 0 38.3717 30.6 0| -17.577

The over pumping of the aquifer has resulted in an average water table drop of 1.6 m
(2002-2009), with local extremes of 6 to 10 m. As a result, water tables are commonly

at or belowsea level, which has led to rapid increase in saltwater intrusion from the
coast line to the central valley since the 197@&(re2). Due to the incease of
salinity levels, several exploitation wells have become unsuitablierigation leading
to more than 1,000ha taken out of production in Maneadero Valley.

SDT 1974

Figure2 TDS concentration change over time192011. (UABC da)
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2.2 SWS and Maneadero Valley

In response to the severe salinization of the aquifer, farmers are looking for
alternative water supply options. Some farmers near the coast have switched to
desalination (reverse osmosis, RO), using brackish groundwater as the source water
and disposinghie RO concentrate via a pipeline into the Pacific Ocean. The switch to
desalination shows the desperate need of famers and their willingness to invest in
their freshwater supply. However, desalination is not a sustainable solution for
Maneadero, as bracHis groundwater abstraction still promotes the intrusion of
seawater and further salinization of the aquifer.

To address the irrigation water scargifaja California state government built a 20
km pipeline to distribute reclaimed water (RW) from the Elrd§o wastewater
treatment plant, located south of Ensenada, to the south of Maneadero Valley where
it is stored in two reservoir pond20m x 50mexclusively for the irrigation of flowers
and animal feed cropdVith this action 100 ha have been put back to production.

The creation of the reservoir pondsas also expected to have an impact on the

infiltration of water into the aquifer howevergeophysical investigations by CICESE
(Center for Scientific Researaind Higher Education at Ensenada) indicate that the
water hardly infiltrates, most probably due to buoyancy effects that prevent the
infiltration of low-TDS reclaimed water in a higibS (thus denser) aquifer. Similar

problems were encountered in the NetHands with subsurface storage of harvested

rainwater in brackish aquifers, forming the starting point of the development of
{ 2 ¢ Q&Coasfalwmnd Freshmaker

Additionally, reservoir ponds haviimitations regarding thespace availabilityas

available &nd is preferred to be used as agricultural land, the high evaporation rates

in the areawhich lead to higher TDS in the infiltration watery R~ F I NY SNRa KSaaAdl
to use reclaimed water in the irrigation of crops. The latter develops mainly after

possille negative reactions of crop importers towards the new irrigation method.

In 20142015, a SWS quick scan was performed by ARCADIS and KWR, together with
Mexican partners and stakeholders in Maneadero Valley. Results from this scan
showed that SubsurfaceWater Solutions represent a bettalternative for water

reuse andstorage in the arearheapplicationof SWSn Maneadero valley will allow
farmers to store large volumes of reclaimed water in the subsurface and will also
create a natural barrier againdaltwater intrusion securing the freshwater land
inwards. The use of the soil as an infiltration medium will remove all the pathogens
from the reclaimed water and provide a microbiolodigaafe water for irrigation.

All partners (including water authity COTAS, farmers, and the water and
wastewater facility CESPE) are dedicated to upgrade the current reuse pilot to an SWS
pilot in 2017¢ 2018.




I
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3 Reclaimed vater availability

CA@S

|
SUS?01

2 ohetate@ldy CESKREnsenada Estate Commission of Public Services) are
located nearby Maneadero Valleyable2 showsa summary of their designed and
operation capacity and treatment pcedures.

WWTP Instglled Oper.ation Performance Treatment procedure Disinfectiorn
capacity [Ips|capacity [Ips % Method
El gallo 200 168 84 |Activated sludge chlorine
El naranjo 500 371 74 |Oxidation ditch chlorine
El sauzal 120 35 29 |Oxidation ditch chlorine
Noreste 26 32 123 [Activated sludge uv
Maneaderq 30 4 13 |Activated sludge and UF polishing step UV

Table2 Ensenada WWTPs operatig€@ESPE data)

Due to the distance betweenManeadero Valley and otheWWWTPs/ 9 {t 9 Qa
functionaries consider ElI Naranjo WWTP to be the only feasible source &drRNé

region Figure3 gives an overview of the lodan of the WWTPs in the area where
Maneadero Valley is represented by the name of Rodolfo Sanchez Tabdfdal (o
name of the community).

Figure3 Location of WWTPs
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3.1 Reclaimed water uses

Due to the unavailability ofipdated data regarding the compromised RW efflugnts
an approximation of the current situation was performed based on data published in
the program of preventive and mitigation measures for drought (SEMARNAT,
CONAGUA, 2014peused effluent from El Naranjo WWTP was increased considering
the 50Ips that are being usdaly Maneadero valley since 20IBhe WWTHEI Naranjo
operation scheme is characterizedfafiows:

- Process: Biological activated sludge with extended aeration
- Oxidation ditch: carrousel type with aeration plates (fine bubble). Residence
time 20.3hrs

- wlHLAR &FyR FTAEGNI GA2YyY 2yte ¢ 2F MH w{C

sufficient acording to NOMJO01-SEMARNAJ6 £ NOM-001-SEMARNAJ6
regulates water discharged by WWTPs

- Disinfection: chlorine gas with a residual concentration of@4ng/I

- DBO5: in 400mg/l, ouBOmMg/I (design parameter)

- TSS:in 350mg/l 0qt30mg/l (desigrparameter)

Table3 WWTP effluents and reuses

Operation Reuse* Reuse purpouse Discharge to ocea
WWTP | capacity 3, . |Green areajCompactactationfAgriculture*|Industrial* 3 0
vl (M g [MmS/y] Mm%y] | pamy | MM %
El gallo 5.30 0.049 0.003 0.046 - - 5.25 99.1
El naranj(]) 11.70 1.653 0.041 0.017 1.593 0.002 10.05 85.9
El sauzal 1.10 0.022 - 0.022 - - 1.08 98.0
Noreste 1.01 - - - - - 1.01 100.0
Maneaderq 0.13 0.137 - - 0.137 - - -

*Asuming original quantities in thousands of m3
! Agriculture value updated adding 50Ips that are currently distributed to maneadero Valley

The entire effluent ofEl Naranjo WWTP &readybeing transported to Maneadero
Vdley however, due to thesmallamount used fothe irrigation of flowers and crops
for animal feedandthe limited storage capacity of theservoir pondsalmost 86% is
still discharged to the ocean.

Ongoingactivitiesin ManeaderoValleysupposean increaseof the area irrigated with

RW to 400ha (currdly 100hg seeFigured). Thischange would lead to an increase in
the consumptionof RW {rom 50Ips to 200Ilps and therefore, a reduction of the
availableRW from 10.05Mrily to 5.32 My (COTAS, 2015Jhe implemantation of
these activitieswill requirethe construction ofadditionalreservoir pads. However,
these ponds are expected to be provided with geomembranes to avoid infiltration
YR § KS NBupgodelan dvayfa@e to this project.

10
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Figure4 Mapping of Maneadero Area

A schematized version of the water balance in the area can be consukaglire5.
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Figure5 Water Balance of Maneadero Aquifer




4 Stakeholdemapping

As a first step a simple mapping of the main stakeholders in the area was performed.

Table4 and Table5 show a brief description of

the stake holdensdthe possible funding

sources respectively. Complete stakeholder mapping is givEigime6.

Table4 Main stakehoters and identified motivations to support SWS implementation in Maneadero

Category Entities Motivation
SEMARNAT (Secretary of Environment and natur
resources)
. CON.A GUA (National Water 'Com|53|on.) and its Ensure water bodies protection. Promote the sustainable
Public  |subsidiaries COTAS (Technical council for -
.. lexploitation of water sources.
underground water) CEA ( State water comission
SAGARPA (Secretary of Agriculture, livestock, ru
development, fishery and feeding)
Private Industries in the area Possible affectations to the water quality in the surrounding
Importers Sanitary risks from the use of reclaimed water
Agricultural associations Water availability for crop production
Local Land Owners
. Possible water quality affectations. Slow the need of large
community . . .
Urban water users infrastructure investments that can be translated to increase
fees
UNAM (Mexico National Autonomous University)
Academic UABC (Baja California Autonomous university) |Water balance. Aquifer recharge studies. Saline intrusion
CICESE (Ensenada Center for Scientific Resear{studies. Soil impacts of the use of reclaimed water.
Higher Education)
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Table5 Possible additional funding sources identified

Category Organization Goal
Conservation of the flora, fauna and ecosytems in Mexico by
promoting a harmonic nature-society development

Pro Natura

Civil Association that promotes the conservation and protecti

NGO i e . e
Terra Peninsular of natural ecosystems and wild life in Baja California

Social investment that promotes sustainable use and
conservation of water

Universal access to waterservices. Clean water supply. Stoj
aquifer overexploitation

FEMSA Foundation

CONAGUA

SAGARPA Ensureand promote agricultural production in the area

Public -
SEFOA (Secretary for agricultural development)

SEDESOL (Secretary of social development) Social development for poverty minimization
SEDECO (Secretary of Economy)
Ensenada's economical development council
NADbank (North American Development) Support border communities funding infrastructure projects t
Sglnr(r)1 ote sustainable development and enhace life quality in
80 der region. Special focus in water and wastewater proje
Support the economic and social development in Latin Ameri
Invests in projects and activities that amplify the low income
population economic opportunities. Promotes projects oriente
to climate change and water supply and treatment
Partnership to reduce poverty and support development. Proy
low-interest loans, zero to low-interest credits, and grants to
developing countries
Special interest in food safety

Economic and social development in the area

BECC (Border Environment Cooperation Commis

International|IDB (Interamerican Development Bank)
Lenders

World Bank

14



SEMARMAT
COTAS
Watershed council
CONAGUA
Watershed Crganism Governmental

CEA Public
Municipal development planning committee

SAGARPA

CESPE
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Inclustries in the area

Private
Importers ) '
Agriculture associations
Land owners Local community

Urban Water users

Figure6 Stakeholder Mapping

Stakeholders

UNAM

Academic UABC
CICESE
Current
Funding
Possible

European Unien's Horizon 2020 program
Pro Natura
NGO Terra Peninsular

FEMSA Foundation

SEFOA
CONAGUA
SAGARPA
Public
SEDECO
SEDESOL
Ensenada's economical development council
MNADbank
BECC
International lenders

IDB

World Bank
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5 Regulatoryframework

The implementation of SWS has an applicad@ironmentallegal frameworkthat
follows the hierarchy observeigure?.

Mexican
National
Constitution

GEEPA (General law for ecologi
equilibrium and environmental SEMARNAT
protection)
State environmental law (law for ecologic
equilibrium and environment Protection of B.C.,
Environmental protectionlawB.C.)
/ Agreements (Not found) \
Regulations (Regulation LGEEPA,
Sectorial laws (LAN-National water Regulation LAN, Regulation
CONAGUA law) environmental quality control
Ensenada)
/ NOM NMX (Methodologies for sampling and testing) \

Figure7 Regulatory law Hierarchy

5.1 Mexicannational constitution

¢tKS aSEAOlIY O2yaidAaddzirzy adGrasSa GKIG et gl
belong tothe nation. Their exploitation can be performed only through a concession

AAPSy o6e& GKS aFSRSNIt SESOdzia@dSé NBLINBaASY (ST
commission (CONAGUA).

N

5.2 LGEEPA (Genetaw for EcologicEquilibrium and
Environmental Protection)

This law is considered the main standard for environmental regulation, the
concerning authority is the Secretary of Environment and Natural Resources
(SEMARNAT) who will issue all the permissions and will enforce the law compliance
through its subsidiary PREBPA (Federal attorney for environmental protection).
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Figure8 shows a summary of the law process to determine the related activities and
in which cases an Environmental Impact Manifestation (EIM) should be submitted. It
also indicates the secretary response times (in working days) or the meaning,
according to the ha, of the absence of response.

Applies for activities of Federal Compelence. Dependence: SEMARNAT

Isitinthe
regulation
list?

Isitan
hydraulic
work?

Definetype of
activity

Present preventive
inform

L 4

regulatethe
ctivity®

o

)]

—

v

v Can tcause Submit first Submit tachnical

a envirenmentsl approval Freports/: T Present EIM Follow resolution
-IE disequilibrium?’ documenrts Period 10days

M

Mo environmental
assesament
needed

Response?
Period 30
days

Response?
Period 60
days

Response?
Period 20
days

needed?
Period10

days Yes tes Yes

EIM not needed Project approved EIM notneeded

SEMARNAT

h 4

Emit resolution

Figure8 LGEEPA application flow chart

¢KS GadzomYAaairzy F2NJ FANRG | LIINRGlLIté¢ Oy 06S LISNF2NX¥SR ¢
performed

2Considering the environmental impact assessit a preventive tool, this activity will be considered as a
threat for possible sabotage and health risks

wbha nmn R2SayQid aLSOATE Ay Ala 2o0Righoueke@Sediok & Ad A& a
exemption

The environmental impact assesgnt is catalogued as a preventive to®herefore,

aquifer recharge with RW is expected to be classified as an environmental risk activity

and most likely further documentation and possible an entire EIM study will be

required. The existence ai NOM thatregulates aquifer recharge might natuffice an

SESYWIiA2y 3FIAGBSYy (KI O stitkti$at thelreguired dingit§ dbeifdr S R2 Sa y ¢
GSWBYYSYy Gt LINPGSOGAZ2Y LJzZN1LR aSaéd
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5.3 State environmental law

Even though agter recharge is considered &sderal compednce, the proposed soll
passagemight be considered to concern state or municipal authoritiesdetermine
which permissionsare required it necessaryonsult an expertor to submit a review
request to the local authorities.

Law for ecologiequilibrium and environment Protection of Baja California

Dictates that any works that can cause damage to the environment need previous
FdziK2NAT FdA2y FNRY GKS adlriasSQa 3ISYySNIt RANBOI
not stated in article 62 (agjfer recharge is not included) must submit a preventive

inform before the start of any work.

Environmental protection law of Baja California

This law concernsthe G I 1S Qa &ASONBGF NE 2 Rstlegthat AR Yy YSyY G I §
environmental impact maf@station must be presented and authorizédfore the

start of any activity that can be considered a risk for the environment.

22N]a GKFG R2y QG LINRPRAzOS &AAIYATFTAOFLYyG yS3IFGAL
existing NOM to regulate them will just preseatpreventive inform. After this, the

secretary has a reply period of 10 days, if no response is given the EIM is considered

not necessary.

5.4  Sectoriallaw: National Water Law (LAN)

The compliance of this law concerns to CONAGUA (National water commission)

It states that every water exploitation requires a concession given directly by
CONAGUA or through the basin organisms. Once the request is submitted, the
maximum response period is 60 days (working times).

It also indicates that infiltration of reclairfe ¢ | G SNJ NBIljdzANBa / hb! D! ! Qa
to comply with the specified NOM (NOM 014 CONAGUA).
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5.5 Regulation

The LGEEPA and LAN regulations explain further the considerations for applying the
law. These aspects were already covered in the respective law exjplanand
GKSNBF2NBE 62yQiG 0SS YSYiGA2ySR I3lLAyo®

Regulation foenvironmental quality control Ensenada

Activities that, even being reserved to the federation and the state, can be
decentralized into favoring the municipality require an environmental licenséhb
direction of urban development and ecology.

5.6 MexicanOfficial Norms(NOM)
bhaQada 202S0GAGS Aa (2 NBIAdAZ I GS YR SyadiNB YA
and characteristics in the design, production or operation of diverse activiibsief
description of their objective and applicability is mentioned below

T NOMOO01I-SEMARNAT: maximum permissible pollutant discharge in national
waters and holdingdndicates diversstandardsbased on the type dinal
dischargewater body Accordingto classification given in thEederal rights
law, Maneaderoaquifer isa type C body.

T NOMOO3SEMARNAT: maximum permissible pollutant discharge for reused
water in public services. Regulates parameters for water that might lead to
incidental contact. ligation of green areas or fieldsprone to incidental
contact therefore, the current irrigation with RW should comply with them.

T NOMO014-CONAGUA: aquifer artificial recharge with reclaimed water. This
law indicates the procedures to follow to infiltrateclaimed water. In the
case of water quality, it states that the na@pecified parameters should
comply with NOM127 SSAWater for human use and consumptiprlso, it
states that the construction and maintenance of wells should comply with
NOM-003-CONAUA and NOMO4-CONAGUfespectively.

5.7 Mexican NormgNMX)

The Mexican Norms give standards for sampling and testing procedures. Their
application is considered mandatory only when a NOM specifies that they should be
followed, otherwise they represent onlyrecommendation. As the NOMs specify that

all samples are expected to bevaduated by a certified lab, tlse normswere not
further evaluated.
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6 Cost-benefit analyses

In order to create a stronger business case in favor of the implementation of SWS in
Maneadero Valley, diverse impacts of the water shortage and aquifer
overexploitation were quantified.

6.1  Agriculture impacts

Agricultural production represents the main consumption of water in the area,af5%
the water extracted from Maneadero aquifér25Mnt/y)is used for this purpose.

Due to the drought and saline intrusion in wells, alredg@00 hahave beentaken

out of production. Tomato is one of the main crops produced in Maneadero

therefore, the impact quantification over crop production was penied specifically

for this case and for the period 20:8014,as drought period is considered to start in

late 2010 Over this period, the harvested surface decreased 44% and the production

value 39%. Details of the data can be consultedable 6 and its corresponding

INI LK Ld A& AYLRNIFYyG G2 y2G6S GKIG @Ot dzSa
available and therefore data from Ensenada region was used for this analysi

Table6 Agricultural data of tomato harvesting over time for Ensenada. SISRGARPA

Cultivated | Harvested| Production vield 250,000 4,000
Year[ Surface | Surface [ Volume (Tonne/Ha) 0) 3500
(Ha) (Ha) (Tonne) § 200,000 b
2010 3,535 3,525 220,754 62.63 = i
2011 2,751 2,685 161,942 60.32 £320:000 -
2012 2933 2914 188,970 64.85 2 =00 =
2013 2,760 2,759 195,464 70.86 SR 1500 &
2014 1,998 1,976 135,030 68.35 = A 1000 £
Decrease 44% 39% = 500

0 0
2010 2011 2012 2013 2014

Production Volume Harvested Surface

6.2 Social impacts

The agriculturesector in Maneadero generates over 2,500 direct jobs and a large
number of indirect jobs throughthe whole sipply chain (transport, packaging,
accountants, techical advisory, and marketing).

alySFRSNRQA | ANAROdzf GdzNF £ 62N F2NOS Aa YI Ayt
that emigrated from other states and municipalities in seek of better opportunities.

Maneadero provides them with more profitable and dignifying jobs improving with

this theirlife quality. The loss of agricultural jobs in the region will canggation to

the surrounding cities which, besides representingrammeasedabandonmentof the
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agricultural lands, wouldead to an intensification of the already existing water
shortage problems that, over the last years, have caused big dissatisfactoards
the government and generated several strikes

¢tKS RNRdAAKIGI Ay alySIFIRSNRQa NBIA2Y KIF & O dza
FOGABAGASE YR (GKSNBT2NBTondd@enotRilyyada 2 C! hQa
meteorological event but associoeconomic droughFAO, 2015).

6.3 Economic impacts

The amplitude of economic impacts a drought generate are often difficult to
determine. Therefore, this case focus only on estimating the finhradanages
originated by the decrease of tomato production in Ensenada. The analyzed period
comprehends from 2010 to 2014 (considered the drought period) and estimations are
based on the yearly production decrease using 2010 production values as base line.

Accumulated losses generated by tomato production decrease were divided in direct
and indirect impacts.Conclusive resultsare shown below and the complete
calculation procedure can be consulted iAppendix A Economic impact
guantification

91 Direct.
0 Productsales $1,728MMX{$132.6MUSD)
o0 Considering an average requirement of 7.5 workers per cultivated
hectare this translates into 7,062 jobs
M Indirect
o Fertilizer sale$214MMXN ($16.5MUSD)
0 Pesticide sales $75.6MMXN ($5.8MUSD)
0 Nonused trucks 9,164

The aboveamentioned losses represent a naguantifiable impact over Baja
I FEATF2NYALF QA yIOGA2YyFE YR AYUGSNYlFGA2yLFf O2 YL

Another economic impact of the drougtand the overexploitation of fresh water
sources in the area is the current requirement of large investments for Reverse
Osmosisprojects. These are planned to increase the water supply to the city and
represent a high pressure in the economic sustaingtilitthe state.
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6.4 Environmental Sustainability impacts

The exploitation of Maneadero aquifer hast been done in a sustainable manner.
Extractionconcessions exceed natural recharge by 17.6*MnThis has generated a

1.6 m drop of the water table ah less than 10 years. The location of water table
below the sea level has led to a destabilization of the hydraulic pressures of fresh and
salt water leading to saline intrusion problems. RO procedures offer a solution to
saline sources but, besides reprasiag a noneconomically feasible procedure, their
implementation promotes further salinization of the aquifer makiftga non
sustainable solution.

As drought is expected to remain for a longer period and maybe increase its severity,
it is important to fnd sustainable solutions that can ensure the water availability all
year raund.
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7 Advantages foiSW3mplementation

An increasing tendency of the importance of water issues in the National plans has
been observed over the ladecade. On National scale, some examples are:

1 TheNational Development Plan 202®18addresses two main issues as the
most relevant water related topics: create a responsible water management
and increase water supply and sanitation coverage

1 TheWater Agenda 2030main goals are: the development of a solid
watershed governance oriented to an adequate water management and the
improvement of responsibilities distribution of all government instances and
levels in projects related to achieve better water sypahd sanitation

1 The federal authorities concern to promote wastewater reuse led to
CONAGUA publishing of official guidelines for artificial groundwater recharge
using reclaimed water (NOI14-CONAGUAR003).

Being drought considered as one of Baja Cafiforl Q& Y I Bgja GaliforniaNR & =
state development Plan 2012019 was developed with a big focus on water
sustainability. Related to this project implementation, mainly two plans can be
addressed:

Infrastructure for competitiveness and development plan

Impulses the use of reclaimed water for agricultural irrigation and aquifer recharge
Considers Maneadero aquifer recharge as a strategic project for the state
Sustainable economic development plan

Aim to increase the sustainability of agricultural actdgtthrough the recovery

and sustainable use of aquifers

Considers desalinization as a strategic project. SWS technology implementation
provides a more sustainable and cost effective solution

arwNPE

o

Given thedesperate need for freshwatén Maneadero Valleystakeholders are very
open to ecdnnovation such as SW2\l partners (including water authority @S,
farmers, and the water andiastewater facility CESPE) are dedicated to upgthe

current reuse pilot to arsWS pilot in 2017 2018.
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8 Social ballenges forSW3mplementation

The main challenge identified for the implementation of the project is the social
acceptance to the use of reclaimed water.

Agriculture in Maneadero mainly consists of high value crops for exportation. This is a

very competitive narket and its sanitary regulations are highly strict. Therefore,

farmers are concerned about the pathogens that might be present in the reclaimed

g1 GSN) FYR UGKSANI LR&aaArAofS FFSOGFdAz2ya (2
uncertainty feeling on the aeptance of this new agriculture procedure by the
vegetable importers. The before mentioned factors generate hesitation to the use of
reclaimed water.

Aquifers are efficient in removingathogens. As a rule of thumb, it is considered that

a period of 60 @ 90 days of aquifer passage is sufficient to rempaghogensfrom
sewage wateryet the removalrate will vary depending on redox and geochemical
conditions (e.g., Schijven et al, 2000; Van der Wielen et al., 2008)NDOM 014
CONAGUAfor infiltration with reclaimed water,establishes that the minimum
residence time in the aquifer before extracting the water must be 6 months creating
an additional barrierThe pathogen removal capacifyate, residence timepf the
Maneadero aquifer, however, has nbeen quantifiedup to date This information is

vital to be ableto ensure microbiological safe irrigation watter the farmers. Until
guantification and evaluatiomvater shouldbe used for the irrigation of flowers and
crops for animal feednly, as is tB practice in the current direct reuse pilots in
Maneadero. Besides pathogens, organic (emerging) substances will likely be present
in the reclaimed water, though data is lacking. This as well should be part of further
research.

Another challenge that migharouse for the implementation is the agreement on
cooperation levels between different actors. This has generated already some
conflicts in the information gathering process. It is important to keep the main
stakeholders interested and informed of the maactivities of the project as they can
help to enforce certain actions through their power stakes and relations.

A patrticipatory Technology Assessment (pTA) is scheduleBeptember2017 to
discuss and reflect on the above challenges with all relevaakekolders in
Maneadero Valley.
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9 Groundwater flow modeling

9.1 Aims andapproach

To assess theSsWS feasibility, a detailed hydrological mod€lthe study areawas
developed Theaim of themodel was toexplore theimpactof SWS on théocalfresh
salt water interfaceand the freshwater infiltration from the recharge pondhe
outcomes of this modeling study will guide the setupadiield pilot, includingthe
(research) questions to be answered through the pilot.

SEAWAYersion 4Langevin, Thorne Jr et al. 20@8ogram was choseas modelling
code for this purposdecause ofits ability to simulate threalimensional variable
density groundwater flow coupled with multipecies solute transport. This allows for
accurate description of the groundwater flow movement taking into account the
density differences between frhsand saline watefbuoyancy effecteind upconiny

Hydrologial parametersof the study areainfiltrated and abstracted volumes and

close to the infiltration ponddistribution of the infiltrated treated waterbelow the

pond andinformation on theseawater intrusion in the coastal aquifer of Maneadero
were basedon studies performed by CICESE and COTAS. These parameters were used
as initial condition® WNB T S NB y ihShe @nadél dandiviet: Yiged to optimize
other unknown parameters. Once the hydrologipabcesses and salinity distribution

in the area weresatisfactorilydescribed by the model, differerscenarios an@®Ws
designs were run to study the most optimal design.

In the following sectionsthe extension of the mdel, parameters used, boundary
conditions andhe different scenariauns are described

9.2 Model domain and boundary conditions related to the
hydrogeology of the study zone

Setting

The modelareais locatedaround the treated wastavater infiltration pond, located
15km South of the city of Ensenada. The infiltration ponddaied in a relatively flat
sedimentary area where several rivers dischaigehe ocean;more specifically the
study area liebetween las Animas CreéBouth)and SanCarlos creek (Noh). The
sedimentary aquifer surface is around Ki&* and its volumes estimated to b&,940
Mm3. The aquifer is confined in the bottom by a granitic basement thatfoijps 400

m in the north to between 580 m and 1,000 m in the southern aquifer, where the
Agua Blanca fault is locateBlevated topography can be found toet East and South
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of the flat plain, resulting in a regional groundwater fltawards thePacificCoastin
the west(Gil Venegas 20}0

The local groundwater flow, is despite the original regional groundwater flow
towards the sea highly dependent on the pumping rates. In fact, recent piezometric
head development indicates reversal of the groundwater flow direction towards the
inland due to severe water table drop@igure9). Therefore initial conditions of
background groundwater flow towards the sea are neglected and background
pumping is simulated by extra wells located further from the pond.

33000 suaco0 o0 ss000 sas000

Legend

e Wells

— lIsolines (5m)

= Infiltration
pond

— Model

extension

Figure9 Water table depth with respect to sea level (isolines every 5m), location of the
infiltration pond and extension of the model.

Information ondetailed hydrogeological parametersf the study areawas provided
by CICESE. The studySafrmiento Lépe£1996) contains the lithology encountered
during several drillings. One of the drillings (PEZRidlire10), located 400m West of
the infiltration pond, was used to schematize the geology of the mdelatthermore,
pumping test data was available from four locations in the Maneadero aqiiigure
11).
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Figurell Location of the pumping tests performed in the Maneadero Atgri(yellow pins)
and of the salt water infiltration measured through geophysical methods(JAN

and Romo 201))
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